
123

Biologic and 
Systemic Agents in 
Dermatology

Paul S. Yamauchi
Editor



Biologic and Systemic Agents in Dermatology



Paul S. Yamauchi
Editor

Biologic and Systemic Agents 
in Dermatology



Editor
Paul S. Yamauchi, M.D., P.h.D.
Division of Dermatology
David Geffen School of Medicine a UCLA
Los Angeles, CA
USA

ISBN 978-3-319-66883-3    ISBN 978-3-319-66884-0 (eBook)
https://doi.org/10.1007/978-3-319-66884-0

Library of Congress Control Number: 2017963299

© Springer International Publishing AG 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction 
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not 
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are believed 
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty, 
express or implied, with respect to the material contained herein or for any errors or omissions that may have been 
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-319-66884-0


This book is dedicated to my parents Mitsuko and Floyd Yamauchi,  
my wife Jennifer Yamauchi, and my brother and his wife Raymond Yamauchi 
and Veronica Partida. Without their love and support, this book would not 
have been possible.



vii

The field of medical dermatology has rapidly evolved within the past 15 years. Indeed, these 
are exciting times in dermatology with the introduction of safer and more effective agents to 
treat various inflammatory dermatosis. Patient outcomes have improved tremendously due to 
advances in immunology that have led to the development of more targeted and selective thera-
pies. The goal of this textbook is to provide an overview of the various biologic and systemic 
agents used to treat various dermatologic conditions such as psoriasis, atopic dermatitis, 
immunobullous disorders, skin cancers, urticaria, acne, alopecia, and numerous others. In 
addition, important topics such as pharmacoeconomics, compliance, combination therapy, 
pharmacovigilance, off-label uses, clinical trial interpretation, health outcomes, and several 
other subjects are discussed.

This book provides a useful all-in-one resource that encompasses various aspects pertaining 
to biologic and systemic agents in dermatology. Dermatologists, residents, physician assis-
tants, nurse practitioners, and any health care provider who treats dermatologic conditions can 
find pertinent information at their fingertips in one setting. In addition, a case report-oriented 
approach is emphasized in this book. Many chapters have included a practical case report rel-
evant to that topic so that the reader can gain better appreciation of utilizing a particular sys-
temic or biologic agent in clinical practice. In addition, there is a chapter devoted to complex 
cases and managing adverse events and complications.

The overall intent of this book is for the practitioner to gain a greater comfort level in treat-
ing patients with biologic and systemic agents for various dermatologic conditions.

Los Angeles, CA Paul S. Yamauchi, M.D., P.h.D. 
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History of Therapies in Dermatology: 
Past to Present

Abby S. Van Voorhees and Jeffrey M. Weinberg

 Introduction

This chronicle of psoriasis begins in ancient times when pso-
riasis, leprosy, and other inflammatory skin disorders were 
thought to be the same condition. The identification of pso-
riasis as a distinct entity did not occur until the nineteenth 
century, when clinical descriptions distinguished it from 
other cutaneous disorders. Histopathologic descriptions in 
the 1960s and 1970s shed some light on the pathophysiology 
of psoriasis, but many aspects of the disease remain unknown 
to this day. As Bechet expressed, “Psoriasis is an antidote for 
dermatologists’ ego” [1].

Given the lack of understanding of its pathophysiology, 
early psoriasis therapies were discovered serendipitously. 
Chance observations by early clinicians of psoriatic improve-
ment in patients prescribed medications for other conditions 
led to advancements in therapy. As our understanding grew, 
this serendipity evolved into detailed targeting of specific 
immunological processes. These newly directed therapies 
clarified aspects of the pathophysiology and treatment of 
psoriasis and other immune-mediated diseases.

 Ancient History: Lepra, Psora, Psoriasis

The roots of the identification of psoriasis lie in Ancient 
Greece. The Greeks, who pioneered the field of medicine, 
divided skin disease into the categories of psora, lepra, and 
leichen [2]. Psora referred to itch, while lepra was derived 
from the Greek words lopos (the epidermis) and lepo (to scale) 

[3]. Hippocrates (460–377 BC) was one of the first authors to 
write descriptions of skin disorders. He utilized the word 
“lopoi” to describe the dry, scaly, disfiguring eruptions of pso-
riasis, leprosy, and other inflammatory skin disorders [4].

Similar to Hippocrates’ works, the Old Testament also 
lumped together many cutaneous disorders. The biblical 
term tsaraat, or zaraath, described a range of skin conditions 
including leprosy and psoriasis. Lepers were often ostracized 
because they were considered divinely punished, and cruelty 
was imposed upon those who suffered from psoriasis and 
leprosy alike [5, 6].

Many historians credit the Roman thinker Celsus (ca. 
25 BC–45 AD) with the first clinical description of papulo-
squamous diseases [1, 2, 5]. Celsus described impetigines and 
specified that the second species of impetigo was characterized 
by red skin covered with scales. This description suggested a 
type of papulosquamous disease, such as psoriasis [7].

Galen (133–200 AD) first utilized the term psoriasis, but 
his description was not consistent with the disorder that we 
now call psoriasis. He described psoriasis as a pruritic, scaly 
skin disease of the eyelids and scrotum. Although he used 
the term psoriasis, his description is now believed to most 
likely represent seborrheic dermatitis [4, 5, 8].

Indiscriminate grouping together of all inflammatory skin 
diseases led to stigmatization of patients with psoriasis. For 
centuries, patients with psoriasis received the same cruel 
handling as lepers. They were required to carry a bell or clap-
per to announce their approach, and had to wear a special 
dress. In addition, they could only touch or dine with others 
considered lepers. In 1313, Phillip the Fair of France ordered 
that they be burned at the stake [1].

 Distinguishing Psoriasis as a Distinct Entity

In 1809, Willan built on Celsus’s description of papulosqua-
mous conditions by detailing features of what we now know 
as psoriasis. However, he described modern psoriasis under 
the term lepra vulgaris, which perpetuated confusion of 

A.S. Van Voorhees, MD 
EVMS Dermatology, 721 Fairfax Avenue Suite 200, Norfolk, VA 
23507-2007, USA 

J.M. Weinberg, MD (*) 
Department of Dermatology, Icahn School of Medicine at Mount 
Sinai, 1090 Amsterdam Avenue, Suite 11D, New York,  
NY 10025, USA
e-mail: foresthillsdermatology@gmail.com

1

mailto:foresthillsdermatology@gmail.com


2

 psoriasis and leprosy. Lepra vulgaris was described as 
enlarging, sharply marginated erythematous plaques with 
silvery-white scale that occurred most frequently on the 
knees, and were associated with nail pitting [8, 9].

For decades after Willan’s description, some authors 
favored using the term psoriasis [1, 2, 10–12], while others 
chose the term lepra [9, 13]. Physicians lacked clarity regard-
ing the word psoriasis and the ability to distinguish psoriasis 
from diseases with similar cutaneous manifestations.

Finally, Gibert and Hebra matched Willan’s description 
with the term psoriasis, ending much confusion. Psoriasis 
was now finally acknowledged as a distinct disease, leading 
to improved perception of psoriatic patients.

In his books, Gibert (1797–1866) used the term psoriasis, 
recognized secondary syphilis as a contagious entity, and 
established pityriasis rosea as a clinical syndrome. Gibert’s 
pivotal publications included thorough accounts that made 
important distinctions between papulosquamous diseases [5, 
10, 14]. In 1841, shortly after Gibert’s works, Hebra further 
distinguished the clinical picture of psoriasis from that of 
leprosy. Only 165 years ago, this differentiation set the stage 
for psoriatic patient’s freedom from extreme persecution [15, 
16]. The distinctions made by Gibert and Hebra were essen-
tial to accurately diagnosing patients and developing tailored 
therapies.

 Advancements in the Description 
of Psoriasis

The nineteenth-century identification of psoriasis as a sepa-
rate entity ushered in a period of increasingly accurate 
descriptions of the disease. One of Hebra’s students, Heinrich 
Auspitz (1835–1886), noted bleeding points upon removal 
of scale in patients with psoriasis. We now refer to this as the 
Auspitz sign [14, 17]. Along with the Auspitz sign, the 
Koebner reaction is a characteristic feature of psoriasis. In 
1876, Koebner described the propensity of psoriatic lesions 
to arise in areas of prior trauma. Koebner’s observation pro-
vided insight into the importance of the vascular compart-
ment in the initiation of the psoriatic lesion [18]. Two decades 
later, in 1898, Munro described microabscesses of psoriasis 
that are now known as Munro’s abscesses [17].

The start of the twentieth century ushered in further 
descriptions of psoriatic lesions. In 1910, Leo von 
Zumbusch first described generalized pustular psoriasis, or 
von Zumbusch disease [19]. Additional descriptions 
included Woronoff’s 1926 description of a pale halo 
referred to as the “Woronoff ring” encircling a plaque of 
psoriasis [20]. The portrayals of the Auspitz sign, Koebner 
phenomenon, Munro’s abscesses, pustular psoriasis, and 

the Woronoff ring allowed physicians to more confidently 
diagnose patients with psoriasis.

 Understanding Pathophysiology

In addition to clinical observations, histopathologic descrip-
tions of psoriatic skin advanced understanding of the roles of 
epidermal hyperplasia and the immune system in psoriasis. 
Epidermal hyperplasia in psoriasis was first observed in 
1963, when Van Scott noted a significant increase in mitoses 
of psoriatic epidermis [21]. Three years later, Van Scott and 
Weinstein noted that psoriatic basal cells rose to the stratum 
corneum in only 2 days, in contrast to their 12-day transit 
through normal epidermis [22].

Therapeutic discoveries and histopathologic observa-
tions linked the immune system with psoriasis. In 1951, 
Gubner treated rheumatoid arthritis with the folic acid 
antagonist aminopterin, and serendipitously noted clearing 
of the skin in patients with psoriasis [23]. At that time 
researchers did not understand the mechanism of action of 
folic acid antagonists in psoriasis treatment, but later 
understanding revealed that these medications modulated 
the immune system. Two decades after Gubner’s report, 
Mueller prescribed cyclosporine to prevent rejection in 
transplant patients, and found improvement of lesions in 
patients with psoriasis [24]. Reports of psoriatic improve-
ment provided by immunosuppressive drugs implicated 
the immune system in the pathogenesis of psoriasis. 
Histopathologic observations, that cellular infiltrates in 
psoriasis were composed primarily of T cells and macro-
phages, further highlighted the role of the immune system 
in psoriasis [25, 26].

In spite of these discoveries, much remains unknown 
about the pathogenesis of psoriasis and other immune- 
mediated diseases including arthritis and inflammatory 
bowel disease. Psoriasis serves as a model for immune- 
mediated diseases because the response to therapy can be 
readily seen [27].

 History of Treatment of Psoriasis

The history of the treatment of psoriasis is relatively short, 
and initially treatment discoveries were serendipitous. Early 
psoriasis therapies included arsenic and ammoniated mer-
cury use in the nineteenth century. In the first half of the 
twentieth century, anthralin and tar were discovered as effec-
tive psoriasis treatments. Corticosteroids were developed in 
the 1950s. These therapies were followed in the 1970s by use 
of methotrexate and PUVA on psoriasis. In the 1980s, psoria-
sis treatment discoveries included narrowband UVB, reti-
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noids, and vitamin D therapies. From the 1990s to the present 
time, manipulating the immune system to treat psoriasis has 
been explored first with cyclosporine and more recently with 
targeted molecules.

 Nineteenth Century: Arsenic 
and Ammoniated Mercury

Throughout history, arsenic has been utilized as both a poi-
son and therapeutic. In 1806, Girdlestone reported on the 
efficacy of Fowler’s solution with 1% arsenic in treating 
many dermatologic conditions including psoriasis [1, 28]. 
With similar toxic potential, ammoniated mercury was used 
as a medication before the twentieth century [16, 29]. In 
1876, Duhring recommended mercurial ointments to treat 
psoriasis [30].

 1900–1950s: Anthralin and Tar

In 1876, Squire inadvertently discovered anthralin as a treat-
ment of psoriasis. Squire prescribed Goa powder, which was 
until then known only to be effective in ringworm, and the 
patient’s psoriasis improved. The active ingredient of Goa 
powder is chrysarobin, also known as 2-methyl dithranol 
[31]. During World War I, this treatment was further refined, 
as a synthetic form of chrysarobin called anthralin, or dithra-
nol, was formed. In 1916, Unna reported the effectiveness of 
dithranol as an antipsoriatic treatment [32].

The next advancement in psoriasis treatment was coal tar. 
Hippocrates and other ancient physicians treated dermato-
logic conditions with pine tar and other types of tar. Coal tar 
became available when coal gas production developed in the 
late nineteenth century, and Goeckerman found that coal tar 
was particularly useful in psoriasis therapy [33, 34]. Many 
observed that psoriasis improved with summer sun. In 1925, 
Goeckerman reported an additive benefit of coal tar and 
UVB radiation in psoriasis treatment [16, 35]. Goeckerman’s 
method remained the mainstay of psoriasis treatment for 
decades. In 1953, Ingram reported the successful treatment 
of psoriasis with a combination of Unna and Goeckerman’s 
modalities. He established the first day care center for pso-
riasis in which patients were treated with a tar bath, then 
UVB therapy, and lastly 0.42% dithranol in Lassar’s paste 
[36]. This treatment improved the morbidity of psoriasis for 
many patients, but was time intensive.

 1950s: Corticosteroids

In the 1950s, the corticosteroid era began and revolution-
ized the treatment of many diseases. In 1950 Hench, 
Kendall, and Reichstein received the Nobel Prize for the 
development of cortisone [37, 38]. A mere 2 years later, 
Sulzberg and Witten reported that compound F, or hydro-
cortisone, was the first moderately successful topical corti-
costeroid in inflammatory skin diseases including psoriasis 
[39]. From that time forward, additional topical corticoste-
roid preparations were developed to treat inflammatory der-
matoses such as psoriasis.

 1970s: Methotrexate and PUVA

Although methotrexate was first developed in the 1950s, it 
was not used to treat psoriasis until the 1970s. In 1946, 
Farber developed aminopterin to treat leukemia [40]. Five 
years later, Gubner reported that aminopterin used in the 
treatment of rheumatoid arthritis also cleared psoriasis [23]. 
In 1958, Edmundsun and Guy introduced methotrexate, a 
more stable derivative of aminopterin with lower toxicity 
[41]. Investigators initially believed that folic acid antago-
nists prevented keratinocyte hyperproliferation, but later the 
effect on lymphocytes in psoriatic lesions was elucidated. In 
1972, the FDA finally approved the use of methotrexate for 
psoriasis [42].

Also in the 1970s, PUVA therapy was reported to be 
effective in psoriasis. PUVA, based on the interaction 
between UV radiation and a photosensitizing chemical, has 
its own rich history [43]. The concept originated in about 
1500 BC when Egyptian healers treated vitiligo with a com-
bination of sunlight and ingestion of plants known as pso-
ralens, including fig and limes [44]. An article published in 
1974 reported the efficacy of oral PUVA therapy in a group 
of patients with psoriasis [43]. Three years later, a multi-
center study confirmed that most patients with psoriasis 
experienced clearing of their skin using oral PUVA [45]. 
Shortly after the development of oral PUVA, alternative 
bathwater delivery systems of psoralens were also created to 
minimize adverse effects associated with oral PUVA [46].

 1980s: Narrowband UVB, Retinoids, 
Vitamin D

Although often therapeutically successful, PUVA therapy 
carries an increased risk of skin cancer. Therefore, further 
study of UVB therapy was undertaken. In 1981, Parrish and 
Jaenicke demonstrated that UVB wavelengths between 300 
and 313 nm caused the greatest remission of skin lesions 
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[47]. Subsequent trials reported that the 311 nm spectrum 
showed improved clearance of lesions with less erythema 
[48, 49].

In the 1980s, researchers also established the use of reti-
noids in psoriasis treatment. Prior to its use in psoriasis, in 
the 1960s physicians prescribed retinoids for hyperkeratosis 
and acne. At this time, first-generation and synthetic topical 
retinoids did not have significant antipsoriatic activity [50, 
51]. In the early 1980s, reports demonstrated the efficacy of 
the second-generation retinoids etretinate and its derivative 
acitretin, in the treatment of psoriasis [52, 53]. Although 
etretinate is no longer available in the USA due to its lipo-
philia and protracted adverse effects, acitretin has a shorter 
half-life and remains an important therapy in psoriasis [54]. 
Third-generation acetylenic retinoids developed in the 1980s 
allowed for the production of a topical retinoid, tazarotene, 
with demonstrated antipsoriatic efficacy [55].

The next class of drugs developed for psoriasis, vitamin D 
and its analogs, was also developed by chance observations 
in the 1980s. In 1985, a patient who received oral vitamin D3 
for osteoporosis experienced dramatic improvement of his 
psoriasis [56]. The active form of vitamin D3 plays a part in 
the control of intestinal calcium absorption, bone mineraliza-
tion, keratinocyte differentiation, keratinocyte proliferation, 
and immune modulation [57, 58]. Despite extensive research, 
the exact mechanism of action of vitamin D analogs remains 
unknown. In 1988, a topical form of vitamin D proved useful 
in the treatment of psoriasis [59].

 1990s: Cyclic Immunosuppressive 
Medications

In 1997, cyclosporine was FDA approved for psoriasis treat-
ment. Cyclosporine was isolated in 1969 from a fungus and 
was screened for antibiotic properties. In 1976, Borel 
reported immunosuppressive properties of cyclosporine in 
animal models [60]. Three years later, cyclosporine A was 
used experimentally in transplant patients to prevent graft 
rejection, and psoriatic patients in these trials experienced 
relief of their lesions [24]. FDA approval was delayed until 
the 1990s due to concerns about toxicity. Cyclosporine is 
prescribed for severe psoriasis that is not responsive to other 
therapies [61].

 Biologic Therapies

Although our understanding of the immunological basis of 
psoriasis had expanded greatly by the turn of the millennium, 
many details still remain unknown. Understanding of the 
role of immunology in psoriasis, together with the knowl-
edge of protein engineering techniques, has given us the 

capability to manufacture specific proteins that can selec-
tively alter the immunological processes in psoriasis. These 
therapies continue to improve the treatment of psoriasis and 
shed further light into its pathogenesis.

Beginning in January of 2003, a number of biologic 
agents were approved by the FDA for the treatment of pso-
riasis including alefacept, efalizumab, etanercept, and inflix-
imab. Alefacept binds to CD2 to prevent the activation of T 
lymphocytes in psoriasis [27, 62], while efalizumab binds to 
CD11 to inhibit T cell activation and migration into the skin 
[63]. Both of these therapies strengthened the understanding 
of the role of T lymphocytes in psoriasis. Tumor necrosis 
factor inhibitors also demonstrated efficacy in the treatment 
of psoriasis [64]. The efficacy and mechanism of etanercept, 
infliximab, and adalimumab suggest that psoriasis patho-
physiology also involves immunologic mediators in addition 
to T cells.

Understanding the importance of immunosuppression in 
the treatment of psoriasis was another example of gains 
achieved by serendipitous findings.

While heralded in with great promise, the T cell-targeting 
compounds alefacept [62] and efalizumab [65] have subse-
quently been removed from the market because of potential 
side effects and/or lack of efficacy. However the TNF inhibi-
tors—adalimumab [66], etanercept [64], and infliximab [67] 
and the IL-12/23 compound ustekinumab [68]—have revo-
lutionized the care of patients with psoriasis. Over the past 
few years, three new drugs in the IL-17 class, secukinumab, 
ixekizumab, and brodalumab, have been approved for the 
treatment of psoriatic disease [69]. Three new medications 
which inhibit IL-23 are in development [69]. With each new 
class of medication developed, the importance of the immune 
system in psoriasis has become increasingly apparent.

Additional agents targeting different sites of the inflam-
matory cascade are currently under development and may 
further add to both our understanding of psoriasis and our 
therapeutic armamentarium. The expectation for treatment 
response has increased to levels unimaginable only 
20–30 years ago.
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Outcome Measures in Psoriasis 
and Atopic Eczema

Kristina Callis Duffin

 History of Outcome Measure Development 
and Methodology

Over the past several decades, numerous outcome measures 
have been developed for skin disease therapies, but develop-
ment of most measures did not employ rigorous methodolo-
gies for development or validation of the measures. In the 
field of rheumatology, it was noted in the 1980s that rheuma-
tologists varied considerably in the way they utilized clinical 
measures to make judgments about the efficacy of treatments 
[1]. Recognition of the need for a common approach led to 
the formation of OMERACT (Outcome Measures in 
Rheumatology, formerly Outcome Measures in Rheumatoid 
Arthritis Clinical Trials, www.omeract.org) which sought to 
unite the methodologies around outcome measures of aca-
demic and professional organizations such as the World 
Health Organization, American College of Rheumatology, 
and the International and European Leagues Against 
Rheumatism (ILAR and EULAR). Since their first meeting 
in 1992, OMERACT has led consensus efforts overseeing 
development and assessment of outcome measures in many 
rheumatologic diseases, utilizing the methodologies summa-
rized in an ever-evolving road map known as the OMERACT 
Handbook [2, 3].

The field of dermatology has faced the same challenges. 
Most instruments used in dermatology have been developed 
by individuals, organizations, and industry, and often modi-
fied at the request of the US Food and Drug Administration 
(USFDA) to meet trial and regulatory needs. For example, 
the Psoriasis Area and Severity Index (PASI) and the multi-
tude of physician/investigator global assessments (PGA or 
IGA) are the most commonly used primary or co-primary 

efficacy outcome measures mandated by the USFDA for reg-
istered plaque psoriasis RCTs, but the PASI and nearly all of 
the PGA/IGAs were not subjected to rigorous psychometric 
evaluation (e.g., not assessed for validity, reliability, and dis-
crimination) before being used.

As a result, many new organizations focused on measure-
ment in skin conditions have been formed and are addressing 
the need for developing and implementing core outcome sets 
and gaining consensus. The Cochrane Skin Group Core 
Outcome Set Initiative (CSG-COUSIN) was formed in 2014 
and supported by the editors of the Cochrane Skin Group; 
this group developed a road map with the eczema outcome 
measure group, Harmonising Outcome Measures for Eczema 
(HOME). The International Dermatology Outcomes 
Measures organization (IDEOM) was founded in 2013 with 
support and advice from members of OMERACT and has 
focused initially on psoriasis and hidradenitis suppurativa 
measures for clinical trials.

Although there is no single accepted methodology, a 
common pathway has emerged among most outcome mea-
sure organizations, which generally follow the OMERACT 
guidance. First, the scope of the outcome measure core set 
must be defined, including but not limited to the condition, 
population, and setting. It is important to establish contex-
tual factors around the condition; for example, the domains 
and measures used to assess guttate psoriasis may differ 
from those of chronic plaque psoriasis or palmar-plantar 
psoriasis. The setting (e.g., clinical trial, longitudinal reg-
istry, clinical practice) must be carefully considered as 
well, as measures utilized in clinical trials may be very 
different than those used in clinical practice or a longitudi-
nal registry primarily due to issues around cost, feasibility, 
and training.

Second, a core domain set is developed. Through consen-
sus exercises, which usually involve focus groups, meetings 
of patients and experts, and Delphi surveys, a set of candi-
date domains is created. From there, consensus exercises 
such as Delphi surveys and audience response voting at live 
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meetings are conducted to determine a core domain set. A 
core domain set is defined as “what” should be measured. 
For example, in atopic eczema, the HOME organization’s 
core domain set includes clinical signs, patient-reported 
symptoms, long-term control, and quality of life.

Once a core set is defined (what to measure) a core mea-
surement set (how to measure) must be defined. Candidate 
measures within each domain are selected through literature 
review, and then evaluated for validity, reliability, discrimi-
nation, and feasibility. For example, the HOME organization 
evaluated several potential measures as candidates for 
patient-reported symptoms of atopic eczema, and ultimately 
selected the Patient-Oriented Eczema Measure based on 
good validity and reliability data [4]. For more information, 
see the most updated version of the OMERACT Handbook 
at www.omeract.org.

 Psoriasis Measures

Psoriasis, primarily generalized plaque type, likely has the 
largest number of outcome measures of any dermatologic 
disorder owing to its prevalence, disease characteristics, sig-
nificant life impact, recent advances in the understanding of 
its pathogenesis, and related drug development. At least 44 
different scoring systems in 171 randomized clinical trials of 
psoriasis therapies between 1977 and 2000 were described, 
largely by measuring extent, erythema, scaling, and thick-
ness of the psoriasis lesions [5]. Despite this variety of mea-
sures, nearly all phase II and III clinical trials that have 
resulted in approved therapies used Psoriasis Area and 
Severity Index (PASI) and/or a physician or investigator 
global assessment (PGA or IGA) as primary or co-primary 
endpoints.

 Psoriasis Area and Severity Index (PASI)

The most widely used instrument to measure psoriasis disease 
severity and efficacy of therapeutic agents in the last four 
decades has been the Psoriasis Area and Severity Index (PASI) 
[5]. The PASI was developed and first described in a study of 
etretinate in 1978 [6]. Despite common belief, the PASI did 
not enjoy immediate adoption as a primary endpoint; 7 years 
after its initial description in 1978, it had only been used in 3 
of 30 published psoriasis studies [7]. However, owing to its 
sensitivity to change in extensive psoriasis and perhaps other 
influences, it became the most prevalent scoring system in use 
[5, 8]. It also has become the framework for many other sever-
ity measures used in psoriasis and other diseases, such as the 
Psoriasis Scalp Severity Index (PSSI), Palmar-Plantar 
Psoriasis Area and Severity Index (PPPASI), Eczema Severity 
and Area Index (EASI), the Cutaneous Lupus Area and 
Severity Index (CLASI), and others (Table 2.1).

Since it has become the gold standard for moderate-severe 
psoriasis trials, PASI has been subject to critical assessments 
of its psychometric properties [9]. However, one review of 
psoriasis measures demonstrated that most instruments 
developed to overcome PASI’s limitations (e.g., the simpli-
fied SPASI or linearized LPASI) do not outperform the PASI 
on its clinimetric properties [10]. As a result, uptake of these 
measures has not occurred in the clinical trial setting, likely 
due to the desire to compare efficacy using the original PASI 
across studies. The European Medicines Agency (EMA) has 
continued to require PASI as the primary endpoint, and in 
Europe, PASI is the primary efficacy measure used in clini-
cal practice. As a result, PASI is likely going to remain the 
gold standard and primary or co-primary endpoint for most 
plaque psoriasis studies.

To perform PASI, see Fig. 2.1.

Table 2.1 Psoriasis Area and Severity Index

Erythema 0–4a Induration 0–4a Scaling 0–4a Sum (E + I + S) Area scoreb

Weighting 
multiplier Region score

Head/neck + + + = x x 0.1 =

Upper extremities + + + = x x 0.2 =

Trunk + + + = x x 0.3 =

Lower extremities + + + = x x 0.4 =
aSeverity score 0 = 4: bArea score 0–6: Determine 

percentage of region affected
Final PASI score (sum of four region scores)

0 = None 0 = 0

1 = Slight or mild 1 = >0–<10%

2 = Moderate 2 = 10–<30%

3 = Severe or marked 3 = 30–<50%

4 = Very severe or very marked 4 = 50–<70%

5 = 70–<90%

6 = 90–100%
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 Psychometric Properties

The PASI has stood the test of time in clinical trials of 
moderate- to-severe psoriasis as it has been shown to demon-
strate good responsiveness to change and reliability. In one 
small study of 14 trained and experienced evaluators, intra- 
rater and inter-rater reliability was considered substantial 
(intraclass coefficient >0.81) [11]. PASI is considered the 
gold standard, so criterion validity for most measures is 
assessed against PASI.

 PASI Cut Points

Certain PASI cut points and change from baseline are typi-
cally used as clinical trial inclusion criteria and endpoints. A 
PASI score of 10 or 12 is historically and arbitrarily assigned 
as the usual clinical trial inclusion criterion for moderate- 
severe psoriasis at screening and/or baseline visits. The PASI 
12 is presumably derived from the fact that if every ery-
thema, induration, scale, and area score is scored a 2 (“mod-
erate”), then the PASI score is 12.

Fig. 2.1 Psoriasis Area and Severity Index. To perform PASI, the 
assessor rates plaque characteristics and area of involvement in four 
regions of the body (head and neck, upper extremities, trunk, and lower 
extremities). When scoring each of the four areas, three plaque charac-
teristics are scored on a scale of 0–4, from clear to very severe: ery-
thema (pinkness or redness), induration (thickness or elevation), and 
scaling (desquamation). The amount of area involvement is determined 
for each body area, then assigning a score on a scale of 0–6, where 
1 = > 0–<10% 2 = 10–<30%, 3 = 30–<50%, 4 = 50–<70%, 5 = 70–<90%, 
and 6 = 90–100%. (Of note, the original publication described the scale 

as follows: 1 = 1–9%, 2 = 10–29%, 3 = 30–49%, 4 = 50–69%, 
5 = 70–89%, and 6 = 90–100%. This has led to discrepancies in scoring, 
e.g., what score to assign if the area involved is 9.5%—therefore it is 
recommended by the author to use the area scores as described in 
Fig. 2.1.) For each of the four regions, the plaque qualities are summed 
(E + I + S, maximum of 12), then multiplied by the area score and a 
weighting multiplier, and the four body area scores are summed for a 
maximum total of 72. When scoring erythema, most consider residual 
hypo- or hyperpigmentation to be “clear”. (Reproduced with permis-
sion from Kristina Callis Duffin)

2 Outcome Measures in Psoriasis and Atopic Eczema
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The usual co-primary endpoint in a placebo-controlled 
RCT is the percentage of patients on active therapy who 
achieve PASI 75 compared to placebo at the primary end-
point (usually 12–16 weeks). PASI 75 is defined as the per-
centage of patients who achieve at least 75% improvement 
from the baseline PASI score—which means everyone 
who had 75% or greater improvement from their baseline 
PASI score. The percentage of patients reaching PASI 50, 
90, and 100 are typical secondary endpoints; however, 
with the development of more effiacious therapies, such as 
the interleukin- 17 inhibitors such as secukinumab and 
ixekizumab, PASI 90 is increasingly being used as a pri-
mary endpoint [12].

Although many of the newer therapies are leading to 
high rates of clearance, it is important not to lose site of 
the fact that PASI 50 is still a meaningful improvement 
for patients [13]. Technically, the endpoint PASI 50 
includes patients with PASI 50–PASI 74. Patients in this 
range can have very meaningful improvements: for exam-
ple, if a patient goes from BSA 49% to 1% but all plaque 
scores for erythema, induration, and scale stay at 3, they 
have achieved a PASI 66, which would be included in the 
PASI 50 category. Carlin et al. also demonstrated that 
PASI 50 was associated with meaningful changes in qual-
ity of life in clinical trials of alefacept and efalizumab 
[14, 15]. However, as more effective therapies have been 
developed with higher percentages of patients able to 
obtain complete clearance, studies have shown that there 
are statistical differences in the number of patients who 
obtain a DLQI of 0 or 1 (considered “no impact” on qual-
ity of life) going from PASI 90 to PASI 100 [16]. 
Depending on the study and the therapeutic agent, PASI 
75 or PASI 90 may correlate better with the PGA of 0 or 
1 (clear/almost clear), which likely is related to the type 
of PGA used.

 Limitations of PASI

The PASI has limitations that have been enumerated in 
many studies [17, 18]. The PASI score in itself lacks mean-
ing to clinicians. An absolute PASI score could mean 
extensive area but thin patches, or few plaques that are 
very thick. It also is not very responsive to change in mild 
or moderate psoriasis, such as patients with limited BSA 
involvement. It does not capture the degree of severity of 
plaques when critical areas such as body folds, face, and 
genitals are involved. Many feel that it is cumbersome to 
use, as one must assess 16 data points and then calculate 

the final score. It also does not correlate well with patient-
reported measures, such as symptom inventories or qual-
ity-of-life measures.

 Physician/Investigator Global Assessment 
(PGA or IGA)

In 1998 the US FDA solicited feedback from the Dermatologic 
and Ophthalmic Drugs Advisory Committee, which recom-
mended that PASI not be used as the sole efficacy endpoint in 
clinical trials (https://www.fda.gov/ohrms/dockets/ac/cder98t.
htm#Dermatologic%20and%20Ophthalmic%20Drugs%20
Advisory%20Committee). Following this recommendation, 
efforts were made by psoriasis opinion leaders and industry to 
comply with the requirement that the primary efficacy endpoint 
be a static dichotomous physician global assessment (PGA) or 
investigator global assessment (IGA). These efforts corre-
sponded closely with phase II and III clinical trials leading to 
the registration and approval of the first biologics for psoriasis. 
For the most part, PGA and IGA are synonymous, and there-
fore will be referred to as PGA for this chapter.

The most important thing to know about “the PGA” is 
that there is not just one; in fact, there are numerous PGAs 
that have been developed and used as the primary endpoint in 
psoriasis clinical trials. The vast majority of the PGA instru-
ments used in psoriasis trials are static, 5-point (0–4), or 
6-point (0–5) scales where plaque qualities of erythema, 
induration (thickness, elevation), and scale (desquamation) 
are rated from none to very severe. The assessor is generally 
instructed to consider the totality of the plaques at a single 
point in time (static assessment) according to descriptions 
that guide the assessment, and not compared to a past point 
in time (dynamic assessment). Some score erythema, indura-
tion, and scaling separately and then the scores are averaged 
and rounded to the nearest whole number, whereas for oth-
ers, the assessor is asked to chose one score based on the 
anchoring descriptions. The body surface area involvement 
(BSA) is not included in most versions of the PGA.

 Psychometric Properties of PGA

Psychometric properties of some PGAs have been rigorously 
assessed, although almost none were rigorously developed 
prior to their use in clinical trials. The five-point, three-item 
PGA utilized in the tofacitinib phase II and III program 
(Table 2.2) has been assessed for its reliability and validity, 
showing that equally weighting erythema, induration, and 
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scale is valid [19]. Post hoc studies of prospective RCTs and 
registries have demonstrated that most PGA measures cor-
relate well with PASI, likely due to the fact that the scales 
and definitions of erythema, induration, and desquamation 
are similar for most PGAs and PASI.

Most PGAs in existence have been heavily criticized for 
the exclusion of BSA as part of their definition. This has pri-
marily been the result of regulatory directives, presumably 
rationalized by including it as a separate measure. As a 
result, the product of the PGA and the BSA (PGAxBSA, also 
called the s-MAPA, discussed below) has been proposed as a 
measure with better validity. Some PGA instruments, such as 
the Lattice Scale-PGA (LS-PGA) [20], include BSA but this 
instrument has not gained favor with the research or regula-
tory community as it is considered cumbersome. Examples 
of commonly used PGA measures are provided in Tables 2.2, 
2.3, 2.4, and 2.5.

Table 2.2 5-point (0–4) static Physician Global Assessment (sPGA) 
[19]

5-point (0–4) static Physician’s Global Assessment (sPGA)

Erythema Induration Scale

0 =  No evidence of 
erythema (post- 
inflammatory 
hyperpigmentation 
and/or 
hypopigmentation 
may be present)

0 =  No evidence of 
plaque elevation

0 =  No evidence of 
scaling

1 = Light pink 1 =  Barely palpable 1 =  Occasional fine 
scale

2 = Light red 2 =  Slight, but definite 
elevation, 
indistinct edges

2 =  Fine scale 
predominates

3 = Red 3 =  Elevated with 
distinct edges

3 =  Coarse scale 
predominates

4 = Dark, deep red 4 =  Marked plaque 
elevation, hard/
sharp borders

4 =  Thick, coarse 
scale 
predominates

E = I = S =

Physician’s static global assessment based upon above total average 
[(I + E + S)/3]:

0 = Clear, except for residual discoloration

1 =  Almost clear, majority of lesions have individual scores for 
[(I + E + S)/3] that average 1

2 =  Mild: Majority of lesions have individual scores for 
[(I + E + S)/3] that average 2

3 =  Moderate: Majority of lesions have individual scores for 
[(I + E + S)/3] that average 3

4 =  Severe: Majority of lesions have individual scores for 
[(I + E + S)/3] that average 4

[(I + E + S)/3] =

Table 2.3 5-point (0–4) static physician global assessment (sPGA)—
from National Psoriasis Foundation Psoriasis Score, utilized in Amgen 
etanercept, Janssen ustekinumab, and infliximab programs

6-point (0–5) static Physician’s Global Assessment (sPGA)

Erythema Induration Scale

0 = No erythema
1 =  Faint 

erythema
2 =  Light red 

coloration
3 =  Moderate red 

coloration
4 =  Bright red 

coloration
5 =  Dusky-deep 

red 
coloration

0 =  No evidence 
of plaque 
elevation

1 =  Minimal 
(~0.25 mm)

2 =  Mild 
(~0.50 mm)

3 =  Moderate 
(~0.75 mm)

4 =  Marked 
(~1.0 mm)

5 =  Severe 
(~1.25 mm)

0 = No evidence of scale
1 =  Minimal (occasional 

fine scale over less 
than 5% of lesions)

2 =  Mild (fine scale 
predominates)

3 =  Moderate (coarse 
scale predominates)

4 =  Marked (thick, 
non-tenacious scale 
predominates)

5 =  Severe (very thick, 
tenacious scale 
predominates)

E = I = S =

Static Physician Global Assessment: based upon above total 
average [(I + E + S)/3]:
0 = Clear, except for residual discoloration
1 =  Minimal: Majority of lesions have individual scores for 

[(I + E + S)/3] that average 1
2 =  Mild: Majority of lesions have individual scores for 

[(I + E + S)/3] that average 2
3 =  Moderate: Majority of lesions have individual scores for 

[(I + E + S)/3] that average 3
4 =  Severe: Majority of lesions have individual scores for 

[(I + E + S)/3] that average 4
5 =  Very severe: Majority of lesions have individual scores for 

[(I + E + S)/3] that average 5

[(I + E + S)/3] =

Table 2.4 5-point (0–4) static Investigator Global Assessment (sPGA)

5-point 
(0–4) static Investigator Global Assessment “2011 version”—Novartis

Score Definition

0 Clear No signs of psoriasis
(post-inflammatory hyperpigmentation may be 
present)

1 Almost 
clear

Normal to pink coloration of lesions
No thickening
No to minimal focal scaling

2 Mild Pink to light red coloration
Just detectable to mild thickening
Predominantly fine scaling

3 Moderate Dull to bright red, clearly distinguishable 
erythema
Clearly distinguishable to moderate thickening
Moderate scaling

4 Severe Bright to deep dark red coloration
Severe thickening with hard edges
Severe/coarse scaling covering almost all or all 
lesions

2 Outcome Measures in Psoriasis and Atopic Eczema
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 Target Lesion Assessment and Total Plaque 
Severity Score (TPSS)

Target lesions are commonly selected and assessed in clinical 
trials, particularly when the therapeutic agent is topical or serial 
biopsies are being taken for mechanistic evaluation. Target 
lesions are typically selected based on size and location and 
assessed for reduction of size, erythema, induration, and scale. 
The Total Plaque Severity Score (TPSS) has been used in the 
Pfizer phase II clinical trial for topical tofacitinib and some 
validity testing was performed as part of this study. To perform 
this measure, erythema, induration, and scale are scored 0–4 
for selected target lesion (lesion size and location determined 
by protocol) and summed for a score range of 0–12 [21–23].

 PGAxBSA

The product of the PGA and BSA, or PGAxBSA, has risen 
as a measure of interest in clinical trials and in clinical prac-
tice. The notion of using the PGAxBSA as a surrogate for 
PASI in registries and clinical practice was first published by 

rheumatologist Jessica Walsh, who, like others, felt that 
PASI was cumbersome and difficult outside the psoriasis 
clinical trial venue. It was psychometrically evaluated in the 
Utah Psoriasis Initiative longitudinal cohort of 226 patients, 
where it was found to correlate highly with PASI (R2 of.87) 
and correlated better with the patient-reported global assess-
ment (PtGA) (R2 of 0.65 vs. 0.59 with PASI) [18]. Similar 
results were found in the DCERN cross- sectional study of 
1755 patients on systemic or biologic therapies [24]. The 
PGAxBSA was then used as the primary endpoint in a clini-
cal trial of apremilast for moderate psoriasis (systemic-naïve 
patients with 5–10% BSA at baseline) where it was shown to 
correlate fairly well with the PASI but found statistically to 
be a better measure of effect size [25].

 Body Surface Area (BSA)

The body surface area (BSA) in dermatology refers to an esti-
mate of the percentage of the body surface area affected by 
the condition. It is a commonly used measure of skin disease 
severity in clinical trials and clinical practice. The acronym 
“BSA” can be confusing, since fields like oncology use this 
acronym to mean the total BSA needed to determine doses of 
chemotherapy. In this context, BSA is calculated using an 
estimating formula using height and weight, or more pre-
cisely with 3D laser technology. For the purposes of this 
chapter, the BSA will refer to the estimate of the percentage 
of total body area of disease involvement.

Historically, BSA is calculated by one of the three meth-
ods: the “rule of nines,” the handprint method, or a general 
“eyeball it” method commonly used to calculate the 
PASI. The rule of nines has been used for decades to deter-
mine percentage of area involved with a burn. It is performed 
by dividing the body into regions or multiples of 9% [26]. 
The Lund and Browder chart is then used to map burns [27].

The second method is the “handprint method,” where the 
patient’s handprint is used to estimate 1% BSA (Fig. 2.2) Two 
studies have assessed the handprint method in adult patients 
with psoriasis. In the first study, a sample of 50 adults showed 
that the palmar surface including all five digits was equivalent to 
about 0.76% in men and 0.70% in women [28]. A similar study 
found that the whole surface of a man’s hand was 0.81% and of 
a woman’s hand 0.67% [29]. In children, the entire child’s hand 
was 0.94% [30]. These studies showed that the palm alone 
(without digits) was 0.52%. Several authors have noted that 
referring to BSA with just the “palm” is vague and misleading, 
as it could mean the full handprint or the just the palm without 
the fingers (or in some cases, more complex definitions such as 
the palm to the proximal phalangeal joints of all fingers and the 
thumb) which all significantly underestimate the BSA. Finlay 
et al. recommend that the word “handprint,” rather than “palm” 
be used, and that the patient’s handprint is a reasonable estimate 
of BSA 1%, although it is still <1% in adults.

Table 2.5 6-point (0–5) static Physician/Investigator Global 
Assessment (sPGA)

6-point (0–5) static Physician/Investigator Global Assessment—
Amgen, Lilly

Score Definition

0 Clear Plaque elevation = 0 (no elevation over normal skin)
Scaling = 0 (no scale)
Erythema = 0 (no evidence of erythema, 
hyperpigmentation may be present)

1 Minimal Plaque elevation = ± (possible but difficult to 
ascertain whether there is a slight elevation above 
normal skin)
Scaling = ± (surface dryness with some white 
coloration)
Erythema = (faint erythema)

2 Mild Plaque elevation = slight (slight but definite 
elevation, typically edges are indistinct or sloped)
Scaling = fine (fine scale partially or mostly 
covering lesions)
Erythema = (light red coloration)

3 Moderate Plaque elevation = moderate (moderate elevation 
with rough or sloped edges)  
Scaling = coarser (coarse scale covering most of 
all the lesions)
Erythema = moderate (definite red coloration)

4 Severe Plaque elevation = marked (marked elevation 
typically with hard or sharp edges)
Scaling = coarse (coarse, non-tenacious scale 
predominates covering most or all of the lesions)
Erythema = severe (very bright red coloration)

5 Very 
severe

Plaque elevation = very marked (very marked 
elevation typically with hard sharp edges)
Scaling = very coarse (coarse, thick tenacious 
scale over most of all the lesions; rough surface)
Erythema = very severe (extreme red coloration; 
dusky to deep red coloration)

K.C. Duffin
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 Psychometric Assessments

Similar to other measures, the BSA has been assessed follow-
ing its widespread use for validity, reliability, and other clini-
metrics, which generally are favorable. Criticisms of the BSA 
include that it can be overestimated [31]. Pragmatically, in a 
patient with very high body weight the handprint method will 
overestimate the true BSA involvement, although one could 
argue that ten absolute handprints is moderate to severe no 
matter what percentage of the body it occupies. Like PASI, 
the BSA correlates weakly with patient-reported measures 
such as the DLQI [32].

 Psoriasis Instruments in Clinical Practice

In the USA, unlike Europe, dermatologists do not routinely 
utilize PASI or any form of PGA in their practices. The PASI 
is considered by most to be a research tool and has not had 
uptake in clinical practice in the same way it has in Europe, 
where most clinicians do PASI and BSA. In the USA, physi-
cians will commonly document BSA, which is necessary to 
obtain prior authorization from payers for biologics, as many 
require documentation of at least 10% BSA or evidence of 
involvement of critical areas such as face, scalp, palms, soles, 
or genitals to justify use of these more expensive agents.

There are efforts under way to increase utilization of pso-
riasis severity measures in clinical practice and to establish 
treatment targets based on these measures. In 2017, the 
Medical Board of the National Psoriasis Foundation pub-
lished a Delphi survey on preferred measures and targets in 
clinical practice [33]. The most preferred instrument was 
BSA, primarily chosen because it is the most pragmatic 
instrument that most US-based clinicians will use, as opposed 
to PASI or PGA. Utilizing BSA, there was consensus that an 
“acceptable response” at 3-month BSA should be 3% or less, 
or 75% improvement from baseline; the target at 6 months 
should be 1%. Additionally, with quality-based reimburse-
ment measures being instituted, it is likely that there will be 
uptake in use of instruments like BSA, and possibly 
PGAxBSA, to demonstrate that the clinician is measuring 
improvement and at the very least attempting to get a patient 
to a target BSA or PGA, particularly when treating with sys-
temic agents, phototherapy, or biologics.

The PGAxBSA is being advocated as a tool that is easily 
performed in clinical practice and in trials, and thus could be 
a surrogate for PASI. The primary limitations of using the 
PGAxBSA in trials and practice will be defining which PGA 
to use in this measure, education of physicians on how to do 
a PGA, and familiarity with cut points in this score. The 
PGAxBSA may be better represented as the actual numerical 
equation rather than its product; much like a blood pressure 
of 140/90 is a known cut point, a PGAxBSA of 1x1 could be 
a realistic endpoint in clinical practice.

 Scalp Endpoints: Psoriasis of the Scalp 
Severity Index (PSSI) and PGA of the Scalp

Scalp psoriasis is estimated to be present in 60% of patients 
with psoriasis, and sometimes is the only manifestation. The 
PSSI was derived from the PASI to assess plaque psoriasis of 
the scalp only. It was first used in a trial of topical calcipot-
riol, and subsequently as the primary endpoint for scalp stud-
ies of efalizumab, etanercept, and secukinumab [34–37]. 
Many studies have utilized it to assess scalp psoriasis as a 
secondary endpoint in the setting of an RCT for moderate- 
severe plaque psoriasis.

Handprint Method

Patient’s handprint  = ~1% of
total BSA 

In this example, ~4 handprints
are involved with skin condition
Total BSA= ~4%  

Fig. 2.2 The handprint method is typically used to determine body 
surface area of involvement. First, the patient’s hand is used to deter-
mine the area of about 1% of their BSA. Second, the assessor deter-
mines approximately how many total handprints of the condition are 
present. It is important to only consider active areas and not to count 
normal skin between the lesions. ©Kristina Callis Duffin. Reproduced 
with permission

2 Outcome Measures in Psoriasis and Atopic Eczema
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To perform the PSSI, investigators are instructed to assess 
erythema, induration, and scaling in the same way as they are 
for PASI, but the percent area of involvement and area score 
assess only psoriasis in the hair-bearing region of the scalp. 
The final equation is (E + I + S) × Ascalp for total possible 
PSSI of 0–72 (Table 2.6). Most RCT for psoriasis to date 
have set the inclusion criterion PSSI score at 12 (where each 
score = 2, or moderate but the area score must be at least a 3), 
a global assessment of 3 (moderate), and usually at least 30% 
of the scalp involved (Table 2.6).

 Nail Assessments: NAPSI and mNAPSI

Nail psoriasis is prevalent, affecting about 50% of patients 
with chronic plaque psoriasis and up to 85% with nail 
changes in their lifetime. Nails are difficult to assess, due to 
the lack of specificity of the changes with psoriasis (all of the 
features such as pitting, onycholysis, splinter hemorrhages, 
and subungual debris can be seen with many other dermato-
logic conditions). Additionally, nail changes can happen 
slowly, as it takes around 6 months for a fingernail to com-
pletely regrow, and a year or more for toenails.

The most commonly used investigator-measured nail 
assessments include the Nail Psoriasis Severity Index 
(NAPSI) and the modified NAPSI (mNAPSI) [38, 39]. A 
number of PGAs have been developed as well. A newer com-
posite instrument, the Nail Assessment in Psoriasis and 
Psoriatic Arthritis (NAPPA), was developed in 2014 [40].

The NAPSI was developed and first published in 2003 as 
an endpoint for nail psoriasis severity [39]. The NAPSI is 
performed by first dividing the nail plate into four quad-
rants with an imaginary horizontal and vertical line. For 
each quadrant, the nail is evaluated for features of nail 
matrix psoriasis which include pitting, leukonychia, red 
spots in the lunula, or crumbling; if any of the features is 
present in a quadrant, it gets 1 point (maximum nail matrix 
score for a nail is 4). Next, each quadrant is evaluated for 
nail bed features which include onycholysis, splinter hem-
orrhages, subungual hyperkeratosis, or “oil drop”/salmon 

patch dyschromia; if any nail bed features are present in a 
quadrant, it gets 1 point (maximum nail bed score for a nail 
is 4) (Table 2.7).

There is lack of consensus on how many or which nails 
should be scored when performing NAPSI. Common meth-
ods have included scoring all fingernails and toenails (NAPSI 
total score range 0–160), fingernails only (0–80), and toe-
nails only (0–80), or selecting target nails to conduct the 
32-point or 8-point NAPSI. The 8-point NAPSI is performed 
by selecting the most severely affected nail, which is scored 
0–8; the 32-point assesses all 8 features in all 4 quadrants of 
1 nail. However, this method has been criticized for lacking 
responsiveness to change, as no change in score will occur if 
the nail has 40 pits in all 4 quadrants and goes to 1 pit in all 
4 quadrants (score of 4 in each case). A modified “96- point” 
target nail NAPSI has been proposed as a more responsive 
target nail NAPSI, where the 8 features of nail bed and nail 
matrix for the 4 quadrants are scored 0–3 (none-severe) in 
each quadrant [41]. Most psoriasis studies exclude toenail 
scoring, as chronic trauma-related nail plate thickening, con-
comitant onychomycosis, and slow toenail growth can con-
found the scoring.

The NAPSI was not formally “validated” during its devel-
opment. An informal assessment of the reproducibility of the 
NAPSI score was done with 37 dermatologists who were 
asked to evaluate 8 psoriatic nails and described in the origi-
nal paper suggesting good interobserver reliability. This was 
further confirmed by Aktan et al., demonstrating good reli-
ability (ICC 0.781 and 0.649 for total and 32-point nail 
scores) with 25 patients and 3 dermatologists, with better 
reliability when scoring nail bed features compared to nail 
matrix features [42].

Many modifications of the NAPSI have been suggested. 
Variations on how to calculate the score by giving points 
for each features (the 32-point target nail score) or rate 
severity of the bed and matrix features have not been used 
widely [41]. Leukonychia has been proposed as a nonspe-
cific feature for psoriatic disease, with no statistical differ-
ence of this feature in both controls and psoriatic patients in 
one study [43].

Table 2.6 PSSI Psoriasis of the Scalp severity Index)

Erythema
0–4a

Induration
0–4a

Scaling
0–4a

Sum
(E + I + S)

Area score
0–6b

FINAL PSSI score 
0–72

Scalp + + = x =
aSeverity score 0 = 4:
0 = None
1 = Slight or mild
2 = Moderate
3 = Severe or marked
4 = Very severe or very marked

bArea score 0–6: Determine percentage of region affected
0 = 0
1 = >0–<10%
2 = 10–<30%
3 = 30–<50%
4 = 50–<70%
5 = 70–<90%
6 = 90–100%

K.C. Duffin
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Table 2.7 Nail Psoriasis Severity Index (NAPSI)

1. Divide nail into four virtual quadrants
2.  Determine nail matrix and nail 

bed scores
3.  Sum of matrix and bed 

score = NAPSI score for that nail

1. Determine nail matrix score:
Nail matrix psoriasis consists of the following:
Pitting, leukonychia, red spots in the lunula, and nail plate 
crumbling. If ANY of these features is present in a quadrant, that 
quadrant gets 1 matrix point

Score for matrix psoriasis:
 0 = None
 1 = Present in 1 of 4 quadrants
 2 = Present in 2 of 4 quadrants
 3 = Present in 3 of 4 quadrants
 4 = Present in 4 of 4 quadrants

2. Determine nail bed score:
Nail bed psoriasis consists of the following: Onycholysis, splinter 
hemorrhages, oil drop (salmon patch) dyschromia, and subungual 
hyperkeratosis. If ANY of these features is present in a quadrant, 
that quadrant gets 1 point

Score for nail bed psoriasis:
0 = None
1 = Present in 1 of 4 quadrants
2 = Present in 2 of 4 quadrants
3 = Present in 3 of 4 quadrants
4 = Present in 4 of 4 quadrants

Figure legend: The target nail is graded for nail matrix psoriasis and nail bed psoriasis. The sum of these two scores is the total score for that nail. 
In this example, the nail has pitting and crumbling present in all four quadrants; therefore each quadrant was given a point for presence of matrix 
psoriasis (matrix score = 4). The two distal quadrants have onycholysis and oil drop dyschromia; therefore the bed score = 2. The total NAPSI score 
for this nail is 6.
Photograph provided by Kristina Callis Duffin.

2 Outcome Measures in Psoriasis and Atopic Eczema
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 Modified NAPSI (mNAPSI)

The modified NAPSI was developed as a validated nail 
psoriasis measure to overcome some of the deficiencies 
of NAPSI [38]. Photographs of nails and physician focus 
sessions resulted in elimination of the quadrant division, 
adding a four-point scale to better quantify severity of 
nail pitting, crumbling, and onycholysis, and unweight-
ing features such as splinter hemorrhages, leukonychia, 
and red spots in the lunula by giving single points if 
those features are absent or present.

Unlike NAPSI, psychometric properties of the 
mNAPSI were assessed as part of the instrument devel-
opment. The inter- and intra-rater reliability was excel-
lent (Spearman’s rho 0.85 and 0.9–0.99, respectively) 
and scores were moderately correlated with various 
patient- and physician-reported severity measures 
(Table 2.8).

 The Nail Assessment in Psoriasis 
and Psoriatic Arthritis (NAPPA)

The NAPPA is a newer instrument that was developed and vali-
dated through qualitative methods, feasibility testing, and longi-
tudinal validation in six European countries. It includes three 
components, two of which are patient surveys. The first is a 
quality of life questionnaire (NAPPA-QoL) which consists of 
three subscales (nail signs: 6 questions, stigma subscale: 7 ques-
tions, and everyday life subscale: 7 questions) each scored 1–5. 
The second is a two-part patient questionnaire assessing treat-
ment benefits (NAPPA-PBI). This consists of 24 questions, 
each with an initial stem “so far the treatment has helped me  
to …” with a response (e.g., … have normal looking nails”), and 
each is scored 0 (not at all) to 4 (very). The third is a clinical 
assessment (NAPPA-CLIN). This instrument has not been yet 
assessed prospectively in a clinical trial of therapeutics.

 Palmar-Plantar Psoriasis Area and Severity 
Index (PPASI or PPPASI)

The assessment of palmar-plantar psoriasis (plaque or pustu-
lar variants) has most commonly been done with a palmar- 
plantar PGA and the PPASI or PPPASI. PPASI and PPPASI 
were modeled on the PASI as a measure for palmar-plantar 
psoriasis and palmar-plantar pustular psoriasis. (There is no 
consensus on the naming convention, but for purposes of this 
chapter, PPASI will refer to the plaque version, and PPPASI 
will refer to the pustular version.)

To perform the PPASI, investigators are instructed to assess 
erythema, induration, and scaling in the same way as they are 
for PASI, but the four regions assessed are the left palm, right 
palm, left sole, and right sole. The weighting multipliers are 
0.2 for the palms and 0.3 for the soles, so the PPASI score 
range is 0–72. The PPPASI, used for the palmar- plantar pustu-
lar variant, is essentially the same, but severity of the pustules 
is scored instead of assessing induration (Table 2.9).

Table 2.8 Modified Nail Psoriasis Severity Index (mNAPSI)

Characteristic

Score

0 1 2 3

Crumbling (% of 
nail)

0% 1–25% 26–50% >50%

Onycholysis and oil 
spot discoloration 
(% of nail)

0% 1–10% 11–30% >30%

Pitting (number) 0 1–10 11–49 50+

Leukonychia Absent Present

Splinter 
hemorrhages

Absent Present

Nail bed 
hyperkeratosis

Absent Present

Red spots in lunula Absent Present

Final mNAPSI score: Sum of 7 components: 0–13

Table 2.9 Palmar-Plantar Psoriasis or Palmar-Plantar Pustular Psoriasis (PPASI or PPPASI)

Erythema 0–4a

Pustules or induration 
0–4a Scaling 0–4a Sum (E + I + S)

Area score 
0–6b

Weighting 
multiplier Region score

R palm + + = x x 0.2 =

L palm + + = x x 0.2 =

R sole + + = x x 0.3 =

L sole + + = x x 0.3 =
aSeverity score 0 = 4: bArea score 0–6: Determine percentage 

of region (palm or sole) affected
Final PPPASI score (sum of 4 region scores)

0 = None 0 = 0

1 = Slight or mild 1 = >0–<10%

2 = Moderate 2 = 10–<30%

3 = Severe or marked 3 = 30–<50%

4 = Very severe or very marked 4 = 50–<70%

5 = 70–<90%

6 = 90–100%
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Although many trials include the PPASI and PPPASI, 
these instruments were not assessed for psychometric 
properties and patients not included in their development. 
Therefore, the most impactful and symptomatic objective 
features of palmar-plantar psoriasis (fissuring, erosion, 
pain, edema) are not assessed. Limitations of the PPASI 
and PPPASI also include the difficulty in assessing patches 
of psoriasis as they wrap around to the dorsal aspect of the 
hand or foot, and it is also not clear how to account for a 
“switch” in phenotype (e.g., from plaque to pustular) 
which has been widely described especially with anti-
TNF agents.

 Patient-Reported Measures in Psoriasis 
Trials

Over the last 10–15 years, the most commonly utilized 
patient-reported outcome measures (PROM) have been 
the Dermatology Life Quality Index (DLQI) and other 
general quality-of-life measures such as the Short Form-
36 (SF-36). However, these measures are not psoriasis 
specific. Responding to this gap, industry sponsors have 
followed the US FDA PRO guidance pathway in concor-
dance with the development of three biologics and this 
has led to several psoriasis-specific symptom inventories 
and diaries. Three measures have been rigorously devel-
oped with qualitative and quantitative methods, and for 
secukinumab, patient- reported outcomes for the first time 
were included in the FDA prescribing information label 
(Table 2.10).

 Dermatology Life Quality Index (DLQI)

The DLQI was the first dermatology-specific quality-of-life 
(QoL) instrument and considered the most commonly used 
non-disease-specific instrument in dermatology studies [44]. 
A detailed review of its use from 1994 to 2007 described its 
use in 272 articles, 33 different skin conditions, and dozens 
of studies [45]. It has been used in 32 countries and is avail-
able in 55 languages. There are versions available for use in 
children’s studies (CDLQI) and family members (FDLQI).

The instrument itself is a ten-item questionnaire that 
assesses skin symptoms, feelings of embarrassment/self- 
consciousness, impact of skin disease on clothing choice, 
activities of daily living (work, school, leisure, sports, per-
sonal relationships, sexual difficulties), and impact of treat-
ment as a problem over the last 7 days. Each item is rated 0–3 
(very much, a lot, a little, not at all). The total score can range 
from 0 to 30 (Table 2.11).

Its psychometric aspects, including validity, reliability, 
responsiveness to change, minimal important difference, and 
others, have been described now in well over 100 studies. Owing 
to its prevalent use in RCTs for biologics, banding and cut points 
have been defined. The MCID for DLQI ranges between 3 and 5 
depending on the study [46]. A DLQI score of 0–1 means “no 
impact of skin disease on quality of life”; a DLQI score of ≤5 is 
considered low impact on QOL. The DLQI of 10 or more is con-
sidered moderate and is considered an important cut point, espe-
cially in Europe, as it is included in the definition of a threshold 
for eligibility for systemic or biologic agents [47].

The DLQI has been criticized for its focus on physical 
limitations and lack of focus on psychological impact. It has 
been called a “first-generation” instrument, meaning one that 
was developed with some attention to validity and reliability, 
but without factor analysis to define item grouping or more 
modern statistical testing such as item response theory to 
define dimensionality, response categories, and differential 
item functioning [48]. Differential item functioning means 
that responses can be affected by age, gender, diagnoses, or 
other factors which introduces bias when comparing hetero-
geneous groups. Other QOL instruments such as SF-36 or 
SKIN-DEX 29 may function better when comparing groups.

 Psoriatic Arthritis Measures

It is estimated that 30% of patients with psoriasis will develop 
psoriatic arthritis [49]. The musculoskeletal manifestations of 
psoriatic arthritis include synovitis, dactylitis, enthesitis, and 
axial features, along with varying degrees of cutaneous involve-
ment. As a result, numerous measures are needed to assess 
severity of each manifestation, and many composite measures 
have been developed that combine and weight various musculo-
skeletal and cutaneous measures. Extensive reviews have cov-
ered the instruments now used for assessment of psoriatic 
arthritis [50]. It is unlikely that most dermatologists will use 

Table 2.10 Patient-reported Psoriasis Symptom Inventories

PSI Psoriasis Symptom 
Inventory (Amgen) 
[70–73]

 •  8-item instrument with 24-h 
and 7-day recall versions

 •  8 symptoms each assessed 
for severity on 0–4 scale

 • Score range 0–32

PSD Psoriasis Symptom Diary 
(Novartis) [74, 75]

•  16-item e-diary, performed 
daily

 •  Each item rated 0–10 (none 
to as bad as you can 
imagine)

 •  Assesses symptoms and 
impact of symptoms on 
quality of life

PSSD Psoriasis Symptom and 
Sign Diary (Janssen)

 •  11-item instrument with 
24-h and 7-day recall 
versions

 •  Measures psoriasis 
symptoms (itch, pain, 
stinging, burning, skin 
tightness) and psoriasis signs 
(skin dryness, cracking, 
scaling, shedding or flaking, 
redness and bleeding

 •  0 (absent) to 10 (worst 
imaginable) numerical 
rating scale

2 Outcome Measures in Psoriasis and Atopic Eczema
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these measures in practice or in clinical trials, as performance of 
these assessments requires rheumatologic expertise and training 
to avoid inter- and intra-rater variability. However, a basic 
understanding of the ACR score is important in order to under-
stand the efficacy of therapies used commonly for both psoriasis 
and PsA. Examples of PsA measures including composite mea-
sures are listed in Tables 2.12 and 2.13.

 American College of Rheumatology (ACR)

The ACR score is a composite measure, originally developed 
for the assessment of rheumatoid arthritis [51]. The ACR20, 
which is the typical endpoint, requires at least a 20% improve-
ment in swollen joint count and tender joint count, and 20% 
improvement in three of five other measures: C-reactive protein 
level or erythrocyte sedimentation rate, physician global assess-
ment of disease activity (by a visual analog scale or VAS), 
patient global assessment of disease activity (VAS), patient pain 
assessment (VAS), and disability, measured by the Health 
Assessment Questionnaire (HAQ). In most psoriatic arthritis 
RCTs, the ACR20 is used to define the primary endpoint (e.g., 
statistically significant difference in the percentage achieving at 
least 20% improvement in the ACR score from baseline, in 
patients receiving active therapy vs. placebo). Other typical 
ACR endpoints are the ACR50 and ACR70 (Table 2.12).

 Training for Psoriasis and Psoriatic Arthritis 
Measures

All clinical trials require evidence of experience and training, 
particularly industry-sponsored registration trials. The Group for 
Research Assessment of Psoriasis and Psoriatic Arthritis 
(GRAPPA) has led efforts to standardize training using online 
videos for psoriasis and psoriatic arthritis efficacy endpoints 
[52–56]. The GRAPPA modules include PASI, BSA, several 
versions of PGA or IGA, PSSI, NAPSI, mNAPSI, PPPASI, 
TPSS, and several sponsor-specific instruments (Tables 2.1, 2.2, 
2.3, 2.4, 2.5, 2.6, 2.7, 2.8, and 2.9). Psoriatic arthritis videos 
include assessment of peripheral joints for synovitis, enthesitis, 
dactylitis, and axial disease (most measures in Table 2.12). The 
majority of the cutaneous psoriasis measures have “certification” 
testing, where GRAPPA experts have provided consensus scores 
allowing the user to be scored for how similar their scores are to 
the expert, and the vendors that host the videos provide certifi-
cates of training (ePharmaSolutions, Trifecta ePresentOnline) 
(for more information, see http://www.grappanetwork.org).

Of the training modules, PASI has been utilized the most 
by industry. Over 1000 individuals (mostly investigators 
requiring training) from over 45 countries have viewed the 
video and completed the 16½-min instructional video 
and certification portion on performing PASI/BSA assess-
ments. The PASI module was also the subject of an equiva-
lency study comparing PASI assessments performed by 

Table 2.11 Dermatology Life Quality Index

The aim of this questionnaire is to measure how much your skin 
problem has affected your life over the last week. Please tick one box 
for each question

 1.  Over the last week, how 
itchy, sore, painful, or 
stinging has your skin 
been?

Very much □
A lot □
A little □
Not at all □

 2.  Over the last week, how 
embarrassed or 
self-conscious have you 
been because of your 
skin?

Very much □
A lot □
A little □
Not at all □

 3.  Over the last week, how 
much has your skin 
interfered with you going 
shopping or looking after 
your home or garden?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □
 4.  Over the last week, how 

much has your skin 
influenced the clothes you 
wear?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □
 5.  Over the last week, how 

much has your skin 
affected any social or 
leisure activities?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □
 6.  Over the last week, how 

much has your skin made 
it difficult for you to do 
any sport?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □
 7.  Over the last week, has 

your skin prevented you 
from working or 
studying?

Yes □
No □ Not 

relevant □

If “no,” over the last week 
how much has your skin been 
a problem at work or 
studying?

A lot □
A little □
Not at all □

 8.  Over the last week, how 
much has your skin 
created problems with 
your partner or any of 
your close friends or 
relatives?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □

 9.  Over the last week, how 
much has your skin caused 
any sexual difficulties?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □
10.  Over the last week, how 

much of a problem has the 
treatment for your skin 
been, for example by 
making your home messy, 
or by taking up time?

Very much □
A lot □
A little □
Not at all □ Not 

relevant □

© Dermatology Life Quality Index. A Y Finlay, G K Khan, April 1992 
www.dermatology.org.uk. This must not be copied without the permis-
sion of the authors
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Table 2.12 Psoriatic arthritis measures [50]

Domain Disease feature measured Commonly used measures and description

Synovitis: Peripheral 
joints

Assesses presence of inflammatory features of 
peripheral arthritis characterized by 
tenderness ± swelling due to synovitis. May be 
oligoarticular, monoarticular, asymmetric

68/66 Tender and swollen joint count (TJC, SJC): Assess all 68 
joints for tenderness and 66 joints (excludes hip joints) for 
swelling. Reported as a count
Used as a stand-alone 68/66 count and in ACR score
Limitations: Time and evaluator dependent [76]

Dactylitis (sausage 
digit)

Swelling of an entire digit due to synovial 
inflammation, tenosynovitis, enthesitis, and 
soft-tissue edema, seen in 16–48% of PsA patients

Leeds Dactylitis Index (LDI): Uses dactylometer to measure 
circumference of digits and tenderness of digits for an overall 
score [77]

Enthesitis Inflammation at sites of tendon, ligament, and joint 
capsule fiber insertion into bone, present in 35–50% 
of PsA patients

Leeds (PEST) Enthesitis Index (LEI): Measures six sites for 
presence/absence of tenderness (bilateral lateral epicondyles, 
medial femoral condyles, and Achilles tendon insertions) [78]

Spondyloarthritis Research Consortium of Canada (SPARCC): 
Measures 16 enthesial sites for presence/absence of tenderness 
[79]

Maastricht Ankylosing Spondylitis Enthesis Score (MASES): 
Measures 13 enthesial sites for presence/absence of tenderness 
[78]

Others: Berlin (12 sites), San Francisco (14 sites), 4-point [50]

Spondyloarthritis 
(axial/spinal and 
sacroiliac 
inflammation)

Has overlapping features with ankylosing 
spondylitis. Occurs in up to 50% of PsA patients
Features include spinal joint enthesial 
inflammation, sacroiliitis, and ankylosis (bridging 
syndesmophytes)

Chest expansion
Schober test
Most measures developed in ankylosing spondylitis:
Bath Ankylosing Spondylitis Disease Activity (BASDAI)
Bath Ankylosing Spondylitis Function (BASFI)
Bath Ankylosing Spondylitis Metrology (BASMI)
Ankylosing Spondylitis Disease Activity (ASDAS)

Table 2.13 Examples of composite measures used in psoriatic arthritis disease assessment

Examples of composite arthritis measures

ACR20/50/70 [76]  • 20/50/70% improvement in the TJC and SJC
 • 20/50/70% improvement in three of five other measures:
  – C-reactive protein level or erythrocyte sedimentation rate
  – Physician global assessment of disease activity (VAS)
  – Patient global assessment of disease activity (VAS)
  – Patient pain assessment (VAS)
  – Disability (by HAQ)

Das-28 [80]  • Tender and swollen joint count for 28 joints
 • Patient’s assessment of pain
 • Patient global assessment
 • Physician global assessment of disease activity
 • Patient assessment of physical function
 • One acute-phase reactant (ESR, CRP)

DAPSA [81] 5-item composite measure, sum of
 • TJC of 68 joints
 • SJC of 66 joints
 • Patient global (by VAS, 1–10 cm)
 • Pain VAS (1–10 cm)
 • CRP

CPDAI [82] Sum of the following five PsA domains:
 • Peripheral arthritis: TJC of 68 joints + SJC of 66 joints + HAQ
 • Skin disease: PASI + DLQI
 • Enthesitis: LEI
 • Dactylitis count
 • Axial disease: BASDAI + ankylosing spondylitis QoL (ASQoL)

PASDAS [83]  • Patient GA (by VAS, 1–10 cm)
 • PGA (by VAS, 1–10 cm)
 • SF-36
 • TJC of 68 joints
 • SJC of 66 joints
 • Enthesitis (by LEI)
 • Tender dactylitis count
 • CRP

2 Outcome Measures in Psoriasis and Atopic Eczema
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 PASI- experienced dermatologists to PASI-naïve physicians 
and patients pre- and post-viewing the video [57].

 Eczema/Atopic Dermatitis

Atopic eczema is a common skin condition that significantly 
impacts quality of life of patients and their families. A 2007 
systemic review revealed that there are numerous outcome mea-
sures in existence but little agreement as to which were valid 
and reliable [58]. The HOME organization, as noted previously, 
has led the consensus efforts to determining the four core 
domains (“what” should be measured): clinician- reported signs, 
patient-reported symptoms, quality of life, and long-term con-
trol [4, 59, 60].

Under the clinical signs domain, the EASI and the SCORAD 
are considered the two best instruments available to measure 
clinical signs of AD, with general consensus that the EASI is the 
core outcome instrument for measuring clinician- reported signs 
in eczema trials [59]. The Patient Oriented Eczema Measure 
(POEM) has been selected as the core measure for patient-
reported symptoms [61]. At this time, there is no consensus on 
the core measure for quality of life or long-term control.

 Eczema Area and Severity Index (EASI)

The Eczema Area and Severity Index (EASI) score was 
developed by Jon Hanifin MD and modeled after the PASI 
[62]. Similar to PASI, the body is divided into four areas 
(head/neck, upper extremities, trunk, and lower extremities), 
and the percentage of each area involved with AD is deter-
mined and translated to an area score 0–6 (exactly how PASI 
is done). Next, disease characteristics are then scored within 
each region; however, EASI differs from PASI in that the four 
disease characteristics are erythema, induration/population/
edema, excoriation, and lichenification, and within each 
region is rated 0–3 (none, mild, moderate, severe) (Table 2.14).

The EASI is considered valid and internally consistent, 
with adequate intra-observer reliability, intermediate interob-
server reliability, and adequate responsiveness [4]. It measures 
the intensity of lesions in the four areas of the body, unlike 
SCORAD, which relies on selecting a “representative” area to 
assess. Interpretability and cut points have been lacking, but 
recent clinical trials of the biologic dupilumab for moderate-
severe atopic dermatitis have set the precedent of defining an 
EASI score of at least 16 to be considered moderate-severe 
[63]. A prospective study using IGA to anchor clinical mean-
ing to EASI cut points established the following severity 
strata: 0 = clear; 0.1–1.0 = almost clear; 1.1–7.0 = mild; 7.1–
21.0 = moderate; 21.1–50.0 = severe; and 50.1–72 = very 
severe [64]. Similar to PASI, criticisms of the EASI in clinical 
practice include its lack of ease of use, but the interpretability 
study above also showed that the mean time to administer the 
EASI is 6 min (±4.5 min), suggesting that it is quite feasible.

 SCORe Atopic Dermatitis (SCORAD)

The SCORe Atopic Dermatitis (SCORAD) is a composite 
score that was developed and published in 1990 by members 
of the European Task Force on Atopic Dermatitis [65]. To 
perform the SCORAD, the rule of nines is utilized to deter-
mine BSA involvement (total area “A,” 0–100%). The inten-
sity score is performed by assessing a “representative area” 
on a scale of 0–3 for each of six signs: redness, swelling, 
oozing/crusting, scratch marks, skin thickening (lichenifica-
tion), and dryness/xerosis (assessed where there is no inflam-
mation). The intensity scores are added together for intensity 
score “B” (maximum score 18). The patient provides sever-
ity of itch and sleeplessness 0–10, which are summed for 
patient symptom score “C” (maximum score 20). The final 
score is then calculated: A/5 + 7B/2 + C (Table 2.15).

The SCORAD is considered valid, internally consistent, 
responsive, and interpretable. It has adequate interobserver 
reliability, but intra-observer reliability has not been 

Table 2.14 Eczema and Area Severity Index

Redness 
0–3a

Induration 
0–3a

Excoriation 
0–3a

Lichenification 
0–3a

Sum 
(R + I + E + L)

Area scorea 
0–6

Weighting 
multiplier

Region 
score

Head/neck + + + = x x 0.1 =

Upper extremities + + + = x x 0.2 =

Trunk + + + = x x 0.3 =

Lower extremities + + + = x x 0.4 =
aArea score: Determine percentage of region affected with eczema/
atopic dermatitis. Refer to PASI area scoring (Table 2.1)

Final EASI score (sum of four region scores)

0 = 0

1 = >0–<10%

2 = 10–<30%

3 = 30–<50%

4 = 50–<70%

5 = 70–<90%

6 = 90–100%
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Table 2.15 SCORe Atopic Dermatitis (SCORAD)

Investigator scoring portion (A and B)
Area score (A) perform body surface 
area using rule of nines

Maximum per region:
Head and neck 9%
Upper limbs 9% each
Lower limbs 18% each
Genitals 1%
Anterior trunk 18%
Posterior trunk 18%

Area score (range 0–100) A = 0–100

Intensity score (B): Score each of 6 characteristics 0–3
0 = None
1 = Mild
2 = Moderate
3 = Severe

Redness (erythema)
0 1 2 3 0–3

Swelling (edema)
0 1 2 3 0–3

Oozing/crusting
0 1 2 3 0–3

Scratch marks (excoriation)
0 1 2 3 0–3

Skin thickening (lichenification)
0 1 2 3 0–3

Dryness (xerosis)
0 1 2 3 0–3

Intensity score SUM (maximum score 18) B = 0–18

Patient scoring portion (C)

Itch (Ci)

1 2 3 4 5 6 7 8 9 10 Ci= 0–10

Sleeplessness (Cs)

1 2 3 4 5 6 7 8 9 10 Cs= 0–10

Patient itch and sleeplessness score (maximum score 20) Ci + Cs= 0–20

FINAL SCORAD A/5 + 7B/2 + C =

2 Outcome Measures in Psoriasis and Atopic Eczema
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 adequately assessed. There are no floor or ceiling effects. 
Criticisms of the SCORAD include the difficulty and the 
potential drawbacks of identifying an “average representa-
tive area” for scoring the intensity of the six clinical signs. It 
differs from the EASI in that it includes six signs instead of 
four, but does include the four essential signs as defined by 
HOME plus oozing/crusting and dryness. The SCORAD 
gives more weight to intensity than extent, compared to 
EASI, which weights signs and extent more equally, because 
the SCORAD includes patient-reported symptoms (therefore 
is considered multidimensional) and could lead to potential 
unblinding if a trial had a single-blinded design [65, 66].

 IGA (Investigator Global Assessment) 
in Eczema

Similar to the issues of PGA/IGA in psoriasis, there are 
numerous global assessments that have been used in atopic 
eczema trials. A recent review showed that there were over 
20 named global assessments, most commonly called 
Investigator Global Assessment, Physician Global 
Assessment, and Physician Global Evaluation [67]. The 
majority included only signs of atopic eczema, with anchor-
ing language including some or all signs such as erythema, 
population/edema, oozing/weeping, crusting, excoriation, 
scaling, and lichenification, usually graded 0–4 (none to 
severe) or 0–5 (none-very severe). The variability and incon-
sistent/inadequate content that are problematic in psoriasis 
studies are just as problematic in eczema studies. An exam-
ple of an atopic eczema IGA is provided in Table 2.16.

 Patient Oriented Eczema Measure (POEM)

The Patient Oriented Eczema Measure (POEM) is consid-
ered the most validated patient-reported eczema symptom 
instrument. It was developed and validated in 2004 [68]. 

The instrument has seven questions that quantify the number 
of days in the last week that there were symptoms of atopic 
eczema (itch, bleeding, weeping/oozing, cracking, flaking, 
dryness, and sleep disturbance). The original validation 
paper demonstrated that the instrument has good internal 
consistency, construct validity, responsiveness, and content 
validity. The test-retest reliability has not been adequately 
assessed. The minimally clinical important difference is 3.4, 
and has five bands of severity (clear, mild, moderate, severe, 
and very severe) [69]. It takes about 2 min to complete, and 
is free to use and readily available at http://nottingham.ac.uk/
research/groups/cebd/resources/poem.aspx (Table 2.17).

Table 2.16 Example investigator global assessment for atopic derma-
titis: 5 point (0–4) [84]

5-point (0–4) static Investigator Global Assessment for atopic eczema

Score Definition

0 Clear No inflammatory signs of atopic dermatitis

1 Almost 
clear

Faint, barely detectable erythema and/or trace 
residual induration/papulation in limited areas; 
neither excoriation nor oozing/crusting are present

2 Mild Light pink erythema and slightly perceptible 
induration/population; excoriation if present is mild

3 Moderate Dull red, clearly distinguishable erythema and 
clearly perceptible induration/population but not 
extensive; excoriation or oozing/crusting, if 
present, are mild to moderate

4 Severe Deep/dark red erythema, and marked and 
extensive induration/population; excoriation and 
oozing/crusting are present

Table 2.17 POEM: Patient Oriented Eczema Measure [68, 69])

1.  Over the last week, on how many days has your/your child’s skin 
been itchy because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

2.  Over the last week, on how many nights has your/your child’s 
sleep been disturbed because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

3.  Over the last week, on how many days has your/your child’s skin 
been bleeding because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

4.  Over the last week, on how many days has your/your child’s skin 
been weeping or oozing clear fluid because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

5.  Over the last week, on how many days has your/your child’s skin 
been cracked because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

6.  Over the last week, on how many days has your/your child’s skin 
been flaking off because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

7.  Over the last week, on how many days has your/your child’s skin 
felt dry or rough because of the eczema?

No days 1–2 days 3–4 days 5–6 days Every day

Scoring:
Each of the 7 questions carries equal 
weight. For each assign points as 
follows:
No days = 0
1–2 days = 1
3–4 days = 2
5–6 days = 3
Every day = 4
 •  If one question is left unanswered this is 

scored 0 and the scores are summed and 
expressed as usual out of 28

 •  If two or more questions are left 
unanswered the questionnaire is not 
scored

 •  If two or more response options are 
selected, the response option with the 
highest score should be recorded

Banding:
Bands have been 
established:

0–2 =  Clear or 
almost clear

3–7 =  Mild eczema
8–16 =  Moderate 

eczema
17–24 =  Severe 

eczema
25–28 =  Very severe 

eczema

Permissions:
The POEM scale is copyrighted, but freely available for use and 
downloaded: www.nottingham.ac.uk/dermatology
The University of Nottingham requests registration of use of the 
POEM by e-mailing cebd@nottingham.ac.uk with details of how 
you would like to use the scale, and which countries the scale will 
be used in

K.C. Duffin
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Interpreting Clinical Trial Data

Mina Amin, Daniel J. No, Kavita Darji, and Jashin J. Wu

 Introduction

Evidence-based medicine involves the application of clini-
cally relevant research to medical practice [1-3]. The integra-
tion of clinical expertise with up-to-date clinical research data 
is the fundamental basis of optimal patient care. Clinical 
knowledge ensures that high-quality research is applied to the 
appropriate patient and is in agreement with the patient’s val-
ues. Conversely, treating patients based on clinical knowledge 
without clinical research poses the risk of offering out- of- date 
care. Thus, the combination of clinical expertise with current 
evidence significantly improves clinical decision making [1].

The vast amount of clinical trial data available today can 
make evaluation of clinical research seem overwhelming. 
However, well-designed, randomized clinical trials convey 
critical information about the therapeutic options available to 
patients [4]. Thus, evidence from clinical trials can be 
directly applied towards patient care [5].

It is imperative that the busy clinician evaluates clinical 
research carefully and thoroughly. To best interpret clinical 
trial data, it is important to understand the essential charac-
teristics of experimental trials. The following information is 
aimed to provide clinicians with the necessary skillset to 
properly evaluate clinical trials.

 Study Designs

An experimental study aims to modify the outcome of a 
dependent variable in one or more groups of partici-
pants. Clinical trials are randomized controlled trials in 
humans that compare an experimental group with a con-
trol group to determine the impact of an intervention. 
Individual participants are randomly assigned to inter-
vention or control groups. The control group involves an 
alternate intervention, placebo, or no treatment. With 
appropriate randomization, minimal differences exist 
between control and experimental groups at the begin-
ning of the study. Therefore, any differences detected at 
the completion of study are likely a result of the inter-
vention [6].

Cluster randomization is a method of randomizing 
groups instead of individuals. Randomization of groups is 
favorable if the intervention involves a group of partici-
pants. For example, a prospective cluster randomized con-
trolled trial evaluated the efficacy of health-related quality 
of life (HRQoL) intervention for patients on biologic ther-
apy with moderate-to-severe psoriasis. The experimental 
group received etanercept with an HRQoL assessment and 
communication while the control group only received 
etanercept. The locations of the study sites, not the indi-
vidual participants, were randomly assigned to receive 
either intervention or control. The locations were sepa-
rated into four clusters: academic centers, nonacademic 
centers, sites never exposed to HRQoL assessment and 
communication, and sites exposed to HRQoL assessment 
and communication. An advantage of this study is that 
HRQoL intervention was given in the clinical setting. 
Additionally, different types of interactions across multi-
ple different locations were compared. A limitation to this 
study is that participants and dermatologists were not 
blinded. Additionally, the application of this study to a 
larger population is challenging because only patients with 
moderate-to-severe psoriasis receiving etanercept were 
evaluated [7, 8].
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 Study Analysis

Meta-analysis is a statistical procedure that compiles 
results from multiple distinct but comparable studies. 
However, the assimilation of data from multiple studies 
may be challenging when study designs and methods dif-
fer. Individual clinical trials are also frequently small, 
underpowered studies, which creates difficulty applying 
the derived conclusions to the general population [9]. 
Clinical trials with small sample sizes may not achieve sta-
tistical significance independently, but often become sig-
nificant when compiled in a meta- analysis [6]. A secondary 
goal of meta-analysis is to examine factors that may 
explain the reason for differing results. This is particularly 
useful when data differs significantly among independent 
studies. Meta-analysis is also referred to as systematic 
review based on the qualitative and quantitative character-
istics of this analysis. Meta-analysis is considered qualita-
tive because the advantages and disadvantages of study 
designs are discussed and quantitative because data from 
different trials is presented [10]. Studies that are flawed or 
inadequately completed are often omitted. Meta-analyses 
are becoming increasingly popular as the impact of treat-
ment or intervention can be compared across multiple pop-
ulations. Despite the fact that many clinical studies are 
addressing nearly identical questions, their conclusions 
are often inconsistent with each other [6]. Meta-analysis is 
a useful technique to resolve these discrepancies to gener-
ate one comprehensive conclusion with greater statistical 
power [6, 9].

 Phases of Drug Development

Preclinical research is required before beginning a clinical 
trial. Chemistry and manufacturing work are used to develop 
dose and produce a drug candidate to conduct preclinical 
studies. The goal of preclinical testing is to assess the toxic-
ity, efficacy, and biological activity of an experimental drug. 
Preclinical testing utilizes in vitro and animal models and 
typically lasts 2–3 years [11]. This information is used to 
help predict potential toxic effects in humans.

Clinical trials are often categorized into four distinct 
phases. Phase I trials are the preliminary trials conducted in 
“normal” human subjects. The purpose of phase I trials is to 
evaluate the pharmacokinetics, pharmacodynamics, tolera-
bility, and safety of an experimental drug. Preclinical studies 
must support human doses. Phase I trials are usually small, 
involving 5–80 nondiseased participants, and last approxi-
mately 6–12 months [11]. Failure can occur due to toxicity 
or if the pharmacodynamic and pharmacokinetic relationship 
is not consistent with the hypothesis.

Phase II trials are important in determining if a new drug 
is clinically effective. Phase II trials also provide important 
information about dose optimization. Dose ranging helps 
identify phase 3 dosing. The safety and efficacy of the exper-
imental drug are compared to placebo in patients with the 
disease. Phase II trials involve 100–500 patient volunteers 
and last 1–2 years [11]. Failure can occur when the new drug 
does not show desired efficacy, study design is not feasible, 
or administration has excessive toxicity.

The primary goal of phase III trials is to compare the 
safety and efficacy of an experimental drug with existing 
standard therapy or placebo. Phase III trials are typically 
larger, involving hundreds to thousands of patient volunteers, 
and last approximately 2–3 years [11]. They are typically 
placebo controlled, double blind, and multicenter. Typical 
reasons for failure include unexpected toxicity, inconclusive 
efficacy, or lack of financial viability.

Phase IV trials occur after approval of the new drug. The 
purpose of phase IV trials is postmarketing observation to 
attain additional information about the risks and benefits of a 
new drug as mandated by regulatory agencies. Phase IV trials 
are ongoing to allow for observation of the lasting effects of a 
new drug along with any delayed side effects [11]. Although 
an intervention may be beneficial in the short term, long-term 
side effects may occur and must be monitored [12].

 Advantages and Disadvantages of Clinical 
Trials

A main advantage of clinical trials is the collection of strong 
evidence to form conclusive results that portray clear cause 
and effect relationships of an intervention. The comparison 
of an intervention group with an alternative therapy or pla-
cebo in a clinical trial provides an extremely efficient method 
of observing the impact of an intervention on an outcome. 
Randomization creates comparable groups that are designed 
to differ only in respect of the intervention administered. 
Thus, this design significantly reduces the incidence of bias 
and confounding factors [13]. Randomized control trials pro-
vide valuable information about the efficacy of an experi-
mental drug, along with benefits and risks. The outcomes of 
clinical trials are of utmost importance as this information 
ultimately creates the foundation of clinical decision making 
and public health policies.

Clinical trials are also associated with disadvantages and 
limitations. For instance, the environment of a clinical trial 
may be artificial or unrealistic, which can make it difficult to 
create generalizations to the population of interest. Moreover, 
randomized clinical trials are more expensive to perform, 
time consuming, and more complex than uncontrolled obser-
vational studies [12].
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Ethical problems regarding distribution of treatment 
must also be considered. Patients receiving a new interven-
tion are at risk of suffering from unknown side effects, 
whereas participants who do not receive the intervention are 
at risk of delaying improvement in their disease status. 
Thus, it is important for participants to fully understand the 
nature of the trial before agreeing to participate [13]. The 
recruitment of patients in a clinical trial may also be chal-
lenging, especially when examining rare diseases. Moreover, 
although a trial may convey statistically significant results, 
these results may quickly lose relevance as new information 
is constantly released.

 P-Values and Confidence Intervals

The p-value is a commonly used statistical measurement in 
experimental research. It represents the probability of acquir-
ing a result equal to or more extreme than the result observed 
in the study, assuming that the null hypothesis is true [14]. 
The null hypothesis indicates that there is no difference 
between the groups of interest. The baseline assumption is 
that the null hypothesis is true until statistical evidence can 
prove otherwise. If the calculated p-value is below a prede-
termined limit, such as 0.05, then the null hypothesis is 
rejected, and the results are considered statistically signifi-
cant [15]. In contrast, a p-value larger than 0.05 would indi-
cate that the null hypothesis is true and there is no statistically 
significant difference between the groups of interest.

Of note, the p-value is often misinterpreted as the prob-
ability that the observed results are true. A p-value of 0.05, 
for instance, is often incorrectly assumed to represent a 5% 
probability that the null hypothesis is true. Under this inter-
pretation, the likelihood that the null hypothesis is false is 
assumed to be 95%. However, this interpretation is invalid 
because p-values are calculated based on the assumption 
that the null hypothesis is true. Thus, p-values do not pro-
vide information on the likelihood that a null hypothesis is 
true or false [14].

The p-value is limited because is it does not consider the 
strength or direction of an effect [14]. Although very similar 
in value, a study with a p-value of 0.055 is considered insig-
nificant while a p-value of 0.045 is considered significant. 
Similarly, p-values of 0.0001 and 0.045 are both considered 
significant; however, these two results are likely very differ-
ent [16].

Confidence intervals, on the other hand, contain informa-
tion about statistical significance, direction, and strength of 
an effect [15]. Confidence intervals provide a range of values 
that surround the parameter of interest, such as odds ratio or 
difference between means. The width of the confidence 
interval contains information about the accuracy of the 

 measured value of interest. A narrower confidence interval 
corresponds with increased certainty about the measured 
value of interest. The width of the confidence interval is 
influenced by the sample size of the study. Large studies gen-
erate more data values, which enhances the certainty about 
the measured effect and is associated with a narrower confi-
dence interval [15]. A wide confidence interval indicates less 
certainty about the measured effect and should, therefore, be 
evaluated carefully as it may suggest an inaccurate result, 
irrespective of statistical significance [17].

Confidence intervals are also easily misinterpreted. For 
instance, a confidence interval of 95% does not correspond 
to a 5% likelihood that the true value is outside of this inter-
val. Instead, it signifies that the confidence interval encloses 
the true value of interest 95% of the time [14]. Stated differ-
ently, a 95% confidence interval indicates with 95% confi-
dence that the parameter of interest exists within the range of 
values provided. If the value that represents no effect (for 
instance, a relative risk of one, or the difference between 
means of zero) is included in the confidence interval, then 
the results are not considered statistically significant [15].

 Survival Analysis

Survival time is the time from a fixed point until the onset of 
event occurrence. The fixed point may represent the initia-
tion of treatment or enrollment into a trial. The event of inter-
est may refer to death, disease onset, recovery, or relapse. 
Time is measured as days, months, weeks, or years from the 
specific set point in time until event occurrence. Survival 
analysis refers to the set of procedures for analyzing data in 
which survival time is the variable measured [18].

Analysis can become challenging if the measured event 
has not occurred by the conclusion of the study or there is a 
loss to follow-up. Observations are censored if the period of 
observation was cut off before the event of interest occurred. 
For example, if a study is completed at 10 months, and the 
participant is lost to follow-up or the event has not yet 
occurred by 10 months, then the observations for that partici-
pant are censored. [6, 19].

Data depicts time until an event can be graphically repre-
sented with Kaplan-Meier survival curves, which are 
depicted as a stepwise function. If the event measured is 
death, then the proportion of patients surviving at a particular 
time point is represented on the vertical axis. The y-value 
represents the probability of occurrence of the event of inter-
est [6]. The horizontal axis represents the time of event 
occurrence, and the x-values represent the survival period for 
a particular interval. At each interval, the probability of event 
occurrence, or survival probability, is calculated. Censored 
observations are not included in the calculation. Survival, or 

3 Interpreting Clinical Trial Data



30

no event occurrence, is assumed constant between events 
and drops in the curve only occur at fixed intervals. Curves 
that appear close to one another or overlap are less likely to 
be significantly different. A significant difference can be fur-
ther assessed using statistical tests such as log-rank test or 
the Breslow test [18].

The multivariate method of analysis of survival data that 
is most frequently utilized in medical research is the Cox 
proportional hazards model [20].

It is a regression model that determines the impact of risk 
factors on the dependent variable time until event occurrence 
[20]. The regression equation is

 
h (t) = h (t) exp{b x b x b x }0 1 1 2 2 p p× + +…+

 

in which h(t) is the probability that an individual will experi-
ence the event of interest at time t [20]. Of note, compared to 
survival probability, which places an emphasis on an event 
not occurring, the hazard function is interested in event 
occurrence [21]. The hazard function depends on p covari-
ates (x0, x2, …, xp). The value of the coefficients (b1, b2, …, 
bp) determines the influence of the covariates on hazard. The 
baseline hazard, h0, is the hazard if the sum of the covariates 
equals zero [20].

The hazard ratio compares the ratio of the hazard rate in 
the treatment group compared to the control group. It refers 
to the odds that the event will occur in a patient in the treat-
ment group compared to control. If the event of interest is 
clearance of symptoms, then the hazard ratio would indicate 
the probability of resolution of symptoms at any point in 
time in the treatment group compared to the control group. A 
hazard ratio of two indicates that a patient receiving treat-
ment that has yet to experience resolution of symptoms is 
twice as likely to have complete resolution at next follow-up 
compared to the control group. A hazard ratio equal to one 
implies no difference in the probability of event occurrence 
in a treatment group compared to a control group [18]. 
Hazard ratio refers to probability and may be misinterpreted 
in terms of speed. For instance, a hazard ratio of two does not 
indicate that resolution of symptoms will occur twice as fast 
in a patient in the intervention group compared to a patient in 
the control group [22].

It is important to distinguish hazard ratio from odds ratio. 
Odds ratio estimates the relationship between an exposure 
and an outcome. It is the probability that an outcome will 
occur in an exposed group divided by the probability that an 
outcome will occur in an unexposed group. Odds ratio is 
commonly used in case-control studies to determine the 
effect of exposure to a variable of interest on the likelihood 
of disease occurrence [23].

An odds ratio equal to one, as with hazard ratio, implies 
that there is no difference in the probability of event occur-
rence between the exposed and unexposed groups [18]. 

An odds ratio greater than one indicates that exposure is asso-
ciated with a higher probability of event occurrence. On the 
other hand, an odds ratio less than one implies that exposure is 
associated with a lower probability of event occurrence [23].

Hazard ratio and odds ratio are both interested in the 
probability of event occurrence in an exposed group com-
pared to the probability of that same event occurring in an 
unexposed group. While hazard ratio describes the risk of 
event occurrence at a particular point in time, odds ratio is a 
more cumulative measurement of risk that assesses event 
occurrence without including time as a variable [24].

 Missing Data

Subject withdrawal before the end of a longitudinal study is 
unavoidable. Loss of participants can make an evaluation of 
safety and efficacy biased, and statistical power may also 
decrease [25]. Multiple concerns arise when patients with-
draw from long-term clinical trials. For instance, patients 
who comply with treatment often respond better than patients 
who discontinue treatment. Thus, the remaining subjects at 
the end of the study may not adequately represent a random 
subset of the population. Additionally, the possible therapeu-
tic effect of a drug with a prolonged mechanism of action 
becomes undetected in a patient with early withdrawal. On 
the other hand, a patient may discontinue treatment due to 
rapid improvement, yet may subsequently experience undoc-
umented worsening of symptoms [26].

Missing data can be categorized into three groups: missing 
completely at random (MCAR), missing at random (MAR), 
and missing not at random (MNAR). In missing completely 
at random (MCAR), the likelihood of missing data is inde-
pendent of both observed and unobserved data. The probabil-
ity of missing data in MCAR is comparable among patients 
that are receiving different treatments. Lost data or the likeli-
hood of withdrawal due to subject relocation is considered 
entirely random and irrespective of observed or missing data. 
MCAR is not a source of bias, yet can result in smaller sam-
ple sizes and thus greater standard error, wider confidence 
intervals, and greater p-values, which may ultimately produce 
results that are not statistically significant [26–28].

Missing at random (MAR) involves missing data depen-
dent on observed factors only. That is, data is missing indepen-
dently of unobserved data, but instead may depend on 
underlying differences among patients. Patients who are older, 
for example, may have a higher rate of dropout from clinical 
trials compared to younger patients. In this example, missing 
data is directly related to the observed outcome of age [26].

In missing not at random (MNAR), missing data is depen-
dent on unobserved factors. For example, patients who expe-
rience adverse effects are more likely to drop out compared 
to patients without adverse effects. Accordingly, patients 
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with disease exacerbation may be more likely to discontinue 
treatment. Unfortunately, important information about 
adverse effects or efficacy subsequently remains unreported. 
In MNAR, the probability of missing data is directly linked 
to the unmeasured data and can result in a nonrepresentative 
sample [27].

 Methods of Handling Missing Data

Imputation methods create the opportunity to account for 
missing data in statistical analysis. Imputation methods 
assign approximated values to missing data. Different meth-
ods of imputation are classified based on the type of approxi-
mation used. The four strategies of handling missing data are 
last observation carried forward (LOCF), nonresponder 
imputation (NRI), as-observed data analysis, and anytime 
analysis [29]. Imputation allows researchers to obtain a com-
plete data set to conduct statistical analyses [26]. However, 
each method creates a source of bias that needs to be consid-
ered when interpreting long-term clinical trial data.

The last observation carried forward (LOCF) is a fre-
quently used imputation method to evaluate data from lost 
subjects. LOCF applies the last observed value to all follow-
ing missed values. Therefore, the last measured value is car-
ried forward until the end of the study [25]. This approach is 
considered to be less rigorous than other imputation methods 
and makes the unrealistic assumption that the outcomes of 
patients do not change after they have dropped out. Thus, 
response rate may be inappropriately high, as patients marked 
as responding may have lost response. Additionally, imputa-
tion of a single value for missing data can result in lower esti-
mates of standard errors and p-values [30] This limitation is 
most apparent in long-term studies with many patient drop-
outs early on, as assigned values are unlikely to reflect true 
response [29]. A source of bias may also occur if a large num-
ber of patients receiving placebo discontinue treatment due to 
lack of improvement. Under LOCF, responses for these 
patients, which indicate a lack of improvement, will be con-
tinually imputed until completion of the study. Consequently, 
the estimated difference between the intervention and pla-
cebo groups may be inappropriately exaggerated [29]. The 
use of LOCF should be carefully examined in longitudinal 
trials evaluating treatment efficacy.

Nonresponder imputation (NRI) is considered to be a 
more rigorous imputation method. Patients who withdraw 
from a study are labeled nonresponders and missing data are 
identified as a nonresponse. A main limitation to this imputa-
tion method is that participants who discontinue treatment are 
classified as nonresponders, regardless of the initial treatment 
response. For example, a patient may respond well to treat-
ment, yet may need to drop out for reasons that do not pertain 
to the treatment and all previous data on this participant is 

omitted. Therefore, valuable information about the effect of 
intervention on these patients remains undetected. In contrast 
to LOCF, results are likely underestimated in NRI [29].

As-observed analysis is a method of analysis that utilizes 
observed data only. Data from withdrawn patients is omitted 
without substituting values in their place. The advantage to 
this type of analysis is that data is only depicted from patients 
who remain in the trial. Thus, important information about 
patients that discontinue the study is omitted from analysis. 
The use of the as-observed analysis has the propensity to 
overestimate response [29].

Anytime analysis is a less rigorous method to analyze 
data. Data recorded at any point in time after the start of ther-
apy is considered a response. If a trial has a long duration, 
only the patient’s best outcome is recorded. Therefore, effi-
cacy over an extended period of time is likely to be overesti-
mated in this type of analysis [29].

 Safety and Efficacy of Apremilast for Plaque 
Psoriasis

Two randomized, double-blind phase III trials, ESTEEM 1 
and ESTEEM 2, evaluated the safety and efficacy of apremi-
last for moderate-to-severe plaque psoriasis over a 52-week 
period. In ESTEEM 1, patients received placebo or apremi-
last 30 mg twice daily for 16 weeks. At week 16, participants 
in the placebo group were given apremilast 30 mg twice 
daily. Missing data was handled using LOCF. At the end of 
the study, 74 patients in the placebo group and 163 in the 
apremilast group discontinued therapy due to adverse events, 
lack of efficacy, loss to follow-up, or other reasons. Of note, 
a clear discrepancy exists in the dropout rate among the pla-
cebo and apremilast group. Participants who discontinued 
after receiving apremilast could have initially responded 
well to therapy. After dropout, LOCF considers these patients 
as still responding adequately to treatment, although response 
may have been lost. A significant improvement in symptoms 
was reported at week 16 in the apremilast group, achieving a 
reduction of 75% in Psoriasis Area and Severity Index 
(PASI-75) in 33.1% of patients compared to PASI 75 
response rate of 5.3% in the placebo group. Out of the 73 
patients that switched to apremilast from placebo at week 16, 
PASI-75 was attained among 58.9% of patients at week 52 
[31]. Although significant differences were reported, a high 
withdrawal rate of 41.6% (351/844 participants completed 
the trial) along with the use of LOCF to account for missing 
data contribute to an overestimated response.

In ESTEEM 2, participants were given apremilast 30 mg 
twice daily or placebo. At week 16, placebo patients were 
given apremilast 30 mg twice daily. Patients with 50% or more 
reduction in PASI were randomized to resume apremilast or 
receive placebo at week 32. If symptom improvement was 
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lost, patients were reassigned to receive apremilast. Patients 
on apremilast therapy attained PASI 75 significantly more 
often than placebo (28.8% compared to 5.8%) using LOCF at 
16-week follow-up. At week 16, patients on apremilast were 
more likely to attain PASI 50 and PASI 90 compared to pla-
cebo (55.5 vs. 19.7%, and 8.8 vs. 1.5%) using LOCF [32]. Of 
note, the dropout rate in this trial is considerably high (231/413 
participants completed the study). It is also important to recog-
nize that the two major reasons for withdrawal were adverse 
events or loss of efficacy. Patients receiving apremilast may 
have responded well until an adverse event was noticed, which 
led to discontinuation of treatment. Although an adverse event 
was experienced, the recorded positive response to apremilast 
is carried forward until the end of the study, leading to a mis-
leading interpretation of treatment efficacy. The use of LOCF 
also implies that in the placebo group, the recorded values for 
patients that withdrew due to lack of efficacy were carried for-
ward until the end of the study, which may have exaggerated 
the difference reported between patients receiving apremilast 
and placebo.

 Safety and Efficacy of Secukinumab for Plaque 
Psoriasis

The NRI imputation method was implemented in a phase 3 
randomized, double-blind, placebo-controlled (FEATURE) 
trial that evaluated the safety and efficacy of secukinumab. 
Participants received secukinumab 150, 300 mg, or placebo 
for 12 weeks. Out of 177 subjects, seven patients discontin-
ued therapy due to loss to follow-up, a couple due to adverse 
effects, and none due to lack of efficacy. The seven patients 
who discontinued treatment were considered nonresponders. 
Patients who received secukinumab 300 or 150 mg achieved 
PASI 75 at 12-week follow-up (75.9% and 69.5% of sub-
jects, respectively). In contrast, none of the patients who 
received placebo attained PASI 75 [33]. Important informa-
tion about the participants who discontinued therapy is omit-
ted from analysis. Although NRI is a rigorous method of 
handling missing data, the low withdrawal rate is reassuring 
that the results adequately represent the efficacy of 
secukinumab in plaque psoriasis.

 Safety and Efficacy of Ixekizumab for Plaque 
Psoriasis

Missing data in the phase 3 randomized trials (UNCOVER-2 
and UNCOVER-3) that compared ixekizumab to etanercept or 
placebo was also assessed using NRI. In both trials, subjects 
were randomized to receive placebo, etanercept, ixekizumab 
every 2 weeks, or ixekizumab every 4 weeks. In UNCOVER-2, 
1224 out of 1161 patients completed the study (95%). 

In UNCOVER-3, 1275 out of 1346 patients completed the 
study (95%). There was no significant difference in with-
drawal rates in patients receiving placebo compared to ixeki-
zumab treatment. Lack of efficacy was a major reason for 
withdrawal in both trials, which was more prevalent in patients 
receiving placebo versus ixekizumab. In UNCOVER-2, PASI 
75 was achieved in patients who received ixekizumab every 
2 weeks (89.7%) and 4 weeks (77.5%). Similarly, PASI 75 
was achieved in UNCOVER-3 in patients receiving ixeki-
zumab every 2 weeks (87.3%) and 4 weeks (84.2%) [34]. 
Participants who discontinued treatment were labeled as non-
responders. Many participants may have initially responded 
appropriately to treatment, yet dropped out for reasons unre-
lated to the intervention given. That is, the recorded observa-
tions for these participants remain unnoticed, leading to an 
underestimated response [29].

 Safety and Efficacy of Secukinumab Compared 
to Ustekinumab for Plaque Psoriasis

The CLEAR study compared the use of secukinumab to 
ustekinumab in moderate-to-severe plaque psoriasis. The 
double-blind trial randomly assigned 676 participants to 
receive secukinumab or ustekinumab. At week 16, 
secukinumab was found to be more efficacious than 
ustekinumab. The amount of patients attaining PASI 100 
(44.3% and 28.4%, respectively), PASI 90 (79% and 57.6%, 
respectively), and PASI 75 (93.1% and 82.7%, respectively) 
was higher for patients on secukinumab compared to 
ustekinumab. Out of 676 participants, 651 patients completed 
treatment. The missing data for 25 participants was handled 
using NRI. A majority of these participants discontinued 
treatment due to adverse effect or choice [35]. The rigorous 
nature of NRI is very appropriately used in this study. The 
bias towards an underestimated response is beneficial because 
the reason of discontinuation of treatment was a result of the 
intervention. Therefore, it is helpful that a stricter method to 
account for patient dropout was implemented in this trial. We 
can safely assume that secukinumab was significantly more 
effective than ustekinumab in treating plaque psoriasis.

 Safety and Efficacy of Alefacept for Plaque 
Psoriasis

Menter et al. evaluated the efficacy of multiple courses of 
alefacept in patients who did not reach PASI 50 after one 
12-week course. Each subsequent course of intravenous ale-
facept correlated with higher percentages of patients achiev-
ing PASI 50, with an improvement from 56% after one 
course to 74% after five courses of treatment. As-observed 
analysis was the strategy used to account for missing data. 

M. Amin et al.



33

In this study, it is important to recognize that there was a 
decline in participants with each treatment course (N = 521 in 
course 1 compared to N = 39 in course 5) [29, 36]. It is dif-
ficult to assess efficacy with a high subject withdrawal of 
92%. Important data from withdrawn patients is omitted in 
the as- observed analysis and is therefore left undetected. It is 
assumed that the reported response rate is higher than the 
actual response rate due to high withdrawal rate and use of 
as-observed analysis to account for missing data.

 Evaluation of Biologic Therapy Comparing 
Methods of Handling Missing Data

The reported outcome of a study can vary considerably based 
on the type of method used to handle missing data. An open- 
label extension of the phase III REVEAL trial assessed the 
efficacy of adalimumab for moderate-to-severe plaque pso-
riasis over a 3-year period. After 160 weeks, PASI 75 
response rates in patients receiving continuous adalimumab 
were 76% using LOCF and 88% using as-observed analysis 
[37]. Evidently, the reported efficacy of adalimumab varies 
based on the method of analysis applied to account for miss-
ing data. As-observed analysis and LOCF both have the pro-
pensity to overestimate response. As-observed analysis only 
includes data that is directly observed, whereas LOCF 
applies the last recorded response forward until the end of 
the study. If patients withdraw due to lack of efficacy, then 
their responses are completely omitted in as-observed analy-
sis. That is, the remaining responses are more reflective of 
the patients who responded well to treatment, ultimately 
leading to an overestimated response. LOCF also overesti-
mates response as data from last follow-up is carried forward 
until the end of the study. However, unlike as-observed anal-
ysis, the responses from patients that discontinue are not 
completely omitted. Thus, as-observed analysis may predict 
a response greater than the response observed using LOCF.

An open-label study evaluated the efficacy of infliximab 
over a 3-year period in patients with plaque psoriasis. Out of 
131 patients, only 32 patients remained after 3 years. The effi-
cacy of infliximab can be determined by evaluating PASI 75 
responses. At 3-year follow up, PASI 75 was 75% using as-
observed data, 65.6% using LOCF, and 41.2% using NRI. Thus, 
the reported efficacy of an intervention can vary drastically 
based on the method used to handle missing data. Therefore, it 
is important to carefully review the analysis method used when 
interpreting long-term clinical data [29, 38].

 Conclusion

With the rapid growth in research, the number of clinical 
trials and studies has steadily increased. The design of 
clinical trials and data analysis has also become more 
complex to interpret. It is important for clinicians to be 

able to interpret clinical trials and ultimately determine if 
evidence is valid and applicable to clinical practice. The 
objective of this chapter was to present an overview of the 
potential sources of bias and uncertainty that occur during 
study design and approximations of missing data. 
Identifying sources of error and understanding the limita-
tions of these various methods both help clinicians criti-
cally appraise the validity of clinical data. With proper 
interpretation of clinical trial data, evidence can be effec-
tively applied to medical practice. Evidence from clinical 
research can thus directly influence clinical decision mak-
ing, ultimately optimizing patient care.
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 Appendix of Common Biostatistical Terms

• Adjusted analysis: A method of analysis that aims to con-
trol for baseline patient characteristics, which may other-
wise create discrepancies between intervention groups. 
Also refers to modifications of the p-value after multiple 
testing.

• Bias: A misrepresentation of the actual estimated efficacy 
of an intervention due to flaws in the conduct, design, or 
analysis of a trial.

• Blinding (masking): The act of concealing information 
from participants, researchers, and healthcare profession-
als about intervention assignment in order to prevent bias. 
Clinical trials often implement double-blinding, which 
blinds participants, healthcare providers, and researchers. 
Also referred to as masking.

• Confidence interval: A statistical measure that provides 
information about the accuracy of an estimated parameter 
of interest. The interval consists of a range of values that 
surround the true value of the parameter of interest with a 
high degree of confidence, typically 95%. A wide interval 
suggests less certainty about a measured effect, whereas a 
narrow interval suggests increased certainty about a mea-
sured effect. The units of the confidence interval are the 
same as the units of the measured parameter of interest.

• Confounding: A circumstance in which the observed 
outcome of an intervention is biased due to extraneous 

3 Interpreting Clinical Trial Data



34

variables, such as baseline characteristics of participants 
or alternate simultaneous interventions. A confounding 
variable must differ among intervention groups and 
account for the observed outcome.

• External validity: The extent to which the results of a trial 
can be generalized to other situations and populations. 
Also referred to as generalizability or applicability.

• Follow-up: The practice of recurrent interactions with 
participants in a trial to administer the allocated interven-
tion, monitor for effects of the intervention, or obtain data 
values.

• Hazard ratio: A value that explains the probability of 
event occurrence in the intervention group compared to 
the control group based on comparison of event rates.

• Hypothesis: A statement that offers a proposed explana-
tion for the observed effects of an intervention on an out-
come. The null hypothesis implies that there is no 
difference between the groups of interest and is the base-
line assumption until statistical evidence proves other-
wise, which produces a p-value.

• Intention-to-treat analysis: A method of statistical analy-
sis that includes all participants, irrespective of comple-
tion of the study, in the analysis. The purpose of this 
method of analysis is to prevent bias due to subject with-
drawal, which could otherwise interfere with the original 
random allocation of participants.

• Interaction: A circumstance in which the effect of one 
variable is altered by the presence of another variable. 
Clinical trials evaluate for an interaction by determining if 
the effect of an intervention differs among subgroups of 
participants.

• Interim analysis: An analysis that evaluates data prior to 
completion of a trial and oftentimes before the end of 
recruitment. The trial may be terminated at this point in 
time, also known as stopping rules, if participants are 
inadvertently being placed at risk. It is important that the 
protocol of the clinical trial incorporates the schedule of 
interim analyses.

• Internal validity: The degree to which the design and con-
duct of the trial reduce the chance of bias.

• Intervention: A treatment or healthcare involvement that 
is under examination in a trial. Outcome measures assess 
the effect of an intervention.

• Last observation carried forward: The last observation 
carried forward (LOCF) is a method of accounting for 
missing data from lost subjects by assigning the last 
observed value to all following missed values.

• Loss to follow-up: The inability to complete data collec-
tion on certain participants due to loss of contact, most 
commonly observed in long-term trials.

• Multiple comparisons: The practice of conducting multi-
ple analyses on the same set of data. Multiple compari-
sons increase the likelihood of a type I error, which 

attributes an outcome to an intervention when it is more 
likely due to chance.

• Number needed to treat (NNT): The number of patients 
who need to receive a particular treatment to prevent one 
additional bad outcome.

• Objectives: A term that refers to the questions that the trial 
intends to answer. Hypotheses and objectives are related in 
that testing of the hypotheses also helps answers the 
objectives.

• Odds ratio: The ratio of the odds that an outcome will 
occur given a specific exposure, compared to the odds that 
an outcome will occur without exposure.

• Open trial: A randomized trial in which both the partici-
pants and researches are aware of the intervention admin-
istered. In open trials, no one is blinded to the treatment 
allocation.

• Outcome measure: A variable that provides information 
about the effect of an intervention by comparing the 
results of the intervention groups. Also referred to as 
endpoint.

• P-value: A measure that represents the probability of 
observing a result equal to or more extreme than the result 
observed in the study by chance alone. The p-value is cal-
culated based on the notion that the null hypothesis is 
true, which states that there is no difference between the 
groups of interest. A lower p-value correlates with a 
greater certainty that the observed difference is attribut-
able to the intervention.

• Power: The probability that a trial will appropriately reject 
the null hypothesis, which indicates that there is no differ-
ence between the groups of interest, when it is false. Stated 
differently, it is the probability that a trial will identify a 
statistically significant effect of an intervention. It is typi-
cally calculated prior to the start of the trial and the sample 
size is often adjusted to achieve a desired level of power.

• Protocol deviation: An unintentional diversion from the 
initial research protocol. Deviations may occur due to 
nonadherence to a particular intervention on behalf of a 
participant or an accidental change to the original proto-
col on behalf of a researcher.

• Random allocation; random assignment; randomization: 
The purpose of randomization is to evenly allocate par-
ticipants into separate groups to provide equal opportu-
nity to receive an intervention. In a randomized trial, 
randomization eliminates the predictability of group 
assignment and allows researchers to accurately deter-
mine the effect of an intervention on an outcome.

• Recruitment: The act of acquiring participants into a ran-
domized trial.

• Relative risk: A ratio of the probability of event occur-
rence, or disease incidence, in an exposed group 
divided by the probability of event occurrence in a non-
exposed group. In trials, it often refers to a measure of 
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the association between an exposure and the risk of 
developing a disease.

• Sample size: The number of subjects in a subset of a pop-
ulation included in a trial. The intended sample size refers 
to the estimated number of participants included in a trial, 
often based on calculation of the statistical power before 
beginning the trial. A large sample size increases the like-
lihood of exposing a significant effect if one exists. The 
achieved sample size refers to the number of participants 
that complete the trial or are included in the analysis.

• Selection bias: A bias that occurs when selection of par-
ticipants for a study or allocation to different intervention 
groups is not entirely random. Consequently, the different 
groups vary in baseline characteristics that can impact the 
observed outcome. Selection bias may also refer to a trial 
in which the participants inadequately represent the popu-
lation of interest.

• Simple randomization: A method of randomization deter-
mined by chance. If only two groups are present, simple 
randomization is comparable to repeated tosses of a coin. 
Also referred to as unrestricted randomization.

• Stratified randomization: A method of randomization that 
considers the baseline characteristics of participants, such 
as demographic information or disease severity, to allow 
for an adequate balance of these factors across treatment 
groups.

• Stopping rule: A criteria, included in some trials, that 
specifies the need to prematurely terminate a trial to elim-
inate placing patients at avoidable risk or if a large effect 
of an intervention is prematurely observed, deeming fur-
ther testing unnecessary. A stopping rule is generally 
established in the original trial protocol and analyzed dur-
ing interim analyses.

• Subgroup analysis: A type of analysis that evaluates the 
effect of an intervention on a specified outcome within a 
subset of participants in a trial, often separated by base-
line characteristics. Subgroup analysis is often limited by 
small sample size, which decreases the likelihood of sta-
tistical power.

• Treatment effect: A measure used to evaluate the effect of 
an intervention by comparing the difference in outcome 
between the intervention groups. It is indicated as relative 
risk, odds ratio, difference in means, or risk difference. 
Also referred to as effect size.
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 Introduction

Skin diseases have an enormous impact on patients’ lives; 
but that does not mean that patients use their treatment well. 
For the multitude of dermatologic treatments, ranging from 
topical to injectable medications, poor medication adherence 
is one of the most common limitations. Biologics have revo-
lutionized the treatment of skin disease due to their greater 
efficacy and safety compared to topical and oral treatments; 
however, even biologics are not always used as prescribed. In 
this chapter we discuss definitions of adherence; how it is 
measured; how adherence to topical, oral, and biologic medi-
cations compare; barriers to adherence; and what can be 
done to help assure patients’ adherence to their treatments.

Adherence, also termed compliance, is the extent to which 
patients take medications as prescribed [1], or “the level of 
patient participation achieved once an individual has agreed 
to the regimen” [2]. Medication adherence is a moving tar-
get, a dynamic state that changes with changing attitudes and 
life circumstances [3].

Patient adherence is a complex problem, involving many 
interconnected variables [4]. Three phases of adherence to 
medication can be considered: initiation, implementation, 
and discontinuation. Initiation is when a patient takes the 
first dose of a medication; it may begin long after a prescrip-
tion is written, if it occurs at all. Implementation is the extent 
to which a patient follows the treatment regimen while they 
are on the medication; between initiation and discontinua-
tion, patients may take their medication very well or very 
poorly. Discontinuation is when the patient stops taking the 
medication; it may happen long before the recommended 
end of the treatment regimen [5]. A term related to adherence 
is persistence, defined as the time between initiation and dis-
continuation of medication [5, 6]. This chapter discusses 
classification of medication adherence, the societal impact of 
and barriers to adherence, and methods by which to improve 
adherence to treatment.

 Classification of Nonadherence

Nonadherence can be classified in several ways. The con-
cepts of initiation, implementation, and discontinuation help 
to define classification of different forms of poor adherence. 
Nonadherence can be classified as either primary or second-
ary. Primary nonadherence is when a patient does not initiate 
treatment, a surprisingly common phenomenon among 
patients with psoriasis. Secondary nonadherence is when the 
script is filled and treatment is started correctly, but the medi-
cation is used poorly (poor implementation) or is discontin-
ued earlier than instructed (poor persistence).

Nonadherence can also be classified as intentional or 
unintentional [3]. Intentional nonadherence is when a patient 
makes a conscious decision to not use treatment as pre-
scribed. Unintentional nonadherence is when a patient’s 
intention to use a drug is disrupted by unforeseen barriers 
such as a misunderstanding or inability to recall the proper 
directions for medication use (Table 4.1) [7]. Forgetfulness is 
a frequent cause of unintentional nonadherence.
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 Measurement of Adherence

Many methods are used to measure medication adherence in 
a research setting, and as technology continues to progress, 
so does the accuracy of measurement. Methodology has 
evolved from self-reported data to objective electronic medi-
cation adherence monitoring. Medication Event Monitoring 
System (MEMS) caps containing microprocessors that 
record the day and time medication bottles are opened and 
closed are the gold standard for measuring adherence to 
treatment [7]. Medications, both oral and topical, can be dis-
pensed into bottles affixed with these caps, and patients can 
open and close them similar to a standard cap (MEMS caps 
were also used on injector disposal containers in one study to 
assess adherence to self-injected biologics) [7]. MEMS caps 
can record up to 1800 dose events and have a battery life of 
18 months. Compared to self-reported medication logs, pill 
counts, or medication bottle weights, electronic monitoring 
with MEMS caps is a more precise method of measuring 
medication adherence; self-reported methodologies com-
monly overestimate patients’ use of medication [6, 8]. For 
example, psoriasis patients adhered to topical medication 
55% of the time as measured by electronic monitors, 90% by 
patient diary, and 100% by medication weight measures [6, 
8].

Collection of self-reported adherence data by way of a 
medication diary has been used to measure adherence with 
some success. However, patients may over- and underreport 
the use of medication [7]. Electronically monitored diaries 
suggest that most diary entries are completed at a later date 
than when the medications were taken, creating a significant 
recall bias [7]. Although self-reported use is less accurate 
than other methods of measuring adherence, it may be an 
effective tool to hold patients accountable to adherence to 
their treatment regimen; a patient group that completed med-
ication diaries in a recent study showed significant improve-
ments in disease severity despite evidence of medication 
misuse. Although diaries are less than ideal for accurate 

measurement of adherence, they may still be an effective 
method to increase adherence [9]. Pill counts are a means to 
assess adherence to oral treatment, but many dermatological 
treatments are topical formulations. Measuring topical medi-
cation usage by weight has been used with some success as 
well. Assessment of adherence based on medication weight 
used requires knowing the affected body surface area being 
treated and making assumptions about how much is used per 
unit surface area [7].

Pharmacy data and prescription refills are other measures 
of adherence, commonly used when retrospectively assess-
ing adherence from insurance claim information. While use-
ful, inaccuracy can result from assumptions made when 
using these data to calculate adherence. For example, a pre-
scription filled does not mean a prescription was used or, if it 
was used, used correctly; a patient may treat a new-onset 
symptom with antibiotics previously prescribed for a prior 
infection without consulting their doctor first. Prescription 
data can be used to calculate days of supply for dispensed 
prescriptions and the medication possession ratio 
(MPR = (days of supply)/(number of days between prescrip-
tion refills)). If the MPR is equal to or greater than one, com-
pliance is assumed; when the MPR is less than one, 
nonadherence is assumed since there are fewer days of medi-
cation supply than number of days between refills.

Other methods of measuring treatment adherence include 
assessments by a pharmacist or other healthcare providers 
(i.e., 10–15-min phone calls between physician follow-up 
visits), pill counts, syrup volume measurements, family 
member reports, and Internet-based self-reports [10, 11]. 
From the short history of monitoring medication adherence, 
it is exciting to see how far these methods have come and 
evolved.

 Clinical Applications of Medication 
Adherence

In an effort to provide the best quality and most convenient 
care for busy patients, primary care physicians take on a 
wide majority of dermatologic complaints without specialty 
consults. In turn, dermatologists see a filtered patient popula-
tion [8, 12]. These patients often present with disease that is 
severe, rare, refractory, and relapsing. Goals of treatment 
shift from cure to control. To control chronic disease, there is 
a huge burden on the physician to help their patients take 
their medications as prescribed. Medication nonadherence is 
most significant in chronic disease; the longer patients are 
expected to be on a treatment, the more their adherence drops 
over time. When 29 psoriasis patients in a clinical trial on 
single-agent therapy with salicylic acid gel dosed twice daily 
were observed, medication adherence decreased from 90 to 
40% over an 8-week treatment period. If this rate continued 

Table 4.1 Definitions of nonadherence [data derived from Aslam I, 
Feldman SR. Practical Strategies to Improve Patient Adherence to 
Treatment Regimens. South Med J 2015 Jun;108 (6):325–31]

Nonadherence definitions [5]

Primary 
nonadherence

No initiation of treatment by the patient

Secondary 
nonadherence

Prescription filled correctly, but treatment is 
started incorrectly or cessation of treatment 
occurs before instructed

Intentional 
nonadherence

Patient declines consciously to participate in 
treatment as directed by physician

Unintentional 
nonadherence

Patient intends to use drug as directed, but 
unforeseen barriers or patient’s 
misunderstanding or failure to remember 
directions result in improper use of medications

E. Boes et al.
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to drop at the same rate observed, no one would have been 
using the medication by 6 months of therapy [13]. Regardless 
of whether patients know their adherence is being monitored, 
compliance still drops dramatically over a short time [9].

Systemic medications are commonly promoted to provide 
greater efficacy and patient adherence to treatment, but 
despite new ways of treating chronic diseases, adherence is 
still poor (albeit better than adherence to topicals) [6, 14]. In 
a healthcare climate that is placing increased emphasis on 
patient outcomes and patient-centered care, research on the 
topic of adherence and persistence is pertinent to dermatolo-
gists and nonspecialists alike. In a setting where chronic dis-
ease without clear-cut curability is addressed on a daily 
basis, dermatology provides a valid stage to study nonadher-
ence and persistency to treatment. Research related to adher-
ence with dermatologic complaints has implications for all 
healthcare stakeholders [15].

Other areas of medicine continue to contribute significant 
research in the area of nonadherence, demonstrating its eco-
nomic and social impact on our nation. Medication nonad-
herence is directly linked to approximately 125,000 patient 
deaths, at least 10% of hospital admissions, and 23% of nurs-
ing home admissions per year in the USA. As mentioned 
above, the cost to the US healthcare system of nonadherence 
is more than $100 billion annually [1]. 40% of patients admit 
to not using their medications as directed, and according to 
one Danish study, 50% of psoriasis prescriptions are never 
filled [7, 12, 16].

An assumption made when researching adherence is that it 
directly correlates with greater treatment efficacy and resolu-
tion of disease. This is supported by results of studies involv-
ing acne patients. Patients with a greater mean percentage 
reduction of noninflammatory and total lesion counts at base-
line, 6-week, and 12-week follow-up appointments had 
greater adherence to the treatment regimen [10]. Therefore, it 
is also assumed that poorer adherence leads to worse treat-
ment outcomes. Not only will disease likely progress without 
treatment, but comorbidity, higher costs, and fatality can also 
accompany nonadherence to treatment when looking at medi-
cation adherence across all medical fields. Nonadherence in 
all realms of medicine produces shocking statistics that have 
a significant impact on our nation’s healthcare costs annually, 
in the form of emergency-room visits, hospitalizations, and 
diagnostic tests [5]. Arguably, a “better understanding of 
adherence probably will have more impact on patient out-
comes than everything else [being studied] ” [1].

 Reasons for Medication Nonadherence

Common barriers to adherence are plentiful, and vary among 
different patients. Patients have unique disease presenta-
tions, comorbidities, treatment regimens, personalities, and 

psychosocial and financial stressors that lead to nonadher-
ence. Reasons for nonadherence, like complexity of treat-
ment, apprehension to use of biologics, route of medications, 
cost of medications, fear of side effects, poor patient- 
physician relationships, patient motivation, and factors influ-
encing persistence, are discussed in this section.

 Complexity of Treatment

Many dermatologic diseases are controlled using combina-
tions of treatments. For example, atopic dermatitis, acne vul-
garis, and psoriasis are all conditions for which care 
commonly involves the concurrent use of multiple drugs for 
the greatest efficacy and the least likelihood of toxicity [6]. 
Each medication affects a separate part of a pathologic pro-
cess, and therefore combination therapy corresponds with 
greater defense against disease. Also, each drug has signifi-
cant toxicity (especially systemic medications) and using 
multiple drugs decreases the dose needed for each individual 
medication, decreasing the likelihood of side effects without 
changing treatment outcomes. For example, using biologics 
in combination with other topical or systemic medications 
produces an additive effect in the treatment of psoriasis [17–
19]. Combination treatment may also be used when mono-
therapy is not effective. Often, however, monotherapy is not 
effective because of poor adherence to treatment. Making the 
regimen even more complicated is not a rational solution to 
this problem.

Increasing complexity of treatment does not always mean 
multiple different medications are used; sometimes it means 
greater frequency of dosing, duration of therapy, or amount 
of instruction needed for medication application. These can 
result in poor medication usage leading to poor results, dis-
satisfaction with treatment, and further poor adherence in a 
vicious circle. Application of topical medication is inher-
ently complex and time consuming; adherence is better with 
oral medications and better still with injectables.

Adherence rates of oral systemic medications used in a 
dermatologic setting correlate closely with frequency of dos-
ing. Adherence to nonbiologic systemic medications used to 
treat psoriasis decreases when dosing frequency increases. 
Methotrexate has the greatest adherence and persistence, fol-
lowed by leflunomide, hydroxychloroquine, and sulfasala-
zine. Combination therapy has the lowest adherence [6].

 Adherence with Biologic Therapy

Biologic medications have been mainstays in treatment of 
severe and diffuse cases of various conditions. The most 
commonly prescribed medications for psoriasis are topical 
corticosteroids [20]. Initial psoriasis treatment uses topical 
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therapies for plaques that are small or few in number, older 
systemic agents such as methotrexate, phototherapy for 
plaques that are large or numerous, and biologics for refrac-
tory disease. Psoriasis patients are overwhelmingly dissatis-
fied with treatment, and believe that they are undertreated for 
their disease [20]. One reason management may fail to meet 
patient expectations is a disconnect between the physician’s 
and the patient’s perception of disease severity, and its affect 
on patient quality of life [20–22]. Physicians are starting to 
recognize this disconnect, as more disease-specific systemic 
therapies are being used [20].

Biologics are associated with better adherence compared 
to other psoriasis treatments (66 vs. 35%) [17]. An under-
standing of adherence to biologics and other systemic medi-
cations may be obscured by the fact that they are used in a 
small population of patients with the most severe disease 
states. Disease severity positively and independently corre-
lates with adherence, as does the use of biologic medica-
tions. Adherence and persistence to biologic therapy may be 
greater in part because of the context in which they are most 
commonly used [23, 24].

Although the context of use may have some effect on 
adherence, the efficacy of biologic medications remains 
superior to other medications (oral and topical) that have 
been used for psoriasis. Variability in effectiveness of bio-
logic medications is the most common reason for stopping or 
switching therapy. TNF-alpha inhibitors vary in effective-
ness from 40 to 80% after the first year of therapy [19]. 
Biologics have a greater effect on quality of life and have 
greater specificity in targeting psoriatic pathogenesis. Three 
genes known to cause psoriasis are related to the signaling of 
IL-23, a cytokine that is targeted by the biologic ustekinumab. 
These genes are related to mutations in TNF-alpha signaling 
and NF-κB modulation, cytokines, and signaling chemicals 
that are the targets of adalimumab, infliximab, and etaner-
cept. Biologics prevent disease progression rather than only 
providing symptomatic relief [25].

Even when biologic and systemic therapies are recog-
nized as viable options, establishing the optimal timing of 
initiation is not always easy. Scripts involve intimidating 
prior authorizations and patient fears regarding their use. 
The mindset of biologic therapy as a last resort should be 
contested with a “step-down approach” in disease manage-
ment [2]. A growing body of research is unveiling safety, 
efficacy, cost benefits, and patient satisfaction which is 
allowing this change to take place [20, 26]. In one review, 
overall healthcare costs between the patients’ biologic treat-
ment period and pre/post-biologic period were not signifi-
cantly different in Medicaid patients [17].

Fear of side effects is one barrier that prevents appropriate 
early use of biologic and other systemic medications. 
Biologics have fewer drug interactions than other systemic 
or topical therapies, largely because they target specific cyto-
kines (Fig. 4.1) [17, 27]. Anxiety surrounding the use of pso-
riasis medications is out of proportion to the prevalence of 
actual adverse effects [4]. With long-term safety data now 
available for TNF-alpha inhibitors and 5-year safety data 
available for ustekinumab, the rate of infections is compara-
ble between nonbiologic medications and certain biologic 
therapies [26]. The PSOLAR registry data found a decreased 
risk of serious infections with ustekinumab compared to 
nonbiologic therapies, a comparable increased risk of serious 
infections with etanercept and nonbiologic therapies, and a 
statistically significant increased risk of serious infection 
with adalimumab and infliximab [28]. It is important to note 
that diseases that warrant biologic therapy such as psoriasis 
are independent risk factors for infections. After controlling 
baseline characteristics, untreated juvenile idiopathic arthri-
tis patients have a hazard ratio of 2.0 for serious infections 
compared to controls [29]. When treating patients, always 
consider their disease’s baseline infection risk before choos-
ing a medication.

Physicians and other healthcare providers can increase 
adherence to systemic therapy by educating patients about 
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the likelihood of side effect development, motivational 
interviewing and cues to action (Tables 4.2 and 4.3). For 
example, it is important to give sufficient instructions to 
patients about the use of their systemic and topical therapy, 
as well as education regarding side effect profiles of the rel-
evant medications. Motivational interviewing successfully 
resulted in a positive correlation between increased patient 
education and greater adherence for osteoporotic patients 
who received a multidisciplinary patient education program 
[31]. Another study of seven patients treated with adalim-
umab showed that patient education can be used as a tool to 
increase adherence [14].

Another method of decreasing patient fear of medication 
side effects is by putting into practice the old adage of “start 
low and go slow.” Minimizing drug dosage in systemic ther-
apy may necessitate multimodal therapy for optimal treat-
ment results and limitation of side effects [20]. Though 

adding more medications may minimize dose and side 
effects, thus increasing treatment efficacy, it may also con-
fuse patients and lead to lower compliance.

Conversely, more aggressive therapy administered for 
shorter periods of time may be another approach to avoid 
adverse effects of medications. This theory supports that 
short-duration, high-potency pharmacotherapy can be bet-
ter than lower potency medication administered over a lon-
ger period of time, and may be ideal for patients who tend 
to be nonadherent [9]. Aggressive therapy places the focus 
on decreasing time of intervention and increasing efficacy, 
 providing an alternative to increase patient adherence [9]. 
Since the patient receiving aggressive therapy may see 
results more quickly, this may further increase their trust 
in the medication and their adherence. Ultimately, route of 
medication administration, severity of disease, patient 
preference, and lifestyle should all be considered when 

Table 4.2 Comparison of biologic medications used to treat psoriasis [30] [data derived from Treatment Comparison. In: treatments BtaTsato, 
editor. https://wwwpsoriasis.org/sites/default/files/treatment_comparison_chart_1pdf: National Psoriasis Foundation; 2016]

Treatment Common side effects Other risks Monitoring

Certolizumab pegol 
(Cimzia)

Rash
Upper respiratory infection
Urinary tract infection

Hepatitis B reactivation
Lupus-like syndrome
Neurologic symptoms

Complete blood count
Hepatic function
Tuberculosis (TB) 
screening

Secukinumab (Cosentyx) Upper respiratory infection
Cold symptoms
Diarrhea

Inflammatory bowel disease
Reactivation of latent infections

Tuberculosis (TB) 
screening
Hypersensitivity reactions

Etanercept (Enbrel) Injection-site reaction
Upper respiratory infection

Blood dyscrasias
Hepatitis B reactivation
Lupus-like syndrome
Neurologic symptoms
New or worsening heart failure

Complete blood count
Hepatic function
Tuberculosis (TB) 
screening

Adalimumab (Humira) Headache
Injection-site reaction
Upper respiratory infection

Blood dyscrasias
Hepatitis B reactivation
Lupus-like syndrome
Neurologic symptoms
New or worsening heart failure

Complete blood count
Hepatic function
Tuberculosis (TB) 
screening

Infliximab (Remicade) Abdominal pain
Headache
Upper respiratory infection

Blood dyscrasias
Hepatitis B reactivation
Lupus-like syndrome
Neurologic symptoms
New or worsening heart failure
Lymphoma and other malignancies

Complete blood count
Hepatic function
Tuberculosis (TB) 
screening

Golimumab
(Simponi)

Injection-site reaction
Upper respiratory infection
Cold symptoms

Blood dyscrasias
Hepatitis B reactivation
Lupus-like syndrome
Neurologic symptoms
New or worsening heart failure
Lymphoma and other malignancies

Complete blood count
Hepatic function
Tuberculosis (TB) 
screening

Ustekinumab (Stelara) Fatigue
Headache
Upper respiratory infection

Reversible posterior leukoencephalopathy 
syndrome
Malignancies

Tuberculosis (TB) 
screening

Ixekizumab (Taltz) Fungal infections
Injection-site reaction
Nausea

Hepatitis B reactivation Hypersensitivity reactions
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determining how to treat the patient most effectively while 
minimizing their fear of side effects. It is important to 
make sure that when getting informed consent from a 
patient the physician presents information in a way that the 
patient will understand it. A human characteristic that can 
affect patients’ perception of side effects of treatment is 
the “Dumb and Dumber phenomenon,” in which someone 
is told that there is a very small chance of something hap-
pening and they automatically think, “So you are saying 
there’s a chance.” For example, for rare but severe side 
effects, if you tell a patient that they have 1 out of 1000 
chance of suffering side effects they will likely fear devel-
oping that issue. However, if a patient is told that there is 
999 out of 1000 chance of not suffering a side effect, they 
will then feel more comfortable taking that medication 
because they will picture themselves as one of the people 
not getting the side effect. When these fears are mini-
mized, increasing patient adherence and persistence to 
treatment are observed [3].

 Route of Administration

Biologic and systemic medications can be administered via 
various routes, including intravenous infusion and intramus-
cular or subcutaneous injection. Each route carries with it 
different degrees of convenience, patient fear, and side 
effects that consequently affect patient adherence to treat-
ment. Just as patients may prefer the most convenient topical 
treatments with the fewest tolerability issues, patients gener-
ally prefer biologic medications with the lowest frequency of 
administration and greatest ease and comfort of use [3].

Therefore, in addition to understanding which biologic 
would ideally treat the patient’s disease, healthcare providers 
must consider what medication the patient would actually 
use. In international studies of psoriatic patients treated with 
biologic agents, patients had greater persistence to treatment 
with medications requiring in-office administration by a 
healthcare professional, versus self-administration at home. 
For example, ustekinumab (an injection administered by 

Table 4.3 Comparison of nonbiologic oral medications used to treat psoriasis [30] [data derived by Treatment Comparison. In: treatments 
BtaTsato, editor. https://wwwpsoriasis.org/sites/default/files/treatment_comparison_chart_1pdf: National Psoriasis Foundation; 2016]

Psoriasis systemic and targeted oral treatments [30]

Treatment Common side effects Other risks Monitoring

Cyclosporine Flu-like symptoms
Headache
High blood pressure
High cholesterol
Gastrointestinal upset
Skin sensitivity

Birth defects
Excess hair growth
Gum hyperplasia
(overgrowth)
Kidney damage
Liver damage
Skin malignancies
Tremor

Blood pressure
Kidney function

H.P. Acthar Gel Behavioral and mood changes
Changes in glucose tolerance
Fluid retention
High blood pressure
Increased appetite
Weight gain

Birth defects
Eye problems
Hypersensitivity reactions
Serious infection
Unpredictable response to vaccines
Worsening of other medical problems

Adrenal insufficiency
Bone density
Cushing’s syndrome
Physical development

Methotrexate Difficulty sleeping
Headache
Light-headedness
Mouth ulcers
Nausea
Tiredness
Vomiting

Birth defects
Fertility impairment
Liver damage
Lymphoma and other malignancies
Blood dyscrasias
Serious infection
Serious toxicity

Hepatic function
Kidney function
Complete blood count
Occasional liver biopsies

Apremilast (Otezla) Diarrhea
Headache
Nausea

Depression
Unexplained weight loss

None

Acitretin (Soriatane) Chapped lips
Depression
Dry skin
Alopecia
Headache
Joint pain

Birth defects
Liver damage

Lipid panel
Hepatic function
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healthcare professional) has better persistence than etaner-
cept (an injection that is self-administered at home) [19].

 Medication Cost

Treating psoriasis can be expensive, and due to the cost of 
some therapies, some patients elect to live with their disease 
rather than paying copayments for their medications. 
Moderate-to-severe psoriasis is most inexpensively treated 
with methotrexate, the cost of which ranges from 1200 to 
1700 dollars annually [17, 32]. Home phototherapy units are 
more cost effective in the long-term management of disease 
compared to the long-term costs of biologics.

The most expensive psoriasis medications are biologics, 
which can cost greater than $50,000 annually [17, 33]. 
Despite the higher cost of the medication, the total health-
care costs for moderate-to-severe psoriasis patients prior to 
and after starting biologics can be less overall when the 
lower need for hospitalization and ER visits for severe flares 
are considered [17]. Since these medications are highly 
effective, they may reduce the utilization of healthcare ser-
vices overall, thus lowering rates of outpatient, inpatient, and 
emergency department visits [2, 17]. Increased efficacy of 
biologic therapy may lead to greater adherence due to fewer 
hospitalizations and ER visits. Increased efficacy rates, as 
indicated by a greater reduction in PASI scores, may lead to 
greater adherence to biologic therapy in the future. Patients 
taking biologic medication have fewer hospitalizations and 
ED visits than those taking nonbiologic medications [17].

 Patient Demographics

While age is not a reason for nonadherence, it may be a help-
ful factor to consider when determining how to help a patient 
adhere to their medications. Poorer adherence is seen in 
those who are less than 30 years of age than those who are 
41–50 [13, 17]. Older age generally corresponds with greater 
adherence, an effect that is observed until around the age of 
70 [7]. This may be observed because older patients typically 
have more comorbidities and take more medications, and 
have thus developed a routine to assist them with taking their 
medications. Younger people who take fewer medications 
have not developed such a routine. However, both the very 
old (over 70) and the very young (less than 10) have poorer 
adherence because they typically require assistance with 
medication administration. Factors such as other caretaker 
responsibilities, discomfort with the task, and forgetfulness 
are out of these patients’ control, and influence adherence 
and persistence [23].

Other demographic characteristics that impact adherence 
include gender, access to care, and employment. One study 

showed a 5% increase in adherence in females relative to 
their male counterparts [7]. However, more recent interna-
tional data has shown that men with psoriasis taking TNF- 
alpha inhibitors or ustekinumab actually have a longer time 
to discontinuation of treatment than women [19]. These are 
not reasons for nonadherence; rather they are factors to con-
sider in each individual patient and reemphasize the need for 
physicians to personalize their approach to increasing patient 
adherence.

 Lifestyle Patterns

Weekends commonly provide a temporary deviation from 
the weekday routine, and predictably, patients miss more 
medication doses on the weekends than on weekdays [7]. 
Treatment gaps represent a behavioral pattern in drug usage. 
When medication is restarted after a full day or more of 
missed doses, baseline disease can reappear [7]. To help 
avoid this, doctors can advise patients on pitfalls that can 
occur with therapy (such as increased difficulty in continua-
tion of therapy on weekends). This may help patients be 
more aware of possible difficulties and to be more adherent 
[7]. However, more studies need to be completed to test this 
hypothesis adequately.

Physicians value health more highly than does the general 
population [9, 34]. Patients, on the other hand, may follow 
the “live for today, save for tomorrow” mentality. Physicians 
must consider a patient’s value system when developing a 
rational counseling strategy. Simply educating a patient on 
physician viewpoints is not likely to change patient behav-
iors [4]. This is why it is important to form a strong physician- 
patient relationship so that you can adequately understand 
your patient’s lifestyle and what will motivate them the best 
to take their medications.

 Poor Physician-Patient Relationship

When patients perceive their care to be high quality, their 
trust in their providers is maintained or even improved; the 
more a patient trusts his or her physician, the more likely he 
or she is to comply with the physician’s instructions. Patient 
perception of the quality of their care is driven by the context 
of their visits [15]. A well-kept, efficient office with empa-
thetic staff helps give patients the impression that they are 
receiving high-quality care. Despite busy office schedules, 
small, systematic gestures and patient education serve to 
express quality without backing up the day’s schedule. Touch 
is well received by patients and takes little time. Encouraging 
patients with psoriasis to join the National Psoriasis 
Foundation can help address many of patients’ psychosocial 
needs. Questions on these patient satisfaction surveys 
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included “time physician spent with you,” “physician’s con-
cern for your questions,” “how well the physician kept you 
informed,” and “friendliness/courtesy of physician.” A well- 
kept office, empathetic staff, and encouraging involvement 
in support groups are simple techniques that will improve 
patient satisfaction and can make 5 min feel like 15 to a 
patient. It is the quality of the appointment that is more 
important to patients than the actual time spent with them.

 Other Factors

Other factors that are related to persistence in biologic ther-
apy regimens in psoriasis patients include body mass index, 
familial psoriasis history, smoking status, alcohol status, 
duration of psoriasis, age at psoriasis diagnosis, diagnosis of 
psoriatic arthritis, study site/geographic region, history of 
immunomodulator use, types of insurance, prior biologic 
therapies used, reasons for discontinuation of prior biologic 
therapies, and Physician’s Global Assessment [19].

 Methods of Combating Nonadherence

The goal of physicians is to improve the lives of our patients. 
Making the right diagnosis and prescribing the right medica-
tion may be necessary, but they aren’t sufficient to affect 
patient outcomes. In addition to making the right diagnosis 
and prescribing the right therapy, physicians must get 
patients to take the medication. Getting patients to use the 
recommended treatment is one leg of a three-legged stool, 
and an essential component of successful treatment that phy-
sicians need to address. There are many approaches! The fol-
lowing strategies are discussed in this section: the timing of 
follow-up visits, motivational interviewing, cost reduction, 
simplifying therapeutic regimens, patient education, cues to 
action, patient accountability, incentivizing healthy lifestyle 
choices, avoidance of physician assumptions and biases, and 
building a trusting patient-physician relationship (Table 4.4).

 The Timing of Follow-Up Visits

Complex and daunting treatment regimens for patients can 
adversely affect adherence; adherence is poor even to simple 
regimens. The common approach to prescribing treatment—
giving patients a prescription to fill, expecting them to use 
the treatment regularly, and seeing them back for follow-up 
in 8–12 weeks—borders on ridiculous; if a piano teacher 
gave students sheet music (or worse, a prescription to fill at a 
music shop for sheet music) and said, “Practice every day, 
and I’ll see you at the recital in 8–12 weeks,” what kind of 
outcome would we expect? Visits drive behavior, for piano 

lessons, for flossing teeth, and for getting patients to use 
medication. Scheduling a follow-up contact a few days after 
an initial visit (typically within 3–7) creates accountability to 
treatment. The request to assess patients’ response shortly 
after initiating treatment drives home to the patient how 
much the doctor cares about the patient and is concerned 
about the patient’s condition [17]. When patients are diligent 
about using their medications initially, good treatment results 
are observed, and when a patient finds a medication that 
works well for them, their need and motivation to continue 
treatment increase [12]. An early follow-up visit/contact 
may seem to mean more visits; however, by increasing 
adherence and improving treatment outcomes, that early 
contact may reduce the need for additional visits and medi-
cation changes, along with reducing patients’ burden of dis-
ease [17].

When the first follow-up appointment occurs less than 
2 weeks after the initial visit, greater adherence to therapy 
is observed [7]. Termed “white coat effect” or “white coat 
compliance,” adherence tends to increase around physician 
visits; the visit is a powerful tool for influencing patients’ 
adherence behavior [7, 35]. Patients taking ustekinumab 
and infliximab, treatments that can be administered by 
clinic staff, have longer persistence compared with patients 
treated with self-administered biologic therapies [19]. 
Psoriasis patients using topical salicylic acid and tacroli-
mus have increased adherence on the day of their clinic 
visit or within 3 days prior, as measured by weight-based 
evaluation of medication tubes, self-reporting data, and 

Table 4.4 Health belief model as a structure for thinking about adher-
ence interventions [permission acquired by Christine M. Zoro, 
Customer Account Specialist, Copyright Clearance Center in associa-
tion with Wolters Kluwer Publishing]

Health belief model as a structure for thinking about adherence 
interventions [5]

Concept 1: Perceived 
susceptibility/severity of disease

Educate patient on nature of 
disease

Concept 2: Perceived benefit Educate patient about 
importance of treatment
Confirm patient understanding 
of treatment
Physician-patient relationship
Written action plans

Concept 3: Self-efficacy Timing of office visits
Motivational interviewing

Concept 4: Perceived barriers to 
treatment (e.g., time, money)

Affordable treatment options, 
decreased copays
Simplifying treatment regimens

Concept 5: Cues to action Telephone call/text message 
reminders for office 
appointment
Medication reminder software 
for smartphone
Reminder packaging
Memory strategies
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MEMS caps [6, 7]. Patients ≤12 years of age treated with 
topical corticosteroids have the greatest adherence on the 
visit date, doubled adherence during an interval close to the 
visit, decreased adherence in the first few days after visit 
date, and a progressive decrease after [23, 36]. Moderate-
to-severe atopic dermatitis patients <15 years of age treated 
with tacrolimus ointment and subsequent follow-up 
grouped into a control and extra-visit group had a consider-
able increase in absolute and relative adherence to therapy 
with an extra visit [35].

Intermediate treatment follow-up—at 1, 2, 4, 6, and 
8 weeks— is a common design feature in clinical drug trials 
that doesn’t happen in clinical practice. While patients may 
be seen every 2 weeks for a total of 8 weeks in a clinical trial, 
often patients are given a new medication in practice and not 
seen for 3–6 months. This may help explain why so many 
drugs are more effective in clinical trials than they are in 
clinical practice. As would be expected, patients with an 
early office visit have greater compliance and better treat-
ment outcomes [12].

 Motivational Interviewing

Motivational interviewing (MI) is a method of counseling 
that aims to produce behavioral change through the imple-
mentation of four key principles [17]. These principles are 
used in sequence during patient discussions to help patients 
accurately judge and report the barriers affecting their use of 
treatment. After recognition of these barriers, solutions and 
changes can be made to increase their persistency and adher-
ence to physician instructions.

The four key principles of MI are as follows (Table 4.5). 
First, empathy or concern for the patient’s struggles is 
expressed. The physician listens to the patient without inter-
ruption, and periodically responds with summary statements. 
Second, discrepancy is developed. This establishes that the 
patient’s goal is to feel better and helps the patient realize 

that nonadherence is detrimental to that goal. This principle 
is difficult to discuss with patients, and the physician must be 
ready for patient resistance to discrepancy acknowledgement 
[17]. Third, the physician must adjust their approach depend-
ing on their patient’s resistance, reflect, rephrase patient 
arguments against change, and then redirect the conversation 
to generate solutions. By utilizing resistance, the physician 
draws upon solution-generating dialog, allowing patients to 
arrive at their own conclusions, in their own time. Lastly, the 
physician supports self-efficacy, reassuring patients of their 
abilities and praising their progress.

MI techniques can improve adherence to medications, as 
well as produce behavioral changes such as improved diet 
and exercise [5]. Motivational interviewing is a mechanism 
for achieving greater insight into one’s disease, identifying 
barriers to treatment, and overcoming them [17].

Here’s a concrete example of the use of motivational 
interviewing. You care about your patients, right? You want 
them to get well, don’t you? Do you find it frustrating when 
they don’t? Do you think that poor use of their medication 
may explain part of why they don’t get better? Is it important 
to you to get them to use their medications well? What might 
you do to help them to be more adherent to treatment? Do 
you think any of the approaches suggested here would help? 
How might you incorporate them into your practice? Perhaps 
you could contact me next week to let me know what tech-
niques you tried with them and how well they seem to be 
working for you.

 Cost Reduction

The increasing cost of healthcare and the greater insurance 
copayments and deductibles can force patients with life- 
altering chronic disease to de-prioritize therapy in place of 
other more urgent costs [5]. Physicians and other healthcare 
professionals are working to address the financial burden 
that therapy exerts on their patients, and helping them obtain 
the treatment they need.

Healthcare professionals can act as financial advocates 
for their patients by identifying patients with financial con-
straints early on and providing resources for affordable 
drugs and coverage programs. Online resources (such as 
www.GoodRx.com) can increase price transparency and 
help patients find affordable treatment. When using elec-
tronic prescribing, a standardized message can be included 
with the prescription sent to the pharmacist permitting/
encouraging substitution of comparable but more affordable 
treatments. Aside from finding less expensive drugs or bet-
ter financial assistance programs, simplifying the complex-
ity of treatment regimens may be the best method to decrease 
cost and increase adherence, persistency, and efficacy of 
treatment [10].

Table 4.5 Four principles of motivational interviewing [permission 
acquired by Christine M. Zoro, Customer Account Specialist, Copyright 
Clearance Center in association with Wolters Kluwer Publishing]

Four principles of motivational interviewing [5]

Express 
empathy

Express concern regarding patient’s struggles, 
listen without interrupting, and periodically 
respond with summary statements

Develop 
discrepancy

Establish that patient’s goal is to feel better and 
guide patient to realization that nonadherence is 
counteracting that goal

Roll with the 
resistance

Reflect/rephrase patients’ arguments against 
change; redirect conversation to generate 
solutions

Support 
self-efficacy

Reassure patients of their abilities and praise 
them on their progress

4 Compliance and Persistency
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 Simplifying Therapeutic Regimens

Treatments that are complex in terms of number of medica-
tions and frequency of dosing are difficult for patients to 
adhere to [5]. Drug failure commonly results from combin-
ing topical therapies with more expensive systemic agents, 
which in turn decreases therapeutic adherence and persis-
tence. Drug regimens can be simplified by using combina-
tion medications [5], educating patients that multiple 
medications are a “single-treatment program” rather than 
individual treatments [37], and cautiously using shorter 
courses of higher potency topical and systemic medications 
rather than longer courses of lower potency medication [9].

Simplifying therapy is an effective way to increase thera-
peutic adherence and persistency. Psoriasis patients taking one 
to three medications versus those taking four or more medica-
tions have much better compliance [7]. Elderly patients taking 
multiple medications have poorer adherence and persistence 
to treatment with more medications [6]. The more doses that 
patients must take per day, the greater the likelihood they will 
make mistakes or forget to take their medications [5]. 
Combination medications and simplified treatment regimens 
reduce the risk of nonadherence in all realms of medicine [5].

Combination products may be costlier at times than the 
separate monotherapy components. Whether the potential 
for improving adherence justifies the cost can be determined 
on a patient-to-patient basis, incorporating patients’ individ-
ual preferences in this regard.

 Patient Education

Increased patient education improves patient understanding 
of disease and is generally associated with improved adher-
ence (though the side effects described in commercial adver-
tising may at times reduce patients’ willingness to take 
medication) [5]. Medical education can be overwhelming for 
patients, especially those without a medical background or 
higher education. Information should be provided in a clear 
and concise manner, and in a format that reduces the burden 
of memorizing instructions and other information. Patient 
education should be focused on methods to guide treatment 
use, and sensitize patients to the benefits and risks of treat-
ment as well as the risks of not treating their condition [5].

Resources for patient education that are both efficient for 
patients and providers include websites such as www.psoria-
sis.org, YouTube videos, informational community-based ses-
sions, instructional CDs, and informational brochures. Another 
option for effective patient education is allowing patients 
access to their online electronic medical record (EMR). When 
allowed to view their EMR, patients gain access to a plethora 
of instructional and informational handouts, after-visit sum-
maries, and a written “action plan.” For patients with chronic 
diseases, local and national advocacy groups such as the 
National Psoriasis Foundation are also excellent resources [3].

Patient education materials such as informational work-
books and mnemonics increase compliance and understand-
ing of treatment risks and benefits. These methods of patient 
education encourage patients to adhere to physician recom-
mendations and be more self-aware of skin concerns. For 
example, reports show that education programs make patients 
more inclined to adhere to the recommendations for self-
exam and to make an appointment with a dermatologist if 
they find a concerning lesion [5]. Action plans, single- sheet 
guides that clearly explain to patients how to treat a disease 
flare in a step-by-step fashion, increase adherence by decreas-
ing the need to memorize instructions [3]. Patients who do 
not receive instruction regarding therapies are treated longer 
without remission than those who do [3]. With increased edu-
cation, adherence and persistence to treatment, as well as 
patient satisfaction with treatment and provider, increase [3].

 Cues to Action

Methods that remind patients to take their medications are 
called “cues to action” and effectively increase adherence 
and persistency to treatment [5]. Tying treatment to an activ-
ity that is already routine is a powerful way to help assure 
better adherence. Many of the “cues to action” discussed 
here are gathered from U.S. Department of Human Services 
Campaign Script Your Future, which asked patients to create 
videos to demonstrate helpful health information technol-
ogy. These include patient reminder systems on cell phones 
in the form of cell phone alarms, calendars, and download-
able third-party applications designed by pharmacies [1].

Websites, like rememberitnow.com, allow patient remind-
ers to be sent via phone or e-mail. Mymedschedule.com 
schedules refill dates and organizes drug history. 
Scriptyourfuture.org creates medication lists. Other helpful 
websites include pillbox.nlm.nih.gov/, dailymed.nlm.nih.
gov/, and Healthit.gov. Electronic health information 
reminder tools include E-prescriptions and online pharma-
cies that ship directly to patients’ homes.

Although modern technology is an excellent tool that can 
be used to improve adherence and persistency of medication 
use, there are many “cues to action” that are more simple and 
do not require access to a computer or smartphone (Table 4.6). 
Organizational cues include inexpensive weekly pillboxes 
and multidrug punch cards. Multidrug punch cards are plas-
tic cards with 28 cavities, each filled with day’s worth of 
prescribed patient medications. Memory-based techniques 
are simple habits that can be included in a patient’s daily 
routine. For example, a consistent, visible location should be 
selected to store medications that are to be taken (e.g., a 
nightstand or bedside table). Medications can also be paired 
with specific items/activities (such as placing tubes of anti-
fungal cream for tinea pedis in the sock drawer on top of the 
socks), and partners can be enlisted to give or apply the med-
ication [17]. “Cues to action” and their roles in increasing 
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adherence and persistence have been tested and proven [38]. 
SMS text message reminders as a “cue to action” increased 
doses taken (18%) within 1 and 4 h after receiving reminders 
[5, 20, 21, 39]. Employing these cues for a patient is a great 
way to aid patients who have trouble with medication adher-
ence due to memory issues or busy schedules.

 Incentivizing a Healthy Lifestyle

Many stakeholders have an interest in enhancing patients’ 
adherence. Nurses, nutritionists, health insurance compa-
nies, employers, pharmaceutical companies, and pharma-
cists are all directly affected by patient adherence. Workplaces 
are now implementing workplace wellness programs 
designed to increase health awareness. These programs may 
involve personalized health coaching and incentives such as 
reduced insurance premiums if weight loss and blood pres-
sure goals are achieved, as well as consequences for poor 
health behaviors, such as smoking and increased BMI [5]. 
An increasing culture of health awareness in all realms of 
society is incentivizing healthy living and well-being, and in 
turn has the potential to increase adherence. Ways that other 
“stakeholders” can improve adherence are numerous and 
varied depending upon one’s area of expertise, and each pro-
fessional’s role is equally vital to improving adherence 
(Table 4.7) [5]. For example, information communicated to 
patients by pharmacists in copay assistance programs and 
synchronization of prescription refills increase adherence (if 
patients are on multiple chronic medications, having them 
refill the different medications at different times of the month 
is a truly needless barrier to treatment persistence) [5].

 Trusting Patient-Physician Relationship

In order for physicians to help their patients take their media-
tions, the importance of building a strong patient-physician 
relationship must not be ignored [5]. For a patient to take a 

medication, they have to trust it—trust that it is safe to use, 
that any potential side effects will be monitored for and 
caught early, and that it is the best option for their disease 
state. A patient is not going to take a mediation because they 
trust the insurance company or the drug company. Their trust 
in their medication is almost wholly on their trust in their 
provider. This ties to accountability in that if a patient is 
being held accountable to someone that they believe cares 
about them, the patient will then have very strong motivation 
to adhere to their medications (Table 4.8).

Table 4.6 Cues to action [permission acquired by Christine M. Zoro, 
Customer Account Specialist, Copyright Clearance Center in associa-
tion with Wolters Kluwer Publishing]

Cues to action [5]

Technological Telephone call/text message reminder for office 
appointment
Medication reminder application for smartphones

Organizational Pill boxes
Multidrug punch cards

Memory Place medicine in visible location (bedside 
nightstand, dining table)
Pair medicine with item (antifungal cream on top 
of socks)

Table 4.7 Strategies for stakeholders to improve adherence [permis-
sion acquired by Christine M. Zoro, Customer Account Specialist, 
Copyright Clearance Center in association with Wolters Kluwer 
Publishing]

Strategies for stakeholders to improve adherence [5]

Nurses and 
nutritionists

Patient education

Health insurance 
companies

Reduced copayments
Reward adherence

Employers Health coaching that emphasizes 
importance of adherence
Incentives for improving blood pressure, 
cholesterol, and weight
Incentives for regular physicians’ visits

Pharmaceutical 
companies

Develop medications with fewer adverse 
effects
Cost-effective treatments
Combination therapies

Pharmacists Simplify dosing regimens
Recommend copayment assistance 
programs
Patient education
Synchronize prescription refills for same 
day

Table 4.8 Strategies for building a healthy, strong patient-physician 
relationship [data derived from Aslam I, Feldman SR. Practical 
Strategies to Improve Patient Adherence to Treatment Regimens. South 
Med J 2015 Jun;108(6):325–31]

Strategies for building a healthy, strong patient-physician relationship 
[5]

  1. Make a good 
first impression

All areas, from reception to exam room, are 
clean and comfortable. All personnel, 
including office staff, nurses, and 
physicians, are friendly and considerate

  2. Do not 
interrupt

Patients are allowed to tell their stories

  3. Ask questions Patient understanding is affirmed

  4. Explain Diagnosis and treatment plan are explained 
in a manner that patient can’t comprehend, 
without rushing

  5. Encourage 
sharing 
information

Patient feelings and expectations are 
solicited regarding their condition, and 
patients are asked to evaluate physician 
performance, empowering them to 
participate in quality improvement

4 Compliance and Persistency
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 Conclusion

Medication adherence and persistence are very impor-
tant to patients and healthcare professionals alike. With 
the current emphasis on patient-centered care and mea-
surement of health outcomes in light of a growing pref-
erence for the use of biologic and systemic medications 
in chronic, recalcitrant disease, a team approach to 
patient management is key. It may be helpful for physi-
cians and healthcare professionals to focus on under-
standing barriers to adherence, methods of overcoming 
them, and practice of evidence-based medicine in order 
to achieve greater treatment efficacy, rather than simply 
adhering to commonly held assumptions. It is not neces-
sarily a physician’s role to devise a new treatment plan 
when receiving a new patient, but rather to first deter-
mine methods by which to help patients adhere to their 
previously prescribed medication regimens.
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Quality of Life in the Dermatology 
Practice

Jennifer Cather, J. Christian Cather, and Melodie Young

 Introduction

Dermatologic disease can create significant burden, interfer-
ing with relationships, daily activities, work environments, 
personal well-being, and physical functioning. The impact of 
these diseases on quality of life (QOL) can be significant, 
and the psychosocial impact of many dermatologic diseases 
is often more impactful than the physical appearance or 
symptoms alone. We now know that many chronic dermato-
logic conditions are more than skin deep, and the impact 
once believed to be merely superficial is as complex physio-
logically as it is psychosocially. Any patients that have dis-
eases with external features may have feelings of anxiety, 
depression, and social isolation. Fortunately, we are learning to 
evaluate and treat the whole person and not just a patient’s skin. 
Expert dermatologic care is much more than assessing and 
treating the physical appearance or symptoms. Dermatologic 
conditions such as acne, alopecia, atopic dermatitis, psoriasis, 
and rosacea are unique, with differing presentations, symp-
toms, and psychosocial impacts. These conditions have a 
myriad of therapies available; however, selecting the most 
appropriate therapy for a given patient at a given time can be 
challenging, oftentimes more challenging than just establish-
ing the correct diagnosis. In this chapter we explore how 
quality of life may impact dermatology patients, and how 
incorporating quality-of-life assessment can help providers 
select appropriate therapy, improving patient adherence and 
outcomes.

 Measuring Quality of Life

Skin diseases can cause significant burden to patients and 
families affected by them. The 2013 Global Burden of Skin 
Disease Study measured the impact of skin diseases in 188 
countries, and found that skin diseases were the fourth most 
common cause of disability worldwide [1]. In another large 
study across 13 European countries, patients with skin dis-
eases, including hidradenitis suppurativa, blistering diseases, 
leg ulcers, infections, and most chronic skin diseases, had 
reduced health-related quality of life compared to patients 
with other serious medical conditions such as chronic 
obstructive lung disease, diabetes mellitus, cardiovascular 
disease, and cancers [2]. Adolescents and adults with acne, 
psoriasis, atopic dermatitis, and other visible dermatologic 
conditions have described impacts on appearance, self- 
consciousness, confidence, and social withdrawal. These 
conditions have also been linked to depression, ostracism, 
difficulty in finding and maintaining employment, as well as 
impacting intimate relationships. Historically, providers may 
have underestimated the psychosocial impact of these condi-
tions in their patients.

Quality of life (QOL) is a broad, multidimensional con-
cept that includes domains such as physical well-being, psy-
chological well-being, functional status, social functioning, 
and health perceptions [3]. Health-related quality of life 
(HRQoL) is a complementary term that incorporates QOL 
from the perspective of health, disease, and its treatment. 
The Centers for Disease Control define Health Related 
Quality of Life (HRQoL) as “an individual’s or group’s per-
ceived physical and mental health over time” [4]. However, 
HRQoL can mean different things to different people, which 
contributes to making it imprecise and difficult to define. 
Individual perceptions of the impact of a disease may differ 
due to each person’s unique values, cultural influences, 
social situations, work experiences, religious beliefs, family 
and relationships, and other experiences and influences. 
Additionally, patients and their providers may have differing 
perceptions of HRQoL, particularly as it relates to treatment 
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and treatment success. Clinical success for treatment as 
defined by a provider may not equate to success as defined 
by their patient, and the burden of a disease and its impact on 
QOL can be a driver for this discrepancy. Assessing HRQoL 
at every visit can help close this gap and improve patient- 
provider communication.

HRQoL can be measured with generic, dermatology- 
specific, or disease-specific questionnaires. For example the 
Short Form 36 (SF-36) is a commonly used, validated, 
generic instrument used to measure quality of life that is eas-
ily administered [5]. The SF-36 has been used in many dis-
ease areas, and SF-36 scores have highlighted the impact of 
many dermatologic conditions compared to other well- 
known, chronic health conditions. In the field of dermatol-
ogy, the Dermatology Life Quality Index (DLQI) is the most 
commonly used, validated instrument to measure HRQoL 
[6]. The DLQI was designed to be administered in a busy 
clinic setting, and DLQI scores of the common dermatologic 
disorders eczema and psoriasis are 4.2 and 4.5, respectively, 
compared to 0.3 of the normal population, indicating the 
impact of these diseases [7]. The DLQI has been used exten-
sively in clinical trials, and has also been used to measure 
changes in HRQoL before and after treatment in a variety of 
dermatologic conditions, including acne, eczema, psoriasis, 
and others [7]. Disease-specific instruments have also been 
developed for a variety of dermatologic conditions and used 
in clinical trials, particularly in studies of psoriasis and 
eczema [8–10].

 Treatment Selection and HRQoL

Significant therapeutic advances have occurred in dermatol-
ogy in recent years, and this is probably most pronounced 
with advancements in the psoriasis treatment landscape. 
Here we use psoriasis as an example of how information 
about HRQoL can help improve treatment selection and 
shared decision making between providers and patients. In 
psoriasis, clinical trials have consistently shown improve-
ments in both the Psoriasis Area Severity Index (PASI) and 
HRQoL in patients treated with biologics, with correlation 
between improvements of >75% in PASI scores and signifi-
cant improvements in HRQoL [11]. Patients with clear skin 
are more likely to report no impact of psoriasis on their 
HRQoL compared to those with almost clear skin after treat-
ment with biologics or systemics, suggesting that clear skin 
is an important outcome for patients, and limited disease can 
have significant impact [12]. It is worth noting that in patients 
with limited disease, objective disease severity measures like 
the PASI may not correlate well with HRQoL measures—
especially when lesions are in high-impact areas such as the 
hands and feet, face, nails, scalp, and genitalia [13–15]. 
Additionally, itch, skin pain, joint pain, sleep disturbances, 

and comorbidities all contribute to a reduction in HRQoL 
regardless of body surface area involvement. Despite 
advances in the treatment landscape, >80% of patients with 
moderate-to-severe psoriasis are receiving no therapy or top-
ical therapy alone, suggesting that this population continues 
to be undertreated [16].

As dermatologists, we should ensure that our patients are 
receiving evidence-based treatments appropriate for their 
disease. There are often several appropriate therapies for a 
given disease, and selecting the best one should be a shared 
decision made with our patients. To improve patient-provider 
communication and foster shared decision making, it is help-
ful to ask patients about their goals for therapy and their 
expectations of therapy. Oftentimes, they have been misin-
formed about risks or toxicities of systemic therapies, and 
asking them about their biggest concerns for a specific ther-
apy can be helpful. As dermatologists, it is not our job to talk 
our patients onto therapies, but rather we want to provide 
education and the opportunity to help our patients make 
informed decisions. When therapies do not work or do not 
meet the expectations of our patients, a solid foundation of 
communication and collaboration helps with the transition to 
other therapies. Shared treatment decision making may con-
tribute to improved treatment satisfaction and adherence and 
thus improved clinical outcomes [17].

Treatment guidelines for dermatologic conditions have 
been revised in recent years; however evidence-based guide-
lines which define therapeutic success from both the clinical 
and HRQoL perspectives are not standardized and are incon-
sistent. It has been suggested that HRQoL can be used as a 
metric for success for treatment. Currently, many therapies 
may be tailored to individual patient’s HRQoL demands; 
however, in the future, healthcare resources may be allocated 
based on how a particular disease impacts patients’ HRQoL 
relative to other disease states. For example, in several 
European countries, national reimbursement for systemics 
for both psoriasis and atopic dermatitis has been based on 
disease severity and HRQoL measured by DLQI scores [18–
20]. Maintenance of biologic therapy for psoriasis patients 
has also been tied to improvements in DLQI. However, 
recent research suggests that DLQI scores may differ with 
different therapies, and may or may not be generalizable 
across patient populations [21]. Further research is needed to 
understand the utility of using DLQI scores to guide cover-
age and reimbursement decisions.

 Assessing HRQoL in the Dermatology Clinic

Many of our dermatologic diseases exhibit extraordinarily 
noticeable external manifestations and have complex and 
far-reaching impacts on HRQoL. Providers are oftentimes 
confronted with difficult diseases, but what is even more 
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cumbersome are the difficult situations that result from the 
disease itself. Here we provide several examples to illustrate 
challenging situations. For example, young adults may still 
be on their parents’ insurance, and a parent’s opinion about 
treatment may not be in alignment with the young adult 
patient’s opinion. By exploring the impact the disease has on 
the patient in front of the parent, it may be possible to start 
appropriate therapy, especially when parents are hesitant to 
start systemic or biologic therapy. Oftentimes the parent will 
look in disbelief and ask why their child never discussed the 
impact of the disease with them. Another scenario is the 
child with acne who will not go to the pool or take off their 
shirt due to their lesions, and having this discussion in front 
of a parent can help them understand the true impact of the 
disease. These childhood or adolescent traumatic experi-
ences can have a lasting impact on self-esteem. We should 
also acknowledge that these challenges aren’t limited to chil-
dren and young adults. For example, men and women with 
hidradenitis suppurativa or severe psoriasis are often socially 
isolated and may have never engaged in age-appropriate 
interpersonal relationships.

It is difficult to measure the true impact of a disease in the 
clinic, as the impact of a disease can be influenced by mul-
tiple factors, including the impact on daily life, relationships, 
and financial costs. Costs include both direct costs such as 
medications, personal care supplies, and required doctor vis-
its or procedures and indirect costs such as time missed from 
work. It has been suggested that measuring HRQoL in the 
clinic may be helpful in assessing the impact of disease, both 
on the patient and on society. Providers and patients acknowl-
edge a disease’s impact on HRQoL and the shared medical 
decision making that is needed to foster the desired improve-
ment. However, instruments originally designed for clinical 
trials may not perform well in a clinical setting and are often 
too time consuming for the patient and the provider, and may 
not provide value to third-party payers. The question then 
becomes this: How can we quantify these impacts without 
using a variety of impersonal questionnaires, and match 
patient and provider goals to an appropriate therapy?

In an attempt to fully understand a disease’s impact 
upon a patient, we have found it helpful to create a relation-
ship between the patient and their family, the provider, and 
the full healthcare team. It is essential to start this relation-
ship in a collaborative, positive fashion, with goal and 
agenda setting at the very first visit. At each subsequent 
visit, we revaluate the goals and our agenda, and how we 
are working together to meet these goals. We have found 
that this approach builds trust between patients and the 
extended healthcare team. This approach can be used for all 
dermatology patients—from the 10-year-old who has their 
whole life ahead of them to the patient who is terminally ill. 
Patients’ agendas are personal and must be known to the 
healthcare team to improve care and outcomes. Without a 

collaborative relationship, patients may not reveal the full 
extent of their disease—physically or psychologically. This 
is illustrated with genital psoriasis. Approximately 30% of 
psoriasis patients have genital involvement; however, over 
45% of the patients did not discuss genital involvement 
with their dermatologist and only 25% of patients thought 
that their dermatologist paid sufficient attention to their 
genital lesions [22, 23]. If challenging aspects of a disease 
are not discussed, it is impossible to create a plan to miti-
gate those challenges.

HrQOL should be assessed at each and every visit. During 
the initial visit, however, it may be challenging to accurately 
assess because many facets influencing HRQoL are personal. 
At every visit, we ask our patients “Is there anything your 
disease keeps you from doing?” This simple question helps 
us begin to understand the true impact of the disease on their 
daily lives. We can then ask a follow-up question “Is there 
anything your current treatment keeps you from doing?” 
This follow-up helps us understand how well they perceive 
that their disease is being controlled and helps guide treat-
ment selection. Generally, symptoms that are not emotion-
ally charged, such as itch or pain, are easier to elicit from 
patients compared to topics such as sexual dysfunction or 
social isolation. Trust can play an important role in eliciting 
these more private topics. Additionally, the landscape of a 
patient’s life changes continually—psychosexual and social 
roles are ever changing and helping patients navigate thru 
these changes may be necessary. This may require refining 
our goals based on additional information and changing situ-
ations. Finally, asking patients what is the worse part of their 
disease at every visit helps with agenda setting—the answer 
may be related to the disease itself (e.g., symptoms of itch), 
the medication (e.g., cost or interval), or even the clinic 
office hours. The goal of this question is to understand if 
there are any barriers to continuing therapy. Even if the dis-
ease is under control, it is easy for minor things to disrupt 
continued dosing.

We should also acknowledge that many changes are 
beyond the control of the provider or even the patient. One 
role we have as medical providers is to help educate patients 
so they can make informed decisions and facilitate healthier 
lifestyles. Goal and agenda setting helps frame this conversa-
tion and is recommended at every visit. As providers, we 
share knowledge of their disease(s) and therapies, and our 
concern for their well-being, and we continually discuss 
their personal health goals as it pertains to the totality of their 
dermatologic disease. When possible, dermatology provid-
ers should encourage general wellness including smoking 
cessation, weight control, and exercise and activity, in addi-
tion to sun avoidance and appropriate skin care. Not all der-
matology patients will have a primary care physician, and 
most of our patients would greatly benefit from discussions 
regarding health and wellness.

5 Quality of Life in the Dermatology Practice
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 Conclusion

All future dermatologic therapies should be safe and 
effective, and show positive impacts on patients’ social, 
emotional, and physical well-being. Providers must con-
sider multiple aspects of a condition and its impact on a 
patient. Collaborative decision making is required to 
select the best therapy for any given patient. Whether or 
not the condition is stable or flaring, the age and life status 
of the patient, current symptoms, their support system, 
educational level, occupation, general health, and thera-
peutic success to this point are all factors in how an indi-
vidual patient’s HRQoL will be influenced. The impact a 
disease has on a patient’s HRQoL is as important as is the 
effect a therapy has on the HRQoL. We must use our 
assessment skills and the bonds of the patient- provider 
relationship to help us evaluate how the disease is affect-
ing our patients at that moment in time and what we can 
do to improve their overall life by alleviating as much of 
the disease as possible. When patients, families, provid-
ers, and the healthcare team collaborate through shared 
decision making to create an individualized treatment 
plan, clinical outcomes improve, and more importantly, 
hopefully, lives will change. Healthcare resources are not 
limitless, and therefore, it is important to consider allocat-
ing resources to dermatologic diseases based on their 
impact on our patients’ lives, which can be significant.
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Medical Legal Issues with Biologic 
Agents in the Treatment of Psoriasis

David J. Goldberg and Allan Gibofsky

 Introduction

There are several classes of biologics and systemic agents 
used in dermatology. The use of all of these may be associ-
ated with certain legal issues; however some of these may be 
unique to the use of biologic agents.

This chapter focuses on the use of biologic agents used in 
dermatologic diseases, in particular, psoriasis, as that is 
where they are most commonly used.

Although biologic drugs have changed the face of pso-
riasis treatment, affording greater efficacy and enhancing 
quality of life in most patients, with time safety issues have 
been reported and the warning labels have expanded. A 
variety of issues are now linked to biologic associated 
tumor necrosis factor-alpha (TNF-α) blocker use. Litigation 
has occurred with the use of a variety of biologics. These 
include adalimumab, etanercept, and infliximab, members 
of a category known as TNF-α inhibitors, because of their 
mechanism of inhibiting a specific cytokine, TNFa. The 
published risks of these agents include the development of 
lupus and autoimmune- like syndromes, squamous cell can-
cer (SCC), and opportunistic infections. While to our 
knowledge there are no reported litigation claims involving 
the biologic ustekinumab, an interleukin (IL) 12/IL23 
inhibitor, current practice suggests that patients should be 
screened for infections before patients on this biologic.

This chapter focuses on litigation related to the use of bio-
logics in dermatology, approaches to reducing physician lia-
bility, and hypothetical lawsuits against a dermatologist 
using biologics.

In general, biologic agents are safe and well-tolerated 
therapies. However, despite the fact that biologic drugs have 
changed the face of psoriasis treatment, with each passing 
year the updates in the package insert have expanded to such 
as additional infections and non-melanoma skin cancers.

Monitoring of psoriasis patients on biologics has been dis-
cussed comprehensively, and dermatologists should monitor 
patients carefully for adverse events that could be a potential 
source of litigation. Scheinfeld provided an extensive review 
of the litigation climate in regard to biologic use [1].

For the treatment of psoriasis, the package inserts indicate 
that the biologics are for patients who are candidates for 
other systemic agents (e.g., methotrexate) or phototherapy. 
Adalimumab is indicated for the treatment of adult patients 
with moderate-to-severe chronic plaque psoriasis who are 
candidates for systemic therapy or phototherapy, and when 
other systemic therapies are medically less appropriate. 
Adalimumab’s package insert states that it should only be 
administered to patients who will be closely monitored and 
have regular follow-up visits with a physician. Etanercept is 
indicated for the treatment of adult and pediatric patients 
with chronic moderate-to-severe plaque psoriasis who are 
candidates for systemic therapy or phototherapy. Infliximab 
is indicated for the treatment of adult patients with chronic 
severe (i.e., extensive and/or disabling) plaque psoriasis who 
are candidates for systemic therapy and when other systemic 
therapies are medically less appropriate. Infliximab should 
be administered to patients who will be closely monitored 
and have regular follow-up visits with a physician. 
Ustekinumab is indicated for the treatment of adult patients 
(18 years or older) with moderate-to-severe plaque psoriasis 
who are candidates for phototherapy or systemic therapy.

Boxed warnings are included on the labeling for adalim-
umab, etanercept, and infliximab for tuberculosis. Ustekinumab, 
secukinumab, ixekizumab, and brodalumab do not have any 
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boxed warning for tuberculosis;  nevertheless, much like with 
the aforementioned biologic agents, it is necessary to check 
patients taking these other agents to screen for tuberculosis 
per the package insert. Periodic screening for tuberculosis 
after initiation of therapy is recommended. In addition, bro-
dalumab has a boxed warning for depression and suicide. 
Patients on TNF-α inhibitors should also be screened for 
active hepatitis B before starting therapy, and periodically 
during the course of therapy. Some relative contraindications 
to TNF-α inhibitors are multiple sclerosis and moderate-to-
severe congestive heart failure.

There is a warning about increased risk of SCC with 
TNF-α inhibitors and ustekinumab. However, many patients 
with psoriasis have undergone treatment with PUVA that 
puts them at higher risk of developing SCC. In addition, due 
to their immunosuppressive properties, the risk for lym-
phoma has been of potential concern, leading patients to 
believe that biologics cause cancer. The risk of some cancers, 
including some solid cancers, hematologic cancers, and skin 
cancers, appears to be increased in patients with psoriasis, 
possibly associated with chronic inflammation.

Despite the above, most studies have supported a favor-
able safety profile for biologics in terms of the risk for devel-
oping malignancy. In a 2015 analysis of 12,093 patients 
enrolled in PSOLAR (Psoriasis Longitudinal Assessment 
and Registry), none of the biologics were found to be associ-
ated with increased risk for malignancy [2].

In psoriasis patients with existing or prior malignancies, 
the benefits of biologic therapy to improve quality of life 
often outweigh the negligible risks for malignancy. However, 
coordinated care with oncology is recommended for psoria-
sis patients with a history of prior malignancies.

General recommendations from the American Academy 
of Dermatology indicate that one should carefully consider 
the decision to use a TNF-α inhibitor in patients with a his-
tory of malignancy, particularly lymphoma. Short-term treat-
ment with biologics (up to 4 years) appears to be safe with 
respect to lymphoma risk, especially with TNF-α inhibitors. 
The potential risk for melanoma, cutaneous T-cell lym-
phoma, and non-melanoma skin cancer in patients treated 
with TNF inhibitors has also been raised. In reality, it is not 
clear that there is a direct association between biologics and 
other malignancies [3, 4].

Another study, the OBSERVE-5, was a 5-year phase 4, 
prospective, multicenter surveillance registry of 6059 psoria-
sis patients with at least a baseline dose of etanercept (Kimble 
et al., 2015). There was no increased risk for malignancy 
when compared to the Truven Health MarketScan database, 
which is a proxy for the general population [5].

ESPRIT is an ongoing, 10-year, international, prospec-
tive, observational registry of 6059 psoriasis patients with at 
least a baseline dosage of adalimumab. These patients also 
showed no increased risk of malignancies [6].

There are not enough numbers of psoriasis patients on 
secukinumab or ixekizumab yet, but their phase 3 trials also 
do not seem to indicate an increased risk for cancer or oppor-
tunistic infections [1].

In most biologic related lawsuits, the litigation is invari-
ably brought against the drug maker. The dermatologist in 
the end may have some protection because [1] dermatolo-
gists generally obtained informed consent listing the risks of 
biologic agents and [2] the drug maker is a much deeper 
pocket than the dermatologist. Below is an example of a der-
matologic biologic related case of litigation.

Plaintiff Cynthia DiBartolo (“DiBartolo” or “plaintiff”) 
brought an action against defendant Abbott Laboratories 
(“Abbott” or “defendant”—now called “AbbVie”) to recover 
from injuries she allegedly suffered as a result of her use of 
defendant’s drug adalimumab to treat her psoriasis. After 
treatment with adalimumab for approximately 6 months, 
plaintiff was diagnosed with non-melanoma skin cancer, 
specifically SCC of the tongue, and underwent two surgeries 
that have allegedly left her with permanent disabilities.

In her First Amended Complaint (the “amended com-
plaint”), filed against Abbott on May 8, 2012, DiBartolo 
asserted causes of action sounding in strict liability, negligence, 
and breach of warranty based on theories of design defect, fail-
ure to warn, and misrepresentation. This means that she claimed 
adalimumab as an inherently defective product. Such causes of 
action are common when a defendant sues regarding what they 
think is a defective product that has caused them harm.

Abbott filed a motion to dismiss plaintiff’s amended com-
plaint on May 25, 2012. DiBartolo filed her response to 
Abbot’s motion to dismiss on June 15, 2012, and Abbott 
filed its reply in support of its motion to dismiss plaintiff’s 
amended complaint on June 29, 2012. Abbott’s motion was 
eventually granted to the extent that plaintiff alleged strict 
liability design defect, negligent design defect, strict liability 
misrepresentation, negligent misrepresentation, and breach 
of express warranty as the FDA had approved the product 
and it had been used in millions of people without incident.

Because DiBartolo has filed already one amended com-
plaint and not demonstrated good cause why the Court 
should grant DiBartolo leave to file a second amended com-
plaint, DiBartolo’s claims were dismissed with prejudice to 
the extent stated above [7–9].

What becomes obvious is that although most lawsuits 
involving biologics are against the manufacturer of the drug, 
dermatologists can potentially be sued if their risk and ben-
efit information does not provide patients with the relevant 
risks of drugs in general and biologics in particular (Tables 
6.1, 6.2, and 6.3).

The basis of such a lawsuit will be one related to the tort of 
professional liability or, more specifically, medical  malpractice. 
The tort of professional liability has for major elements: duty, 
breach, causation, and damages.
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 Duty

Duty is defined as the obligation to do or the obligation to 
refrain from doing. If a professional has no duty, there can be 
no liability for the outcome. A duty occurs when one con-
tracts for a duty, assumes a duty, or is party in certain rela-
tionships with legally recognized inherent duty as in the 
physician-patient relationship.

 Damages

The final element of the tort of professional liability is dam-
ages, which may be economic or noneconomic or both. 
Economic damages refer to pair of compensable monetary 
losses resulting from an injury or complaint, such as lost 
wages or medical costs. Setting limits on compensation for 
noneconomic damages (i.e., “pain and suffering”) has been a 
major focus of efforts to reform the US legal system.

According to the doctrine of informed consent (Table 6.2), 
the clinician must disclose the risks and benefits of a proce-
dure or therapy as well as alternative procedures or therapies 
and their benefits and risks. The information must be given 
to a competent patent who understands and voluntarily 
makes a decision.

The obligation to provide care and to provide informa-
tion about alternatives is independent of whether payment 
will be provided. In the event of adverse drug reaction, a 
physician cannot avoid responsibility for care of the deci-
sion was based solely on cost considerations. In one impor-
tant case, a court held: [T]he physician who complies 

without protest with the limitations imposed by a third-
party payer, when his medical judgment dictates otherwise, 
cannot avoid his ultimate responsibility for his patient’s 
care … “He cannot point to the healthcare payer as the lia-
bility scapegoat when the consequences of his own deter-
minative medical decisions go sour.”

 Hypothetical Case #1
Dr. Plaque, although practicing in a small town, is a well- 
renowned expert in psoriasis. He has practiced for 20 years, 
has been involved in numerous FDA trials for biologic 
agents used to treat psoriasis, and offers every known treat-
ment for psoriasis. His expertise is clearly in the use of bio-
logics. Such patients are often difficult to treat; some have 
a variety of other medical issues. He often treats psoriatic 
patients who are eligible for phototherapy with biologics. 
Such patients are often difficult to treat; some have a vari-
ety of other medical issues. He often treats those psoriatic 
patients who are eligible for phototherapy with biologics. 
He routinely does a variety of blood tests and carefully fol-
lows his patients.

Dr. Plaque initiated therapy with a TNF-α inhibitor on a 
54-year-old male with severe plaque psoriasis who had fea-
tures of metabolic syndrome that included obesity, hyperten-
sion, type 2 diabetes, and hyperlipidemia. The patient had a 
good response to the biologic agent for 2 years and was mon-
itored yearly by Dr. Plaque. Subsequently, the patient sus-
tained a myocardial infarction and underwent emergent 
coronary artery bypass surgery. However, the patient became 
septic following the surgery and passed away.

The estate of this patient has now brought million dollar 
lawsuit against Dr. Plaque claiming that the TNF-α inhibitor 
caused the infection and that the patient should have never 
been put on the biologic agent because of his cardiovascular 
comorbidities. In addition, the plaintiff claimed that because 
the patient had a heart condition, congestive heart failure is a 
contraindication to the TNF-α inhibitor. Is there any basis for 
such a lawsuit?

 Hypothetical Case #2
Dr. Psoriasis is an internationally respected expert in the 
treatment of psoriasis. He has published peer-reviewed man-
uscripts and books on the topic, and lectures both nationally 
and internationally on biologic therapy. In fact his dermatol-
ogy practice in the southern portion of the United States is 
limited almost exclusively to patients with psoriasis. All his 
patients are warned about the risk of infections, potential 
increased risk of malignancies, and liver failure while on 
biologics. Five years ago, Dr. Psoriasis began to see a 
52-year-old male, Fitzpatrick II skin phenotype with severe 
plaque psoriasis who had been unresponsive to all standard 
psoriasis treatments including years of both total body UVB 
PUVA treatments. Dr. Psoriasis discussed using biologics 

Table 6.1 Drug reactions: general

Predictable reactions Unpredictable reactions

 • Overdose
 • Side effects
 • Secondary effects
 • Drug interactions

 • Intolerance
 • Idiosyncrasy
 • Allergy or hypersensitivity

Table 6.2 Risks to be documented

 •  Boxed warning

 •  Increased risk of fungal and other infections

 •  Potential increased risk of malignancies

 •  Potential increased risk of liver-related issues

 •  Potential risk of collagen vascular disease

 •  Potential risk of depression and suicide (unique to brodalumab)

Table 6.3 Informed consent: doctrine and elements

Doctrine:

 •  Most courts require that at a minimum, physicians disclose risks 
and benefits of a procedure or therapy as well as alternative 
procedures or therapies and their benefits and risks.

6 Medical Legal Issues with Biologic Agents in the Treatment of Psoriasis
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and provided his patient with his standard biologic consent 
form detailing the risks of infections, possible liver-related 
issues, and increased risk of malignancies.

One year after starting treatment, the patient developed 
numerous cutaneous basal and squamous cell carcinoma. 
Two years after starting treatment with biologics, the patient 
developed a rapidly enlarging poorly differentiated SCC on 
his scalp. The lesion was removed with Mohs micrographic 
surgery and adjuvant radiation therapy. Unfortunately, 
6 months after treatment, the patient developed seizures and 
was found with numerous foci of metastatic SCC both in his 
brain and lungs. 9 months later the patient died.

Two years ago, Dr. Psoriasis was sued by the estate of 
the now-deceased patient. The gravamen of the lawsuit is 
that although the patient was warned about a potential 
increase in malignancies in patients on biologics, he also 
assured his patient that the scientific literature has not 
shown this risk to be real.

Dr. Psoriasis is certain that the SCC were related to his 
patient’s lighter skin type and years of PUVA and UVB treat-
ment as he prepares for his initial meeting with his insurance- 
company- assigned defense counsel. What will happen?

The package insert for biologics indicates that these drugs 
are for patients who are candidates for other systemic agents 
(e.g., methotrexate) or phototherapy. In general biologics, as 
described above, are indicated for the treatment of adult 
patients with moderate-to-severe chronic plaque psoriasis 
who are candidates for systemic therapy or phototherapy, 
and when other systemic therapies are medically less appro-
priate. Patients are to be closely monitored and have regular 
follow-up visits with their physician.

Dr. Psoriasis contends that his warnings and treatment 
protocol were consistent with the standard of care. He is 
certain that the skin cancers were related to his patient’s 
years of sun exposure, PUVA, and UVB exposure and had 
nothing to do with the use of biologics. He will have his 
expert; the plaintiff’s estate will have theirs. In the end, a 
jury will need to decide.

 Conclusion

Biologic agents have resulted in enhanced efficacy and 
significantly improved the quality of life for patients who 
have psoriasis, psoriatic arthritis, rheumatoid arthritis, 
Crohn’s disease, ulcerative colitis, ankylosing spondylitis, 

and juvenile rheumatoid arthritis, among other conditions. 
At the same time, however, all of these agents have risks as 
well as benefits. The dermatologist should provide a full 
explanation of the risks and benefits of these agents and 
then carefully document that this information was pro-
vided. This documentation could include at a minimum a 
standard chart entry or more appropriately the patient’s 
signature on a form that outlines and specifies the risks and 
benefits of the selected therapy. Further, the dermatologist 
should perform appropriate pre-initiation laboratory stud-
ies and infection screening, and monitor the patient care-
fully for adverse events throughout the course of therapy. 
Understanding the risks associated with the use of biolog-
ics in dermatology and practicing according to the reason-
able standard of care will markedly reduce the risk of 
litigation against dermatologists who choose to use bio-
logic agents.
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 Introduction

Given the prevalence of psoriasis in the United States and its 
significant impact on the quality of life of those with the dis-
ease, appropriate treatment for psoriasis patients has been a 
long-standing topic for discussion in medical and public sec-
tors. Over the past 15 years, the development of new systemic 
treatments, including targeted biologic therapies, has brought 
hope to patients and physicians alike of a more safe, effective, 
and convenient approach to managing psoriasis. Nonetheless 
there remain a number of therapeutic dilemmas and barriers 
for patients and their providers in addressing the burden of 
psoriatic disease. This chapter explores treatment trends with 
respect to systemic and biologic agents in the context of phy-
sician and patient perspectives related to these medications.

 Assessing Disease Severity

Selection of appropriate treatment in psoriasis involves sev-
eral considerations including at least disease severity, safety 
of the proposed medication in the context of patient comor-
bidities, long-term efficacy, likelihood of ongoing tolerabil-
ity, patient preferences and conveniences, as well as 
payer-mandated restrictions. The decision on therapy is often 
a complex one that must be customized to the individual. 
Herein we provide a brief discussion on disease severity as 
the initial determinant of therapy.

According to the National Psoriasis Foundation (NPF), mild 
disease is defined by involvement of less than 3% of a patient’s 
body surface area (BSA), whereas moderate and severe psoria-
sis is defined by BSAs of 3–10% and >10%, respectively [1]. 
Indeed, the most preferred instrument by dermatologists to 
measure disease activity is body surface area [2]. However, 
dermatologists and patients have long since appreciated that 
severity of disease cannot be entirely captured by measurement 
of BSA alone, and that impact on quality of life in some 
instances may be an equally relevant determinant of disease 
severity. Psoriasis involving the scalp, genitals, palms, or soles 
of the feet, for example, may be particularly debilitating while 
only involving <3% of the BSA [3]. Nonetheless, discrepancies 
often exist between how patients and providers assess disease 
severity. In a multinational survey, dermatologists estimated 
the percentage of their patients having severe psoriasis to be 
20%, while patients assessed their psoriasis to be severe in 27% 
of cases [4]. Differing quantitative and qualitative methods by 
which patients and physicians assess disease severity is a likely 
contributor to the discrepancy. For example, patients reported 
that itch and anatomic location, as opposed to surface area, of 
plaques were the most important contributors to severity of dis-
ease. Indeed, over a fifth of psoriasis patients with mild disease 
based on BSAs rated their disease as severe [5]. Dermatologists 
on the other hand most often prioritized size and anatomic 
location of plaques when determining disease severity [4]. It is 
our opinion that the most appropriate initial strategy in deter-
mining whether a patient is a candidate for systemic therapy 
should involve an objective assessment of severity coupled 
with a patient-centered discussion on the impact of the disease, 
regardless of BSA of involvement, and satisfaction with exist-
ing treatments.

 Existing Treatment Trends

Experts from the medical board of the National Psoriasis 
Foundation agreed that the acceptable response to initiation 
of new therapy at 3 months was either a BSA of 3% or less 
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or an improvement in BSA of 75% or more from baseline. 
The target response at 3 months post-initiation was a BSA of 
1% or less. During the maintenance period, the target 
response evaluated at 6-month intervals was also a BSA 1% 
or less [2]. This construct, when applied to existing treatment 
trends, indicates that there are opportunities to reduce the 
burden of disease among patients living with psoriasis.

While it is understood that assessment of disease severity 
and determination of need to advance therapy may be com-
plex, there remain a significant proportion of psoriasis patients 
who may be on no prescription treatments, even when their 
psoriasis is moderate to severe. These patients often self-treat 
with over-the-counter agents which have minimal compara-
tive efficacy in psoriasis, and this may prolong suffering from 
the disease [6]. A large-scale national survey of 1657 patients 
conducted by the NPF in 2007 showed that 37 and 39% of 
respondents who had moderate and severe psoriasis, respec-
tively, were not receiving any form of prescription treatment 
for their disease [7]. From 2003 through 2011, these percent-
ages seemed to improve with 23.6–35.5% of patients with 
moderate psoriasis and only 9.4–29.7% of patients with 
severe psoriasis remaining untreated [8]. Based on data from 
a population-based survey of 3426 patients in both North 
America and Europe, patients with moderate psoriasis were 
on no treatment or on topical treatment alone in 32% and 55% 
of cases, respectively. Similar proportions of patients with 
severe psoriasis were on no treatment or on topical treatment 
alone [5]. Other studies have also described similar trends in 
under-treatment of psoriasis [9, 10].

There is also data to suggest that among patients that do 
receive treatment, management strategies are conservative, 
which carries risk of under-treating signs and symptoms of 
disease with a corresponding impact on quality of life and 
function. The 2007 survey report from the NPF indicated 
that 73% and 57% of patients with moderate and severe pso-
riasis, respectively, were receiving topical therapy alone [7]. 
In the follow-up NPF survey, under-treatment appeared to 
once again improve with 29.5% and 21.5% of patients with 
moderate and severe psoriasis, respectively, receiving topical 
agents alone [8].

Among patients that received conventional systemic treat-
ments, methotrexate was used more frequently (10–15%) 
than either cyclosporine (0.5–2.3%) or acitretin [8]. The pro-
portion of patients treated with phototherapy ranged from 
8.5 to 33.2%, with ultraviolet-B therapy being utilized far 
more frequently than psoralen and ultraviolet-A treatments. 
The usage of phototherapy has dropped significantly since 
2005, likely owing to treatment inconvenience and cost of 
care for patients, along with an increasing availability of 
highly effective biologic-based treatment options [11].

Coupled with widespread under-treatment of disease, 
over half (52.3%) of psoriasis patients are dissatisfied with 
their treatments [8]. Many patients do not comply with their 

treatment plans, likely at least in part due to low expectations 
they have for their existing therapies [12, 13]. Others do not 
see a healthcare professional as often as they should because 
they feel that the provider would not be of further assistance 
[5]. These sentiments of dissatisfaction with therapies are 
further reflected in the significant discontinuation rates of 
systemic therapies.

Thus, it appears on the surface that patients have highly 
conservative treatment strategies, including no treatment, 
across disease severities, and yet they are seemingly disap-
pointed with their existing treatments. Several topics warrant 
further exploration in evaluating possible explanations for 
systemic and biologic agent underutilization, including 
patient-physician perspectives on these treatments that may 
account for conservative approaches, and therapeutic direc-
tions which will satisfy unmet needs to improve real-world 
outcomes for patients with psoriasis.

 Patient Perspectives on Systemic 
and Biologic Agents

The importance of a patient-centered approach to manage-
ment, inclusive of shared decision making and with specific 
considerations for safety, efficacy, convenience, and afford-
ability, is increasingly recognized. An improved understand-
ing of patients’ complete perspective on systemic and 
biologic treatment initiation as well as maintenance is essen-
tial to achieving optimal long-term outcomes for patients 
with moderate-to-severe psoriasis.

When psoriasis patients using topical therapy were asked 
why they were not taking systemic or biologic agents as well, 
the top three reasons cited were that topical treatments had 
less adverse effects, their disease was not serious enough to 
warrant more advanced treatment, and their physicians would 
not prescribe any other treatments [8]. These findings suggest 
that patients are still weary of potential side effects related to 
biologic and systemic therapy. The data also reinforces the 
importance of the role of physicians in determining therapeu-
tic strategies involving systemic medications. In a rather 
dynamic and rapidly evolving drug development environment 
for psoriasis, it is important for dermatologists to maintain a 
current and practical awareness of new systemic treatments, a 
critical evaluation of their safety and relative efficacy profiles, 
monitoring guidelines when they exist, and a willingness to 
appropriately prescribe or perhaps refer.

Approximately half of patients experience oral or bio-
logic therapies to be burdensome because of adverse effects, 
inconvenience, or need for laboratory monitoring, and most 
feel that better treatment options are needed. Biologic agents 
were burdensome because of anxiety related to the injection, 
inconvenience, and their potential for adverse effects [5]. 
Half (50%) of those treated with oral systemic agents and 

M. Midura and A. Garg



63

53% of those treated with biologics were concerned with the 
long-term health risks of their respective therapies [5]. Costs 
associated with treatment also appear to have an impact on 
patient use and adherence to medications [5].

Overall, less than half (45%) of patients who receive 
biologic therapy are very satisfied with the therapy, and 
only 29% are very satisfied with their long-term safety. 
Only 25% of patients who received oral therapies are very 
satisfied with treatment [5]. According to 2003–2011 NPF 
survey data, discontinuation of systemic and biologic 
agents was common among patients. Among those sur-
veyed, 24% of patients had been on a systemic agent and 
57% of these patients discontinued using it. Among patients 
on systemic agents, 11% had been on a biologic agent, and 
45% of these patients discontinued using it [5]. Patients 
discontinue oral systemic treatments and phototherapy 
after medians of 6–12 months and biologic therapies after 
medians of 12–20.5 months [11]. The most common rea-
sons patients discontinue biologic therapy included safety 
and tolerability issues (25%), a lack or loss of effectiveness 
(22%), anxiety or fear related to the injection, and difficulty 
with adequate insurance coverage [5, 11]. Over half (53%) 
of patients are concerned with the long- term health risks of 
biologic exposure. While discontinuation rates are higher 
for traditional oral therapies than for biologic therapies, the 
reasons for discontinuation are similar in both. Patients 
most often discontinue oral therapies for safety and tolera-
bility issues (43%) and for a lack or loss of efficacy (30%). 
Half (50%) of patients express concern about the long-term 
health risks of oral systemic therapy.

Overall, NPF data suggests that 85% of patients feel that 
there is a need for improvement in therapies for psoriasis, 
and this sentiment likely translates into implications for use 
and adherence to these therapies [5]. No treatments are per-
fect for everyone, and the significant augmentation in effica-
cies of newer systemic treatments for psoriasis may balance 
some concerns such as the inconvenience of monitoring and 
perhaps even the anxiety, often initial, related to self- 
injections. Nonetheless, there should be continued focus on 
addressing patients’ concerns related to near- and long-term 
safety, long-term efficacy, as well as access and overall costs.

 Physician Perspectives on Systemic 
and Biologic Agents

As noted earlier, treatment strategies for the psoriasis patient 
can be complex, and partnered decision making between 
patients and physicians is essential to safe and effective long- 
term management. From the dermatologist’s perspective, 
treatment goals most frequently include keeping signs and 
symptoms controlled, improving usual function and activi-
ties, and improving one’s self-esteem [4].

In exploring physician perspectives on treatment strate-
gies, over half (54%) of dermatologists surveyed stated they 
prescribe topical treatment as monotherapy for their patients 
with moderate-to-severe psoriasis [4]. Nonetheless, they also 
acknowledged the challenges related to topical monotherapy 
which include a lack of, a partial, or a waning response, poor 
compliance, patient inconvenience, and impracticality of 
application on larger surface areas [4]. Approximately half of 
dermatologists surveyed felt comfortable with prescription 
of conventional oral DMARD therapy, but about one-fifth 
reported prescribing them only sparingly. Most common 
limitations to initiating conventional oral therapy included 
physician concerns over long-term safety, tolerability, con-
traindications to therapy, and patient concerns related to the 
treatment option. The most commonly cited limitations to 
continuing oral systemic therapy included concerns over 
long-term safety, tolerability, and a lack or loss of response 
[4].

Citing concerns related to cost, long-term safety, and tol-
erability, only 65.5% of dermatologists surveyed said that 
they would initiate and manage psoriasis patients on biologic 
therapy. Most commonly cited limitations to initiating bio-
logic therapy included concerns over cost, long-term safety, 
and contraindications. Limitations to continuing patients on 
biologic therapy also included physician concerns over a 
lack/loss of response [4]. In exploring additional challenges 
in management for psoriasis patients, approximately 60% of 
dermatologists surveyed feel that management with biologic 
therapy requires significant time in order to discuss risks and 
benefits associated with treatment, complete prior authoriza-
tion paperwork, ensure patient compliance with monitoring 
results, respond to patient phone calls related to additional 
questions or concerns, and train patients on self-injections 
[4]. Nonetheless, despite limitation and barriers to manage-
ment with systemic agents, over 80% of dermatologists are 
somewhat or very satisfied with these treatment options [4].

 Reflections on Existing Trends 
in the Management of Psoriasis

Even with the multitude of systemic treatment options avail-
able for psoriasis, both patients and physicians believe that 
there is an unmet need for less burdensome, more safe, and 
more efficacious drugs. Perhaps the principal hurdles, albeit 
some based in perception only, to overcome appear to be 
related to efficacy and safety, as these were the top two char-
acteristics physicians provided when asked what comprise 
an ideal therapy. Other frequently cited concerns included 
new mechanisms of action, options for oral administration, 
and improved access to therapy [4].

While working towards optimizing these goals, patient 
and physicians must maintain an open communication that 
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will facilitate a customized strategy that for moderate-to- 
severe psoriasis patients should include an appropriate sys-
temic or biologic agent. Choosing a systemic agent must be 
patient centered, having considered his/her goals as well as 
the apprehensions associated with treatment. When such 
trepidations may be overcome by explanation and discus-
sion, which may require more time with patients, physicians 
can take the opportunity to elaborate on risk/benefit profiles 
of the now numerous available systemic options. 
Dermatologists less familiar with newer agents have numer-
ous resources to further support their practices, and other 
colleagues with whom a collaboration in care may also fur-
ther support their patients. At a grassroots level, patients and 
dermatologists may partner with other stakeholders, includ-
ing advocacy organizations, regulatory agencies, payers, and 
policy makers, to advance access to the medications which 
have been shown to improve several disease-related out-
comes for psoriasis.
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Outcomes of Comorbidities 
with Biologic and Systemic Agents

Megan H. Noe and Joel M. Gelfand

Abbreviations

CHF  Congestive heart failure
CI  Confidence interval
CRP  C-reactive protein
HDL  High-density lipoprotein
IL  Interleukin
LDL  Low-density lipoprotein
MACE Major adverse cardiovascular event
MI  Myocardial infarction
MTX Methotrexate
NR  Not reported
RA  Rheumatoid arthritis
RCT  Randomized control trial
TCI  T-cell inhibitors (efalizumab, alefacept)
TNFi  Tumor necrosis factor alpha inhibitor

 Introduction

Psoriasis is a chronic inflammatory disease that affects about 
3% of the population [1]. In addition to inflammation in the 
skin, patients with psoriasis have been shown to have evi-
dence of systemic inflammation [2] and increased rates of 
many other comorbidities including obesity [3], hyperten-
sion [4], diabetes [5], and major adverse cardiovascular 
events (MACE), including myocardial infarction and stroke 
[6–8]. The risk of MACE in patients with psoriasis treated 

with systemic agents and/or phototherapy is similar to the 
risk in those with rheumatoid arthritis, a systemic chronic 
inflammatory disorder [9]. Severe psoriasis confers an addi-
tional 6.2% absolute risk of a 10-year rate of cardiac events 
[10]. Most importantly, several large population-based stud-
ies have demonstrated an increased rate of cardiovascular 
mortality in people with severe psoriasis, even after control-
ling for traditional risk factors [6, 11–13].

Recent evidence in the cardiovascular literature has sug-
gested that treating cardiovascular disease with anti- 
inflammatory drugs may improve outcomes [14]. Because of 
this it is important to understand how the treatment of psoria-
sis will affect its associated systemic comorbidities. We 
focus this review on the treatment outcomes of cardiometa-
bolic comorbidities that have the best evidence of an effect 
on morbidity and mortality.

 Methotrexate

 Cardiovascular Events

Most of the information regarding methotrexate and cardio-
vascular outcomes comes from studies in patients with rheu-
matoid arthritis. A systematic literature review of 18 
observational studies concluded that treatment with metho-
trexate can decrease cardiovascular events and cardiovascu-
lar mortality when used in patients with RA [15]. A 
meta-analysis of ten studies concluded that methotrexate use 
was associated with 21% lower risk of cardiovascular dis-
ease (95% CI 0.73–0.87) [16]. A subsequent meta-analysis 
published in 2015 confirmed these results, showing a 
decreased risk of cardiovascular events in adults with RA 
treated with methotrexate (RR: 0.72; 95% CI: 0.57–0.91) 
[17]. Few studies have specifically examined the risk of 
MACE in individuals with psoriasis (Table 8.1). Veterans 
with psoriasis and RA treated with methotrexate had signifi-
cantly reduced risk of cardiovascular disease (RR = 0.73, 
95% CI = 0.55–0.98) [18]. This risk was further reduced by 
the addition of folic acid [18]. In adults from a large 
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 healthcare system in the USA, methotrexate was associated 
with a decreased hazard of incident MI compared to topical 
therapy (HR: 0.52, 95% CI: 0.31–0.85) [19]. A population-
based Danish cohort found that the risk of MACE decreased 
in those treated with methotrexate compared to other nonbio-
logic agents, including oral retinoids, cyclosporine, and pho-
totherapy (HR: 0.41; 95% CI: 0.21–0.80) [20]. However, 
after adjusting for age, sex, baseline comorbidities, and 
socioeconomic status, the risk was no longer statistically sig-
nificant (HR: 0.58: 0.29–1.15) [20]. In a 5-year follow-up on 
the Danish cohort, the decreased risk remained significant 
(compared to topicals and phototherapy) after controlling for 
age, sex baseline comorbidities, and year of inclusion (HR: 
0.53, 95% CI: 0.34–0.83) [21].

A single, population-based study in Taiwan found a 
decreased hazard of cerebrovascular disease in psoriasis 
patients on methotrexate compared to those not on metho-
trexate (HR: 0.50, 95% CI: 0.27–0.92) [22].

 Heart Failure

A single case-control study examined the impact of metho-
trexate on congestive heart failure (CHF) in adults with 
RA. Individuals on methotrexate monotherapy had a 
decreased risk of CHF (RR: 0.8, 95% CI: 0.6–1.0) compared 
to people not taking methotrexate [23]. The effects of metho-
trexate on CHF in adults with psoriasis have not been 
examined.

 Metabolic Syndrome and Biomarkers

Metabolic syndrome is a cluster of classic cardiovascular 
risk factors including central obesity, dyslipidemia, glucose 
intolerance, and hypertension, and it is identified as a predic-
tor of cardiovascular disease and MACEs. Methotrexate was 
found to be associated with a significant reduction in insulin 
resistance compared to treatment with topical coal-tar, after 
12 weeks of therapy [24]. In a separate analysis, no effect 
was seen on the incidence of diabetes in patients on 

 methotrexate in adults with RA or psoriasis in a cohort study 
with a mean follow-up of 5.8 months [25]. Body weight is 
another important cardiometabolic risk factor. Several stud-
ies did not show significant changes in weight in patients 
treated with methotrexate [24, 26, 27].

There is limited evidence regarding the effect of metho-
trexate on lipid profile. In 495 patients recently diagnosed 
with RA, therapy with methotrexate or methotrexate combi-
nation therapy resulted in an increase in mean total choles-
terol, low-density lipoprotein-C, and high-density lipoprotein 
cholesterol at 24 weeks compared to baseline (p < 0.001) 
[28]. Previous research suggests that systemic inflammation 
is associated with a reduction in serum lipids and treatment 
of this inflammation increases serum lipid levels and non- 
intuitively decreases the risk of cardiovascular disease [29].

C-reactive protein (CRP) is a biomarker of systemic 
inflammation and therefore has been used as a proxy endpoint 
for examining systemic inflammation. A decreased high-sen-
sitivity-CRP (hs-CRP) was seen in psoriasis patients treated 
with methotrexate compared to those treated with topical coal 
tar, after 12 weeks of treatment [24, 30]. However, no change 
was seen in 32 patients from a single institution after 
8–10 weeks of treatment with methotrexate [31].

 TNF Inhibitors

 Cardiovascular Events

In RA patients, a meta-analysis of six cohort studies found 
that treatment with a TNF inhibitor was associated with a 
reduced risk for all cardiovascular events (RR 0.46, 95% CI: 
0.28–0.77), MI (RR 0.81, 95% CI: 0.68–0.96), and stroke 
(RR 0.69, 95% CI 0.53–0.89) [32]. Subsequently, a second 
meta-analysis of 16 observational studies or RCTs with more 
than 400 patients and at least 1 year of follow-up confirmed 
a decreased risk of any cardiovascular event (RR: 0.70, 95% 
CI: 0.57–0.91) in those treated with TNF inhibitors [17].

In psoriasis, a meta-analysis of five observational cohort 
studies published in 2016 found that compared to psoriasis 
patients treated with topicals and phototherapy, those treated 

Table 8.1 Studies examining the risk of major cardiovascular events in psoriasis patients treated with methotrexate 

Author Year

Patients 
(patients and 
controls)

Average 
follow-up Outcome Comparison

Effect
OR/RR/HR (95% CI)

Meta-analyses

None

Cohort studies

Prodanovich [18] 2005 7615 NR Any CVD MTX vs. no MTX use RR: 0.72 (0.55–0.98)

Wu [19] 2012 8445 4.3 years MI only MTX vs. topicals HR: 0.52 (0.31–0.85)

Ahlehoff [20] 2013 2400 18 months MACE MTX vs. retinoids/cyclosporine/phototherapy HR: 0.58 (0.29–1.15)

Ahlehoff [21] 2015 6902 2.3 years MACE MTX vs. topicals/phototherapy HR: 0.53 (0.34–0.83)
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with TNF inhibitors were at a significantly lower risk of car-
diovascular events (RR: 0.58, 95% CI: 0.43–0.77) [33]. 
Treatment with TNF inhibitors was also associated with a 
decreased risk of cardiovascular events when compared to 
those treated with methotrexate (RR: 0.67, 95% CI: 0.52–
0.88) [33]. Two meta-analyses including only RCTs, limited 
to an average of 12 weeks of follow-up, did not find a statisti-
cally significant difference in the rate of MACE. One analy-
sis calculated a risk difference of −0.0005 events/person-year 
in patients receiving TNF inhibitors compared to those 
receiving placebo (95% CI: −0.10–0.009) [34]. The second 
analysis found a nonsignificant trend towards a decreased 
rate of MACE in those treated with TNF inhibitors (pooled 
OR: 0.67, 95% CI: 0.10–4.63) [35]. A subsequent cohort 
study of claims data concluded that after 12 months of treat-
ment, individuals treated with TNF inhibitors had fewer car-
diovascular events than those on methotrexate (HR: 0.55, 
95% CI: 0.45–0.67) [36]. Also, total cumulative exposure to 
TNF inhibitors was associated with a reduced risk for MACE 
[36]. The details of all these studies can be found in Table 8.2.

When examining MI separately, the results are mixed. The 
meta-analysis of cohort studies previously discussed found a 
lower rate of MI in patients treated with TNF inhibitors com-
pared to topicals/phototherapy (RR: 0.73, 95% CI: 0.59–0.90) 
and methotrexate (RR: 0.65, 95% CI: 0.48–0.89) [33]. A 
combined cohort of 3602 biologic-treated patients and 13,023 
nonbiologic-treated patients from Danish [20], US [19], 
Canadian [37], and Kuwaiti cohorts (unpublished data) found 
a 44% decrease in the rate of MI in patients with psoriasis 
treated with biological therapy (OR: 0.56; 95% CI: 0.42–
0.76) [38]. A cohort study of claims data from the United 
States found a trend towards an increased risk of MI in 
patients on any systemic treatment (methotrexate, cyclospo-
rine, alefacept, efalizumab, adalimumab, etanercept, and inf-
liximab) compared to those receiving phototherapy (HR: 
1.33, 95% CI: 0.90–1.96) [39]. A retrospective cohort of 
patients on TNF inhibitors and IL-12/23 agents in Canada 
found a nonsignificant trend towards decreased MI risk (RR: 
0.18, 95% CI: 0.24–1.34) [40]. Looking at the TNF inhibitors 
individually, etanercept, a soluble receptor, was associated 

Table 8.2 Studies examining the risk of major cardiovascular events in psoriasis patients treated with TNF inhibitors

Author Year
Patients (patients 

and controls) Average follow-up Outcome Comparison(s)
Effect

OR/RR/HR (95% CI)

Meta-analyses

Ryan [34] 2011 1572 person- 
years (15 RCTs)

12 weeks MACE TNFi vs. placebo RDa: −0.0005 events/
person-year (–0.01–

0.0009 events/
person-yr)

Yang [33] 2016 49,795 (5 cohort 
studies)

38 months MACE TNFi vs. topicals/phototherapy
TNFi vs. MTX

RR: 0.58 (0.43–0.77)
RR: 0.67 (0.52–0.88)

Rungapiromnam [35] 2016 5,966 (23 
RCTs)

12 weeks MACE TNFi vs. placebo/nonbiologic tx OR: 0.67 (0.10–4.63)

Gulliver [38] 2016 16,085 (4 cohort 
studies)

NR MI only TNFi/IL 12/23 vs. nonbiologic 
tx

OR: 0.56 (0.42–0.76)

Cohort studies

Ahlehoffb,c [20] 2013 2400 18 months MACE TNFi vs. retinoids, cyclosporine, 
phototherapy

HR: 0.48 (0.17–1.38)

Ahlehoffb [21] 2015 6902 2.3 years MACE TNFi vs. topicals and 
phototherapy

HR: 0.46 (0.22–0.98)

Abuabarab [39] 2011 24,314 3.6 years MI only Systemic txd vs. phototherapy
TNFi/TCI vs. MTX/cyclosporine

HR: 1.33 (0.90–1.96)
HR: 1.03 (0.79–1.35)

Wub,c [19] 2012 8445 4.3 years MI only TNFi vs. topicals
TNFi vs. oral agents, 

phototherapy, and topicals

HR: 0.45 (0.30–0.68)
HR: 0.79 (0.49–1.28)

Wub [41] 2013 14,750 NR MI only Etanercept vs. topicals
Infliximab/adalimumab vs. 

topicals

HR: 0.53 (0.31–0.92)
HR: 0.25 (0.06–1.03)

Gulliver [40] 2016 739 49.0 months MI only TNFi/IL-12/23 vs. nonbiologic 
tx

HR: 0.18 (0.24–1.34)

Wu [36] 2017 9148 12 months MACE
MI

TNFi vs. MTX
TNFi vs. MTX

HR: 0.55 (0.45–0.67)
HR: 0.49 (0.34–0.71)

aMantel-Haenszel risk difference
bIncluded in Yang (2016)
cIncluded in Gulliver (2016)
dTNFi, TCI, MTX, or cyclosporine
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with a significant reduction in the risk of MI compared to 
topical therapy (HR: 0.53, 95% CI: 0.31–0.92), but that 
reduction was not seen with the monoclonal antibodies: adali-
mumab and infliximab (HR: 0.25, 95% 0.006–1.03) [41]. 
However, all TNF inhibitors were associated with a decreased 
risk of MI (HR: 0.49, 95% CI: 0.34–0.71) in a recently pub-
lish US cohort [36].

Most of the above studies included cerebrovascular dis-
ease as a component of MACE and did not examine the risk 
separately; however one separate cohort study from the 
United States found a decreased risk of stroke or transient 
ischemic attack in those treated with TNF inhibitors as com-
pared to methotrexate (HR: 0.55, 95% CI: 0.42–0.71) [36].

 Heart Failure

In a meta-analysis of seven studies performed in adults with 
RA, all with at least 1 year of follow-up, treatment with TNF 
inhibitors was not associated with a significant effect on 
heart failure (RR: 0.75, 95% CI: 0.49–1.15) [17]. In psoria-
sis, a Cochrane review of 24 studies (RCTs and associated 
open-label extension trials) concluded that there was no sig-
nificant difference in the incidence of CHF between psoriasis 
patients treated with any biologic (abatacept, adalimumab 
anakinra, certolizumab, etanercept, golimumab, infliximab, 
rituximab, or tocilizumab) and controls (OR: 0.69, 0.18–
2.69) [42]. A pooled analysis of data on etanercept only 
found no increased risk of CHF [43], but a single study 
showed increased hospitalization and mortality in patients 
with preexisting heart failure treated with infliximab [44].

 Metabolic Syndrome and Biomarkers

Many studies have also investigated the effects of TNF 
inhibitors on cardiometabolic risk factors. A 2-year study in 
patients with psoriatic arthritis found a trend towards a 
reduction in the prevalence of metabolic syndrome in patients 
treated with adalimumab and etanercept, but no statistically 
significant reduction in prevalence was seen after treatment 
[45].

Looking at the components of metabolic syndrome indi-
vidually, a multivariate analysis concluded that the use of a 
TNF inhibitor was associated with a reduced incidence of 
diabetes compared to other systemic therapies, among 
patients with both RA and psoriasis [25]. Several smaller 
studies have shown a reduction in fasting insulin after treat-
ment with etanercept [46, 47].

A meta-analysis examined the effect of TNF inhibitors on 
lipid profile in patients with RA [48]. Combining data from 
six previously published studies, total cholesterol, HDL cho-
lesterol, and triglycerides increased after 6–12 months of 

treatment with TNF inhibitors, but LDL cholesterol did not 
change significantly [48]. In 70 adults with psoriatic arthri-
tis, a trend towards an increase in HDL cholesterol was seen 
after 24 months of treatment with etanercept and adalim-
umab compared to methotrexate [45]; however, a statistically 
significant difference was not seen in the lipid profile after 
24 weeks of treatment in 45 patients with chronic plaque 
psoriasis that responded to etanercept [49]. Finally, TNF 
inhibitors have been shown to have small (1–3 kg) but statis-
tically significant increases in weight gain after 24 weeks of 
treatment with a TNF inhibitor in several observational stud-
ies [26, 27, 50].

Many small, single-institution studies have shown statisti-
cally significant decreases in hs-CRP after 3–6 months of 
treatment with a TNF inhibitor [51–54]. Two additional case 
series failed to show a significant reduction in CRP after 
3–6 months of treatment [46, 55]. Several larger studies 
examining the effect of treatment with a TNF inhibitor on 
CRP have also been published. A study of 134 Japanese 
patients, treated with infliximab and adalimumab and fol-
lowed for 1 year, found a statistically significant decrease in 
CRP [56]. An analysis of 486 patients on etanercept and 166 
controls receiving placebo from RCTs found a statistically 
significant decrease (1.0 mg/L) in CRP in those receiving 
etanercept that was not seen in control patients (p < 0.001) 
[57]. This larger analysis provides prospective evidence that 
etanercept is effective at decreasing systemic inflammation, 
as measured by serum CRP.

 IL 12/23 Inhibitors

 Cardiovascular Events

Three meta-analyses were conducted using the data from the 
Phase II/III clinical trials to examine the risk of MACE in 
patients treated with IL 12/23 inhibitors (Table 8.3). The first 
used a Mantel-Haenszel risk difference and found no signifi-
cant increase or decrease in MACEs during the placebo- 
controlled portions of the trials (Mantel-Haenszel risk 
difference: 0.012 events/person-year, 95% CI: −0.001–
0.026) [34]. The second used a Peto odds ratio and found an 
increased risk of MACEs in patients treated with IL 12/23 
biologics compared to those receiving placebo (OR = 4.23, 
95% CI: 1.07–16.75) [58]. The third used a Peto odds ratio 
again, but only used data on ustekinumab (not briakinumab), 
and found a nonsignificant trend towards an increased rate of 
MACE (OR: 4.48, 95% CI: 0.24–84.77) [35]. When examin-
ing these meta-analyses together, it is important to consider 
that the Peto OR method may lead to overestimation of the 
true relative risk because it effectively excludes trials with 
zero events from the analysis [59]. Moreover, there was sub-
stantially more dropout in the placebo group of these trials 
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and time-to-event analyses were not conducted which intro-
duces additional bias in detecting an association when none 
truly exists.

A single population-based cohort study from Denmark 
found a nonsignificant trend towards an increased risk of 
cardiac events (HR: 1.52, 95% CI: 0.47–4.94) in people 
treated with ustekinumab compared to topicals and photo-
therapy [21]. Long-term pooled data from RCTs of over 
3000 patients treated with ustekinumab, with up to 5 years 
of follow- up, found that the rate of MACE (0.44/100 
person- years) was lower than historical data rates from 
psoriasis patients receiving nonbiologic, systemic treat-
ments [10, 60].

 Metabolic Syndrome and Biomarkers

There is no published data regarding the effect of ustekinumab 
on diabetes, insulin resistance, or serum lipids. A single 
study of 78 Japanese patients with psoriasis and psoriatic 
arthritis found no change in CRP after 1 year of treatment 
with ustekinumab [56].

 IL-17 Inhibitors

 Cardiovascular Events

A meta-analysis of three RCTs found no effect of treatment 
with IL-17 inhibitors on MACE (OR: 1.00, 95% CI: 0.09–
11.09) [35]. A pooled analysis of ten Phase II/III RCTs of 
secukinumab with 52 weeks of follow-up, including 3993 
individuals with 2725 person-years of exposure, found that 
the incidence of adjudicated MACEs in subjects receiving 
secukinumab 300 mg was 0.42 per 100 person-years [61], 
similar to what was reported for ustekinumab above.

 Metabolic Syndrome and Biomarkers

There is no published data regarding the effect of IL-17 
inhibitors on diabetes, insulin resistance, serum lipids, or 
CRP.

 Conclusions

Psoriasis is a chronic inflammatory disease, and those with 
more severe disease have been shown to have higher rates 
of cardiometabolic comorbidities including myocardial 
infarction, stroke, and cardiovascular mortality. Current 
evidence from large observational studies suggests that 
treatment with both methotrexate and TNF inhibitors may 
reduce the risk of major cardiovascular events; however, 
prospective randomized control trials are necessary to bet-
ter understand the full benefits of systemic therapy. 
Continued research is also needed to understand how newer 
biologics (IL-12/23 inhibitors, IL-17 inhibitors) alter car-
diovascular disease and cardiometabolic risk factors.
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Pharmacovigilance

Robert E. Kalb

 Introduction

Pharmacovigilance refers to “the activities involved in the 
detection, assessment, understanding, and prevention of 
adverse effects or any other drug related problems [1].” All 
medications have the potential for adverse effects. As a prod-
uct is under development, a rigorous and thorough analysis 
of possible risks is conducted; however, it is very difficult to 
identify all possible safety issues during clinical trials. This 
is especially true for rare adverse events particularly when 
there is a slightly higher risk of such adverse events in the 
treated population [2]. Once a product is approved, signifi-
cantly more patients are exposed, including those with mul-
tiple comorbidities as well as those being treated with other 
medications or medical products that may have been exclu-
sion criteria in the original studies. As a result, data collected 
from post-marketing safety studies can better aid in risk 
assessment and may better identify a medication’s risk pro-
file. Unfortunately post-marketing reporting is voluntary and 
may not be accurate. Therefore prospective long-term regis-
tries are better suited to obtain this information. These data 
will allow physicians and patients to make better informed 
decisions on risk minimization.

Pharmacovigilance principally involves the identification 
and evaluation of safety signals, concerning an increased risk 
of therapy-related adverse events compared to the incidence 
of the adverse event in the background population. These 
signals can arise from data obtained from post-marketing 
surveillance as well as other sources, such as preclinical data 
and events associated with other medications in the same 
pharmacologic class. A single well-documented case report 
can be viewed as a potential safety signal, especially if the 

report describes a positive event upon rechallenging or if the 
event is extremely rare when the drug is not used [3]. When 
these signals appear, further investigation is required, which 
may or may not lead to the conclusion that the medication 
caused the event. After a signal is identified, it should be 
further assessed to determine whether it represents a poten-
tial safety risk and whether other actions should be taken.

Psoriasis is a chronic disease, which usually requires 
long-term therapy. Often these medications are immuno-
modulatory in nature. It is increasingly vital that both patients 
and physicians are aware of the safety of these medications. 
Better long-term safety will allow physicians to select a ther-
apy with a decreased likelihood of adverse events based on 
the patient’s history and comorbid factors.

 Adverse Events

Various studies have investigated post-marketing adverse 
effects throughout a variety of registries. These registries 
have collected information regarding potential medication- 
related side events including major cardiovascular adverse 
events (MACE), serious infections, and rates of malignancy. 
Initial registry publications have focused on these possible 
serious adverse events, as this data is vital for patients and 
physicians.

 Biologics and Pharmacovigilance

There are many examples in medicine when drugs that were 
thought to be relatively safe were found to have unknown 
adverse events that become apparent after a drug has been on 
the market and used by a wider population for many years. 
One example in dermatology was efalizumab, which was 
FDA approved for treatment of moderate-to-severe plaque 
psoriasis based on studies in approximately 2700 patients 
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[4]. Of note, approximately 200 were exposed to the drug for 
over 1 year. The drug had been in clinical trials for a few 
years and on the market for nearly 5 years, with more than 
46,000 patients taking the medication. It was withdrawn in 
2009 after one suspected and three confirmed cases of 
 progressive multifocal leukoencephalopathy (PML) were 
reported [4, 5]. As PML is very rare, it was deemed that it 
was extremely unlikely that the four reported cases were due 
to chance alone. Additionally, as PML occurs primarily in 
immunosuppressed patients, the association was biologically 
plausible and likely causal. This situation raised questions on 
adverse event reporting and shed light on the importance of 
long-term safety monitoring particularly for rare events.

Multiple registries have been developed to track serious 
adverse events occurring in patients taking biologics. Many 
of these registries fulfill post-marketing commitments to the 
FDA for the individual approved agent. These include 
ESPRIT and OBSERVE-5, for monitoring adverse events in 
patients taking adalimumab and etanercept, respectively. 
These individual agent registries do not include a compari-
son group so it is difficult to compare rates of adverse events 
in similar psoriasis patients receiving other therapies. Other 
registries are country based and are disease specific includ-
ing psoriasis patients on multiple therapies over time [6]. 
These registries include the Spanish Registry of Adverse 
Events Associated With Biologic Drugs in Dermatology 
also known as BIOBADADERM (Spain, 1956 patients, 
5-year follow-up period), Bio-Capture (the Netherlands), 
PsoCare (Italy, 10,539 patients, 5-year follow-up period), 
DERMBIO (Denmark, 1277 patients, 10-year follow-up 
period), BADBIR (United Kingdom and Ireland, British 
Association of Dermatologists, 8399 patients) [7], and the 
German Psoriasis Registry PsoBest (Germany, 2556 
patients, 5-year follow-up period).

The largest registry is the Psoriasis Longitudinal 
Assessment and Registry (PSOLAR), with over 12,000 
patients at multiple clinical sites worldwide. This registry 
also fulfills post-marketing FDA commitment with respect to 
infliximab and ustekinumab. It is a unique post-marketing 
registry including psoriasis patients on multiple other thera-
pies including other biologics, conventional systemic ther-
apy, phototherapy, and topical therapy alone. The advantage 
is that patients on various treatments can be compared over 
time. Multiple studies have been reported analyzing post- 
marketing adverse events.

 Infliximab

A 2014 study analyzing 1394 patients taking infliximab as 
the index agent enrolled in the PSOLAR registry from 
2007 through 2013 revealed that the rate of major adverse 
cardiovascular events (MACE) was similar for infliximab 

at 0.38 events per 100 patient-years (0.38/100 PY) (Tables 
9.1 and 9.2) compared to other biologics (0.33/100 PY) 
[8]. Rates of malignancy (excluding nonmelanoma skin 
cancers) were 0.58/100 PY (Table 9.4), which was also 
similar to other biologics (0.74/100 PY). The rate of seri-
ous infections was 2.73/100 PY, suggestive of significant 
association between exposure to infliximab and develop-
ment for serious infection. A recently published analysis 
for serious risk of infection of PSOLAR registrants showed 
an incidence rate of 2.49/100 PY (Table 9.5) in patients 
taking infliximab (1151 patients representing 2253 PY) 
[9]. The most common infections were pneumonia 
(0.44/100 PY) and cellulitis (0.40/100PY) (Table 9.1). 
Other reported infections in the PSOLAR registry included 
sepsis, diverticulitis, urinary tract infection, abscess, skin 
infection, bronchitis, pyelonephritis, gastroenteritis, coli-
tis, osteomyelitis, meningitis, necrotizing fasciitis, viral 
infection, and herpes zoster. A recently reported analysis 
of the BIOBADADERM registry revealed that the rate of 
serious infections was 1.89/100 PY for patients taking inf-
liximab [10]. The most commonly reported infections 
were upper respiratory tract infections, acute tonsillitis/
pharyngotonsillitis, and urinary tract infection.

Additional safety data was published from the German 
Psoriasis Registry PsoBest [11]. The rate of MACE in 
patients taking infliximab was approximately 0.6/100 PY 
(Table 9.2). The rate of malignancy (excluding NMSC) was 
<0.1/100 PY (Table 9.3). The rate of serious infection was 
approximately 1.4/100 PY (Table 9.4). The study did not 
delineate which infections were most reported.

Table 9.1 Comparison of biologic agents with incidence and inci-
dence rates of select serious adverse events from previously published 
PSOLAR studies [7, 8, 15]

Infliximab Adalimumab Etanercept Ustekinumab

MACE 0.38 0.32

Malignancy, 
excluding 
NMSC

0.58 0.48

Serious 
infection

2.73 0.93

2.49a 1.97a 1.47a 0.83a

aCellulitis 0.40a 0.19a 0.37a 0.19a

aPneumonia 0.44a 0.39a 0.27a 0.19a

Notated in events/100 patient-years. Data from secukinumab and ixeki-
zumab have not been published in PSOLAR studies
aDenotes data from PSOLAR study investigating the risk of serious 
infection [8]

Table 9.2 Overall rate of serious infections for biologics and nonbio-
logics according to PSOLAR registry [8]

Ustekinumab Infliximab Adalimumab Etanercept
No 
Biologic Combined

0.83 2.49 1.97 1.47 1.11 1.45

Expressed in events/100 PY

R.E. Kalb



75

 Adalimumab

ESPRIT is an ongoing, multicenter, post-marketing, 
10-year, international, observational registry with the 
objective of evaluating long-term safety and effectiveness 
of adalimumab in patients treated for chronic psoriasis in 
routine clinical practice. Data from the first 5 years were 
analyzed and reported recently [12]. The overall rate of 
serious treatment- emergent adverse events was 4.3/100 
PY of total adalimumab exposure. The most common 
adverse event was infection (1.0/100 PY) (Table 9.1), and 
no patterns were identified across any exposure catego-
ries. The rates for adverse events leading to discontinua-
tion from the registry or from adalimumab overall were 
0.4/100 PY and 2.0/100 PY, respectively. The incidence of 
events leading to death regardless of etiology was 
0.1/100PY. The most common event leading to death was 
MI (<0.1/100PY, four events). The rates of other cause of 
death were less than <0.1/100 PY (one event) for each of 
CHF, acute cardiac failure, cardiac arrest, arrhythmia, 
staphylococcal infection, staphylococcal sepsis, road traf-
fic accident, metastatic breast cancer, metastatic gastric 
cancer, metastatic neoplasm, papillary thyroid cancer, sar-
coma, small-cell lung cancer, squamous cell carcinoma of 
the lung, subarachnoid hemorrhage, COPD, and pneumo-
nia aspiration. Cardiovascular-related adverse events of 
special interest included cerebrovascular accident 
(0.1/100PY), MI (0.1/100PY), and congestive heart fail-
ure (<0.1/100PY). The overall incidence rate for malig-
nancy was 0.9/100PY (<0.1/100PY for melanoma, 
<0.1/100PY for lymphoma, and 0.6/100PY for nonmela-
noma skin cancer) and 0.3/100PY for other malignancies, 
excluding NMSC (Table 9.4). The overall incidence rate 
of serious infections was 1.0/100PY. Cellulitis and pneu-
monia were the most common serious infections found in 
the ESPRIT study. The overall rate of cellulitis (including 
anorectal, staphylococcal, external- ear, infusion-site, and 
periorbital cellulitis) was 0.1/100 PY. The overall rate of 

pneumonia was 0.1/100 PY. Analysis of the PSOLAR reg-
istry revealed a rate for serious infections of 1.97/100 PY 
(Table 9.2) for patients taking adalimumab, suggesting 
that adalimumab exposure may be associated with an 
increased risk of developing serious infections [9]. The 
most common infections were pneumonia and cellulitis 
(rates of 0.39/100 PY and 0.19/100 PY, respectively). A 
recently published meta-analysis revealed that adalim-
umab was associated with a higher risk of serious infec-
tion compared to retinoid and/or phototherapy in adults 
(hazard ratio: 2.52, 95% confidence interval: 1.47–4.32) 
[13]. Analysis of the BIOBADADERM registry revealed 
a rate for serious infection of 0.98/100 PY (Table 9.5) 
[10]. The most commonly reported infections were upper 
respiratory tract infections (viral/adenoviral), urinary 
tract infections, and bronchitis. Analysis of the German 
Psoriasis Registry PsoBest reported the rates of serious 
adverse events [11]. The rate of serious infections was 
0.5/100 PY (Table 9.5). The rate of MACE was approxi-
mately 0.4/100 PY (Table 9.3). The rate of malignancy 
(excluding NMSC) was approximately 0.5/100 PY 
(Table 9.4).

Observed adverse events in the first 5 years of ESPRIT 
registry were consistent with the adalimumab safety pro-
file, with no new safety signals observed. Interestingly, 
rates of serious adverse events and serious infections 
decreased with increasing adalimumab exposure [12]. 
For patients exposed to adalimumab for less than 1 year, 
the rates for serious adverse events and serious infec-
tions were 23.5/100 PY and 6.1/100 PY, respectively. 
However, for patients exposed to adalimumab for greater 
than 5 years, the rates for serious adverse events and 
serious infections were 2.7/100 PY and 0.6/100 PY, 
respectively. This is supported by clinical experience in 
that patients remaining on long-term therapy are those 
who respond well and do not experience treatment- 
related side effects, which necessitate discontinuation of 
therapy.

Table 9.4 Comparison of rates of malignancy (excluding NMSC) for biologics across registries

Ustekinumab Infliximab Adalimumab Etanercept

PSOLAR 0.48 0.58 – –

BIOBADADERM – – – –

PsoBest 0.75 <0.1 0.5 0.2

Expressed in events/100 PY

Table 9.3 Comparison of rates of MACE for biologics across registries

Ustekinumab Infliximab Adalimumab Etanercept

PSOLAR 0.32 0.38 – –

BIOBADADERM – – – –

PsoBest 1.2 0.6 0.4 0.9

Expressed in events/100 PY
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 Etanercept

The observational post-marketing safety surveillance regis-
try of etanercept (OBSERVE-5) collected data regarding the 
incidence of adverse effects for patients taking etanercept 
over a 5-year period [14]. Approximately 2500 people were 
enrolled in the registry. It revealed a 5-year cumulative inci-
dence of 22.2% for serious adverse effects (95% CI 20.3–
24.2%). There was a 6.5% incidence for serious infections 
(95% CI 5.4–7.7%); the most common serious infections 
were pneumonia (incidence of 1.2%) and cellulitis (0.9%). 
The 5-year cumulative incidence for serious infectious 
events requiring hospitalization was 5.2% (95% CI 4.1–
6.2%). An analysis of patients taking etanercept on the 
PSOLAR registry revealed a rate of 1.47/100 PY (Table 9.1). 
The most commonly reported infections were cellulitis 
(0.37/100PY) and pneumonia (0.27/100PY). An analysis of 
the BIOBADADERM registry revealed a rate for serious 
infection as 0.16/100 PY (Table 9.5) [10]. This rate was 
lower than that from the PSOLAR registry. The most 
 commonly reported infections were upper respiratory tract 
infection, nasopharyngitis, and urinary tract infection.

The most commonly reported noninfectious serious 
adverse event in the OBSERVE-5 registry was MI with a 
reported incidence of 0.7%. A 3.2% incidence rate was 
reported for malignancies excluding nonmelanoma skin can-
cer (95% CI 2.3–4.1%); 3.6% incidence for nonmelanoma 
skin cancer (95% CI 2.7–4.5%); 2.8% incidence for coronary 
artery disease (95% CI 2.0–3.6%); 0.7% incidence for psoria-
sis worsening (95% CI 0.3–1.2%); 0.2% incidence for central 
nervous system demyelinating disorder (95% CI 0.0–0.4%); 
0.1% incidence for lymphoma and for tuberculosis (95% CI 
0.0–0.3%); and 0.1% incidence for opportunistic infection and 
for lupus (95% CI 0.0–0.2%); Of note, 55 fatal events were 
reported. Of these, 17 were of unknown cause. Four deaths 
were considered by the investigator to be related to etanercept: 
brain cancer and lung cancer, heart failure, osteomyelitis and 
sepsis, and idiopathic pulmonary fibrosis. Incidence rates for 
hospitalization-associated infections, malignancies (excluding 
NMSC), lymphoma, and NMSC were not higher than the rates 
of the psoriasis population using nonbiologic systemic thera-
pies relative to administrative claims data. Also, the incidence 
of serious adverse events decreased with increased exposure. 
Analysis of the German Psoriasis Registry PsoBest reported 
the rates of serious adverse events [11]. The rate of serious 

infections was approximately 1.0/100 PY. The rate of MACE 
was approximately 0.9/100 PY (Table 9.2). The rate of malig-
nancy (excluding NMSC) was approximately 0.2/100 PY 
(Table 9.3).

 Ustekinumab

A 5-year analysis of safety data pooled from prior studies 
reported the rates of serious adverse events in patients taking 
biologics [15]. The rate of serious adverse events was 7.0/100 
PY and 7.2/100 PY in patients receiving ustekinumab 45 mg 
and 90 mg, respectively. The rates of serious adverse events 
were similar between dose groups. The rate of serious infec-
tions was 0.98/100 PY and 1.19/100 PY. The patient of other 
malignancies (excluding NSMC) was 0.59/100 PY and 
0.61/100 PY). The rate of MACE was 0.56/100PY and 
0.36/100 PY. The most common adverse events were naso-
pharyngitis, upper respiratory tract infection, headache, and 
arthralgia. The most frequently reported serious infections 
were diverticulitis, cellulitis, and pneumonia, which each 
occurred in <0.4% of patients receiving ustekinumab.

A recently published report analyzed the cumulative 
incidence rates of adverse events of special interests for 
patients taking ustekinumab as the index medication [16]. 
Multivariate analyses revealed that ustekinumab was not 
associated with an increased risk of malignancy, MACE, 
serious infections, or mortality. The rates of MACE and 
malignancy (excluding NMSC) for ustekinumab were 
0.32/100 PY and 0.48/100 PY, respectively according to 
PSOLAR registry (Tables 9.3 and 9.4, respectively). Rates 
of serious infection for ustekinumab (0.93/100 PY) 
(Table 9.1) were lower compared to other biologics 
(1.91/100 PY), with exposures to other biologics associated 
with serious infections (HR = 1.96). A separate analysis of 
the PSOLAR registry investigating the risk of serious infec-
tions for patients taking ustekinumab revealed an incidence 
rate of serious infections of 0.83/100 PY (3474 patients 
representing 5923 PY) (Table 9.5). The most commonly 
reported serious infections were pneumonia and cellulitis 
(0.19/100 PY for both). There was no increased risk of seri-
ous infection compared to nonmethotrexate/nonbiologic or 
methotrexate/nonbiologic cohorts (incidence rates of 
1.05/100 PY and 1.28/100 PY, respectively) [9]. The 
BIOBADADERM registry revealed that the rate of serious 

Table 9.5 Comparison of rates of serious infections for biologics across select registries

Ustekinumab Infliximab Adalimumab Etanercept

PSOLAR 0.83 2.49 1.97 1.47

BIOBADADERM 0.59 1.89 0.98 0.16

PsoBest 0.5 1.47 0.5 1.0

Expressed in events/100 PY

R.E. Kalb



77

infections is 0.59/100 PY [10]. The most common reported 
infections were upper respiratory tract infection, urinary 
tract infection, and acute tonsillitis. Analysis of the German 
Psoriasis Registry PsoBest reported that the rate of serious 
infections was 0.5/100 PY [11]. The rate of MACE was 
approximately 1.2/100 PY. The rate of malignancy (exclud-
ing NMSC) was approximately 0.75/100 PY.

Patients who are genetically deficient in IL-1/23p40 and 
IL-12Rb have shown an increased susceptibility to infections 
of weakly virulent mycobacterial and salmonella [17–19]. 
No infections with salmonella or mycobacteria were reported 
in the studies.

 Secukinumab

No registry data exists for secukinumab and long-term 
results have not been published. However safety data col-
lected from ten phase II and III studies were recently reported 
[20]. Analysis of patients receiving secukinumab over 
52 weeks included 3993 subjects; 3430 received 
secukinumab, representing 2725 patient-years of exposure. 
Over 52 weeks, for secukinumab 300 mg, 150 mg, and etan-
ercept (comparator), respectively, exposure-adjusted inci-
dence rates were comparable across treatments. The rates of 
total adverse events were 236.1/100 PY, 239.9/100 PY, and 
243.4/100 PY, respectively; the rates of infections were 
91.1/100 PY, 85.3/100 PY, and 93.7/100 PY, respectively; 
the most commonly reported adverse events reported were 
nasopharyngitis, headache, upper respiratory tract infec-
tions, arthralgias, hypertensions, diarrhea, back pain, pruri-
tus, and cough.

The incidence rates of serious adverse events were 
7.4/100 PY, 6.8/100 PY, and 7.0/100 PY for patients taking 
secukinumab 300 mg, 150 mg, and etanercept, respec-
tively); the rates for serious infections were 1.4/100 PY, 
1.1/100 PY, and 1.4/100 PY, respectively; the incidence 
rates of malignant or unspecified tumors were 0.77/100 PY, 
0.97/100 PY, and 0.68/100 PY, respectively; and adjudi-
cated major adverse cardiovascular events were 0.42/100 
PY, 0.35/100 PY, and 0.34/100 PY, respectively. The afore-
mentioned adverse events were not dose related. However, 
they were dose related for nonserious, mild/moderate, skin/
mucosal candidiasis; the incidence rates were 3.55/100 PY 
for patients taking secukinumab 300 mg and 1.85/100 PY 
for patients taking secukinumab 150 mg. The rate of candi-
diasis for patients taking etanercept in the study was 
1.37/100 PY. Candidal infections were mild and easily 
treated and did not lead to the discontinuation of therapy. 
There were no systemic candida infections. Once long-term 
safety data has been collected post-marketing, more infor-
mation can be gleaned in identifying any new potential 
safety signals.

 Ixekizumab

Similar to secukinumab, which was also recently approved, 
no long-term registry information has been reported. A 
recently published article reported integrated safety analysis 
from seven psoriasis clinical trials involving ixekizumab 
[21]. In total, 4209 patients received ixekizumab represent-
ing 6480 patient-years. In the combined ixekizumab data set 
the five most commonly reported treatment-emergent 
adverse events were nasopharyngitis, upper respiratory 
infection, injection-site reaction, headache, and arthralgia. 
The incidence rates were 14.1/100 PY, 7.9/100 PY, 6.8/100 
PY, 4.8/100 PY, and 4.2/100 PY, respectively. There were no 
invasive fungal infections involving candidiasis or other 
deep organ infection reported. Of 165 (2.5/100 PY) reported 
Candida cases, 5 (0.1% of all patients) were found to be 
severe. It was not reported if it was vulvovaginal, oral, or 
other form of candidiasis. The most frequently occurring 
Candida infections included vulvovaginal candidiasis 
(2.4/100 PY) and oral candidiasis (1.2/100 PY). Ixekizumab 
was not associated with an increased risk of serious infec-
tion. The most common serious adverse event reported was 
cellulitis (0.3/100 PY). The rate of malignancies excluding 
NMSC among ixekizumab-treated patients was comparable 
with etanercept-treated patients during the induction period. 
The rates of malignancy and MACE were 0.3/100 PY and 
0.4/100 PY; however the total duration of the trials was rela-
tively low (60 weeks), limiting further conclusions.

 Brodalumab

Brodalumab is currently undergoing clinical trials for safety 
and efficacy in the treatment of moderate-to-severe plaque 
psoriasis [22]. A recently published interim analysis at treat-
ment week 120 of a 264-week open-label extension of the 
previously reported brodalumab study reported common 
adverse events [23, 24]. Approximately 180 patients were 
included in the analysis. The most commonly reported 
adverse events were nasopharyngitis (26.5%), upper respira-
tory tract infection (19.9%), arthralgia (16.0%), and back 
pain (11.0%). Serious adverse events were reported in 15 
(8%) patients. The reported treatment-emergent serious 
adverse events, each with one event, were abscess, viral 
meningitis, streptococcal necrotizing fasciitis, pyelonephri-
tis, septic shock, atrial fibrillation, congestive cardiac failure, 
supraventricular tachycardia, bile duct stone, cholecystitis, 
intervertebral disc protrusion, lumbar spinal stenosis, osteo-
arthritis, esophageal adenocarcinoma, benign parathyroid 
tumor, constipation, nephrolithiasis, toxic skin eruption, and 
aortic aneurysm rupture [24]. Four (2%) patients had grade 2 
absolute neutrophil count (<1500 × 10 [9]/L) laboratory 
abnormalities; all were transient and resolved without 
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changes to treatment. Five (3%) patients had low-grade 
(grade 2 or less) oral candidiasis. Five patients reported an 
AE of depression during the open-label extension. No reports 
of suicidal behavior were reported.

A paper investigating the long-term safety of brodalumab 
in the treatment of Japanese patients with moderate-to-
severe psoriasis was recently reported [25]. Approximately 
130 patients received brodalumab for 52 weeks and were 
monitored for serious adverse events. The most commonly 
reported adverse events were nasopharyngitis (35.2%), 
upper respiratory tract inflammation (10.3%), and contact 
dermatitis (9.7%). Serious adverse events were observed in 
eight patients; they included allergy to arthropod sting, cel-
lulitis, osteoarthritis, varicose vein, myocardial ischemia, 
cellulitis, infection, and contact dermatitis in one patient 
each. One patient had grade 1 neutropenia (absolute neutro-
phil count 1482 × 10 [9]/L); seven patients had low-grade 
(grade 2 or less) oral candidiasis; and one had grade 2 skin 
candidiasis. Grade 3 infections occurred in three patients 
(two with cellulitis and one with a suspected severe infec-
tion [not a candidiasis]). Two patients reported injection-site 
reactions. There was no reported suicidal ideation and sui-
cidal behavior.

During the AMAGINE-1 phase III trial, two cases of 
suicide were reported [26]. The exposure-adjusted event 
rate for depression was 1.2/100 PY. The aforementioned 
studies did not reveal an increased risk of suicidal behavior. 
Additionally, a recently published analysis revealed no 
association linking brodalumab treatment to the risk of sui-
cidal behavior [27].

 Cardiovascular Disease

Psoriasis is associated with significant comorbid conditions, 
such as diabetes, hyperlipidemia, obesity, and hypertension, 
all of which raise the risk of cardiovascular disease and lead 
to increased morbidity and mortality [28–30]. There were 
initial concerns that biologic therapy may increase the risk of 
cardiovascular events in psoriasis patients. As noted above 
the current data suggests that there is no increased risk. This 
again emphasizes the difficulty in identifying an increased 
risk of a rare event in a patient population with a slightly 
increased risk of that event.

More recent data have suggested that there may be a car-
diovascular disease benefit in treating psoriasis patients with 
biologic therapy. Since coronary artery disease is felt to be 
primarily an inflammatory process it is possible that decreas-
ing the significant degree of systemic inflammation in 
patients with severe psoriasis may be beneficial. One recently 
reported analysis [31] compiled patient data from previously 
published studies [32, 33] and found that the risk of MI in 
patients taking biologics compared to patients receiving 

 nonbiologic therapy (included methotrexate and topical ther-
apies) was reduced by 44%. The rate of MI in patients taking 
biologics was 1.36/100 PY while the rate in those receiving 
nonbiologics was 2.39/100 PY. The study did not delineate 
among the biologics, precluding further analysis. Other stud-
ies have shown a decreased risk of cardiovascular events in 
patients receiving biologics/methotrexate compared to other 
systemic therapies [32–34].

A separate analysis of 9148 patients prescribed anti-
TNF agents and 8813 patients on methotrexate was per-
formed to measure the impact of major cardiovascular 
event risk [35]. It was found that those treated with anti-
TNF agents had fewer cardiovascular events compared to 
patients receiving methotrexate (hazard ratio: 0.55). It was 
also reported that every 6 months of cumulative exposure to 
anti-TNF agents was associated with an 11% cardiovascu-
lar event risk reduction.

A recent analysis investigated the role of biologic 
agents affecting the progression of coronary artery disease 
in patients with severe psoriasis [36]. Fifty-six patients (28 
biologic- treated patients and 28 controls) underwent non-
contrast coronary artery calcium (CAC) CT and contrast- 
enhanced CT angiography. It was found that, in follow-up 
of 13 months, treatment with biologic agents was associ-
ated with reduced coronary artery disease progression; 
biologic- treated patients showed reduced progression of 
CAC scores and reduced progression of luminal abnor-
malities/narrowing as compared with controls. These find-
ings may point to a role of biologic agents in preventing 
cardiovascular disease progression in patients with severe 
psoriasis.

A crucial issue in psoriasis is whether early intervention 
with effective therapy will decrease the risk of comorbid fac-
tors such as cardiovascular disease and joint destruction sec-
ondary to psoriatic arthritis. Hopefully these questions can 
be answered with further long-term follow-up.

 Depression/Suicide

Another comorbidity that has been reported in psoriasis 
patients is the increased risk of suicide and depression [37]. 
Whether treatment will change this risk is unknown. No 
long-term registry follow-up has been published as of yet. 
There have not been significant signals identified based on 
the current published literature. A recent addition to the pso-
riasis armamentarium is the oral therapy apremilast. There is 
a package insert warning regarding a possible increased risk 
of depression. This potential issue has also been raised with 
brodalumab therapy and anti-IL-17 treatment as mentioned 
above. Whether this is a true association or simply the 
increased risk in the background psoriasis population is 
unknown [27].
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 Other Registry Data

Numerous publications from the BIOBADADERM registry 
have reported long-term safety data; however, these papers 
did not delineate the rates of serious adverse events among 
the different biologics [38–41]. One study revealed the rate 
of developing serious adverse events in patients taking bio-
logics as 3.7/100 PY [40]. The comparator used in the study 
was the use of classic systemic drugs, which included metho-
trexate, acitretin, and cyclosporine. The rate of serious 
adverse events was 4.0/100 PY, indicating no difference in 
the rate of developing serious adverse events in patients 
receiving biologics and those treated with classic systemic 
therapies. A separate BIOBADADERM study revealed no 
difference in the risk of adverse events between young and 
elderly (age ≥65) patients receiving biologics [41].

The Psocare project was developed within the Italian 
National Health System as a nationwide outcome study of 
patients receiving a new systemic treatment for psoriasis for 
the first time. Numerous publications have investigated the 
use of biologics in this population [42–44]. It was noted that 
infliximab was associated with a risk of more than doubling 
the upper normal aspartate amino transferase (AST) and ala-
nine amino transferase (ALT) [43]. It is unclear if this 
increase had a clinical impact on the patients. Adalimumab 
and etanercept were not associated with an increased risk of 
developing metabolic abnormalities. Ustekinumab was not 
included in the analysis.

The German Psoriasis Registry PsoBest records long- 
term safety as well as efficacy of psoriasis treatment regi-
mens [45]. The overall rate of serious adverse events was 
1.5/100 PY in patients treated with biologics compared to 
1.3/100 PY in those treated with other systemic treatments 
[11]. The rate for serious infections was 0.65/100 PY in 
patients receiving biologics and 0.33/100 in patients receiv-
ing other systemic treatments. The rate of MACE was 
0.77/100 PY for those receiving biologic treatments and 
0.56/100 PY for patients receiving other systemic treat-
ments. The rate of malignancy (excluding NMSC) was 
0.49/100 PY in those on biologics and 0.46/100 PY in 
patients receiving other systemic therapies. Overall, no sig-
nificant difference was noted between biologic and sys-
temic treatments.

Registry data from the Netherlands reported 5-year safety 
data [46] with 173 patients enrolled in the registry. The rate 
of MACE was 1.95/100 PY for patients taking biologics. The 
rate of malignancy (excluding NMSC) was 0.73/100 PY in 
those receiving biologics. The rate of serious infection was 
0.73/100 PY. It is difficult to draw conclusions based on the 
small cohort size. The Biologics Continuous Assessment of 
Psoriasis Treatment Use Registry (Bio-CAPTURE) database 
is a registry collecting information regarding patients on bio-
logics in the Netherlands population [47, 48]. No rigorous 

investigation regarding the risk of serious adverse events has 
been reported.

The DERMBIO database is a Danish registry collecting 
information regarding safety and efficacy in patients receiv-
ing biologic therapy. A published report [49] revealed six 
serious adverse events: one case of ovarian cancer in a patient 
taking adalimumab and three cases of serious infection 
(pneumonia, abscess, urinary tract infection) in patients tak-
ing adalimumab. Two cases were reported in etanercept- 
treated patients: one case of vertigo and one case of sepsis. 
The cohort size may have been too small and the follow-up 
time (approximately 3 years) may have been too short to 
detect other serious adverse events. A larger analysis from 
the DERMBIO registry revealed 33 serious adverse events 
among the 1277 patients treated with biologics [50]. Nine 
events were related to infection, nine events related to can-
cer, and six events related to MACE.

Other registries include Child-CAPTURE, which con-
tains information regarding 125 pediatric patients with pso-
riasis in the Netherlands [51, 52]. No long-term safety 
information regarding biologic use in this population has 
been published. The Malaysian Psoriasis Registry (MPR) 
has collected data from 2267 patients in a cross-sectional 
study spanning 2 years [53]; however, no long-term safety 
data has been published.

The Psonet initiative is a prospective observational cohort 
study that integrates data from independent psoriasis regis-
tries of nine European countries [54]. The registries include 
Psocare (Italy), PsoReg (Sweden), BIOBADADERM 
(Spain), BADBIR (United Kingdom/Ireland), Clalit Health 
Services (CHS, Israel), PsoBest (Germany), Bio-Capture 
(the Netherlands), as well as registries from France and 
Portugal. It includes 20,232 and will assess patients for 
5 years. A recent Psonet prospective meta-analysis reported 
the risk of serious infections in patients taking anti-TNF 
therapy compared to nonbiologics (acitretin, methotrexate, 
cyclosporine) [55]. The adjusted hazard ratio of exposure to 
anti-TNF agents compared with nonbiologics was 0.98; for 
bacterial cutaneous infections, it was 1.00; for granuloma-
tous infections it was 1.23. This suggests that treatment with 
anti-TNF medications was not associated with an increased 
risk of serious infections compared to nonbiologics. The 
study did not discriminate between different biologics.

 Drug Persistence

Drug persistence rates have been measured to assess real- 
world utilization of biologics. A recent study revealed persis-
tence rates of 19.0% for etanercept, 53.4% for adalimumab, 
and 70.8% for ustekinumab after a 12-month period [56]. 
The rates of discontinuation were 34.5, 27.2, and 15.9% for 
etanercept, adalimumab, and ustekinumab, respectively. 
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The most commonly reported reason for drug discontinua-
tion was drug ineffectiveness. A separate report investigating 
drug utilization rates in patients taking ustekinumab revealed 
a persistence rate of 81.4% and a discontinuation (with/with-
out a restart or switch to another biologic agent) rate of 
11.9% [57]. A recently published retrospective analysis 
revealed a persistence rate of 53.2% from 13 months up to 
6.8 years for patients taking adalimumab [58].

A recent PSOLAR analysis investigating drug survival 
revealed, for first-line use, discontinuation rates of 25.4% for 
patients taking infliximab, 37.6% for those taking adalim-
umab, 43.9% for those taking etanercept, and 8.6% for those 
taking ustekinumab [59]. A report analyzing drug survival 
for patients in the BADBIR registry revealed a 1-year sur-
vival rate of 65% for patients taking infliximab, 70% for 
those taking etanercept, 79% for those taking adalimumab, 
and 89% for those taking ustekinumab [60]. The most com-
mon reason for discontinuation among all biologics was drug 
ineffectiveness seen in 13%, followed by adverse events. The 
most common adverse event reported after 1 year of drug 
utilization was infections/infestations, which were seen in 
0.9, 3/1, 1.3, and 1.3% in those patients taking etanercept, 
infliximab, adalimumab, and ustekinumab, respectively [60]. 
A report investigating drug discontinuation in the DERMBIO 
registry revealed discontinuation rates between approxi-
mately 40 and 55% in patients taking etanercept, adalim-
umab, or infliximab. The discontinuation of ustekinumab 
was approximately 20% [50]. A published analysis of the 
Bio-CAPTURE investigating drug survival in patients taking 
adalimumab revealed a rate of 76% after 1 year and 52% 
after 4.5 years [47].

 Limitations

Observational data are subject to outcome reporting bias. For 
patients not enrolled in long-term registries, post-marketing 
reporting of adverse events via the FDA system is voluntary. 
Adverse events may be underreported during data collection. 
At entry into the registry, some patients were biologic naïve 
while others may have been on previous biologic therapy. 
For patients with long-term biologic treatment before regis-
try enrollment, the total exposure-adjusted incidence rate of 
treatment-emergent adverse events may be underestimated.

 Conclusions

Long-term safety data reported for biologic therapy is 
reassuring. There does not appear to be an increased risk 
of malignancy and MACE events over the risk in the back-
ground psoriasis population. For all biologics, no new 
safety signals were identified in reported registry studies. 
There may be a slightly higher risk for serious infections 
for patients receiving adalimumab and infliximab. No 

increased risk was reported for patients taking ustekinumab 
and etanercept. One meta-analysis revealed no increased 
risk of serious adverse events in patients taking adalim-
umab, etanercept, or infliximab compared to placebo [61]. 
Long-term data is limited but also reassuring for patients 
taking secukinumab and ixekizumab and real-world regis-
try data is being collected. No psoriasis treatment was 
identified as a predictor of death. Further data collection is 
under way to identify long- term safety signals and better 
guide physicians in treating patients.
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and Biologic Therapy in Dermatology
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 Introduction

With continued rising costs of healthcare in the United 
States, the application of an economic framework to the 
health system is unavoidable. Data published on the CDC 
website estimates total national health expenditures to be 
$3.0 trillion, accounting for 17.5% of the United States’ 
gross domestic product based on 2014 data [1]. These costs 
were further broken down into hospital care (32.1%), physi-
cian and clinical services (19.9%), and prescription drugs 
(9.8%) amongst others [1]. Given we have finite resources, 
we must choose how to best allocate these resources to gain 
the greatest health benefits overall. Pharmaceutical products, 
or medications, make up a significant portion of our national 
healthcare expenditures, and as such, they are becoming 
more heavily scrutinized for their safety and efficacy as well 
as their associated costs. With this focus on value-based 
health care, where value can be defined as patient health out-
comes achieved per dollar spent [2], medications now need 
to prove that they are more than just an effective and tolera-
ble treatment.

Pharmacoeconomics and pharmacoeconomic research 
first gained traction in the medical literature in the 1980s. 
Broadly, pharmacoeconomics can be defined as the cost of 
the pharmaceutical good to the healthcare system or soci-
ety as a whole, and its goal is to identify the true value of 
a medication to justify its use in clinical practice [3]. 
Pharmacoeconomics is unique in that it seeks to quantify 
not only the economic but also the humanistic and clinical 

outcomes of pharmacotherapy. In doing so, perspectives of 
policy makers, payers, physicians, and, most importantly, 
patients must be considered.

In dermatology, we see the impact of these pharmaco-
economic decisions on a daily basis in our clinical practice. 
Attempts to curb medication costs, including the prior 
authorization process, medication tiering, step therapy, and 
narrowed insurance formularies, are numerous. These strat-
egies are intended for cost containment, but many physi-
cians and patients may view them as impediments to care. 
In addition to clinical practice, research is also impacted by 
economics. Clinical trials are often designed to evaluate not 
only the efficacy of a medication but also their impact 
directly on patients as reported through patient-reported 
outcomes (PROs). This additional step of collecting data on 
patients’ experiences is necessary to help justify the true 
value of a medication beyond its safety, efficacy, or cur-
rency cost alone. Thus, understanding the methodology for 
determining this overall value of pharmaceutical medica-
tions may be helpful for dermatologists and may inform 
treatment decisions or allow dermatologists to better advo-
cate for their patients’ care.

From this chapter, we hope to impart a very basic under-
standing of pharmacoeconomics as it applies to dermatology 
and, we use systemic therapy with biologic agents for psoria-
sis as an example to illustrate these concepts.

 Basic Principles of Pharmacoeconomics

In order to understand the framework for estimating value of 
a medication, familiarity with the variables that go into this 
determination is crucial. As discussed earlier, these variables 
can be divided into economic, such as costs, versus human-
istic and clinical outcomes, including clinical effectiveness 
and personal effects on patients (Fig. 10.1). Each of these 
concepts is reviewed in the subsequent text. These three 
inputs, economic, humanistic, and clinical, are then applied 
to a cost analysis model to calculate a final output, or value. 
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Depending on the perspective of the analysis or the desired 
final endpoint, some costs and/or outcomes may be  prioritized 
over others, and different pharmacoeconomic cost analyses 
can be employed.

 Costs

In order to compute the total costs, we must first know the 
costs for which we need to account. Definitions of these dif-
ferent costs are as follows and are also outlined in Fig. 10.2.

Direct costs are the costs incurred directly to the health-
care system for payment of medical products and services 
[4]. Examples include medications, laboratory and diagnos-
tic testing, radiology services, medical supplies, durable 
medical equipment, physician fees, medical personnel fees, 
hospitalizations, rehabilitation, and long-term care. 
Theoretically, these transactional costs should be the easiest 
to measure, but pricing for many of these services and even 
pharmaceuticals is not always transparent as exemplified by 
drug pricing, which is detailed below.

Indirect costs are those that often result from morbidity or 
mortality, such as loss of productivity, loss of livelihood, or loss 
of life. These costs can result from premature death, disability, 
missed work, or decreased earning potential [4]. Also included 
in this is “presenteeism” where the patient may be present at 
work but still unable to perform his or her job functions, lead-
ing to lost productivity [5]. For a patient, presenteeism may 
allow the patient to avoid lost wages from being absent from 
work. However, in contrast, the estimated cost to society of 
presenteeism may be greater than absenteeism [6]. As an aside, 
this exemplifies the idea that costs can be different based on the 
perspective of those incurring the costs. Indirect costs, in gen-
eral, are much more difficult to measure as they often require 
some conversion factor to quantify currency lost, but these may 
have a greater impact on patients and society as a whole.

In clinical trials, measurement of the indirect costs, such as 
absenteeism or presenteeism, can be estimated through patient-
reported productivity scales, such as the Work Productivity and 
Activity Impairment (WPAI) Questionnaire, the Work 
Limitation Questionnaire (WLQ), the Sheehan Disability Scale 
(SDS), or the Health and Work Performance Questionnaire 
(HPQ). These are commonly employed in trials to better 
describe the impact of medications. For example, in the CLEAR 
trial, which compared secukinumab to ustekinumab, the WPAI 
was employed to estimate the indirect costs of psoriasis in 
Germany as correlated with Psoriasis Area Severity Index 
(PASI) scores. This study found that improvements in psoriasis 
of PASI ≥90 were associated with significantly decreased pro-
ductivity loss (less than 2 h per week) compared to patients with 
poorly controlled moderate- to- severe psoriasis who lost >8 h of 
productivity per week due to psoriasis symptoms [7].

Intangible costs may be even more difficult to measure 
than indirect costs as they represent the costs of pain, suffer-
ing, grief, or other distresses that patients or their family 
members may suffer as a result of disease and medical care.

Opportunity cost is essentially a measure of the benefits 
lost when selecting one therapeutic option over another. For 
example, if one only had time to either go shopping or to the 
gym, then the opportunity cost of going shopping is any ben-
efit that may have been derived from going to the gym for 
exercise. In our healthcare system, the opportunity cost of 
allocation of funds towards medications is the potential health 
gain that is foregone had those funds been applied elsewhere, 
such as towards social services or inpatient hospital care.

One of the difficulties with pharmacoeconomic analyses, 
specifically, is figuring out what a medication actually costs. 
The supply chain for pharmaceuticals grossly follows the 
order of pharmaceutical manufacturer to wholesaler or direct 
purchaser to pharmacy and then consumer or patient. With 
each step, price markups, rebates, or discounts may be applied, 
which can make pricing difficult to interpret. Wholesale 
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 acquisition costs (WAC) are often used in pharmacoeconomic 
modeling. The WAC is often published in price guides and is 
an estimate of the manufacturer’s direct price without any 
rebates or discounts [8]. We will use this cost in our example 
of biologic therapy later in this chapter. Other costs that may 
be used in modeling are the average wholesale price (AWP), 
which is an estimate of the average price at which wholesalers 
sell drugs, often likened to the “list price” [8]. The average 
manufacturer price (AMP), which is defined by federal law 
and is the price charged by the manufacturer to wholesalers or 
pharmacies after discounts, is often not published [8].

 Humanistic Outcomes

Humanistic outcomes often attempt to capture the emotional sta-
tus of patients, and are sometimes considered to be under the 
umbrella of clinical effectiveness as well. Psychological stress 
and disability due to disease can have profound impact on 
patients’ self-esteem, well-being, and health-related quality of 
life (HRQoL) and can be quantified. Other measures of human-
istic outcomes include patient satisfaction and patient prefer-
ence. In pharmaceutical clinical trials, patient-reported outcomes 
(PROs) are often used as endpoints in addition to physician-
reported assessments of disease severity. The Food and Drug 
Administration (FDA) sets forth recommendations for the spe-
cific methodology of development of new PROs. These PROs 
measure patients’ daily abilities and feelings in response to ther-
apy as reported by patients, often in the form of questionnaires.

The Dermatology Life Quality Index (DLQI) is a rou-
tinely employed PRO in dermatology and is often used as a 
meaningful endpoint in clinical trials. The DLQI is a skin- 
specific HRQoL measure that was originally developed in 
1994. Within 10 years of its initial publication, it was 
employed in over 85 peer-reviewed articles covering a wide 

range of skin diseases and dermatologic medications [9]. It 
consists of ten questions about daily activities, relation-
ships, work, school, leisure, symptoms, and feelings. 
Responses are measured on a Likert scale and scored out of 
a total of 30, with higher scores suggesting greater levels of 
impairment. The DLQI is unique to dermatology in that it 
evaluates skin- related symptoms; however, this prevents 
these scores from being compared to QoL scores in other 
non-dermatologic diseases.

Utility scores in health economic analyses aim to measure 
the value of different health states based on patient preference 
[10]. As patients transition from one health state to another, 
often as a result of therapy, the utility score attempts to cap-
ture the patient satisfaction as patients go to a more or less 
desirable health state [11]. Scores range from zero to one 
where one side of the spectrum is as bad as death versus the 
other side being full health or no problems. In practice, these 
utility scores are often based on standardized instruments 
completed by patients that evaluate HRQoL. The EuroQol-5 
Dimension (EQ-5D) is a generic QoL instrument that mea-
sures mobility, self-care, usual activities, pain, discomfort, 
anxiety, and depression across multiple diseases, and it is 
regularly used in cost analyses [10]. The EQ-5D is not com-
monly employed in dermatology though and may not be sen-
sitive enough to show disease. Use of some components of 
the EQ-5D has been reported in psoriasis, hidradenitis 
 suppurativa, chronic leg ulcers, and hand eczema [12]. Few 
studies though have evaluated the relationship between 
EQ-5D, PASI, and DLQI and found a moderate correlation 
amongst scores [10]. During the secukinumab randomized 
controlled trials, EQ-5D and PASI were measured simultane-
ously. The National Institute for Health and Care Excellence 
(NICE) publishes guidelines for medication use after evaluat-
ing clinical effectiveness and cost-effectiveness for new med-
ications in the United Kingdom. The NICE technology 
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assessment for secukinumab directly converted PASI scores 
into utility scores based on the EQ-5D and PASI data from the 
trial for evaluation in cost-effectiveness models. This conver-
sion has been cited in other cost analyses for biologic medica-
tions in the United States as detailed in the example at the end 
of this chapter.

 Measurements of Clinical Effectiveness

Clinical effectiveness aims to capture the safety and efficacy 
of pharmaceuticals in treating a medical condition. Safety 
data related to medications is described initially in clinical 
trials where adverse events are reported and evaluated. This 
data is relatively limited in nature by the small, selected sam-
ple size and short duration of the study as compared to wide-
spread adoption of the medication following FDA approval. 
Therefore, post-marketing surveillance is also essential for 
determining the true safety outcomes of a medication.

Clinical effectiveness data is usually acquired from a phy-
sician evaluation of patient disease. One method for measur-
ing clinical efficacy is through a disease-specific endpoint. 
For clinical trials, the FDA often requires a physician’s 
global assessment, which is the investigator’s overall assess-
ment of extent of disease improvement or worsening com-
pared to baseline. In psoriasis, affected total body surface 
area, PASI, and the Physicians Global Assessment (PGA) 
are the most commonly used disease-specific endpoint in 
clinical practice and clinical trials. Improvements in scores 

for these validated measures are acceptable for quality 
reporting guidelines for reimbursement as well as FDA 
approval for new systemic psoriasis medications. Disease-
specific endpoints though are not generalizable and do not 
allow for comparisons in clinical effectiveness amongst dif-
ferent diseases.

A second method of measuring clinical effectiveness is 
through a calculation of number needed to treat (NNT), 
which is relatively easy to calculate from dermatology clini-
cal trial data, and the NNT can be compared across various 
diseases or treatments. NNT can be defined as the number of 
patients on average that need to be treated to achieve one 
additional gain as compared to standard therapy or placebo 
[13]. NNT is the inverse of the absolute risk reduction 
(Fig. 10.3). Assuming that the therapy is better than placebo, 
low NNTs are desirable with the ideal NNT equal to one. 
NNT can be used to compare efficacy across disease states 
and specialties.

The phase III clinical trials for the biologic agents used 
to treat psoriasis usually compared these agents to pla-
cebo with more recently approved agents compared to 
placebo, methotrexate, and/or etanercept. PASI 75 was 
generally employed as a clinically meaningful endpoint 
for these trials, and this endpoint was evaluated after the 
standard dosing for the first 10–16 weeks of treatment. 
The percentage of patients that achieved PASI 75 as com-
pared to placebo can be used to calculate and compare the 
NNT for each individual agent against placebo (Table 10.1) 
[14–19]. As evidenced from these trials, biologic therapy 

NNT = 1/(0.456 – 0.121) = 2.99

Thus, NNT is 3.  This implies that 3 patients need to be treated with systemic drug X in order for 1 additional patient to ac hieve PASI 75.

Achieved
PASI 75 

Did not
achieve
PASI 75

Total
patients

Event rate of those
achieving PASI 75 (%)

Systemic drug X 47 56 103 45.6

Placebo 13 94 107 12.1

Calculation of NNT

NNT = 1/ARR
ARR = Pt – Pc

NNT: Number needed to treat, usually rounded to nearest whole number
ARR: Absolute Risk Reduction, Difference in events rate between control (Pc) and treatment (Pt) groups

Example

In a clinical trial of moderate to severe psoriasis, Systemic Drug X was compared to placebo for achievement of PASI 75 as the primary 
endpoint.  A total of 103 patients received systemic drug X and 107 received placebo.  Of those receiving Systemic Drug X, 45.6% (43/107)
achieved PASI 75 compared to 12.1% (13/107) who received placebo.  What is the NNT?

Fig. 10.3 Calculation of number needed to treat (NNT) [13]
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is far more effective than methotrexate, and the newer 
agents were better able to achieve PASI 75 as evidenced 
by the lower NNT. The NNT for secukinumab is 1.1, 
meaning that we need to treat 11 patients in order for 10 
to have a positive response, which was defined as PASI 
75 in our scenario.

For clinicians, NNT is a relatively straightforward repre-
sentation of the effect of treatment, but it still does not 
directly quantify costs.

 Types of Cost Analyses

Once inputs (costs, humanistic outcomes, and clinical effec-
tiveness) are defined for the cost analysis, the next step in 
conducting a cost analyses is choosing the specific model. 
The most common cost analyses are cost identification, cost- 
benefit, and cost-effectiveness analyses.

A cost identification, or cost minimization, analysis of 
drug therapy looks solely at the costs of a pharmaceutical 
agent or intervention without evaluating any benefits. The 
final output is in currency or dollars. Through a cost identifi-
cation model, a price per service can be calculated. Since 
health outcomes are not factored into this equation, a cost 
identification analysis is best suited for the comparison of 
two therapies where the health outcomes, such as therapeutic 
efficacy and safety, are assumed to be equal or better for the 
drug that is of lower cost agent [4].

Cost-benefit analyses also use currency or dollars as its unit 
of measurement. The total cost of the treatment is compared to 

the total benefits (converted into dollar equivalents) and 
expressed as a ratio of benefits to costs. Because both units are 
in dollars, explicit net benefits or net costs can be calculated. 
The difficulty with this model may be quantifying the total 
benefits into a unit of currency.

Cost-effectiveness analyses compare costs to outcomes 
of the proposed pharmaceutical intervention. Because 
costs are measured in dollars, or other currency, and out-
comes tend to be measured in or converted into non-cur-
rency units, such as utilities or years of life, the final output 
is a ratio of cost per unit outcome. The cost-effectiveness 
analysis allows for comparisons of treatments with differ-
ent safety or efficacy outcomes, but it does not directly 
compare the costs of each treatment. It is best utilized to 
assess cost optimization or incremental improvements in 
clinical effectiveness for unit cost but does not determine 
the lowest cost treatment. When the outcomes are mea-
sured in utilities, the model is called a cost utility 
analysis.

The Markov model is a particular model used for cost- 
effectiveness analyses and is well suited for the modeling of 
chronic diseases over time. In this model, defined disease 
states are established within the greater context of the dis-
ease of interest, and the probability of transitioning between 
each disease state over a set time period is established. 
Healthcare costs and outcomes are attached to both the dis-
ease states and the transitions, which allows for estimation of 
cost-effectiveness [20].

Two cost-effectiveness ratios exist, the average cost- 
effectiveness ratio (ACER) and the incremental cost- 
effectiveness ratio (ICER). The ACER is calculated as 
healthcare cost per clinical outcome. The ICER is calcu-
lated as the difference between the costs in treatment over 
the difference in effect. Thus, ICER is used to answer the 
question of whether the increased benefit is worth the 
increased cost.

The quality-adjust life year (QALY) is a common unit of 
measurement of health improvement used in cost- 
effectiveness analyses. On the simplest level, the QALY 
assigns a weighted value to health benefits over a particular 
time period [21]. If utility scores are used as measure of the 
health state, then a psoriasis patient with a utility score of 0.7 
would be expected to have 7 QALYs over a 10-year time 
horizon (0.7 × 10) [22].

In addition, a sensitivity analysis may be employed after 
results are obtained from a cost-effectiveness model. Because 
a certain amount of uncertainty is inherent in assumptions 
made in designing the model, the goal of a sensitivity analy-
sis is to determine the significance of this uncertainty and the 
overall robustness of the final conclusion of the model [4]. 
Various types of sensitivity analyses, with increasing levels 
of sophistication, can be employed [23].

Table 10.1 Example of efficacy and number needed to treat of bio-
logic agents

Biologic agent (dosing, clinical 
trial time endpoint)

PASI 75 of 
treated 
group (%)

PASI 75 of 
control 
group (%)

Number 
needed to 
treat 
(NNT)

Methotrexate (7.5 mg PO q 
week, increased as tolerated to 
25 mg weekly, after 16 weeks) 
[16]

35.5 19 6.1

Etanercept (50 mg BIW, after 
12 weeks) [14]

49 4 2.2

Infliximab (5 mg/kg, after 
10 weeks) [15]

88 6 1.2

Adalimumab (40 mg q every 
other week)
[16] (CHAMPION Trial)

80 19 1.6

Ustekinumab (90 mg q 
3 months, after 12 weeks) [17]

67 3 1.6

Secukinumab (300 mg q 
4 weeks, after 12 weeks) [19]

82 5 1.3

Ixekizumab (80 mg, after 
12 weeks) [18]

90 2 1.1
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 Psoriasis and Health Economic Analyses

Psoriasis is a chronic skin condition that causes significant 
morbidity but is generally not thought to cause mortality. As 
such, it requires lifelong therapy to control the symptoms or 
skin manifestations of the disease, but no cure currently 
exists for psoriasis. It is well known that psoriasis patients 
report significant impact of their disease on QoL and that 
improvement of disease through systemic treatment can 
improve QoL for these patients [24]. Over the last decade, 
targeted biologic therapies for psoriasis have been developed 
with ever-increasing efficacy, and many patients can now 
achieve and maintain clearance of their skin disease, which 
was unfathomable many years ago. These new treatments 
though come at considerably greater direct cost as compared 
to previous, non-targeted treatments for psoriasis. Because 
of this cost, many patients and providers experience diffi-
culty obtaining these medications despite their great efficacy. 
This is a classic example of costs versus clinical effective-
ness, making it well suited for demonstrating the role for 
pharmacoeconomic modeling.

In psoriasis clinical trials for systemic agents, we are fortu-
nate that the design of the clinical trials for most agents is 
similar with employment of identical clinical assessment tools 
and patient-reported outcome measures. This allows for gen-
eral comparability between psoriasis trials, and subsequent 
cost analyses are greatly enabled by this comparability.

A 2016 review of the literature for psoriasis and health 
economic analyses by Gutknecht et al. summarized the avail-
able published data [25]. They found a recent increase in 
studies focused on biologic agents. They also identified cost- 
effectiveness models as the most commonly employed, but 
these studies used varying methods and outcome measures, 
limiting the ability to compare results. Also, direct costs 
were generally included whereas indirect costs were 
neglected in the majority of the studies. Finally, a dispropor-
tionate number of studies came from the United Kingdom 
where NICE independently examines the cost-effectiveness 
of pharmaceuticals, suggesting that standardization of meth-
ods and outcome measures may lead to more interpretable 
and directly comparable results.

 Pharmacoeconomics in Practice: Targeted 
Systemic Therapy for Psoriasis

As noted previously, the use of standardized measurements in 
psoriasis clinical trials, such as PASI, PGA, and DLQI scor-
ing, allows for straightforward comparability, and as a result, 
cost-effectiveness is relatively easy to model. Around 2005, 
evaluations of cost-effectiveness of systemic therapy started 
to get published, likely due to the increased prevalence, 
uptake, and cost of biologic agents for systemic psoriasis 

therapy. Since then, multiple studies looking at NNT and 
cost-effectiveness have been published for psoriasis. In 2008, 
Nelson et al. published a cost-effectiveness analysis for bio-
logic agents (adalimumab, etanercept, and infliximab) over a 
12-week period. The authors initially performed a literature 
review and meta-analysis and looked at the efficacy of the 
biologic agents at 12 weeks based on DLQI improvement and 
PASI 75 scores. Costs were estimated for the drugs, and an 
ICER was calculated with a sensitivity analysis to determine 
the most cost-effective biologic agents [26]. D’Souza and 
Payette performed a cost-effectiveness analysis for all sys-
temic agents used in psoriasis in 2015. They also conducted a 
literature review to find the efficacy of medications achieving 
PASI 75. Using this data, NNT was calculated as were the 
direct costs associated with PASI 75 achievement for each 
therapy, and total costs for each systemic therapy were defined 
and compared [27]. Armstrong et al. also explored a cost 
analysis for methotrexate versus apremilast and used data 
from previous clinical trials for apremilast and adalimumab 
that compared these medications to methotrexate and/or pla-
cebo. Through their analysis, the incremental drug cost per 
responder and NNT were calculated using direct medication 
costs only, and the authors concluded that a significant cost 
was associated with apremilast without greater efficacy as 
compared to methotrexate [28].

With a basic understanding of pharmacoeconomics, we 
can now evaluate, or at least better understand, if these 
systemic biologic agents fill an important need or demon-
strate a value relative to their cost that may better justify 
their use in treating moderate-to-severe plaque psoriasis. 
Unfortunately, no government-sponsored equivalent to 
NICE exists in the United States, but the Institute for 
Clinical and Economic Review (also ICER), an indepen-
dent nonprofit organization that receives funding from 
various sources, including industry, published their health 
economic analysis focusing on effectiveness and value of 
targeted immunomodulators as compared to non-targeted 
therapy for the treatment of moderate- to-severe plaque 
psoriasis [29]. Independent of their findings, the cost-
effectiveness model designed and employed to evaluate 
their endpoints will serve as a suitable example for demon-
stration of the role of these types of models in the valua-
tion of pharmaceutical medications. The steps performed 
by ICER as part of the model are outlined in Fig. 10.4.

The ICER model examined each systemic agent as first- 
line therapy for efficacy [29]. Agents that were examined 
included adalimumab, etanercept, infliximab, ustekinumab, 
secukinumab, ixekizumab, brodalumab, and apremilast. 
Measurements of clinical effectiveness included PASI 
scores, the DLQI, and adverse events. All were found to be 
superior to placebo for achievement of PASI 75 with the 
newer agents, ixekizumab, secukinumab, and ustekinumab, 
also being superior to etanercept. Secukinumab, ixekizumab, 
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and brodalumab were also identified as superior to 
ustekinumab. Identified sources of uncertainty were applica-
tion to real-world situations, specifically that trials limited 
concurrent use of topicals, dosing of medications in practice 
may not follow package inserts, and long-term efficacy and 
safety data may not be available.

Subsequently, a cost-effectiveness analysis was per-
formed, and cost per QALY gained was determined through 
calculation of the incremental cost-effectiveness ratio of 
each therapy compared to non-targeted therapy. For QALY 
determination, PASI scores were converted to utility scores 
using the NICE data from the secukinumab trial. Costs were 
chosen based on the WAC with discounts factored in that 
were assumed to better reflect actual prices, and non-targeted 
therapy costs were estimated. All of systemic medications 
were found to be within or below the cited “reasonable” 
value in the US cost per QALY range of $100,000–$150,000. 
Of note though, only adalimumab, apremilast, and inflix-
imab fell into this range without drug discounts applied. In 
conclusion, ICER stated that all targeted immunomodulators 

demonstrated good value, and as such, they recommended 
abolishing step therapy or amending it to decrease higher 
out-of-pocket expenses for different targeted therapies [29].

A second article by Shahwan and Kimball presented a 
cost identification analysis that evaluated dose escala-
tion of biologic agents for treatment of psoriasis [30]. 
They presented costs, based on WAC obtained from 
Redbook, and speculated that increased dosing of bio-
logic therapy, often a doubling of dosage, essentially 
increases the WAC twofold. Thus, since the WAC of 
maintenance dosing of biologic agents is similar, it may 
be more cost effective to switch to a more efficacious 
agent rather than increasing the dosing of the current 
biologic medication. WAC costs of selected biologic 
agents are presented in Table 10.2.

One of the biggest limitations of both of these studies was 
the lack of transparency of drug pricing. Since neither study 
could ascertain the prices being paid by wholesalers or phar-
macies, inherent inaccuracies will continue to exist for such 
pharmacoeconomic models.

1

• Identify endpoints and cost analysis model to be employed
• Economic and health outcomes of targeted immunomodulators vs. non-targeted therapy
• Model and key model assumptions: Cost-effectiveness analysis
• Outcomes of model: QALY, total costs, incremental cost-effectiveness ratios (ICERs)

2

• Define patient population and therapies to be evaluated
• Moderate-to-severe plaque psoriasis
• Targeted immunomodulators: adalimumab, etanercept, infliximab, ustekinumab, secukinumab, ixekizumab, brodalumab, apremilast
• Non-targetered therapy: topicals, phototherapy, older systemic therapies

3

• Define outcome measures of efficacy: PASI, PGA, DLQI, measures of symptom control, harms/adverse events, EQ-5D (utility measures)
• Compare clinical effectiveness between agents via results from published literature, using head-to-head trial data when available

4

• Identify the economic inputs: direct costs, including drug costs (wholesale acquisition cost (WAC), wholesale acquistion cost with discounts, or 
  other drug costs), administration costs, laboratory or clinic visit costs, adverse event costs; indirect costs, such as lost productivity costs; 
  intangible costs

5

• Identify any controversies or uncertainties in analysis thus far, such as lack of real world application of clinical trial parameters, inconsistently 
  reported clinical outcomes, lack of head-to-head studies, potential biases, patient preferences (drug administration route or dosing schedule), 
  etc.
• Perform sensitivity analysis

6

• Report results
• Translate results into potential impacts, such as impact on budget
• Provide recommendations

Fig. 10.4 Detailed steps of a cost-effectiveness analysis
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 Conclusion

We hope that a basic understanding of the principles 
underlying pharmacoeconomic evaluation of systemic 
therapy will allow dermatologists to better evaluate cost 
analysis studies and to make informed treatment deci-
sions in regard to value of medications. Unfortunately, 
there is no absolute standard cutoff for medication pric-
ing or value, and costs and benefits of medications are 
different from the perspective of society, payers, patients, 
and providers, which makes cost analyses more difficult 
to perform and interpret. As we continue to see health-
care costs rise, we will find that pharmaceutical decisions 
may be based upon the best overall value treatment 
regardless of total cost, or that these decisions may be 
based upon meeting cost containment benchmarks, leav-
ing providers to find the best therapy within a price range. 
As a specialty, we should continue to provide updated 
treatment guidelines, such as for systemic therapy in pso-
riasis, that reflect both treatment efficacy and value.
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Immunogenicity of Biologic Agents 
in Psoriasis

Alexandra G. Florek and Kennethk B. Gordon

Psoriasis is a common, chronic, immune-mediated disease 
that requires long-term treatment and has considerable 
impact on the quality of life of patients. Through the expand-
ing knowledge of psoriasis pathogenesis, therapy has evolved 
from topical agents to phototherapy, to oral systemic thera-
pies, and finally to biological therapies including fusion pro-
teins and monoclonal antibodies.

Biological therapies have revolutionized the treatment of 
moderate-to-severe psoriasis. Over the last decade, a number 
of systemic biologic agents (including etanercept, inflix-
imab, adalimumab, ustekinumab, secukinumab, ixekizumab) 
have been approved by the United States Food and Drug 
administration for the treatment of moderate-to-severe 
plaque psoriasis. They have become the gold standard for 
psoriasis in terms of efficacy, safety, and quality of life for 
the patients [1, 2]. Nevertheless, a significant number of 
patients fail to respond to these agents (primary nonresponse) 
or they experience a loss of efficacy over time following an 
initial response (secondary nonresponse or loss of response). 
In particular, while the reasons for the loss of response may 
be varied, one of the most often considered is the develop-
ment of an immune reaction to the biologic medication itself. 
A review of the nature of these immune responses, referred 
to as immunogenicity and its potential effect on therapy, is 
the subject of this chapter.

 Immunogenicity: An Introduction

In the recent years, immunogenicity has been implicated as 
one of the key mechanisms leading to reduced clinical effi-
cacy and adverse events with biologic drugs [3–5]. 

Immunogenicity is the development of antidrug antibodies 
(ADAs) against a specific antigen or epitope of the biologic 
protein. As a result, the biologic agent’s full therapeutic 
effect may be blocked, potentially leading to reduced clinical 
efficacy and/or adverse events [3, 4, 6, 7]. Consequently, 
patients initially responding to a biologic agent may develop 
acquired drug resistance and gradual drug failure, and other 
patients may need to discontinue the biologic agent due to 
allergic reactions that at worst can result in infusion reac-
tions or anaphylaxis [8].

The impact of immunogenicity on clinical outcomes 
remains to be fully elucidated, as only a fraction of the pri-
mary or secondary failures may be attributable to ADA 
development. A clinically significant reduction in therapeu-
tic efficacy is observed in patients developing ADAs, but 
whether other mechanisms could be potentially responsible 
for the decline in the therapeutic response is not yet fully 
known. For instance, some patients who are not responders 
do not have any detectable levels of ADAs. In other words, 
these patients may be experiencing therapeutic failure due to 
a mechanism other than ADA development. Moreover, some 
patients show detectable levels of ADAs despite the fact that 
they have excellent clinical response.

 Mechanisms of Immunogenicity of Biologics

ADAs targeted towards monoclonal antibodies may reduce 
their efficacy by one of the two mechanisms: by binding to 
the cytokine-binding site of the monoclonal antibody (neu-
tralizing antibodies) or by promoting immune-complex 
clearance (neutralizing and non-neutralizing antibodies) [9]. 
Additionally, the presence of ADAs does not necessarily sig-
nal treatment failure, provided that the concentration of 
unbound active drug does not decrease below the therapeutic 
levels [10].

Biologic therapies are of two basic types. Receptor fusion 
proteins that bind to the target through the naturally occur-
ring receptors and monoclonal antibodies that acquire their 
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specificity for the target based on an antibody-binding site. 
Monoclonal antibodies are categorized into four groups 
based on their molecular structure: murine, chimeric, human-
ized, or fully human. It is now known that all fusion proteins 
and monoclonal antibodies, including those that are fully 
human, are immunogenic, that is, they have the ability to 
induce an immune response in the treated patient [7, 11–13]. 
The first therapeutic antibodies were of mouse origin and 
were highly immunogenic as they represented xenogeneic 
proteins, or proteins that originated from other organisms. 
Murine biological drugs induced antidrug antibodies against 
the murine variable and constant domains, which conse-
quently limited their therapeutic efficacy [14]. Chimeric 
antibodies, such as infliximab, in contrast, are composed of 
human constant domains and murine variable domains, mak-
ing them less immunogenic than murine antibodies [15, 16]. 
Humanized antibodies contain murine components in the 
antigen-binding parts. Finally, fully human antibodies, such 
as adalimumab and ustekinumab, are synthesized with fully 
human sequences. The ADAs against fully human monoclo-
nal antibodies usually bind to the idiotype, the part of the 
variable region of the antibody molecule that confers anti-
genic specificity. Unlike the monoclonal antibody-based 
agents, the biologic agent etanercept is a fusion protein made 
up of the extracellular domain of the p75 TNF receptor and 
the hinge and Fc domains of human IgG1 but still can induce 
low level of ADAs primarily at the hinge region of the mol-
ecule [17].

 Testing for Immunogenicity and Biologic 
Drug Levels

One of the major obstacles in assessing the clinical relevance 
of immunogenicity is the complexity of measuring antibod-
ies against biological therapies. A major disadvantage is the 
lack of standardization between various ADA assays which 
prohibits reliable data interpretation between various labora-
tories [9]. The ADAs are a heterogeneous population and 
they differ according to affinity, isotype, and neutralizing 
ability. No single assay is able to detect the different forms 
and isotypes of ADAs, and these assays differ in sensitivity 
and specificity. The majority of the ADA assays only detect 
ADAs if their production in serum exceeds the amount of 
drug that is present in the serum, and they ignore the ADAs 
that are bound to the drug [9]. Because of that, many studies 
may have actually underestimated the number of patients 
producing ADAs [9].

There are a number of different assays used to detect 
ADAs, including enzyme-linked immunosorbent assay 
(ELISA), radioimmunoassay antigen-binding test (RIA), 
reporter-gene assay, and pH-shift anti-idiotype antigen- 
binding tests. Table 11.1 illustrates the main assays for 

detecting ADAs, and shows the advantages and disadvan-
tages of each assay. ELISAs and radioimmunoassays detect 
mainly free ADAs but do not detect the ADAs that have 
formed immune complexes with the drug; thus they are 
 limited by the presence of the drug in the serum samples [9, 
18]. Solid-phase ELISAs are mainly used in the randomized 

Table 11.1 Methods used to detect ADAs and their potential advan-
tages and disadvantages

Test used to detect 
presence of ADAs Advantages Disadvantages

Standard ELISA Sensitive Not very specific, 
and prone to 
false-positive results 
and nonspecific 
binding
Only detects free 
ADAs (not ADAs 
bound in immune 
complexes to the 
drug, thus resulting 
in false negatives) 
[18]

Two-site (bridging) 
ELISA

Both sensitive and 
specific

Highly susceptible 
to drug interference 
and does not detect 
IgG4 antibodies 
which comprise 
much of the 
immune response in 
RA with 
adalimumab [7, 20]
Thus it can only 
detect ADAs in 
absence of 
detectable amounts 
of circulating drug

Solid-phase ELISA Very sensitive Not specific, thus 
resulting in false 
positives [19]

Radioimmunoassay 
antigen-binding test

Low background and 
can detect clinically 
relevant antibodies

Only detects free 
ADAs (not ADAs 
bound in immune 
complexes to the 
drug, thus resulting 
in false negatives) 
[18]
Use of radioactivity 
is a disadvantage [7]

pH-shift anti-
idiotype antigen-
binding test

Overcomes drug 
interference to detect 
ADAs in complexes 
by using acid 
treatment to 
dissociate the 
complexes [21], and 
thus reveals “hidden 
immunogenicity” of 
bound and unbound 
ADAs

Reporter gene essay
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clinical trials, and while being highly sensitive they are not 
as specific, and are prone to false-positive results [19]. A 
novel ELISA assay called two-site (bridging) ELISA has 
been designed, and while being both highly specific and sen-
sitive, this test is very susceptible to interference by drugs 
present in the patient’s serum, and it results in immune com-
plex formation [7]. Furthermore, the two-site bridging assay 
does not detect IgG4 antibodies, which compose a major part 
of the immune response in adalimumab, and therefore is 
prone to false negatives [7, 20]. The radioimmunoassay 
antigen- binding test (RIA) has higher specificity than 
ELISAs and has less drug interference; however, its major 
disadvantage is the radioactivity which it contains. The pH-
shift anti- idiotype antigen-binding test, although used in a 
limited number of studies, overcomes drug interference and 
detects ADAs which are found in drug complexes. Thus, this 
test has been able to detect the “hidden” or bound ADAs not 
detected with the prior tests in many of the RA patients 
treated with adalimumab [9, 21]. Finally, the timing of the 
sampling also needs to be standardized across the various 
assays [9].

 Factors Which Affect Immunogenicity

Several factors influence development of ADAs, given that 
not all patients who lose therapeutic efficacy develop ADAs 
[22]. Moreover, the frequency of ADA development varies 
from one biologic to another [22]. Knowledge of factors 
affecting the immunogenicity of biologic agents could help 
in the development of treatment strategies to prevent loss of 
efficacy and to improve safety.

Both treatment and patient-related factors contribute to 
ADA formation. Some the various factors which influence 
immunogenicity include the molecular structure of the drug, 
treatment regimen including drug dosing intervals, route of 
administration, pharmacokinetics of the drug, concomitant 
medications, and lastly patient characteristics such as genet-
ics of the patient and disease type [12].

 Treatment-Related Factors Affecting 
Immunogenicity: Molecular Structure 
of the Drug

Primary molecular structure of the biologic and its posttrans-
lational modifications are one of the key determinants of 
immunogenicity. The initial biologic agents were of mouse 
origin and were highly immunogenic. However, even the 
fully human antibodies including adalimumab and 
ustekinumab may also lead to production of ADAs [7, 9]. 
Etanercept, on the other hand, is a fusion protein, and anti-
bodies against etanercept appear to be non-neutralizing as 

they bind to epitopes outside of the drug-binding site and 
thus may have a lesser effect on clinical activity [7, 23, 24]. 
Non-neutralizing antibodies can also contribute to reduced 
efficacy of the drug, as they may form immune complexes 
with the drug and favor increased clearance [7]. Neutralizing 
antibodies, on the other hand, contribute to reduced thera-
peutic efficacy in one of the two ways: either by forming 
immune complexes with the biologic agent or by blocking 
the binding site of the biologic drug [7]. For example, anti- 
TNF antibodies including infliximab and adalimumab are 
neutralizing as they bock the binding of the therapeutic 
agents to its target, i.e., TNF-alpha [10]. Neutralizing anti-
bodies have also been shown to develop in response to 
ustekinumab [25].

 Treatment-Related Factors Affecting 
Immunogenicity: Treatment Regimen

Treatment regimen may also affect immunogenicity. Factors 
that may influence immunogenicity include the drug dose, 
serum concentration, administration route, frequency of 
administration, and duration of treatment. In the studies with 
infliximab in patients with plaque psoriasis, patients who 
were receiving the smaller dose of infliximab were more 
likely to develop ADAs compared to patients receiving the 
higher dose [26]. Similarly in the studies investigating 
ustekinumab, patients receiving the 45 mg dose were more 
likely to develop ADAs than the patients receiving the 90 mg 
dose. Low dose of drug administered intermittently is more 
likely to evoke an immunogenic response compared to a 
higher dose administered nonstop without taking drug breaks 
[9, 27]. For example, a study showed that the long-term con-
tinuous, uninterrupted therapy is less likely to cause ADA 
formation in patients receiving infliximab for psoriasis com-
pared to intermittent treatment [28]. The administration 
route has also been shown to influence development of 
ADAs. Specifically, intramuscular and subcutaneous routes 
have been shown to be more immunogenic than intravenous 
administration [23].

 Factors Affecting Immunogenicity: 
Concomitant Medications

Data, mostly from studies in rheumatoid arthritis and other 
chronic inflammatory diseases, suggests that the concomi-
tant use of methotrexate may either prevent or diminish the 
rate of development of ADAs. A recent meta-analysis con-
ducted in 936 patients with immune-mediated inflammatory 
diseases (rheumatoid arthritis, spondyloarthritis, psoriasis, 
and inflammatory bowel disease) treated with adalimumab 
or infliximab showed that concomitant methotrexate or 
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 azathioprine/mercaptopurine reduced detectable levels of 
ADA by about 47% [5]. However, due to its many undesir-
able side effects, methotrexate is infrequently co-adminis-
tered with biological agents in psoriasis patients. The level 
of evidence whether to use concomitant immunosuppressive 
agents varies between the various inflammatory diseases, 
and current guidelines do not recommend preventative 
methotrexate in plaque psoriasis just to avoid immunogenic-
ity. Nevertheless, the role of these agents in preventing or 
diminishing immunogenic response remains to be vital 
among these inflammatory diseases [22, 29, 30].

 Factors Affecting Immunogenicity: Patient- 
Related Factors

Patient characteristics are also a key factor affecting immu-
nogenicity. According to the currently used assays, not all 
patients receiving the same biologic under similar conditions 
will develop ADAs. Patients who have more severe disease 
at baseline, longer disease, or increased C-reactive protein 
have been shown to have higher immunogenicity [4]. Also, 
patients who have developed ADAs against a first TNF 
inhibitor are more likely to develop ADAs against a second 
TNF inhibitor [31, 32]. Importantly, there is no evidence that 
ADAs can cross-react between the various anti-TNF alpha 
agents. Therefore, the presence of an ADA does not contra-
indicate switching to another drug of the same class [33, 34]. 
Patients with infections that may trigger natural immunity 
and thus enhance immune response may also be prone to 
developing ADAs [9].

 Immunogenicity Variability Among Various 
Biologic Agents

 Infliximab

Immunogenicity against antitumor necrosis factor (TNF) 
monoclonal antibodies has been extensively studied. The 
reported extent of ADA development in psoriasis patients 
treated with infliximab ranges from 15 to 50% [26, 35]. 
Antibody-positive patients treated with infliximab were less 
likely to maintain response to treatment and had a greater risk 
of infusion reactions than the antibody-negative patients [35]. 
A recent systematic review and meta-analysis concluded that 
the presence of antibodies against antitumor necrosis factor 
monoclonal antibodies including adalimumab and infliximab 
confers a risk of discontinuation of treatment in rheumatoid 
arthritis patients only, and a risk of development of hypersensi-
tivity reactions in all immune- mediated inflammatory diseases 
(rheumatoid arthritis, plaque psoriasis, juvenile idiopathic 
arthritis, inflammatory bowel disease, and spondyloarthritis) 

[8]. For example, development of infusion reactions, serum 
sickness, and anaphylactic reactions may occur with infliximab 
[23]. Another recent systematic review found decreased treat-
ment efficacy with infliximab and adalimumab, but not with 
etanercept [22].

 Adalimumab

The extent of ADA development in psoriasis patients receiv-
ing adalimumab ranges from 6 to 45% [23, 36–39]. For 
example, Menter et al. found ADAs in 8.8% of patients [37], 
and Papp et al. found ADAs in 6% of patients [38]. ADAs 
were associated with an increased risk of failure to re-achieve 
efficacy following treatment discontinuation and relapse [38]. 
Lecluse et al. found ADAs among 45% of treated patients; 
however, their sample size consisted of only 29 patients [39]. 
ADAs to adalimumab were associated with lower serum drug 
concentration [22, 30, 40]. Takahashi et al. found that trough 
levels were positively associated with clinical response and 
were significantly lower in patients with ADAs [40].

 Ustekinumab

The extent of ADA developing in psoriasis patients on 
ustekinumab is about 5% [23, 36]. Antibodies to ustekinumab 
have been shown to increase drug clearance by 35% [25].

A group by Zhu et al. showed that 76% of these antibod-
ies were neutralizing, and patients with ADAs tended to have 
lower serum drug concentrations and lower therapeutic 
response to treatment [25].

 Etanercept

Compared to antibodies against anti-TNF monoclonal anti-
bodies, the incidence of antibodies against etanercept is low 
(1.1–1.6%) [41–44], and these ADAs are not neutralizing 
[22, 24, 45]. These ADAs are not associated with a decrease 
in therapeutic response [42–44]. Another study found 18.3% 
of patients developing ADAs; however, these were non- 
neutralizing and had no effect on efficacy or safety of the 
drug [46]. Majority of the data on immunogenicity comes 
from studies in rheumatoid arthritis and inflammatory bowel 
disease, and the existing data is incomplete [8].

 Secukinumab

Several studies found minimal ADA development in patients 
treated with secukinumab. For instance, 0.4% of 980 patients 
treated with secukinumab developed ADAs [47]. In another 
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study, 0.3% of 780 secukinumab-treated patients developed 
ADAs. No patient had neutralizing antibodies, and these 
were not associated with adverse events or loss of efficacy.

 Ixekizumab

Antidrug antibodies against ixekizumab developed in 9.0% 
of 1150 patients treated with the biologic in the 2-week dos-
ing group during the induction period [48]. 1.7% of these 
patients had high titers of the antidrug antibodies, and these 
were accompanied by a lower clinical response than the 
patients who had either no or low-to-moderate titers of anti-
drug antibodies [48]. The patients who initially responded to 
ixekizumab and continued in the long-term safety portion 
did not have high titers of ADAs and maintained a high-level 
clinical response, with no significant difference among 
patients with no, low, or moderate titers [48].

 Immunogenicity Among Biosimilar Agents

Biosimilars are products that are similar in terms of quality, 
safety, and efficacy to an already licensed reference biothera-
peutic product. The process for manufacturing the reference 
biologic is unique and proprietary. Thus, without access to the 
proprietary information, biosimilar manufacturers cannot 
duplicate the cell line or manufacturing process. Instead, they 
can only make a product that resembles the reference product. 
No two companies begin with the same master cell line or 
have the same manufacturing process. As a result, changes 
occur during manufacturing proteins, including glycosylation, 
which may have an impact on immunogenicity. Other chemi-
cal modifications include oxidation, deamidation, aldehyde 
modification, and deamination, and all of these may trigger an 
immune response [9]. All of these modifications create addi-
tional substrates for an immune response and thus pose a 
threat to increased ADA development and decreased therapeu-
tic response. Moreover, due to the high level of similarities to 
the reference product, antibodies developed to either the par-
ent compound or the biosimilar could reduce response to 
either agent. The magnitude of these theoretical effects will 
only be understood with widespread use of biosimilar agents.

 Clinical Implications of Immunogenicity

Immunogenicity has critical clinical implications, including 
impact on efficacy, safety, and drug survival of biologic 
agents. Most of the data on clinical significance of antidrug 
antibodies comes from rheumatoid arthritis and spondyloar-
thritis. In these disease entities, development of ADAs in 
19–26% of patients treated with infliximab has been shown 

to be associated with lower drug trough levels (the drug con-
centration measured just before the next dose), poor clinical 
response, infusion reactions, and greater likelihood of drug 
discontinuation [49, 50]. In RA, development of ADAs in 
28% of patients has been associated with lower drug concen-
trations and lower clinical efficacy [4].

 Impact on Efficacy

In plaque psoriasis, immunogenicity is vital in terms of loss 
response to biologic drugs. Clinical response has been shown 
to be reduced in psoriasis patients who developed ADAs to 
infliximab [28, 35], adalimumab [30, 37, 39], and in psoria-
sis patients using ustekinumab [25]. For example, in a recent 
systematic review and meta-analysis of patients with 
immune-mediated inflammatory diseases, ADAs against inf-
liximab or adalimumab reduced drug response rate by 68% 
[5]. Anti-etanercept antibodies were not detected [5]. Several 
studies found a positive association between trough drug lev-
els and clinical response, and trough drug levels were signifi-
cantly lower in patients who developed ADAs [30, 40].

Interestingly, patients who discontinued adalimumab and 
who simultaneously developed ADAs to adalimumab were not 
able to regain a good clinical response [38]. Some patients, on 
the other hand, were able to regain the original clinical efficacy 
[38]. This conflicting data on the role of ADAs is also present 
in trials with etanercept with a low rate of ADA formation. In 
phase III studies, patients who were responders to etanercept 
for plaque psoriasis and then were retreated had less than 100% 
response rate upon retreatment with the drug [51].

 Impact on Safety

The likely impact of immunogenicity on safety is quite lim-
ited though the development of ADAs has been associated 
with the development of infusion reactions, serum sickness, 
or anaphylactic reactions, along with other allergic type 
including headache, pruritus, hypotension, nausea, fever, 
skin rash, and arthralgias [27]. A causal effect of ADAs on 
these reactions has only been demonstrated with infliximab 
[26, 35]. Data from studies in patients with rheumatoid 
arthritis shows that rheumatoid arthritis patients with ADAs 
are more likely to develop arterial and venous thromboem-
bolic events [52].

 Impact on Drug Survival

In addition to efficacy and safety of therapies, immunogenic-
ity also has an impact on drug survival. A study by Menter 
et al. has shown that psoriasis patients without ADAs treated 
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with infliximab are more likely to sustain clinical efficacy 
compared to the patients with ADAs [35]. A recent review by 
Noiles et al. has found that etanercept has had the highest 
retention rates of treatment in psoriasis patients [53]. 
Similarly, Esposito et al. showed that psoriasis patients treated 
with etanercept experienced longer drug survival compared to 
those treated with infliximab and adalimumab [54].

 Conclusions

Immunogenicity has been proven to play a significant role 
in the variability of clinical responses among patients 
with plaque psoriasis. ADAs may decrease the efficacy of 
drugs by either neutralizing them or modifying their 
clearance, and they may also account for adverse events 
including hypersensitivity reactions. While knowledge of 
immunogenicity of biologic agents is crucial for develop-
ment of strategies for treatment of plaque psoriasis, it is 
imperative to remember that many of these responses will 
have no clinical impact. In fact, as has been suggested by 
the ixekizumab data, in very- high- performing biologic 
agents, the absolute impact of ADAs may be negligible 
when examining a large treatment population. 
Identification of key factors that influence the clinical 
impact of drug immunogenicity is useful for the optimiza-
tion and personalization of biologic therapies. In patients 
who have a good clinical response, the issue of immuno-
genicity should also be taken into the account. Reducing 
drug dosage or frequency of infusions may appear to be 
economically rational; however, doing so may increase 
the risk of ADA development and secondary failure. Once 
an ideal clinical response is achieved, physicians should 
consider continued treatment with the biologic. To date, 
therapeutic drug monitoring remains to be the best predic-
tor of clinical response, and has been successfully used in 
rheumatoid arthritis and Crohn’s disease [55]. More stud-
ies are needed to evaluate the usefulness of such drug 
monitoring in plaque psoriasis. To date, an international 
consensus is needed to determine the therapeutic range of 
serum drug concentrations in plaque psoriasis. Further 
studies are needed to understand better the pathophysiol-
ogy of ADA development along with improvement in 
methods for optimal ADA detection.
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Manufacturing of Biologics

Jared J. Nathan, Monica Ramchandani, and Primal Kaur

 Introduction

Since ancient times, humans have used cell biology to create 
products of interest, most notably the fermentation of yeast to 
efficiently make bread and alcohol. In 1919, agricultural engi-
neer Karl Ereky envisioned a future time when more applica-
tions of biology could be utilized for making other useful 
products for human use [1]. He referred to this idea as “biotech-
nology,” a portmanteau of biology and technology. Although 
there are many different subject areas that fall under the general 
term biotechnology, this chapter focuses on its application to the 
creation of human therapeutics from the fermentation of living 
cells—the manufacturing of biotechnology- derived biologics.

Through successive achievements in biology, such as 
microbiology, genetics, cell cloning, and recombinant DNA 
technology, Ereky’s vision has come to fruition, and biotech-
nology is used every day by innumerable companies and 
research laboratories to make highly complex drugs known 
as biologics. Biologics are derived from genetically modified 
living organisms and have improved the treatment of many 
chronic diseases including diabetes, arthritic and dermato-
logic conditions, multiple sclerosis, and many cancers. For 
example, human insulin produced using biotechnology 
resulted in the first US Food and Drug Administration 
(FDA)-approved biologic in 1982 [2]. In 2003, alefacept 
(Amevive) was the first dermatologic biologic to receive 
FDA approval for the treatment of psoriasis, although the 
manufacturer, Astellas Pharma USA (Northbrook, IL) 
stopped sales in 2011 not because of supply or safety issues 
but due to business concerns [3]. Since then, many other bio-
logics have been approved by the FDA either specifically for 
the treatment of psoriasis or as an additional indication to 
those originally approved (Table 12.1).

Perhaps the most familiar drugs are small-molecular- 
weight chemical compounds. Common examples include 
acetyl salicylic acid, nonsteroidal inflammatory drugs, anti-
depressants, antihypertensive drugs, and corticosteroids. 
Biologics, on the other hand, are larger and more structurally 
complex molecules with molecular weights that can be 
greater than 150,000 Da, such as monoclonal antibodies 
(Fig. 12.1) [4]. Small-molecule drugs are produced by chemi-
cal synthesis and are ultimately sold as homogenously pure 
substances. These substances are pure because the processes 
used to manufacture them involve thermodynamically pre-
dictable chemical reactions that can be optimized to produce 
high yields with minimal impurities. Furthermore, the purifi-
cation steps (e.g., recrystallization) following such syntheses 
are relatively straightforward, with both the desired end prod-
uct and any impurities easily separated and well characterized 
using established analytical techniques.

Biologics are sensitive to their environment in both solid 
form and when in solution [5]. The manufacturing process 
for biologics is therefore more complex than one used for 
small molecules. Since the desired product is made from 
individual living cells, and each can have a slight variation 
in synthesizing the complex protein, the final product is 
generally a mixture of structurally similar substances (this 
is known as microheterogeneity). This mixture of structur-
ally related molecules makes biologics difficult to fully 
characterize using standard analytical techniques.

 Development and Manufacturing 
of Biologics

The development and manufacturing of biologics entails a 
complex process. Since biologics are made using living cel-
lular systems that are sensitive to their environmental condi-
tions, the synthesis of biologics requires precise control and 
monitoring of many variables to ensure a consistent product 
from batch to batch. Manufacturing of biologics involves a 
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series of development, culturing, and purification steps that 
can be summarized in the following four stages:

 1. Cell Line Development: Engineering a cell line that con-
tains the gene that will transcribe for the desired biologic 
(i.e., the gene of interest)

 2. Expansion and Cell Culture: Growing a large number of 
cells from the cell line to produce the biologic

 3. Recovery and Purification: Separating the biologic from 
impurities

 4. Formulation: Preparing the biologic for use by patients

 Cell Line Development

The manufacturing of a biologic begins after a disease target 
has been identified and a protein (i.e., the biologic product) 
has been designed to interact with the target. During this first 
step, cells are transfected, screened, and cloned; a cell line 
that can produce the desired protein product with desired 
yields is then selected [6].

Transfection is a process used in recombinant DNA tech-
nology wherein the gene that encodes for synthesis of the 
protein product of interest is combined with an expression 
vector and is inserted into the cell (Fig. 12.2).

Table 12.1 Approved biologics for the treatment of psoriasis

Biologic Class Original approval date Manufacturer

Adalimumab (Humira®) TNFα inhibitors 12/31/2002 AbbVie

Adalimumab-atto (AMJEVITA™)a 9/23/2016 Amgen

Etanercept (Enbrel®) 11/2/1998 Amgen

Etanercept-szzs (Erelzi™)a 8/30/2016 Sandoz

Infliximab (Remicade®) 8/24/1998 Centocor

Infliximab-dyyb (INFLECTRA™)a 4/5/2016 Celltrion

Ixekizumab (Taltz®) IL-17 inhibitors 3/22/2016 Eli Lilly

Secukinumab (COSENTYX®) 1/21/2015 Novartis

Usterkinumab (STELARA®) 9/25/2009 Centocor

TNFα = tumor necrosis factor alpha; IL-17 = Interleukin 17
aBiosimilar products

~
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Fig. 12.1 Biologics are larger and structurally more complex than chemically synthesized drugs. Ave average; DA Daltons; EPO erythropoeitin; 
GCSF granulocyte colony-stimulating factor; HGH human growth hormone; mAbs monoclonal antibodies
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The transfected cells are then grown, screened, and evalu-
ated to identify those capable of producing the desired prod-
uct, including the ability to grow in reproducible conditions. 
The detailed method is described in Fig. 12.3 [7]. Selected 
cells are then cloned, cultured, and evaluated to identify the 
clone that can produce the desired protein product with 
desired yields. After many iterations of the selection process, 
a final cell bank that consists of cells with a uniform genetic 
makeup (the clonal population) is established. Pools of the 
final clone are frozen, thereby creating cell banks (master 
and working cell banks) from which future batches of the 
biologic can be made. The cell line development process can 
take up to a few years to complete and is key to ensuring that 
a consistent product can be reliably made and supplied to 
consumers.

Many factors are considered when selecting the cell line. 
Some biologics can be made using common bacteria such as 
E. coli, yeast, or plant cells. However, many biologics have 
complex structural features that can be created only in mam-
malian cells. For example, certain biologics have saccharide 
units attached to them (i.e., glycosylation); and the biofunc-
tional properties of the biologic are dependent on the glyco-
sylation pattern [8]. Additionally, the potential for an immune 
response to the biologic could be increased when using non-
mammalian derived cell lines [9].

Glycosylation is a posttranslational modification (PTM) 
that occurs in mammalian or mammalian derived cell lines 
and is paramount to yielding the correct structural and bio-
functional characteristics of a particular biologic [10]. 
Most PTMs occur in the final stages of the cellular protein 
synthesis when the protein is secreted from the endoplas-
mic reticulum into the cytosol during the upstream process 
(Sect. “Expansion and Cell Culture”); some PTMs can 
occur in the downstream process, e.g., product recovery, 
purification, storage, and formulation (Sect. “Product 
Recovery and Purification”). Table 12.2 illustrates potential 
in vivo effects that different glycans attached to a monoclo-
nal antibody can have [11]. The effector functions, such as 
antibody- dependent cell-mediated cytotoxicity (ADCC) 

and complement- mediated cytotoxicity (CDC), may be part 
of the mechanism of action for biologics, and thus can be 
directly related to drug efficacy.

To add to the complexity of selecting a cell line, any given 
cell line type, such as Chinese hamster ovary (CHO), has 
innumerable variations. The most commonly used cells for a 
cell line are CHO cells, although some older biologics are 
manufactured using murine hybridoma (SP2) expression 
systems. Properties of CHO cells that make them versatile 
and more desired in biologic manufacturing include the fol-
lowing [7]:

• Growth in suspension culture which is ideal for large- 
scale manufacturing.

• Growth in serum-free and chemically defined media 
which ensures reproducibility between different batches 
of cell culture.

Gene
of interest

Gene of interest
Expression vector

Protein
of interest

Select an organism/cell that naturally
produces the desired protein

Genetically modified organism
expressing protein of interest

Wild vector

Fig. 12.2 Representation of the transfection process

Expression
vector

Transfection

Selection

Single cell cloning

Host cell line

Preliminary
clone evaluation

and
Expansion of

selected clones

Clone evaluation
and expansion of
selected clones

Cell
banking

Further
evaluation

Fig. 12.3 Cell line development. Modified from Lai et al, 2013 [7]

Table 12.2 Potential impact of glycosylation on the pharmacokinetics 
and pharmacodynamics of monoclonal antibodies

Glycan species Potential impact

None No ADCC, no CDC

Mannose Clearance, ADCC, FcγRIIIa, C1q, CDC

Fucose ADCC. FcγRIIIa

Galactose Clearance, CDC

GlcNAc ADCC. FcγRIIIa

Sialic acid NANA Anti-inflammatory activity

Sialic acid NGNA ADCC. FcγRIIIa, immunogenicity

ADCC antibody-dependent cell-mediated cytotoxicity, CDC 
complement- dependent cytotoxicity, C1q a subcomponent (q) of com-
plement C1, FcγRIIIa Fc gamma receptor, type IIIa (a receptor found 
on certain cell surfaces, having affinity for the Fc region of the anti-
body); GlcNAc N-Acetylglucosamine, NANA N-acetylneuraminic acid, 
NGNA N-glycolyneuraminic acid
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• Allowance of PTMs, such as glycosylation, to recombi-
nant proteins which are biologically active in humans. For 
example, SP2 cells tend to express specific glycoforms 
that are not present in humans and can therefore trigger 
immunogenicity. However, CHO cells do not express 
these glycoforms.

• Having a lower safety risk since few human viruses can 
propagate in them.

• Establishment of host cell lines for regulatory approval.

Cell banks of the selected cell line are necessary to guar-
antee that the biologic can be manufactured for years to 
come. Regulatory drug agencies require that cell banks be 
transferred to other geographic locations, as a precautionary 
step to protect against catastrophes so that the integrity of the 
unique cell line developed by the manufacturer can be main-
tained. The agencies require this because no two cells lines 
are alike, and cell lines can influence the quality, safety, and 
efficacy of the product. Therefore it is critical to protect them 
from loss for the life of the product as replacing them and 
achieving a similar biologic would be a profound undertak-
ing. This further illustrates the complexity of the cell line 
development process. The cell banks are tested to ensure ste-
rility (i.e., free of bacteria and fungi), absence of adventi-
tious agents (i.e., viruses), and genetic stability. After the cell 
line has been chosen and banked, the cells can now be grown 
to manufacture large quantities of the biologic.

 Expansion and Cell Culture

The next step in the biologics manufacturing process begins 
with cell culture (fermentation), or growing cells from the 
cell bank in the laboratory [12]. Cells are thawed from a stor-
age tube and initially placed in Petri dishes or flasks contain-
ing a liquid medium that contains the nutrients required for 
the cell to grow. As more cells are obtained via mitosis (the 
expansion process), the cells are sequentially transferred to 
larger production-size vessels called bioreactors (Fig. 12.4) 

[13]. The media and growth conditions used in biologic man-
ufacturing are proprietary to the manufacturer of the biologic 
and may affect the growth of the cells and the structural and 
functional properties of the biologic they express.

At every step of this cell culture process, it is crucial to 
maintain the specific environment that the cells need to repro-
duce [14]. In the earlier stages of the expansion process, con-
ditions are typically optimized to promote the cell growth. 
During later stages in bioreactors, the conditions are also opti-
mized to promote the production of the desired protein. Even 
subtle environmental changes can affect the cells and alter the 
proteins they produce. For that reason, strict controls during 
the bioreactor stage are needed to ensure the quality, consis-
tency, and safety of the final product. These controls include 
checks performed during production to monitor and, if appro-
priate, to specify corrective adjustments to certain process 
parameters. Scientists carefully monitor variables such as tem-
perature, pH, nutrient concentration, cell density, and oxygen 
levels to achieve this required control. They also run frequent 
tests to safeguard against potential contamination from bacte-
ria, yeast, and other microorganisms. The expansion and cell 
culture process can take from days to weeks, depending on the 
productivity of the cell line and other factors.

 Product Recovery and Purification

When the growth process is complete, the desired biologic 
must be isolated from the cells and the growth media, also 
known as the downstream process. Various separation tech-
niques (in multiple steps) are used to recover the biologic 
from cell debris based on the size, molecular weight, and/or 
electrical charge of the biologic molecule. Additionally, 
virus inactivation/removal steps are included to ensure that 
the final product is free of contaminants and safe for human 
use. Each of these steps also have strict in-process controls to 
ensure the delivery of a consistent, potent, and safe product.

The initial product obtained after the isolation and purifi-
cation steps has a distribution of molecules with similar size, 

Vial Flasks Bioreactor

* Not drawn to scale.

Fig. 12.4 Expansion and 
Cell Culture Representation* 
Modified from Wright et al. 
2015 [13]
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molecular weight, and charge (i.e., the product contains 
microheterogeneity). This initial product is known as the 
drug substance or active pharmaceutical ingredient. Minor 
changes during isolation and purification can affect the struc-
ture and composition of the final product, and therefore the 
clinical outcomes [14]. Each of the steps leading to the drug 
substance are also proprietary to the manufacturer of the bio-
logics. An example of the isolation and purification steps for 
a typical monoclonal antibody is shown in Fig. 12.5 [15].

Before moving on to the next stage in the manufacturing 
process, analytical testing is performed to ensure the drug sub-
stance identity, quality, purity, and potency. Guidances from 
regulatory authorities are available which specify the minimum 
requirements for tests that must be performed before moving to 
the next step in the manufacturing process. Additional tests 
specific to a biologic product may also be conducted if the attri-
butes being measured are known to influence the consistency, 
safety, or efficacy of the final product [14]. The list of tests that 
are performed, and prespecified acceptance criteria of the prod-
uct characteristics, is called the drug substance specification. 
Every batch of drug substance must conform to the specifica-
tion if it is intended for human use. To ensure stability and shelf 
life, a drug substance lot is periodically tested after storage at 
different temperature conditions for prespecified time intervals, 
and is referred to as stability testing.

Each test has a predefined quality acceptance criterion 
to which the results are compared [14]. These predefined 
criteria can be based on results for the test on previously 
made biologic batches, generally accepted values for meet-
ing quality and safety limits in the scientific literature, 
requirements provided by regulatory agencies, or direct 

comparisons to a reference standard. The reference 
 standard is a standardized substance which is used as a 
measurement base for future batches of product. The refer-
ence standard also provides a calibrated level of biological 
effects against which new sample preparations of the drug 
are compared. The standardization is a result of thorough 
characterization as well as knowledge gained during test-
ing in the clinical setting. Of note, these characterization 
studies examine many more characteristics than are typi-
cally included in a product specification.

 Formulation

The final step in the biologic manufacturing process, fre-
quently referred to as fill/finish, involves the formulation of 
the drug substance into a suitable dosage form, most often 
an injectable since biologics cannot usually be administered 
orally [14]. Formulation of an injectable typically involves 
mixing the drug substance with a sterile solution with or 
without a buffer and other excipients that can enhance the 
drug delivery properties and the biologic’s stability. The for-
mulation excipients are also chosen to ensure their suitabil-
ity with the desired route of administration (e.g., using 
excipients that do not cause local irritation at the injection 
site). The mixture is then transferred to vials or syringes.

Analytical testing is then performed to provide quality 
assurance of the drug product, in a manner similar to the 
drug substance testing, to ensure that the structure and func-
tion of the drug substance are not affected by the formula-
tion. Additionally, package compatibility studies are also 
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Fig. 12.5 Typical isolation 
and purification steps in the 
manufacturing of a 
monoclonal antibody. From 
Liu HF, Ma J, Winter C, et al. 
Recovery and purification 
process development for 
monoclonal antibody 
production. MAbs. 
2010;2(5):480-499. Reprinted 
by permission of Taylor & 
Francis Ltd. http://www.
tandfonline.com [15]
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undertaken to ensure that no interactions exist between the 
active ingredient and the components of the delivery system 
(e.g., syringes or vials). After meeting the drug product 
specifications, the product is labeled, packaged, and released 
for distribution. Experience in all stages of the manufactur-
ing process is critical to ensure that a manufacturer can 
deliver a reliable, high-quality supply of the biologic to the 
market place.

To illustrate the comprehensiveness of the analytical test-
ing performed throughout the overall development of the 
manufacturing process (including characterization studies, 
in-process control testing, drug substance testing, and drug 
product testing), the structure of an IgG1 monoclonal anti-
body is shown in Fig. 12.6. The complex structure of this 
type of biologic gives rise to known physicochemical and 
biological properties that can affect the safety and efficacy of 
the product. Therefore, each of these properties are assessed 
using a variety of analytical and biological techniques that 
can measure and characterize these attributes. Frequently, 
different techniques measuring the same attribute from dif-
ferent scientific perspectives (i.e., orthogonal testing) are 
performed.

 Biosimilars

While biosimilars are covered in detail in a separate chapter, 
this chapter would not be complete without discussing bio-
similars at least briefly. A biosimilar is a biologic product 
that is highly similar to an already approved biologic prod-
uct (originator/reference product) [16]. In the USA, the 
FDA defines a biosimilar as a product that is “highly simi-
lar” to the reference product, notwithstanding minor differ-
ences in clinically inactive components, and with no 

clinically meaningful differences between the proposed bio-
similar and the reference product.

Today, biologics represent a large proportion of approved 
therapies for several conditions, including cancer and 
chronic inflammatory diseases. These products represent a 
significant growing portion of the healthcare expenditure. 
To improve access to biologics, the US Congress passed the 
Biologics Price Competition and Innovation Act (BPCIA) 
of 2009, which authorized the US FDA to oversee an abbre-
viated pathway for the approval of biosimilars [16]. 
Biosimilars of biologic products are intended to increase 
patient access by potentially lowering the cost of biologic 
treatments.

A major milestone since the enactment of BPCIA 
came with the US FDA’s approval of its first biosimilar, 
Zarxio® (filgrastim-sndz), in March 2015 [17]. Since 
then, the US FDA has approved its first monoclonal anti-
body biosimilar, Inflectra® (infliximab-dyyb; April 2016) 
[18] followed by the first fusion protein, Erelzi™ (etan-
ercept-szzs; August 2016) [19], and another monoclonal 
antibody, AMJEVITA™ (adalimumab-atto; September 
2016) [20]. Additional  approvals are expected in the near 
future. The European Union, through the European 
Medicines Agency (EMA), has also previously created 
guidelines for the development and approval of biosimi-
lars, with their first biosimilar approval in 2006 for 
human growth hormone [21].

Understanding the differences between originator and 
biosimilars as well as between biosimilars and generics is 
essential. To that end, it is important to understand the sci-
ence behind biosimilars. Biosimilars are not analogous to 
generics because, unlike generics, they are not “copies” of 
originator products [22]. As already discussed, the manufac-
turing of biologics is complex as these living systems are 
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highly sensitive to manufacturing processes and therefore 
each biosimilar is expected to differ from the originator as 
well as from other biosimilars for the same reference 
product.

 Manufacturing of Biosimilars

For a biosimilar, the structural and biofunctional property 
targets are already known based on the reference product. 
However, the cell line and manufacturing process devel-
opment has to be created anew since the cell line and pro-
cess of a reference product are proprietary to the originator 
of the drug. Therefore, a biosimilar manufacturer will 
have its own unique cell line and process; it is the unique-
ness of the cell line that ultimately defines a biologic (ref-
erence product or biosimilar) and thus makes it difficult to 
replicate [16].

The complexities and steps of manufacturing biologics 
also apply to biosimilars, and each manufacturing step 
must be developed and performed to meet regulatory 
expectations for quality. In attempting to develop a prod-
uct that is highly similar to an originator product, biosimi-
lar manufacturers independently design their own cell 
line, expansion and cell culture steps, isolation and purifi-
cation steps, and final formulations. A summary of all the 

steps in a biologic and biosimilar manufacturing process 
is shown in Fig. 12.7 [23]. The key differences between 
the reference product and biosimilar during each step are 
shown.

The biosimilar manufacturer begins with the final refer-
ence product and must develop its own manufacturing 
parameters to make a highly similar product. During this 
process, a concept often referred to as the knowledge gap 
becomes evident and further distinguishes biosimilars and 
their respective reference products (Fig. 12.8) [14]. This 
knowledge gap, which will be further explained later (Sect. 
“Comparability Versus Biosimilarity”) [24], renders it 
impossible for biosimilar manufacturers to precisely repli-
cate the manufacturing process of the original biologic. 
Therefore the biosimilar product eventually has to be tested 
in controlled clinical studies to verify that no clinically 
meaningful differences are observed with the biosimilar 
under the biosimilar regulatory approval pathway.

 FDA Regulation of Biologics

Before a new drug/biologic can be sold for use in the treat-
ment of patients, the manufacturer must receive approval 
from local regulatory authorities (e.g., FDA in the USA; 
EMA in the EU). In the USA, for new small molecules, the 
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approval process involves submitting a New Drug 
Application (NDA) demonstrating that the drug is safe and 
effective based on a full complement of nonclinical data 
(animal studies), chemistry, manufacturing, and controls 
(CMC) data and information, and results from controlled 
clinical studies [25].

Generic versions of small-molecule drugs are also pro-
duced. As noted earlier, because of the relatively simple 
structure of small molecules, the ease of analytical charac-
terization, and the predictability of its manufacturing pro-
cess to produce a homogenous chemical substance, generic 
versions of reference small molecules are relatively easily 
manufactured by other companies. Furthermore, since 
these generic versions are exact replicas of the reference 
listed drug (RLD), it is not necessary to fully establish the 
safety and efficacy profile for the generic drug. Therefore, 
the sponsor submits an abbreviated NDA (ANDA), which 
relies on the FDA’s finding that the RLD is safe and effec-
tive, if bioequivalence has been demonstrated. The ANDA 
application includes, among other things, CMC data and 
information that demonstrate that the manufacturing meth-
ods are adequate to ensure the identity, strength, quality, 
and purity of the drug. The result of this requirement is that 
the level of CMC detail that must be provided for approval 
of an NDA and an ANDA is to the same extent. The regula-
tory approval process is quite similar in the EU, Japan, and 
most of the world.

The regulatory approval process for a biologic is differ-
ent from that of small-molecule drugs [16]. In the USA, 
biologics that are regulated under the Federal Food, Drug, 

and Cosmetics Act are approved for use under Section 
351(a) of the Public Health Service (PHS) Act; the applica-
tion is termed a Biologics Licensing Application (BLA). 
Similar to an NDA, the BLA must contain information 
demonstrating that the drug is safe and effective based on a 
full complement of nonclinical data (animal studies), CMC 
data and information, and results from controlled clinical 
studies.

Guidances have been issued that allow for the develop-
ment of biosimilars to originator biologics [16]. To expedite 
the approval process for biosimilars the US FDA has devel-
oped an abbreviated pathway under Section 351(k) of the 
PHS act. Section 351(k) allows a biosimilar sponsor to rely 
on existing scientific knowledge about the safety and effi-
cacy of the reference product, and consequently enables a 
biosimilar biologic product to be licensed based on less than 
a full complement of product-specific nonclinical and clini-
cal data typically required under the Section 351(a) regula-
tory pathway. Therefore, a biosimilar manufacturer typically 
focuses on (1) demonstrating the similarity of the proposed 
biosimilar to the reference product based on comprehensive 
analytical and functional assessments; (2) pharmacokinetic 
similarity in a phase 1 study; and (3) a confirmatory com-
parative clinical study in a representative indication to ensure 
that no clinically meaningful differences exist between the 
proposed biosimilar and the reference product. A key feature 
of the biosimilar approval process is that a product may be 
approved for use in indications that were not evaluated as 
part of its clinical development program; this is referred to as 
extrapolation. Extrapolation to additional indications that the 
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Res Opin. 2012;28(6):1053-
1058. Reprinted by 
permission of Taylor & 
Francis Ltd http://www.
tandfonline.com [14]
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reference product is approved for is based on scientific justi-
fication. Once again, the regulatory approval process for bio-
similars is quite similar in the EU and Japan and most regions 
of the world.

Understand that once a new drug (or biologic) has been 
approved for use, all processes used in its manufacture and 
characterization are locked based on the procedures submit-
ted in the regulatory application (NDA/ANDA/BLA, etc.). 
Any changes made to the process, major or minor, such as 
the manufacturing site, raw material supplier, and parts and 
equipment used, must be communicated to the authorities; 
the risk potential that the change may have on the final prod-
uct and its performance identifies how the change must be 
communicated. In the USA, for small-molecule drugs and 
pharmaceuticals, the FDA has provided Scale-up and Post- 
approval Changes (SUPAC) guidance, to allow for the com-
munication of such modifications [26]. For example, a minor 
change could allow the sponsor to make the change and con-
tinue production with only a notification to the FDA after the 
change is made effective. Changes considered to be major 
require FDA approval before the change can be implemented. 
Due to the complexity of biologics manufacturing, and their 
heterogeneous nature, more caution is required when making 
any manufacturing changes. Therefore, a change in the man-
ufacturing process for a biologic is accompanied by a com-
parability study using analytical techniques that assess 
attributes known to have a potential to affect the safety and/
or efficacy of the product. Of note, any changes affected dur-
ing a comparability evaluation are backed by the extensive 
knowledge and understanding of the product manufacturing 
by the sponsor.

 Comparability Versus Biosimilarity

An important discussion with respect to the manufacture of 
biologics and biosimilars is an understanding of comparabil-
ity of a biologic product and how this differs from biosimi-
larity. Comparability refers to the comparative assessment of 

characteristics of the biologic product after a specific change 
in the manufacturing process and is implemented by a manu-
facturer for their product. The implementation of such a 
change is supported by their comprehensive knowledge and 
history of the development of the product. The International 
Committee on Harmonization (ICH) guidance provides the 
degrees of risk associated with certain changes, and what 
types of testing should be performed to support these changes 
[27]. Note that this guidance does not apply to assessing bio-
similarity. The reason regulatory authorities have distin-
guished the concepts of biosimilarity and comparability is 
because of the knowledge gap between the biosimilar manu-
facturer and the manufacturer of the originator product 
(Fig. 12.8) [14].

Some examples of comparability are shown in Fig. 12.9 
[14]. Note that the high-risk changes, requiring more data to 
support the change, are the exact changes a biosimilar manu-
facturer must make. Also of note is that an originator manufac-
turer will rarely perform any other changes when implementing 
a major change, and will also limit the number of changes 
when even implementing changes with moderate risk. When a 
biosimilar manufacturer makes additional changes, no matter 
how minor, a clinical study may be simultaneously needed.

The comparability exercises conducted after completing 
process changes or manufacturing site changes to show that 
a comparable product is being produced pre- and post- 
change are different from a biosimilarity assessment that 
assesses the degree to which a biosimilar is similar to a refer-
ence product. A biosimilar product can be thought of as 
implementing every change in Fig. 12.9 at once. The analyti-
cal similarity assessment performed for biosimilarity typi-
cally involves the assessment of approximately 100 assay 
attribute combinations. In comparison, a post-approval 
change to an originator product may only need to evaluate 
ten assay attributes. Unlike comparability assessments, bio-
similarity assessments require the manufacturer to demon-
strate similar quality, safety, and efficacy without the 
reference product’s history or knowledge of the manufactur-
ing process.

Nature of
process change

Risk level/
data requirements

Change
filter

supplier

Move
equipment

within same
facillity

Move to new
production

facility (same
manufacturer)

Change cell
culture media

New cell line
or major

formulation
change

Low risk Moderate risk High risk
• Analytical data
• Process data

• Analytical data
• Process data
• Stability data

• Analytical data
• Process data
• Stability data
• Non-clinical data
• Clinical data

Fig. 12.9 Examples of 
post-approval manufacturing 
changes [14]
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 Conclusions

• Biologics have brought a new armamentarium for the 
treatment of several grievous diseases. However, the 
manufacturing of biologics is complex and follows a 
multistep approach.

• Biologics are large molecules that are difficult to fully 
characterize.

• Biologics are created in living cells that are sensitive to 
the manufacturing process.

• The approval pathway for biologics is different from 
that for small molecules. The regulatory agencies 
tightly control the manufacturing processes of biolog-
ics since small changes in the process may alter the 
structure or function of the final product.

• Biosimilars are not generics. However, recent regula-
tions have allowed for the development of biosimilars.

• The manufacturing of a biosimilar is as complex as 
manufacturing an originator biologic.
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Tumor Necrosis Factor Inhibition

K.A. Papp and Mathew N. Nicholas

 Introduction

We now know tumor necrosis factor (TNF), formerly identi-
fied as TNF-alpha and cachexin, to be one member of the 
TNF superfamily of highly homologous proteins [1, 2]. 
Produced primarily by macrophages, less so by neutrophils, 
and still less by T-cells and other cell types [3], TNF presents 
at the cell surface where it undergoes enzymatic separation 
by a metalloprotease TACE (tumor necrosis factor-alpha- 
converting enzyme) [4, 5]. Once cleaved from the cell wall, 
TNF enters the extracellular milieu in predominantly dimer-
ized or trimerized soluble TNF. Pervasive activity of TNF in 
inflammatory as well as metabolic and hematopoietic pro-
cesses reflects the constitutive expression of TNF-R1 recep-
tors by most tissues [3]. In its role as a pro-inflammatory 
cytokine, the activity of TNF is mediated by NF-kappa B [3].

Biologically and immunologically, TNF and its cousins 
are highly integrated into numerous physiologic functions as 
intercellular signals [6] and as drivers of inflammation [6, 7]. 
The TNF superfamily, with more than 20 members, has yet 
to be fully characterized [1, 8–11]. As a pivotal cytokine 
connecting the innate and adaptive immune systems, it is not 
surprising that TNF-alpha blockade is effective in treating a 
number of inflammatory conditions having disparate patho-
genic pathways.

TNF was identified in 1975 [12] as a substance engaged 
in the necrosis of tumors. Not surprisingly, TNF was rapidly 
developed as a potential treatment for cancers [13–16]. 
However, patients treated with IV or IM TNF experienced 
significant dose-limiting effects: pyrexia; fatigue; headaches; 
granulocytopenia; thrombocytopenia; and elevated triglycer-
ides without reduction in tumor burden. Parallel to testing 
TNF in cancer was exploration of its biological activity in 

septicemia. Profound production of TNF is a consequence of 
septicemia. Blockade of TNF reduced mortality in animal 
models [17]. In humans, clinical trials suggested marginal 
improvement in survival or decreased survival in patients 
with septic shock [18–21]. Multiple sclerosis, another condi-
tion with high unmet needs and mouse models suggesting a 
role for tumor necrosis factor therapy, saw progression of 
plaques when patients were treated with a lymphotoxin 
(TNF-beta) antagonist [22]. Another therapeutic opportunity 
where TNF levels were markedly elevated in humans and 
animal models was congestive heart failure. Three concur-
rent studies evaluating a TNF-fusion protein and an anti- 
TNF monoclonal antibody were terminated for futility 
(etanercept) or a trend to increased morbidity or mortality in 
patients treated at the highest dose of the monoclonal anti-
body (infliximab) [23–26]. Totally unanticipated was an 
observed increase in production of collagenase by synovial 
cells exposed to TNF [27, 28]. The successful treatment of 
rheumatoid arthritis with TNF blockade provided the first 
glimmer of hope for therapies targeting TNF [29].

 TNF Inhibitors in Psoriasis

Psoriasis was an afterthought. Dermatology was certainly an 
afterthought largely because animal models at the time were 
not suggesting an important role for TNF in dermatologic 
conditions. Getting from rheumatoid arthritis [30, 31] to pso-
riasis required a creative clinical leap of faith. Philip Mease 
and Bob Goffe conducted a small study with etanercept in 
patients with psoriatic arthritis. Their results demonstrated 
the effectiveness of TNF blockade in the treatment of psori-
atic arthritis with coincidental and clinically meaningful 
improvement in psoriasis [32]. Thus the adventure of explor-
ing TNF in dermatologic conditions began.

Two pivotal studies of etanercept for the treatment of pso-
riasis showed consistent dose-related responses [33, 34]. 
PASI-75 response was achieved in 14%, 34%, and 49% of 
patients receiving weekly etanercept at doses of 25 mg, 
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50 mg, and 100 mg, respectively [33]. Peak response did not 
occur until after week 16 with week 24 results of 25%, 44%, 
and 59%. A contemporaneous “global” study in 583 patients 
produced PASI-75 values of 34% and 49% in the respective 
50 mg weekly and 100 mg weekly dosing arms [34]. 
Responses were so consistent that the medical monitor for 
both studies, Ralph Zitnik, thought that the statisticians had 
forwarded the wrong files when reviewing results from the 
global study (personal communication). Safety signals were 
comparable across all dose arms and remained similar to pla-
cebo in both studies.

Side bar: A novice investigator, CL was working closely 
with a still novice but more experienced investigator KAP 
during the US trial. The “global” study (042) was initiated 
several months following the USA-based phase III study 
(039). It was the shared experiences of CL and KAP that 
introduced routine clinical photography and long-term 
extensions into the clinical trial arena for psoriasis.

The etanercept psoriasis studies explored the lowest clini-
cally relevant dose (25 mg weekly), continuous treatment for 
24 weeks followed by randomized withdrawal [33], and abil-
ity to maintain or improve response when dosing was fixed at 
50 mg weekly after week 12 [34]. With hindsight, the con-
cept of “induction” followed by a lower maintenance dose is 
wrong minded. True, some patients maintained or even 
improved after switching from 100 mg weekly to 50 mg 
weekly but many lost response. Given the nature of 
population- based studies of clinical interventions, three les-
sons were learned from the pivotal etanercept-psoriasis stud-
ies. Higher exposure to TNF antagonism does not appear to 
result in appreciable changes in safety. Response to treat-
ment correlates with drug exposure. Higher doses of drug 
result in greater therapeutic benefit.

An interesting incidental finding from the “global” study 
was rapid improvement in depression scores [35]. An obser-
vation made by KAP and other investigators is the abrupt 
improvement in mood experienced by patients receiving 
effective therapies. Patients often report feeling “better” 
soon after receiving therapy for their psoriasis. When asked 
what they mean by “feeling better,” a significant proportion 
of patients state, “I don’t hurt anymore.” The latter is likely a 
manifestation of occult psoriatic arthropathy: these self- 
same patients are not often those reporting joint symptoms 
prior to introduction of treatment. However, an increasing 
body of evidence, including in part results from the “global” 
etanercept study, supports a central role for TNF in the medi-
ation of depression in patients experiencing chronic inflam-
matory conditions [36–38].

Underscoring TNF’s central role in the inflammatory cas-
cade is the fact that no other class of biologic agent has seen 
a larger number of related products: adalimumab, certoli-
zumab pegol, etanercept, golimumab, and infliximab which 
are all commercially available; lenercept, onercept, and oth-
ers which had their clinical development terminated [39, 40] 

and dozens of additional compounds targeting the TNF 
superfamily [41]. At the same time, TNF antagonism demon-
strates efficacy across as broad a range of therapeutic indica-
tions. Notably, adalimumab has availed therapeutic 
challenges most successfully having ten indications: rheu-
matoid arthritis, juvenile idiopathic arthritis, psoriatic arthri-
tis, ankylosing spondylitis, adult Crohn’s disease, pediatric 
Crohn’s disease, ulcerative colitis, plaque psoriasis, hidrad-
enitis suppurativa, and uveitis [42]. From a dermatologist’s 
perspective, psoriasis and hidradenitis suppurativa are the 
most relevant of the foregoing list.

Listed in Table 13.1 are primary studies of TNF inhibitors 
for the treatment of plaque psoriasis. Historic values for 
PASI-75 results for etanercept are consistent with recent 
comparator studies against secukinumab [46] and ixeki-
zumab [47]. One exception is a study comparing the response 
of patients with plaque psoriasis treated with ustekinumab or 
etanercept. PASI-75 response was higher at 65.8% of patients 
who received etanercept [58].

Problematic when discussing clinical trials results is the 
assumption that response will be maintained over time. A 
decrease in effectiveness is anticipated in long-term studies 
as a result of attrition but evidence of loss of efficacy between 
the fiducial date of the primary end point through week 48 is 
apparent for all TNF antagonists but possibly pronounced 
with infliximab (PASI-75 response decrease of 15–20%) 
[49] and adalimumab [59], both of which display a loss of 
PASI-75 response of 15–20% compared to a few percent for 
etanercept [60]. Consistent across all studies with biologics 
for the treatment of psoriasis, patients achieving high levels 
of response, between PASI-90 and PASI-100, tend to main-
tain this response throughout the first year of treatment [34, 
49, 54, 60, 61].

 TNF Inhibitors and Psoriatic Arthritis

Psoriasis as a disease effectively treated with TNF antago-
nists should not be considered as a disorder in isolation. 
Many of the indications listed above are comorbidities asso-
ciated with psoriasis [62, 63], the most common of which is 
psoriatic arthritis. A study assessing the point prevalence of 
psoriatic arthritis in a population of patients with psoriasis 
seen by dermatologists confirmed that 30% had psoriatic 
arthritis [64]. Of the 30%, almost half, 41%, had not been 
diagnosed. The foregoing reiterates the importance and 
necessity for dermatologists to be aware of the presence of 
psoriatic arthritis in the psoriasis population, as the presence 
or absence of psoriatic arthritis is a significant point in the 
decision tree when selecting an appropriate therapy. 
Table 13.2 lists pivotal clinical trials evaluating TNF antago-
nists for the treatment of psoriatic arthritis. Relatively 
 consistent across all the TNF antagonists is the rule of thumb 
for response 60, 40, and 20: 60% achieve an ACR-20, 40% 
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achieve an ACR-50, and 20% achieve an ACR-70. KAP 
asserts that the consistency in response among anti-TNF 
agents with profoundly different avidities, affinities, and 
dosing regimens is a testament to the lack of realistic dynamic 
range of the outcome measure, ACR, rather than a funda-
mental result of TNF blockade.

 TNF Inhibitors and Other Dermatological 
Conditions

Long after approvals for the treatment of psoriasis, anti- 
TNFs were explored for other dermatologic indications. 
Case reports hinted that TNF blockade was unlikely to be 
effective in the treatment of atopic dermatitis [77] while the 
results of a clinical study remain undisclosed. A small open-
labell study yielded contrary yet mixed results treating 
atopic dermatitis patients with infliximab [78]. Significant 
improvement was observed but not sustained through 
46 weeks of treatment with the exception of two of the nine 
patients.

A small open-label study in patients with chronic urticaria 
implied that treatment with etanercept or adalimumab could 
be effective in almost half of patients refractory to then cur-
rent standard of care [79]. Lack of a control population and 
uncertain attribution of adverse events render the use of TNF 
antagonists for the treatment of urticaria more than suspect.

Case studies assessing a potpourri of inflammatory 
mucocutaneous disorders [80–82] running the gamut of 
neutrophilic dermatoses, bullous disorders, granulomatous 
diseases, autoimmune connective tissue diatheses, graft- 
versus- host disease, and pityriasis rubra pilaris have gener-
ated interesting but uncertain to more often negative results. 
Lack of proficient outcome measures may be to blame for 
some of the conflicting or negative results.

Another high-needs inflammatory condition, hidradenitis 
suppurativa (HS) was a therapeutic target for three of the 
anti-TNFs. Treatment with etanercept provided no clinical 
benefit in a small study of 20 patients [83]. Interestingly, inf-
liximab used at the standard dermatologic dose of 5 mg/kg 
yielded amazing photographic evidence of effectiveness but 
failed to meet the primary endpoint [84]. Methodical and 
systemic development of a treatment regimen and clinically 
relevant outcome measures produced successful results for 
treating HS with adalimumab [85–87].

From the author’s perspective (KAP), there are three les-
sons learned from the anti-TNF-HS story. Firstly, in diseases 
with high inflammatory burden such as HS [88] or Crohn’s 
[89], high loading doses are necessary to quench inflamma-
tion. Secondly, in order to maintain response, high exposures 
must be maintained [90]. Finally, a clinically relevant mea-
sure of disease severity is essential for the assessment of dis-
ease activity.

In many ways that are reminiscent of the association of 
multiple comorbidities with psoriasis, we see a similar spec-

trum of comorbidities associated with HS [91]. Possibly the 
comorbidity of greatest concern is cardiovascular disease 
and the associated increased risk of major adverse cardiovas-
cular events (MACE). It has been believed for some time that 
the severity of psoriasis is associated with MACE. More spe-
cifically, the risk of myocardial infarction is greatest in those 
with more severe disease [92, 93]. Suffice it to say that results 
are mixed regarding the attribution of cardiovascular risk to 
psoriasis. Using the same data as Gelfand [93], Brauchli was 
unable to find a convincing association between psoriasis or 
the severity of psoriasis and myocardial infarction risk [94].

 Collateral Benefits

More contention should be applied to reports suggesting that 
TNF blockers decrease the risk of myocardial infarction 
(MI). Some studies fail to find a decreased risk of MI in 
patients treated with systemic therapies [95, 96] while others 
claim to identify significant benefit associated with TNF 
antagonists [97]. Other studies suggest that methotrexate 
alone decreases cardiovascular morbidity and mortality [98]. 
For all retrospective studies estimating cardiovascular risk 
reduction, the dominant driver of risk, age [99, 100], and 
modifiable risk factors [101–103] must be correctly 
accounted for. Smoking, obesity, and similar lifestyle- 
associated risk factors are frequently underdiagnosed or 
undertreated [104]. Thoughtful, careful, and critical deliber-
ation is essential to every statistical analysis. For example, 
dichotomizing age [97] is not analytically sound [105]. 
Finally, the opportunity for bias to evade scrutiny is of more 
than a passing concern [106–108]. Well-designed, random-
ized, prospective studies in high-risk populations evaluating 
the effect of methotrexate (CIRT) [109] and canakinumab 
(CANTOS) [110] are under way. CIRT is following 7000 
high-risk patients for 5 years in an effort to detect a 25% 
reduction in cardiovascular outcomes [109]. CANTOS will 
follow over 17,000 patients for up to 4 years in an attempt to 
identify a 20% hazard reduction for at least one of the three 
dosing regiments for canakinumab [110]. With the foregoing 
in mind, it is challenging to believe that short-term interven-
tion (of months to a few years) will appreciably reduce 
underlying cardiovascular risk by more than a few percent-
age points in a low-to-moderate risk population such as that 
seen in patients with moderate-to-severe plaque psoriasis.

 Safety of TNF Inhibition

Early safety concerns regarding TNF-alpha blockade with 
obvious exceptions have largely withered if not senesced 
[111–114]. Risk of lymphoma noted in the rheumatoid 
arthritis population appears to be associated with the severity 
of the underlying condition [115, 116]. Likewise, congestive 
heart failure was only deemed a concern because of a single 
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study in which there was an increased risk of worsening clin-
ical status and death in congestive heart failure patients 
receiving 10 mg/kg of infliximab compared to placebo [23–
26]. We do not see swaths of patients on TNF antagonists 
developing congestive heart failure. A multiple sclerosis 
study and numerous case reports have taught us that TNF- 
alpha blockade may exacerbate signs or symptoms of multi-
ple sclerosis though the clinical reality is that TNF-induced 
onset of demyelinating disorders is very uncommon [117]. 
Notable is that patients receiving TNF antagonists who are 
exposed to tuberculosis appear to have a greater chance of 
developing active tuberculosis than those who are not [118]. 
And at least in the case of anti-TNFs that are monoclonal 
antibodies, the risk of activating latent tuberculosis is 
increased significantly compared to etanercept [118–125]. 
The best guess as to why is that etanercept does not engage 
membrane-bound TNF [119].

Registries in rheumatoid arthritis implicate TNF antago-
nists being responsible for a modest increased risk of zoster 
[126–128]. A much larger claim cohort evaluating the risk of 
zoster in psoriasis patients failed to find a strong association 
with TNF antagonists with the exception of patients receiv-
ing concomitant methotrexate [129, 130].

Rare lupus-like syndromes and vasculitis are associated 
with TNF antagonists [131]. Consistency of the foregoing 
presenting in patients with rheumatoid arthritis suggests that 
these two rare adverse events may be much less common in 
patients with psoriasis. Nonetheless, a certain degree of vigi-
lance and clinical awareness should be maintained. Two 
patients in the infliximab phase III program developed pro-
foundly elevated liver function tests yet remained clinically 
unaffected (KAP personal communication). One of the two 
patients underwent a liver biopsy which demonstrated liver 
toxicity consistent with drug-induced lupus [132].

Prudent episodic monitoring of patients receiving TNF 
antagonists is essential to maintain safe treatment.

 Future Directions

Newer anti-TNF agents, ATROSAB, a TNFR antagonist 
[133–135]; MDS5541 a TNFR1 antagonist with one variable 
region specific to albumin [136, 137]; a trivalent nanobody 
TROS [138]; and TNF analogues (TNF muteins) [139, 140] 
such as R1antTNF [141, 142], XENP345 [143, 144], and 
XPro1595 [145], point to development of more selective and 
novel strategies to block TNF.

A complete story of TNF would require volumes—an 
annually increasing number of volumes. From intellectual 
property rights [146] to the challenges associated with drug 

development, TNF has played and will continue to play an 
important role in the treatment of inflammatory disorders.

Case Report
A 32-year-old white male developed psoriatic plaques on his 
elbows and knees 4 years ago which was managed with topi-
cal agents. His psoriasis worsened 6 months ago after his 
father passed away suddenly. The patient had undergone 
phototherapy for a few months but he had minimal response. 
He complains of severe itching and burning due to his pso-
riasis. There is no family history of psoriasis. He does not 
present with psoriatic arthritis symptoms.

Past Medical History:
• Hypertension
• Hyperlipidemia
• Obesity (BMI–31)

Social History:
• Drinks socially (a few glasses of wine per week)
• Smokes 1 ppd
• Married
• Manager of a restaurant

Previous Therapies:
• Topical steroids
• Narrowband UVB

Physical Exam:
• Psoriatic plaques on the scalp, trunk, upper, and lower 

extremities covering 18% of the body surface area
• No features of psoriatic arthritis (dactylitis, enthesitis, 

tender and swollen joints, etc.)

Management:
Because of the severity of his psoriasis, the biologic agent 
adalimumab was chosen. Methotrexate was not considered 
because he was a social drinker and he was obese which are 
risk factors for liver toxicity. The QuantiFERON gold assay 
test was negative and he had negative hepatitis B serolo-
gies. Other baseline laboratory monitoring was normal 
including compete blood count and liver function tests, and 
his HIV status was negative. The standard dose of adalim-
umab was used starting at 80 mg at day 0, 40 mg 1 week 
later, and then 40 mg every other week continuously. Within 
3 months, his body surface area decreased to 1% and his 
itching and burning had disappeared. The patient has 
remained on adalimumab for 2 years and he is satisfied 
with the treatment.

K.A. Papp and M.N. Nicholas
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Dual Inhibition of IL-12/IL-23 
and Selective Inhibition of IL-23 
in Psoriasis

Andrew Blauvelt

 Introduction

The etiology of psoriasis is unknown, although it is generally 
believed to be a complex T cell-mediated inflammatory dis-
ease with a genetic basis [1, 2]. CD4+ T helper cells, called 
T helper (Th) 17 cells, are important in the pathogenesis of 
psoriasis [2–5]. Interleukin (IL)-23 stimulates survival and 
proliferation of Th17 cells and thus serves as a key upstream 
cytokine regulator for this disease. Within psoriatic skin 
lesions, IL-23 is overproduced by activated dermal dendritic 
cells, and this in turn stimulates Th17 cells within the skin to 
survive and produce cytokines, including IL-17A. IL-17A 
and other pro-inflammatory cytokines drive keratinocyte 

activation and hyperproliferation in psoriasis. This review 
will focus on the role of IL-23 in psoriasis pathogenesis and 
the therapeutic targeting of IL-23 by monoclonal antibodies 
in patients with psoriasis.

 Basic Biology of IL-23

IL-23 is the key cytokine involved in the survival and prolif-
eration of Th17 cells (Fig. 14.1) [6, 7]. It is a heterodimeric 
protein that consists of a unique p19 subunit that is paired 
with a second subunit called p40 (Fig. 14.2). IL-12 is a 
related heterodimer consisting of p40 and a unique subunit 
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called p35 and promotes development of Th1 cells (Fig. 14.2) 
[8]. The IL-23 receptor is also a heterodimer consisting of 
IL-12Rβ1 and IL-23R subunits, whereas the IL-12 receptor 
is composed of IL-12Rβ1 and IL-12Rβ2 subunits (Fig. 14.2). 
IL-23 is produced by dendritic cells and other antigen- 
presenting cells [6, 9]. It also is produced, albeit at low lev-
els, by keratinocytes [10].

Interestingly, dendritic cells produce IL-23 when stimu-
lated by infection with Candida albicans, and this event is 
mediated by dectin-1, a C-type lectin receptor [11, 12]. 
IL-23-deficient mice are susceptible to chronic Candida 
infections [13]. In addition, activation through other innate 
receptors can trigger IL-23 production by dendritic cells, 
including toll-like receptor 4 signaling induced by lipopoly-
saccharide from Bordetella pertussis and other sources [14, 
15]. It is unknown whether C. albicans and toll-like receptor 
ligands stimulate keratinocytes to make IL-23, although this 
is an intriguing possibility since microorganisms have long 
been postulated to be triggers for some types of psoriasis.

 Role of IL-23 in Psoriasis Pathogenesis

In transgenic mice, overexpression of individual subunits of 
IL-23 leads to inflammation. Ubiquitous expression of p19 
causes severe multi-organ inflammation, runting, infertility, 
high circulating levels of TNF-α and IL-1, and premature death 
[16]. Overexpression of p40 in basal keratinocytes induces pso-
riasis-like inflammatory skin disease [17]. These investigators 
suggested that transgenic p40 combined with endogenous p19 
to form IL-23, which in turn caused cutaneous inflammation.

In other mouse studies, recombinant IL-23 injected 
into normal-appearing skin produced erythematous, thick, 
scaly skin, with histologic features reminiscent of  psoriasis 
[18–20]. Recombinant IL-12 injected in a similar manner did 
not [18, 19]. Interestingly, acanthosis induced by injection of 

IL-23 is dependent upon two key Th17 cytokines: IL-17A 
and IL-22 [20]. When IL-23 was injected into IL-17A knock-
out or IL-22 knockout mice, no keratinocyte hyperprolifera-
tion was observed [19, 20]. Thus, these studies directly 
demonstrated that both cytokines are critical downstream 
mediators of IL-23-induced psoriasis-like inflammation in 
the skin.

In humans, IL-23 is clearly elevated in psoriasis lesions as 
indicated by increased levels of both p19 and p40 mRNA in 
lesional skin as compared to non-lesional skin, whereas 
mRNA levels of p35 are not elevated [18, 21–24]. This 
implies that IL-23, but not IL-12, is increased in the skin 
affected by psoriasis. Furthermore, immunohistochemical 
analyses have revealed p40 and p19 protein expression in 
dermal dendritic cells [23–25] and keratinocytes [26] in 
lesions of psoriasis. Importantly, IL-23 levels (assessed by 
either mRNA or protein) decrease with clinical improvement 
of psoriasis following effective treatment, providing a direct 
correlation between overproduction of IL-23 and active pso-
riasis [18, 21–23, 26–28].

The importance of IL-23 in psoriasis pathogenesis has also 
been strengthened by genetic studies. Tsunemi et al. found 
that a single nucleotide polymorphism in p40 was associated 
with psoriasis [29]. This polymorphism was confirmed using 
genome-wide association studies and gene sequencing tech-
niques in additional independent cohorts [30–32]. The asso-
ciation was independent of HLA-Cw*0602, another gene 
linked to psoriasis [33]. Polymorphisms in the gene encoding 
the IL-23-specific subunit, p19, are also associated with pso-
riasis development [30–32]. In addition, a common risk hap-
lotype was identified for the gene encoding the receptor 
subunit that is specific for IL-23, IL-23R, with proline at 
amino acid 310 and arginine at amino acid 381 [30–32]. 
Conversely, a change in IL-23R at 381 from arginine to gluta-
mine was found to be protective against psoriasis [30–32]. 
This amino acid is in the JAK2 kinase-binding domain of 
IL-23R, which transmits intracellular signals that are trig-
gered following ligation of IL-23R. This change to glutamine 
inhibits the IL-23R signaling cascade and prevents inflamma-
tory responses mediated by Th17 cells [34]. Of importance, 
no polymorphisms specific to IL-12, e.g., p35 or IL-12Rβ2, 
are associated with psoriasis susceptibility.

Large numbers of recent reports suggest that IL-23 is crit-
ically involved in psoriasis pathogenesis (Table 14.1). Taken 
together, hypotheses can be generated as to how this cyto-
kine could cause psoriasis. Perturbation of resident keratino-
cytes and dendritic cells by trauma and/or stimulation of 
pattern recognition receptors (e.g., dectin-1, TLR 2 and TLR 
4) by microbes on the skin surface may trigger conditions 
that promote IL-23 production [11, 12] and thus lead to sur-
vival and proliferation of Th17 cells within the skin. Th17 
cells may migrate into the skin via chemokine receptors [11, 
35]. CCR6, whose chemokine ligand CCL20 is secreted by 
keratinocytes, is found in abundance on Th17 cells; CCR4 is 
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also expressed on Th17 cell surfaces [11, 35]. Interestingly, 
these chemokine receptors are also characteristically found 
on resident skin T cells [36]. Thus, it is possible that skin 
preferentially recruits Th17 cells in resting or noninflamma-
tory states and that perturbations that enhance local IL-23 
production would allow for expansion of these cells and thus 
produce inflammation. CCL20 is overexpressed in psoriasis 
[37], and researchers have also demonstrated recently that 
IL-17A induces keratinocytes to produce CCL20 in vitro 
[38]. This may be important in maintenance of psoriasis 
lesions by stimulating ongoing chemotaxis of new CCR6+ 
Th17 cells and CCR6+ dendritic cells from blood. Genetic 
alterations that augment IL-23 signaling may increase the 
susceptibility to psoriasis [29–32]. By contrast, other muta-
tions that result in decreased IL-23 production and receptor- 
mediated signaling [30, 31] confer protection from psoriasis 
[34]. Finally, since IL-23 is now believed to be a key 
“upstream” or effector cytokine in psoriasis pathogenesis 
(Table 14.1), it is also predicted that IL-23 inhibition would 
lead to death of Th17 cells and abrogation of psoriasis.

 Dual Inhibition of IL-12 and IL-23 by 
Ustekinumab

Ustekinumab is a fully human IgG1κ monoclonal antibody 
directed against p40 and thus will inhibit functions of both 
IL-23 and IL-12 (Fig. 14.2). As discussed, inhibition of IL-23 
is predicted to induce death of Th17 cells, since these cells are 
dependent upon IL-23 for survival and proliferation. Blocking 
IL-12 is predicted to cause loss of Th1 cells, since IL-12 stim-
ulates function of these cells. Thus, although ustekinumab 
does not directly act upon T cells, the most likely result of its 
pharmacologic action is to cause T cell death by inhibition of 
two major T cell growth factors, IL-23 and IL-12.

Apoptosis of Th17 and Th1 cells has not been directly 
evaluated in patients receiving either ustekinumab. If this 

mechanism of action is proven to be true, this would explain 
the prolonged clinical effects of this drug long after they 
have been cleared from serum, because a relatively lengthy 
series of immunologic events would be required to repopu-
late Th17 and Th1 cells into the skin.

Cooper and colleagues showed that ustekinumab therapy 
rapidly decreased expression of a variety of pro- inflammatory 
cytokine genes in lesional psoriatic skin, including p19, p40, 
and IL-17A [22]. TNF-α blocking agents do the same, and it 
appears that genes associated with the IL-23/Th17 inflam-
matory pathway are downregulated earlier than genes associ-
ated with the IL-12/Th1 inflammatory pathway [27, 39]. 
This finding suggests that IL-23 and Th17 cells are more 
primary, or earlier, targets for these biologic therapies when 
compared to IL-12 and Th1 cells. TNF-α is made by numer-
ous cell types, including Th17 cells [40], and has pleiotropic 
inflammatory effects. Although TNF-α antagonists likely 
have anti-inflammatory effects on multiple cell types and tis-
sues, recent data suggest that these agents also work, at least 
in part, by blocking the IL-23/Th17 inflammatory pathway.

 Ustekinumab Efficacy

In early phase I clinical trials, ustekinumab use led to demon-
strable clinical effects on psoriasis after intravenous and sub-
cutaneous administration of single doses of the drug [41, 42]. 
These early trials led to a phase II study that produced prom-
ising clinical results [43]. In a classic dose-response manner, 
52% of low-dose patients, 59% of low-medium-dose patients, 
67% of medium-high-dose patients, and 81% of high-dose 
patients achieved PASI 75 at week 12, which means a reduc-
tion in the psoriasis area and severity index of at least 75%.

These early phase studies were confirmed by three major 
phase III studies, PHOENIX I and II, and one etanercept com-
parator trial, which in total had combined enrollment of over 
3500 individuals from over 100 sites in the USA and Europe 
[44–46]. These three studies evaluated doses of 45 and 90 mg 
of ustekinumab given subcutaneously at weeks 0 and 4 (initia-
tion therapy) and then dosing given every 8 or 12 weeks 
(maintenance therapy). Psoriasis responded well to 
ustekinumab; at week 12, PASI 75 ranged from 67% to 76% 
[44–46] (Table 14.2). By comparison, the etanercept response 
rate given at a dose of 50 mg twice weekly was 57% at week 
12 [46]. Interestingly, the highest PASI 75 rates were recorded 
between weeks 20 and 24 and were approximately 75% with 
the 45-mg dose and 85% with the 90-mg dose [44, 45]. The 
majority of patients treated with either 45 or 90 mg every 
12 weeks maintained clinical responses to ustekinumab for up 
to 76 weeks of therapy [44]. When a subset of patients were 
switched from ustekinumab to placebo at week 40, most indi-
viduals demonstrated long-lasting clinical effects on their pso-
riasis, with gradual, not abrupt, return of disease over the 
course of 24 weeks following discontinuation of the drug [44].

Table 14.1 Summary of scientific evidence supporting a major role 
for Il-23 in psoriasis pathogenesisa

p19 (the IL-23-specific subunit) elevated in lesional psoriatic skin

p40 (the subunit shared by both IL-23 and IL-23) elevated in 
lesional psoriatic skin

Polymorphisms in p19 associated with susceptibility to psoriasis

Polymorphisms in p40 associated with susceptibility and protection 
from psoriasis, depending on the genetic change

Polymorphisms in IL-23R (IL-23 receptor-specific subunit) 
associated with susceptibility and protection from psoriasis, 
depending on the genetic change

Anti-p40 monoclonal antibodies markedly efficacious in psoriasis

Anti-p19 monoclonal antibodies efficacious in psoriasis

p19 transgenic mice develop a widespread inflammatory disease

p40 transgenic expression in the skin causes inflammatory skin disease

IL-23 injected into mouse skin causes psoriasis-like disease
aSee text for specific references
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Not all psoriasis patients responded well to ustekinumab in 
the phase III studies. Of note, partial responders at week 28 
(PASI 50–PASI 75) were compared with responders (greater 
than PASI 75) in a variety of ways. Partial responders were 
more likely than responders to demonstrate the following his-
torical, clinical, or immunologic features: (1) higher body 
weight, (2) inadequate response to at least one biologic agent in 
the past, (3) longer duration of psoriasis, (4) history of psoriatic 
arthritis, and (5) presence of neutralizing antibodies to 
ustekinumab [44, 45]. For the latter assay, antibodies to 
ustekinumab were detected in 12.7% of partial responders and 
in 2% of responders. Partial responders at week 28 tended to 
fare best when subsequently given doses of 90 mg every 
8 weeks when compared to partial responders who received 
either 45 mg or dosing every 12 weeks [45]. Thus, the ability to 
give ustekinumab at higher doses (90 mg instead of 45 mg) and 
for shorter intervals (every 8 weeks instead of every 12 weeks) 
may prove clinically meaningful for certain patients that do not 
respond well at lower and/or less frequent doses. These trials 
proved that regular dosing of ustekinumab over the course of 
1.5 years is a highly efficacious therapy for individuals with 
psoriasis. Based upon these phase III results, the US Food and 
Drug Administration (FDA) recommended approval of 
ustekinumab for moderate- to- severe plaque psoriasis in 2009.

Importantly, the PHOENIX I and II ustekinumab trials 
were continued for a 5-year period [47]. Sixty-nine percent 
of patients originally placed onto ustekinumab in these phase 
III studies completed the entire trial. Approximately 80% of 
initial responders maintained PASI 75 responses over the 
course of 5 years, and approximately 55% of initial partial 
responders (i.e., those who first reached PASI 50–PASI 75) 
achieved PASI 75 by week 244 (Table 14.2) [47]. These 
results demonstrate that clinical efficacy of ustekinumab is 
robust over an extended period.

Ustekinumab has also been shown to be effective in pso-
riatic arthritis, and has FDA approval for this indication, 
although efficacy is not as great as that observed with TNF 
blockers in this disease 48–51. In off-label usage, individuals 
with erythrodermic psoriasis [52–55], palmoplantar psoria-
sis [56–59], and TNF blocker-induced psoriasis/psoriasiform 
dermatitis [60, 61] have also been reported to respond well to 
ustekinumab. One common theme from these reports is that 
higher dosages of ustekinumab, i.e., 90 mg every 8 weeks, 
may be necessary to treat patients with more refractory or 
unusual forms of disease. While initial results are hopeful, 
further controlled studies are needed to assess the usefulness 
of ustekinumab in these conditions.

 Ustekinumab Safety

Safety results from both short-term [44–46] and longer-term 
[62–65] clinical trials are highly encouraging. Rates of infec-
tion were not higher in ustekinumab-treated patients when 
compared to placebo-treated patients over a 12-week period 
[44, 45]. These rates remain very low with chronic use of 
ustekinumab (i.e., up to 5 years), and there does not appear 
to be any increase in infection rate with higher drug doses 
[44–46, 62–65].

Insight on infection risk can also be gleaned from other 
diseases. Humans that have genetic defects in p40 or in the 
IL-12 receptor subunit, IL-12Rβ1, and thus either cannot 
produce IL-12 or signal through the IL-12 receptor, are sus-
ceptible to intracellular bacterial infections like those caused 
by mycobacteria and Salmonella enteritidis [66–68]. 
However, there have not been cases of tuberculosis, atypical 
mycobacterial infection, or Salmonella infection reported 
with ustekinumab to date [44–46, 62–65]. In fact, patients 
diagnosed with latent tuberculosis upon screening were 
allowed into the phase III ustekinumab trials as long as they 
received appropriate antituberculous therapy; none of these 
individuals experienced worsening pulmonary disease [44, 
45, 69]. Patients with a history of tuberculosis or those with 
potential to reactivate latent disease should either avoid treat-
ment with ustekinumab or be treated with concomitant anti-
tuberculous medication [69].

Regarding the potential for ustekinumab-treated patients 
to develop malignancies, 5-year studies show no significant 
signals [63, 65]. In particular, the number of cases of lym-
phoma and squamous cell carcinomas, two cancers often 
associated with immunosuppression, is lower than what 
would be expected in the general population over a 5-year 
period [63, 65].

In early studies, five major adverse cardiovascular events 
(MACE) were reported in patients receiving ustekinumab 
within the first 12 weeks of therapy, whereas no cases in 
placebo-treated patients were noted during this time period 

Table 14.2 Summary of PASI 75 phase III short-term and long-term 
efficacy results for ustekinumab

Conditions (mg)
PASI  
75 (%)a References

Week 12, 45 67 [44–46]

Week 12, 90 66–76 [44–46]

Weeks 20–24, 45 75–76 [44, 45]

Weeks 20–24, 90 84–85 [44, 45]

Maintenance among initial responders 
(>PASI 75), week 244, 45

79 [47]

Maintenance among initial responders 
(>PASI 75), week 244, 90

81 [47]

Maintenance among initial partial responders 
(PASI 50–PASI 75), week 244, 45

58 [47]

Maintenance among initial partial responders 
(PASI 50–PASI 75), week 244, 90

55 [47]

aPASI 75 = percentage of patients that improved their Psoriasis Area 
and Severity Index scores by at least 75% when compared to baseline 
index scores
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[44, 45]. These results were not statistically significant by 
standard methodology [70], but some have expressed con-
cern with these numbers [71, 72]. Of major importance, this 
possible initial signal has not been borne out in follow-up 
studies to date [46, 64, 65, 72–74]. In fact, promising data 
emerging from long-term studies indicate that ustekinumab 
may actually decrease the likelihood of cardiovascular dis-
ease over time [65, 74].

 Guselkumab, Tildrakizumab, 
and Risankizumab Efficacy

Guselkumab is a fully human IgG1κ monoclonal antibody 
directed against p19 and thus will inhibit functions of IL-23 
alone. In early phase clinical trials, guselkumab use led to 
demonstrable clinical effects on psoriasis after subcutaneous 
administration of single ascending doses of the drug [75, 76]. 
This early trial led was further supported by results of a 
phase II study, which used adalimumab as a comparator [77]. 
In a classic dose-response manner, 44% of patients treated 
with 5 mg, 76% of patients treated with 15 mg, and 81% 
treated with higher doses of guselkumab (50–200 mg) 
achieved PASI 75 responses at week 16. By contrast, 70% of 
adalimumab-treated patients, used as active comparator in 
this study, achieved a PASI 75 at week 16.

Results from two major phase III guselkumab studies, 
VOYAGE 1 and 2, have recently been published [78, 79]. 
Over 2000 individuals from over 200 sites in the USA and 
Europe participated. These studies evaluated doses of 
100 mg of guselkumab given subcutaneously at weeks 0 and 
4 (initiation therapy) and then dosing given every 8 weeks 
thereafter (maintenance therapy). Psoriasis responded dra-
matically to guselkumab; at week 16, PASI 75 was 91% and 
86% in VOYAGE 1 and 2, respectively [78, 79] (Table 14.3). 
By comparison, response rates for adalimumab, used as a 
comparator, were 73% and 69% at week 16. Interestingly, 
the highest PASI 90 rates were recorded at week 24 (80% 
and 75%), and the highest PASI 100 responses were recorded 
at week 48 (47%), indicating that guselkumab therapy tends 
to continually improve psoriasis over the course of the first 
year of treatment [78, 79]. Furthermore, difficult-to-treat 
regions of the body affected by psoriasis, including the scalp, 

nails, and palms/soles, responded well to guselkumab, 
 superior to response rates observed in adalimumab-treated 
patients [78]. When a subset of patients was switched from 
guselkumab to placebo at week 16, most individuals demon-
strated long-lasting clinical effects on their psoriasis, with 
gradual, not abrupt, return of disease over the course of 
24 weeks following discontinuation of the drug [79]. Long- 
term efficacy studies with guselkumab will be forthcoming, 
since the VOYAGE 1 and 2 trials will be extended for 3 years.

Tildrakizumab is a humanized IgG1κ monoclonal anti-
body directed against p19 and thus selectively targets IL-23. 
In an early phase I clinical trial, tildrakizumab use led to 
demonstrable clinical effects on psoriasis after three intrave-
nous administrations of ascending doses of drug [80]. In a 
classic dose-response phase II study, 33% of patients treated 
with 5 mg, 64% of patients treated with 25 mg, 66% treated 
with 100 mg, and 74% treated with 200 mg achieved PASI 
75 responses at week 16 [81].

Data from two major phase III studies, reSURFACE 1 and 
reSURFACE 2, have now been published [82]. Together, 
these studies included over 1800 individuals from 250 sites 
in the USA and Europe. These studies evaluated doses of 100 
and 200 mg of tildrakizumab given subcutaneously at weeks 
0 and 4 (initiation therapy) and then dosing given every 
12 weeks thereafter (maintenance therapy). Etanercept was 
used as a comparator. At week 12, PASI 75 ranged 61–66%, 
with no clear differences observed between the 100 and 200- 
mg doses at this early timepoint [82] (Table 14.4). By com-
parison, the etanercept response rate was 48% at week 12. 
Interestingly, the highest PASI 75 rates were recorded at 
week 28 (73–79%) [82], indicating that tildrakizumab, like 
other IL-23 blockers, tends to improve psoriasis over time. 
Also, at week 28, the 200-mg group seemed to fare better 
than the 100-mg group, i.e., PASI 90 and PASI 100 response 
rates were highest in the 200-mg group (57% and 26–31%, 
respectively) [82]. reSURFACE 1 and reSURFACE 2 are 
ongoing and are planned to continue for 5 years.

Risankizumab is a fully human IgG1 anti-p19 antibody, 
which selectively blocks IL-23. In a phase I trial, psoriasis 
patients received single ascending intravenous or subcutane-
ous doses of the drug. Patients receiving higher doses 

Table 14.3 Summary of phase III PASI 75, PASI 90, and PASI 100 
efficacy results for guselkumab

Time PASI 75 (%)a PASI 90 (%)a PASI 100 (%)a References

Week 16 86–91 70–73 34–37 [78, 79]

Week 24 89–91 75–80 44 [78, 79]

Week 48 88 76 47 [78]
aPASI 75/90/100 = percentage of patients that improved their Psoriasis 
Area and Severity Index by at least 75%, 90%, or 100% when compared 
to baseline score

Table 14.4 Summary of phase III PASI 75, PASI 90, and PASI 100 
efficacy results for tildrakizumab

Conditions (mg)
PASI 
75 (%)a

PASI 
90 (%)a

PASI 
100 (%)a References

Week 12, 100 61–64 35–39 12–14 [82]

Week 12, 200 62–66 35–37 12–14 [82]

Week 28, 100 74–77 49–55 22 [82]

Week 28, 200 73–79 57 26–31 [82]
aPASI 75/90/100 = percentage of patients that improved their Psoriasis 
Area and Severity Index by at least 75%, 90%, or 100% when compared 
to baseline score
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 experienced rapid, substantial, and durable improvements in 
psoriasis, with several patients who received higher doses 
achieving and maintaining PASI for up to 24 weeks [83]. In 
a phase II study, patients received subcutaneous risanki-
zumab at doses of 18, 90, and 180 mg at weeks 0, 4, and 16. 
At week 12, PASI 75/PASI 90/PASI 100 was 98%/73%/41% 
for the 90-mg dose group and 88%/79%/48% for the 180-mg 
group [84]. At week 24, PASI 75/PASI 90 was 90%/63% for 
the 90-mg dose group and 88%/81% for the 180-mg group 
[84]. Phase III studies for risankizumab are ongoing, and 
results have not yet been revealed at the time of publication 
of this chapter.

 Guselkumab, Tildrakizumab, 
and Risankizumab Safety

Thus far, no safety signals have emerged with selective IL-23 
blockers with up to 48 weeks of use [75–84]. Specifically, 
higher rates of serious infections, tuberculosis, reactivation, 
hepatitis B reactivation, cancer, congestive heart failure, 
multiple sclerosis, major adverse cardiovascular events, can-
didiasis, inflammatory bowel disease, suicide, and labora-
tory/EKG abnormalities have not been observed. Long-term 
safety studies are needed to better assess the safety of these 
agents. Of note, long-term safety of ustekinumab, a less spe-
cific blocker, likely means that IL-23 inhibitors will also be 
safe with prolonged use.

 Summary

Numerous recent studies demonstrate that psoriasis is a 
Th17 cell-mediated disease driven by IL-23 (Table 14.1). 
Indeed, most scientists involved in studying psoriasis patho-
genesis now believe that ustekinumab principally acts 
through IL-23 inhibition, whereas the specific role that 
IL-12 plays in psoriasis pathogenesis is now unclear. Thus, 
it is not surprising that therapeutic targeting of IL-23 by 
ustekinumab and other more selective drugs (e.g., gusel-
kumab, tildrakizumab, risankizumab) demonstrates consid-
erable efficacy in psoriatics (Tables 14.2, 14.3, and 14.4). In 
most cases, the newer more selective IL-23 blockers are 
more efficacious than ustekinumab, while demonstrating no 
worrisome safety signals to date. These drugs are now sev-
eral years into phase III clinical trial programs and may be 
on the market for general use as early as the third quarter of 
2017. In summary, identification of IL-23 as a key 
“upstream” mediator of psoriatic inflammation and the 
blocking of IL-23 by ustekinumab and newer more selective 
drugs have represented major advances in the understanding 
of psoriasis and in the development of highly safe and effec-
tive targeted therapies.

Case
A 42-year-old female professional presents with a 5-year 
history of moderate psoriasis, with no history of psoriatic 
arthritis. She is otherwise healthy. The patient is anxious 
about safety of systemic medications, so she was initially 
given topical corticosteroids and was recommended for pho-
totherapy by another dermatologist. Biologics were not ini-
tially discussed. Disease control was inadequate and 
phototherapy proved to be too time-consuming for her busy 
schedule.

Past Medical History
• None

Social History
• Drinks socially (a few glasses of wine per week)
• Married
• Busy professional

Previous Therapies
• Topical corticosteroids

Physical Exam
• Psoriatic plaques on the scalp, trunk, upper, and lower 

extremities covering 11% of the body surface area
• No features of psoriatic arthritis (dactylitis, enthesitis, 

tender and swollen joints, etc.)
• 150 pounds

Management
The patient is a candidate for systemic therapy because of 
the extent of her psoriasis and because she has failed topical 
corticosteroids. She is not a candidate for phototherapy given 
her busy schedule. She is anxious about safety of systemic 
therapy. Thus, methotrexate would not be a good choice for 
this patient given its poor efficacy and its possible liver toxic-
ity. Similarly, apremilast would not be a good choice for this 
patient given its poor efficacy and poor short-term tolerabil-
ity. Ustekinumab was chosen for several reasons. First, it has 
high efficacy when compared to older systemic therapies. 
Second, it has the best long-term safety record of any 
 biologic, which would be important for this patient. Third, it 
is the most convenient systemic therapy for psoriasis, which 
would make it fit well into her busy schedule.

Baseline PPD was performed and was negative. No other 
baseline routine labs were checked, as these are not required 
nor necessary with ustekinumab therapy. The standard dose 
of ustekinumab was used starting at 45 mg SC at weeks 0, 4, 
and 16. At her week 28 visit, her skin was clear and she was 
having no side effects. Her quality of life had improved 
 dramatically, and she stated that she was not aware that 
obtaining clear skin so easily was even a possibility until she 
had presented 7 months earlier.

A. Blauvelt
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Abbreviations

ACR American College of Rheumatology
AD Atopic dermatitis
ADAMTSL5 A disintegrin-like and metalloprotease domain 

containing thrombospondin type 1 motif-like 5
AMPs Antimicrobial peptides
C/EBP CCAAT-enhancer-binding protein
DLE Discoid lupus erythematosus
EAE Experimental autoimmune encephalomyelitis
IBD Inflammatory bowel disease
IL Interleukin
ILC Innate lymphoid cells
PASI Psoriasis Area and Severity Index
SCLE Subacute cutaneous lupus erythematosus
SLE Systemic lupus erythematosus
STAT1 Signal transducer and activator of  

transcription 1
T17 Interleukin-17-producing T cells
Tc17 Interleukin-17-producing CD8+ T cells
Th T helper

 Introduction

Psoriasis is a chronic, T cell-mediated inflammatory skin 
disease that affects approximately 2–3% of the Caucasian 
population [1]. It is commonly characterized by inflamed, 
thickened, scaly plaques on the scalp and extensor surfaces 
of the extremities. Less common disease variants include 
erythrodermic, pustular, palmoplantar, guttate, inverse, and 

psoriatic arthritis. The etiology of psoriasis is highly com-
plex and involves an interplay between psoriasis-associated 
genes, the environment, and several distinct immune cell 
populations and their secreted pro-inflammatory signals [2].

Our understanding of the immune mechanisms contribut-
ing to the pathophysiology of psoriasis has been consider-
ably expanded due to the recent discovery of pathogenic T 
cells that produce large amounts of interleukin (IL)-17 (also 
known as T17 cells) in response to IL-23 [3, 4]. Evidence for 
the central role of the IL-23/T17 axis in psoriatic disease has 
since become more evident with the recent development of 
highly efficacious treatments that selectively target IL-17 or 
disrupt the IL-23/T17 signaling pathway. In this review, we 
will outline the research that led to the discovery of the 
IL-23/T17 pathway in psoriasis, as well as provide an over-
view of the ongoing development and testing of novel IL-17 
inhibitors for the treatment of psoriasis and other chronic 
inflammatory skin conditions.

 History of the Dissection of Psoriasis 
Immune Pathways

Through the use of broad T cell targeting drugs in psoriasis 
clinical trials (e.g., cyclosporine [5, 6], DAB389 IL-2 (denileu-
kin diftitox) [7], CTLA4-Ig (abatacept) [8], anti-CD11a (efali-
zumab) [9], and LFA3-Ig (alefacept) [10]), psoriasis emerged 
as a T cell-mediated inflammatory or autoimmune disease. 
This represented an important advance over earlier pathogenic 
concepts that proposed primary dysregulation of epidermal 
growth and differentiation driven by excess production of 
growth factors, such as transforming growth factor alpha and 
keratinocyte growth factor which regulate keratinocyte hyper-
plasia. However, when alefacept and efalizumab were approved 
as new biologic drugs to treat psoriasis, little was known about 
the specific T cell subsets mediating psoriasis. How specific 
immune-derived cytokines and other inflammatory factors 
altered the biology of resident skin cells to create cellular and 
molecular disease features was also poorly understood.
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Work over the next decade focused on phenotyping the 
specific subsets of T cells, dendritic (antigen-presenting) 
cells, and associated cytokines in psoriasis, along with dem-
onstrations of how these cells and inflammatory molecules 
altered the biology of skin cells and associated psoriasis 
molecular phenotypes. Initially, T cells were primarily cate-
gorized by class-defining cytokines. CD4+ T cells that made 
interferon-γ (IFN-γ) were classified as type 1 T helper (Th1) 
cells, whereas CD4+ T cells that made IL-4, IL-5, or IL-13 
(“allergic” cytokines) were classified as Th2. These two T 
cell subsets were considered “polar” phenotypes, as common 
skin diseases had differential expression of Th1 vs. Th2 cells 
(e.g., psoriasis was defined as a Th1-related disease, whereas 
atopic dermatitis (AD) was mainly associated with activated 
Th2 cells). Thus, concepts of disease associations with 
“polar” T cell subsets were established. IFN-γ, the defining 
cytokine of Th1 cells, binds to surface receptors on target 
cells and then activates the transcription factor signal trans-
ducer and activator of transcription 1 (STAT1). Activation of 
STAT1 in turn increases synthesis of hundreds of genes that 
control cell growth, differentiation, production of antiviral 
proteins, and other inflammatory molecules that regulate 
ongoing interactions between antigen-presenting cells, T 
cells, leukocytes, and other somatic cells. Indeed, tissue pro-
filing studies in psoriasis showed increased production of 
IFN-γ, activation of STAT1, and increased production of 
hundreds of IFN-induced genes. Plausible arguments were 
made that psoriasis could be driven by Th1 cells through 
activating effects of IFN-γ with upstream regulation of T 
cells by the “master” cytokine, IL-12, which controls activa-
tion and differentiation of the Th1 subset [11, 12].

In the earlier part of this decade, IL-23 was discovered by 
“gene-hunting” technologies. This discovery was highly 
intriguing since it is a dimeric (two subunit) cytokine that 
contains a shared p40 subunit with IL-12, as well as a unique 
p19 subunit [13]. Having the association with IL-12 gave it 
the potential to also be a “master” regulatory cytokine for T 
cells. The murine model commonly used to study multiple 
sclerosis, experimental autoimmune encephalomyelitis 
(EAE), was shown to be critically dependent on IL-23 [14]; 
subsequent work showed that this cytokine regulated a new 
T cell subset termed Th17, which was defined by coproduc-
tion of IL-17 and IL-22 cytokines by CD4+ cells in mice 
[15]. This finding was ground-breaking, as EAE had been 
assumed to be a Th1-mediated disease, much like psoriasis. 
However, with gene knockouts in mice, IL-23 was identified 
as a “driver” cytokine of EAE, whereas the IL-12/Th1 axis 
was actually shown to be relatively protective [15]. The 
question then arose whether any T cell-associated human 
diseases might be associated with this new Th17 subset. For 
the following work, it is important to note that the Th17 cell 
subset as defined by IL-17 and IL-22 production in mice has 
diverged in humans to different cells producing IL-17 vs. 
IL-22. CD4+ T cells producing IL-17, which has IL-17A and 

IL-17F isomers, are classified as Th17, whereas those 
 producing IL-22 are classified as Th22. IL-23 is a master 
regulator of human Th17 cells, and it likely regulates Th22 T 
cells to a significant extent [16].

While psoriasis had been identified as a disease with 
strong upregulation of the IL-12 p40 subunit and thus pre-
sumed IL-12 overproduction, the other IL-12 subunit (p35) 
did not show increased production in psoriasis lesions. With 
the recognition that IL-12 p40 could be associated with the 
p19 chain of IL-23 to make functional IL-23, a series of pub-
lications starting in 2004 found that psoriasis lesions had 
consistent upregulation of both p40 and p19 IL-23 subunits 
[17] and increased Th17 cells [3], which were highly acti-
vated based on mRNA profiling [18]. Th22 cells were also 
identified as a component of the T cell infiltrate, along with 
increased production of IL-22 mRNA. IL-22 was found to 
induce key psoriasis-related molecules in keratinocytes, 
including S100A7 (psoriasin), S100A8, and S100A9, while 
IFN-γ had no effect on these molecules [19]. IL-22, found to 
activate STAT3 in keratinocytes, also served as an inducer of 
epidermal hyperplasia in transgenic mouse models and in 
reconstructed human skin models in vitro [20]. IL-17 was 
also shown to serve as a transcriptional inducer of specific 
S100 genes, leukocyte chemokines, and a set of antimicro-
bial peptides (AMPs) that were previously associated with 
psoriasis. Thus, immune models for psoriasis began to con-
sider that multiple subtypes of T cells (i.e., Th1, Th17, and 
Th22) were increased and activated in psoriasis lesions with 
a hypothesis that the sum of genes activated in psoriasis 
might be produced by distinct actions of “polar” T cell cyto-
kines on keratinocytes and other tissue-resident cells [21].

Pathogenic concepts and models in psoriasis began to be 
tested by both broad and “narrow” immune antagonists. An 
early study with cyclosporine showed disease improvement 
paralleling reductions in Th1, Th17, and Th22 T cell cyto-
kines, which was consistent with the “multiple pathogenic T 
cell subset” model [18]. Ustekinumab, a selective antagonist 
of the p40 subunit shared by IL-12 and IL-23, was shown to 
have high activity in suppressing psoriasis, typically induc-
ing a 75% reduction in the Psoriasis Area and Severity Index 
(PASI75) score in ~70% of patients after 12 weeks of treat-
ment compared to only 3–4% of patients in the placebo 
group [22]. As expected from blockade of both IL-12 and 
IL-23, its effects in psoriasis lesions included parallel reduc-
tions in the activity of Th1, Th17, and Th22 T cell subsets, 
data that is highly consistent with the existing pathogenic 
model. However, the testing of other more “narrow” or selec-
tive cytokine antagonists began to challenge the “multiple 
pathogenic subset” model, which required co-activation of 
Th1, Th17, and Th22 T cell subsets to produce a tissue, cel-
lular, and molecular disease phenotype. Another cytokine 
antagonist that emerged as an effective treatment for  psoriasis 
was etanercept, a fusion protein that binds tumor necrosis 
factor alpha (TNF-α) and thus restricts it from activating 
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cells with cognate receptors. In performing studies with 
etanercept in psoriasis, it was found that etanercept was a 
strong modulator of both IL-23 and IL-17 production in pso-
riasis skin lesions and that patients who responded to this 
agent were only those that had suppressed production of 
IL-23 and IL-17. These data thus suggested that the IL-23/
Th17 axis might be selectively important for disease patho-
genesis [23]. Conversely, selective targeting of IFN-γ [24] or 
IL-22 with monoclonal antibodies in psoriasis patients pro-
duced little benefit, consistent with the lack of cytokine inhi-
bition seen in study tissues. Hence, by the process of 
elimination, IL-17 remained untested as the cytokine which 
might be most critical for induction of psoriasis.

By 2010, three selective IL-17 antagonists became avail-
able for clinical studies in psoriasis patients. These agents 
targeted either IL-17 or its receptor. IL-17 is a dimeric cyto-
kine which consists of IL-17A or IL-17F subunits,  organized 
as homodimers or an A/F heterodimer [25]. IL-17 dimers 
bind to a receptor composed of IL-17RA and IL-17RC sub-
units. Two monoclonal antibodies (secukinumab, ixeki-
zumab) were developed to IL-17A, and one antibody 
(brodalumab) was developed to the receptor subunit 
IL-17RA. The first report of IL-17 antagonism in psoriasis 
was in early 2010 at a presentation during the Society for 
Investigative Dermatology using brodalumab [26]. This pre-
sentation described a proof of concept study in which 8 
patients were treated with 700 mg of intravenous drug 7/8 
patients in this study had a PASI75 response and 8/8 had 
PGA scores of 0 or 1 after 6 weeks of initial treatment. The 
study also obtained skin biopsies from all patients, and this 
showed histologic disease reversal over 6 weeks. More 
importantly, normalization of 95% of disease-associated 
mRNA transcripts was observed within only 2 weeks of 
treatment [27]. Thus, while the study was small, it strongly 
implicated IL-17 as the key pathogenic T cell-associated 
cytokine in psoriasis. Later in 2010, a study published with 
secukinumab showed a major change in disease activity by 
selective antagonism of IL-17A, confirming the concept that 
IL-17 was a likely driver cytokine in psoriasis pathogenesis 
[28]. At the same time, an early proof of concept study was 
conducted with ixekizumab where 8/8 patients treated with 
a 150 mg dose of the antibody had PASI75 responses within 
6 weeks and corresponding reductions in histologic and 
molecular markers of psoriasis [29]. Larger phase II studies 
with brodalumab and ixekizumab showing rapid and high-
level disease improvements in psoriasis were published as 
back-to-back reports in the New England Journal of 
Medicine in 2012 [30, 31]. Consistent disease improve-
ments with secukinumab were also shown in phase III stud-
ies [32] after different dose and administration schedules 
were explored in phase II studies. Subsequent FDA approval 
of each of these IL-17 antagonists was based on demon-
strated efficacy and safety in phase III trials discussed in 
more detail below.

 Updating IL-17 Biology in Psoriasis 
and the Pathogenic Disease Model

There is now a much better mechanistic understanding of how 
IL-17 can function to activate the many cellular and molecular 
changes in the skin that collectively produce psoriasis. With 
the recent demonstration of new autoantigens that activate 
Th17 cells in psoriasis, we now face a need to update the pso-
riasis pathogenic model to one that is centered on psoriasis as 
a T17 cell disease, which includes the possibility that cells 
other than CD4+ “helper” T cells make IL-17 after activation. 
Other cell types that can make IL-17 and are potentially impli-
cated in psoriasis include CD8+ T cells (Tc17) , innate lym-
phoid cells  (ILC3 subset), and γδ T cells. Each of these 
IL-17-producing cells has upstream regulation by IL-23, so 
our new pathogenic model focuses on the IL-23/T17 axis as 
the main pathogenic driver of psoriasis [33]. Many different 
cell types, including leukocytes, have IL-17 receptors and 
functional responses to IL-17, but the keratinocyte response is 
really key for induction of psoriasis. A point of early confusion 
about the role of IL-17 in psoriasis is that exposure of cultured 
keratinocytes to IL-17 induced a limited response in which 
~40 genes were induced, whereas similar exposure to TNF-α 
or IFN-γ induced hundreds of genes, many of which are found 
to be upregulated in psoriasis lesions. Thus, an IL-17 signature 
in the overall psoriasis transcriptome (defined as mRNAs dif-
ferentially expressed in psoriasis plaques vs. background skin) 
was very small in comparison to TNF-α or IFN-γ [34]. 
However, treatment with two IL-17 inhibitors—ixekizumab 
and brodalumab—produced early changes in hundreds of 
genes in the psoriasis transcriptome, suggesting IL-17 had 
much broader effects on keratinocytes (as well as other cell 
types) than identified through in vitro models. In fact, in vivo, 
ixekizumab was shown to have faster and broader suppression 
of psoriasis- related gene products than the TNF-α antagonist 
etanercept [29]. We now know that the initial in vitro models 
for exposure of keratinocytes to IL-17 were too simple, since 
keratinocytes undergo a complex differentiation program 
in vivo that divides the epidermis into basal, spinous, granular, 
and cornified layers. While all of the viable cell layers of the 
epidermis have IL-17 receptors, transcriptional activation of 
target genes by IL-17 requires activation of the transcription 
factors CCAAT-enhancer-binding protein beta (C/EBPβ) or 
CCAAT-enhancer-binding protein delta (C/EBPδ). 
Keratinocytes synthesize C/EBPβ and δ in a differentiation- 
dependent fashion, such that granular layer keratinocytes have 
the highest expression of this factor. In turn, the highest 
expression of many IL-17-regulated  products is in the upper 
and granular layers of the epidermis (Fig. 15.1). When IL-17 
is added to keratinocyte cultures that form all differentiated 
epidermal layers, there is a robust response of keratinocytes 
such that several hundred mRNAs are induced or repressed 
[35]. The IL-17-regulated gene products are highly repre-
sented in the psoriasis transcriptome, and they also correspond 
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to genes that are rapidly modulated by IL-17 antagonism with 
in vivo treatment of psoriasis. Hence, with this new “gene 
map”  for IL-17 effects, one can appreciate a high IL-17 signa-
ture within the overall psoriasis transcriptome. Another bio-
logical pathway that increases the effect of IL-17 on epidermal 
keratinocytes is that IL-17 synergizes with TNF-α for regula-
tion of many inflammation-related genes [36], a finding that is 
likely explained by co-utilization of the transcription factor 
nuclear factor kappa beta (NFκB) with C/EBPβ or δ in pro-
moters of IL-17-responsive genes.

If psoriasis is an autoimmune disease driven by activation of 
T17 cells to autoantigens, then one must be able to explain how 
this response can create overall disease features of psoriasis that 
includes skin infiltration by Th1, Th17, and Th22 T cell subsets, 
myeloid dendritic cells, and neutrophils, as well as  epidermal 
hyperplasia and other alterations in skin architecture.  

 A new disease model recently put forward explains how many 
of these features can be explained by cellular responses to cyto-
kines of T17 cells, which include IL-17A, IL-17F, IL-26, and 
IL-29 [33]. Thus, these cytokines on epidermal keratinocytes 
create a “feed-forward” molecular inflammatory response (i.e., 
recruitment of leukocyte subsets associated with psoriasis, 
amplification of  keratinocyte- produced proteins, and regula-
tion of epidermal cell proliferation), can amplify expression of 
many specific molecules associated with psoriasis, and can 
regulate keratinocyte proliferation and differentiation 
(Fig. 15.1). IL-17 also directly or indirectly increases expres-
sion of the psoriasis autoantigens, such as disintegrin-like and 
metalloprotease domain containing thrombospondin type 1 
motif-like 5 (ADAMTSL5) and cathelicidin (LL-37), thus set-
ting the stage for chronic T cell activation by cutaneous den-
dritic cells. Emerging work indicates that these newly identified 

Fig. 15.1 IL-17 induces key proteins (e.g., S100A7, LL-37, IL-19) 
in keratinocytes that drive the psoriatic tissue response. Continuous 
IL-17 production is required to sustain psoriasis plaques, as thera-
peutic inhibition of IL-17 reverses the epidermal response to the 
non-lesional skin phenotype (Abbreviations: ADAMTSL5 a disinteg-
rin-like and metalloprotease domain containing thrombospondin 

type 1 motif-like 5, AMPs antimicrobial peptides, C/EBP CCAAT-
enhancer-binding protein beta, DC mature dendritic cell, IFN inter-
feron, IL interleukin, KC keratinocyte, LC Langerhans cell, LL-37 
cathelicidin, PMNs polymorphonuclear leukocytes or neutrophils, 
T17 interleukin-17-producing T cells, TNF tumor necrosis factor, 
Trm tissue-resident memory cell)
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autoantigens are upregulated in psoriasis lesions in a pattern 
that generally matches the pattern of T cell and dendritic cell 
infiltrates [37–40] and that dendritic antigen-presenting cells 
contain the relevant antigens for stimulating a T17 cell response. 
For the future, studies will be needed to determine how toler-
ance is “broken” to these antigens to trigger initiation of psoria-
sis and whether tolerance can be restored to control psoriasis 
by approaches not requiring long-term treatment with immune- 
modulating drugs.

 A Key Role for IL-23 in Psoriasis

Given the role of IL-23 as a master regulator of T17 cells, the 
role of this cytokine in psoriasis has also been tested by the 
use of antibodies against the p19 subunit that uniquely defines 
IL-23. Clinical studies coupled with skin biopsies and blood 
measures in psoriasis have shown that IL-23 is a key regulator 
of IL-17 production in psoriasis lesions. When sufficient anti-
p19 antibody is given to affect IL-17 production, there is his-
tological and molecular resolution of psoriasis that is overall 
very similar to disease improvements attainted with IL-12/23 
or IL-17 antagonists [41]. Interestingly, the clinical effects of 
IL-23 inhibition appear to be superior to effects attained with 
IL-12/23p40 or TNF-α inhibition in terms of the frequency of 
patients that attain PASI90 and PASI100 responses. Since the 
IL-12/IFN-γ pathway is not suppressed by blocking IL-23 
with these p19 selective antibodies, one can question whether 
IL-12/IFN-γ might actually serve as a negative regulator of 
the IL-23/T17 response pathway, as suggested by gene knock-
outs in the EAE model described earlier [14]. Another feature 
of T17 cell biology that could be impacted by IL-23 treat-
ments is that this cell differentiation pathway is not com-
pletely fixed and irreversible. In model systems where T17 
cell fate can be tracked by genetic modification of these cells, 
T17 cells have transdifferentiated into regulatory T(Treg)  
and Th1 cell lineages [42, 43]. By blocking IL-23 signals to 
T17 cells, transdifferentiation might also be possible in 
humans, and this could be another reason why relatively long-
term treatment responses have been observed with single 

doses of IL-23 inhibitors in two early studies in psoriasis [41, 
44]. The significance of IL-23 signaling and blockade for the 
treatment of psoriasis is discussed in greater detail in another 
chapter of this publication.

 A Review of Phase III Clinical Trials

Several phase III clinical trials have demonstrated a high effi-
cacy and good safety profile for secukinumab, ixekizumab, 
and brodalumab in the treatment of moderate-to- severe pso-
riasis (Table 15.1). Here, we will provide a brief summary of 
the efficacy and safety information for these novel agents.

 Secukinumab

Secukinumab is a fully human monoclonal antibody against 
IL-17A approved for the treatment of moderate-to-severe 
plaque psoriasis, psoriatic arthritis, and ankylosing spondyli-
tis. For plaque psoriasis, it is administered subcutaneously 
with a loading dose of 300 mg at weeks 0, 1, 2, 3, and 4, fol-
lowed by monthly injections of 300 mg. The treatment dose 
for psoriatic arthritis is 150 mg at weeks 0, 1, 2, 3, and 4, 
followed by monthly injections of 150 mg. However, the 
treatment dose may be increased to 300 mg every 4 weeks 
for patients with persistent arthritis symptoms.

Three, 52-week, double-blind, phase III placebo- 
controlled clinical trials provided pivotal evidence support-
ing the use of secukinumab for the treatment of 
moderate-to-severe plaque psoriasis [32]. The ERASURE 
trial (n = 738) compared secukinumab to placebo, whereas 
the FIXTURE trial (n = 1306) compared secukinumab to 
etanercept and placebo. In the ERASURE trial, 82% (300 mg 
every 4 weeks) and 72% (150 mg every 4 weeks) of patients 
treated with secukinumab achieved a PASI75 at week 12 
compared to only 4.5% of patients in the placebo arm. In the 
FIXTURE trial, 77% (300 mg every 4 weeks) and 67% 
(150 mg every 4 weeks) of patients treated with secukinumab 
achieved a PASI75 response at week 12 compared to 44% in 

Table 15.1 Approved IL-17 inhibitors or investigational products in early development

Medication Target Manufacturer Approved clinical indication

Secukinumab IL-17A Novartis Plaque psoriasis, psoriatic 
arthritis, and ankylosing 
spondylitis

Ixekizumab Eli Lilly Plaque psoriasis

Brodalumab IL-17RA Valeant/AstraZeneca Plaque psoriasis

ALX-0761/M1095 IL-17A
IL-17F

Ablynx/Merck Serono None

Bimekizumab UCB None

NI-1401 Novimmune/Genentech None

ABT-122 IL-17A
TNF-A

AbbVie None

COVA322 Janssen/Covagen None
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the etanercept (50 mg twice weekly) and 5% placebo groups. 
In a subsequent 52-week, double-blind, randomized con-
trolled, prospective trial of 676 patients with moderate-to- 
severe plaque psoriasis (CLEAR trial), secukinumab 
(300 mg every 4 weeks) was shown to be superior to 
ustekinumab [45]. At week 16, 79% of patients in the 
secukinumab group achieved a PASI90 response compared 
to 58% from the ustekinumab (45 mg or 90 mg dosing based 
on body weight) group; similar results were observed at 1 
year [46]. The Dermatology Life Quality Index was also sig-
nificantly higher for secukinumab (72%) compared to 
ustekinumab (57%). Additional support for the efficacy and 
safety of secukinumab administered by auto-injector/pen 
and prefilled syringes was also provided by the JUNCTURE 
[47] and FEATURE [48] clinical trials, respectively.

Two phase III clinical trials have evaluated the efficacy of 
secukinumab for the treatment of psoriatic arthritis. In the first 
double-blind, placebo-controlled trial (FUTURE-1), 606 
patients with psoriatic arthritis were randomized to treatment 
with secukinumab (150 or 75 mg every 4 weeks) or placebo 
[49]. At week 24, 50% (150 mg every 4 weeks) and 51% 
(75 mg every 4 weeks) of patients treated with secukinumab 
achieved an ACR20 response compared to 17% in the placebo 
group. A significant decrease in joint symptoms was sustained 
through 52 weeks of treatment. In the FUTURE-2 trial, 397 
psoriatic arthritis patients were randomized to receive 
secukinumab (300, 150, or 75 mg every 4 weeks) or placebo 
[50]. After 24 weeks of treatment, 54% (300 mg every 
4 weeks), 51% (150 mg every 4 weeks), and 29% (75 mg 
every 4 weeks) of patients treated with secukinumab achieved 
an ACR20 compared to 15% of patients treated with placebo.

 Ixekizumab

Ixekizumab is a humanized IgG4 monoclonal antibody that 
binds the IL-17A cytokine and is approved for the treatment 
of moderate-to-severe plaque psoriasis. For plaque psoriasis, 
ixekizumab is administered subcutaneously with a loading 
dose of 160 mg at week 0, followed by 80 mg at weeks 2, 4, 
6, 8, 10, and 12. Subsequently 80 mg injections are given 
every 4 weeks thereafter. Ixekizumab is not currently 
approved for the treatment of psoriatic arthritis.

In three double-blind, placebo-controlled, randomized 
phase III studies, ixekizumab for the treatment of moderate- 
to- severe plaque psoriasis was compared to placebo alone 
(UNCOVER-1) [51] or etanercept (50 mg twice weekly) and 
placebo (UNCOVER-2 and UNCOVER-3) [52]. In the 
UNCOVER-1 trial (n = 1296), 89% (80 mg every 2 weeks) 
and 83% (80 mg every 4 weeks) of patients treated with 
ixekizumab achieved a PASI75 response at week 12 com-
pared to 4% in the placebo group. In the UNCOVER-2 and 
UNCOVER-3 trials, patients were randomized to receive 
placebo, etanercept, or a subcutaneous injection of 80 mg 

ixekizumab every 2 weeks or every 4 weeks. In the 
UNCOVER-2 trial (n = 1224), 90% (80 mg every 2 weeks) 
and 78% (80 mg every 4 weeks) of patients treated with 
ixekizumab achieved a PASI75 response at week 12 com-
pared to 42% and 2% in the etanercept and placebo groups, 
respectively. In the UNCOVER-3 trial (n = 1346), 87% 
(80 mg every 2 weeks) and 84% (80 mg every 4 weeks) of 
patients treated with ixekizumab achieved a PASI75 response 
at week 12 compared to 53% and 7% in the etanercept and 
placebo groups, respectively. 75% and 73% of patients 
treated with ixekizumab every 2 weeks and every 4 weeks, 
respectively, remained clear or had minimal psoriasis after 
60 weeks of treatment [51]. To date, one double-blind, 
placebo- controlled, randomized trial (SPIRIT-P1) evaluating 
the use of ixekizumab for the treatment of psoriatic arthritis 
has been completed [53]. In this trial, biologic-naïve patients 
were randomized to subcutaneous injection of ixekizumab 
(80 mg every 2 or 4 weeks), adalimumab (40 mg every 
2 weeks), and placebo. After 24 weeks of treatment with 
ixekizumab, 62% (80 mg every 2 weeks) and 58% (80 mg 
every 4 weeks) of patients achieved an ACR20 compared to 
30% in the placebo arm. However, a statistically significant 
improvement in joint disease activity was demonstrated as 
early as week 12. Additional studies evaluating the efficacy 
of ixekizumab for the treatment of psoriatic arthritis are 
ongoing, including the SPIRIT-P2 trial (ClinicalTrials.gov 
Registration Number: NCT02349295).

 Brodalumab

Brodalumab is a human IgG2 monoclonal antibody that 
inhibits IL-17RA. It is approved for the treatment of 
moderate- to-severe plaque psoriasis. For plaque psoriasis, 
brodalumab is administered subcutaneously with a loading 
dose of 210 mg at weeks 0, 1, and 2 followed by 210 mg 
every 2 weeks.

In three prospective, phase III, randomized, double-blind, 
placebo-controlled studies, brodalumab for the treatment of 
moderate-to-severe plaque psoriasis was compared to pla-
cebo alone (AMAGINE-1) [54] or ustekinumab (45 or 90 mg 
dosing based on body weight) and placebo (AMAGINE-2 
and AMAGINE-3) [55]. In the AMAGINE-1 trial (n = 661), 
83% (210 mg every 2 weeks) and 60% (140 mg every 
2 weeks) of patients achieved a PASI75 response at week 12 
compared to 3% in the placebo group. Very similar PASI75 
responses at week 12 were observed in the subsequent 
AMAGINE-2 (n = 1831) and AMAGINE-3 (n = 1881) trials, 
and the 140 and 210 mg doses of brodalumab were shown to 
be superior to placebo (P-value < 0.001 for both groups) 
[55]. Of note, 44% (210 mg every 2 weeks) and 37% (140 mg 
every 2 weeks) of patients in the AMAGINE-2 and 
AMAGINE-3 trials, respectively, experienced complete 
clearance (PASI100) of their psoriasis at week 12 [55].
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Brodalumab is not currently approved for the treatment 
of psoriatic arthritis. Following promising phase II clini-
cal trial results for this indication, two phase III clinical 
trials were initiated (AMVISION-1 and AMVISION-2). 
However, results from these studies are not publicly avail-
able at this time.

 Adverse Events of Secukinumab, Ixekizumab, 
and Brodalumab

Good safety has been demonstrated for secukinumab, 
ixekizumab, and brodalumab, and their side effect profiles 
are largely overlapping. The most common reported adverse 
events include nasopharyngitis, headache, upper respira-
tory infection, mucocutaneous candidiasis, and mild, tran-
sient neutropenia without associated infections. 
Interestingly, humans with inborn errors of IL-17RA or 
IL-17F are also associated with recurrent candida infec-
tions, upper respiratory infections, and mild skin infections 
[56]. Less common adverse events of IL-17 inhibition 
included diarrhea, inflammatory bowel disease (IBD), 
arthralgias, and injection site reactions. Brodalumab and 
secukinumab were tested for clinical efficacy in patients 
with IBD and no comorbid inflammatory skin disease, and 
these trials reported some worsening of gastrointestinal 
symptoms with IL-17 blockade [57, 58]. These agents 
should, therefore, be used cautiously in psoriasis patients 
that may have early, comorbid gastrointestinal disease. 
Lastly, four suicides out of ~4000 psoriasis patients were 
reported in the AMAGINE trials, though a causal relation-
ship with brodalumab was not demonstrated. However, this 
concern has led to the additional requirement that broda-
lumab only be prescribed in conjunction with a Risk 
Evaluation and Mitigation Strategy (REMS).

 Newer IL-17 Target Drugs in the Pipeline

The approval and commercialization of IL-17 inhibitors have 
transformed the way psoriasis is treated. However, nonre-
sponders to IL-17 blockade continue to highlight the complex-
ity of disease. Basic and translational research has shown 
insights into why this may be, including the role of IL-17F and 
the integrated TNF-α pathway [36, 59, 60]. New advances in 
antibody engineering may overcome these complexities through 
the development of bispecific antibodies allowing simultaneous 
targeting of two molecules with a single antibody [61].

A closer look at the mechanisms of currently approved 
IL-17 inhibitors shows possible limitations in this treatment 
modality. Ixekizumab and secukinumab only target the 
IL-17A homodimer without impacting IL-17F dimers. 
Brodalumab blocks IL-17RA and subsequent downstream 
activity of all IL-17 isoforms, including IL-17E (IL-25) 

which inhibits IL-17-mediated inflammation. Novel bispe-
cific antibodies, which are currently being developed, permit 
dual targeting of IL-17A and IL-17F without suppressing the 
beneficial effects of IL-17E. Doing so should theoretically 
result in an improved treatment response over current IL-17 
therapies. However, it remains to be seen if there is a more 
severe risk of infection and other side effects in these dual 
inhibitors.

A common method of developing bispecific antibodies 
has been to design antibodies to have dual variable domains 
such that each antibody arm has a distinct epitope. This can 
be used for a wide variety of molecules and is best exempli-
fied in developing bispecific antibodies for dual inhibition 
of IL-17A/IL-17F, or IL-17A/TNF-α [61]. An iteration of 
this includes the Ablynx Nanobody® technology in which 
trivalent antibodies only contain truncated heavy chain 
components allowing for better targeting and improved 
pharmacokinetics. Alternatively, Covagen FynomAb® tech-
nology designs fynomer proteins capable of binding a spe-
cific molecule and attaches it to the amino or 
carboxyl-terminal end of the antibody heavy or light chains 
[62]. These technologies have led to the development of 
dual IL-17A/IL-17F inhibitors including ALX-0761/
M1095, bimekizumab, and NI-1401. Additionally, IL-17A/
TNF-α dual inhibitors including ABT-122 and COVA322 
are also in development.

Several of these next-generation IL-17 inhibitors have 
already entered and completed early phase clinical trials; 
however, results of these studies are limited and not yet pub-
lished. Most notably, a small phase Ib trial of ALX-0761/
M1095 in psoriasis has shown PASI90 in 100% of patients, 
with PASI100 being reached in 56% of patients (unpublished 
data presented at the 2017 American Academy of 
Dermatology Annual Meeting in Orlando, FL). A small 
phase Ib trial of bimekizumab in psoriatic arthritis showed 
that 80% of patients achieved an ACR20 at week 8 compared 
to 17% in the placebo group, whereas 40% of patients 
achieved an ACR50 compared to 8% in the placebo group 
[63, 64]. The remaining aforementioned bispecific antibod-
ies have completed preclinical and early phase I trials but 
have yet to report results of PASI or ACR treatment response 
[61, 62, 65, 66].

While these IL-17 dual inhibitors are still early in devel-
opment, early phase clinical trial data is encouraging. The 
technology to design antibodies that simultaneously target 
two or even three distinct molecules holds much promise but 
has yet to be mastered, particularly in the context of treating 
psoriasis and psoriatic arthritis. Further basic and transla-
tional research could identify currently unknown molecules 
important to the development of psoriatic disease, which 
could be co-targeted using these antibodies. Doing so could 
lead to improved therapies in which not only PASI75 is 
achieved, but in which it becomes the standard to achieve 
responses of PASI90 and PASI100.
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 Future Directions: IL-17 Targeting for Other 
Skin Conditions

While psoriasis may be the most well-known of the IL-17- 
mediated skin diseases, there are several others which might 
benefit from anti-IL-17 therapy [67]. These diseases can be 
broadly classified into the noninfectious neutrophilic derma-
toses and the lymphocyte-mediated dermatoses. The poten-
tial association of neutrophilic dermatoses with IL-17 is 
driven by the concept that IL-17 induces multiple chemo-
kines (e.g., CXCL1, CXCL2, CXCL3, and CXCL8) that 
attract neutrophils to sites of inflammation.

Some notable noninfectious neutrophilic dermatoses 
include Sweet syndrome, pyoderma gangrenosum, and 
Behçet disease [68–70]. These diseases can be characterized 
as having recurrent inflammation with a cutaneous neutro-
philic infiltrate. Recent studies have found increased levels 
of IL-17A and IL-17R in the skin of both Sweet syndrome 
and pyoderma gangrenosum [71]. Likewise, Behçet disease 
has been found to have increased levels of IL-17A in the skin 
and plasma during acute flares of mucocutaneous and ocular 
disease [72]. Although not classified as a neutrophilic derma-
tosis, hidradenitis suppurativa has been found to display 
many of the same disease characteristics including increased 
levels of IL-17 in lesional and uninvolved skin with an 
accompanying neutrophilic infiltrate [73].

Neutrophils are an additional cellular source for IL-17A 
and are capable of recruiting additional neutrophils to sites 
of inflammation through the production of IL-17 in a para-
crine fashion [74]. Thus, it has been postulated that improve-
ment in neutrophilic dermatoses can be accomplished by 
interrupting this self-propagating cycle. There is currently 
limited data regarding these diseases and IL-17 inhibition in 
both humans and in vitro models. Results from a clinical trial 
evaluating secukinumab for the treatment of uveitis in Behçet 
disease were disappointing, failing to reach its primary end-
points [75]. However, the effect of IL-17 inhibition on muco-
cutaneous lesions of Behçet disease remains unknown.

The lymphocyte-mediated dermatoses in which IL-17 is 
implicated encompass a wide array of diseases, including 
AD and lupus. In AD, subsets of patients (e.g., pediatric, 
intrinsic disease in adults, and adult Asian populations) 
[76–78] have prominent IL-17 expression. Similarly, stud-
ies have found increased staining of IL-17A in lesional skin 
of subacute cutaneous lupus erythematosus (SCLE), dis-
coid lupus erythematosus (DLE), and non-lesional skin of 
systemic lupus erythematosus (SLE). When looking at 
plasma, only SLE and DLE had increased levels of IL-17A 
relative to healthy controls. In contrast, plasma IL-17F was 
found to be increased in SCLE, DLE, and SLE [79], and 
serum IL-17 correlates poorly with disease activity [80]. 
Though IL-17 expression is increased in AD and lupus, it is 
unclear if this cytokine drives disease pathogenesis or is 

simply the by- product of the primary immune response. 
The role of IL-17 in these complex diseases remains unclear 
and must be further elucidated through selective inhibition 
of inflammatory cytokines.

 Conclusion

The identification of the central role for the IL-23/T17 axis in 
psoriatic disease broadened our understanding of the patho-
genic immune events driving this chronic inflammatory condi-
tion. Further evidence that this signaling pathway is the 
predominant immune axis in psoriasis is supported by the sub-
stantial proportion of patients achieving a PASI90 or PASI100 
following IL-17 inhibition compared to other systemic bio-
logic medications. It will be interesting to explore the clinical 
efficacy of IL-17 antagonists in combination with other bio-
logic therapies, such as TNF-α or IL-22 antagonists. Further, 
the role of IL-17 inhibition for the treatment of other inflam-
matory or autoimmune conditions is not entirely clear. 
However, preclinical and translational research studies sug-
gest that IL-17 blockade may represent a promising treatment 
modality for noninfectious conditions with a prominent neu-
trophilic infiltrate or high levels of S100A7 expression in the 
skin. Additional studies are needed to fully understand the 
molecular mechanisms of IL-17 signaling in the skin and the 
implications of IL-17 blockade in patients with chronic inflam-
matory conditions.

Case Presentation
A 65-year-old Caucasian female presents to the dermatology 
clinic with a more than 10-year history of recalcitrant plaque 
psoriasis with prominent joint involvement. Her psoriatic 
arthritis was confirmed by her rheumatologist. She rates the 
severity of her skin disease as 5 out of 10, which has been 
unsuccessfully treated with high-potency topical steroids 
and multiple systemic agents. She endorses severe joint pain 
and swelling in her hands, along with morning stiffness in 
the large joints that lasts longer than 30 min. She reports 
mild improvement in her skin lesions following treatment 
with multiple systemic therapies, but has had persistent 
worsening of her joint symptoms.

Past Medical History
• Hypertension
• Hyperlipidemia
• Obesity
• Mild renal insufficiency

Social and Family History
• Single
• Denies a history of alcohol or tobacco use
• No family history of psoriasis
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Previous Therapies
• High-potency topical steroids and NBUVB
• Cyclosporine and methotrexate
• Etanercept, infliximab, ustekinumab, and apremilast

Physical Examination
• Well-demarcated, erythematous, scaly plaques with thin 

scale on the scalp, trunk, and bilateral extremities
• Body surface area involvement of approximately 7%
• Joint swelling and tenderness noted on the second and 

third metacarpal joints, as well as pain with palpation of 
the sacroiliac joint and Achilles tendon

Management
Given the patient’s failure to respond to multiple biologic 
therapies and progressive joint disease, the patient was 
started on secukinumab. Secukinumab was administered 
subcutaneously with a loading dose of 300 mg at weeks 0, 1, 
2, 3, and 4, followed by monthly injections of 300 mg. Within 
3 weeks, the patient experienced a dramatic improvement in 
her skin lesions and rated her skin disease severity as 2. After 
6 weeks of treatment, the patient reported significant 
improvement in her joint swelling and pain, as well as com-
plete resolution of her morning stiffness. Her body surface 
area involvement at 2 months was less than 1%, and the 
patient endorsed only mild joint tenderness in her sacroiliac 
joint. She denied any adverse events other than mild irrita-
tion of the skin following each injection. This particular case 
highlights the utility of secukinumab for the simultaneous 
treatment of plaque psoriasis and psoriatic arthritis that is 
resistant to two TNF-α inhibitors.
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Systemic Therapies in Psoriasis

Gregory Peterson, Annika Silfast-Kaiser, and Alan Menter

Psoriasis is a chronic inflammatory skin disease with a 
 significant negative impact on a patient’s self-esteem, work 
productivity, quality of life, and indeed pocketbook [1–4]. 
Moderate-to-severe psoriasis has also been associated with 
multiple comorbidities including the metabolic syndrome, 
cardiovascular disease, depression, and psoriatic arthritis 
[5–9] (Fig. 16.1). For patients with moderate-to-severe pso-
riasis (>10% body surface area involvement), conventional 
systemic therapies can offer an effective, cost-effective, well-
tolerated alternative treatment to topical treatments, light 
therapy, as well as the full spectrum of biologic agents [10].

 Introduction

Although the pathogenesis of psoriasis is not yet fully 
understood, there is a great deal of evidence that points to 
psoriasis being an immune-mediated disease with T-cells 
playing a central role. Environmental factors, dendritic 
cells, cytokines, numerous gene loci, and T-cells all interact 
to induce the systemic inflammation essential for the cre-
ation of psoriatic plaques as well as psoriatic arthritis. 
Initially, dendritic cells are activated by affected keratino-
cytes. Dendritic cells then travel to local lymph nodes to 
release cytokines including IL-12 that activate type 1 helper 
T-cells, IL-23, and type 17 helper T-cells. These T-cells trig-
ger the release of multiple cytokines including TNF-α, 
IL-22, and IL-17, producing a vicious cycle of inflammation 
of the skin and/or joints. For this reason, systemic agents 
play an important role in the treatment of moderate-to-
severe psoriasis and psoriatic arthritis by specifically 
impacting T-cells or their products directly. Biologic agents 

work by more specifically inhibiting the action of individual 
cytokines that mediate the production, maintenance, and 
development of T-cells within the immune system [7].

 Treatment Eligibility

Systemic therapies are typically considered when a patient’s 
psoriasis is defined as moderate to severe, i.e., greater than 
10% body surface area involvement. Involvement of the face, 
palms, soles, or genitalia, i.e., disabling psoriasis, while fre-
quently less than 5% involvement, has a major impact on 
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patients’ quality of life (QOL) and thus frequently requires 
systemic therapies. In order to assess disease severity, the 
Psoriasis Area and Severity Index (PASI) is a common mea-
sure used to evaluate the extent of disease. It is traditionally 
used in clinical trials involving systemic agents, with a PASI 
score of greater than or equal to ten being required for patient 
inclusion in these trials. In forms of psoriasis where PASI is 
not applicable, both affected body surface area (BSA) and a 
DLQI (Dermatology Life Quality Index) greater than ten can 
be utilized.

When designing a treatment plan for a psoriatic patient it 
is important that clinicians take into account multiple vari-
ables other than simply severity of the disease. Treatment 
plans must be made while keeping quality-of-life issues, rel-
evant comorbidities, safety, cost, efficacy of treatment, 
patient preference and accessibility, as well as patient’s prior 
clinical responses in mind.

 Traditional Systemic Agents in Psoriasis

Systemic treatment options prior to the revolution of biolog-
ics have focused on producing clinical improvement in pso-
riasis patients without necessarily targeting the specific 
causative factors. Although biologic therapy is now a clini-
cian’s more specific targeted treatment option, with less 
potential for organ toxicity and zero potential for 
 teratogenicity, traditional systemic agents continue to play a 
major role in psoriasis therapies worldwide. Traditional sys-
temic agents are significantly less expensive in comparison 
to biologics, and, for many patients, provide a more prefera-
ble route of administration by oral administration, rather 
than by injection.

 Methotrexate

Methotrexate is the most common systemic therapy pre-
scribed by dermatologists worldwide. Methotrexate is an 
antimetabolite that competitively inhibits dihydrofolate 
reductase and thymidylate reductase. In psoriasis, it is used 
for its anti-inflammatory properties—it increases the level of 
adenosine, an anti-inflammatory compound, released by 
fibroblasts and endothelial cells at sites of inflammation in 
the body. Neutrophil and monocyte chemotaxis is markedly 
inhibited in psoriasis with methotrexate therapy [32–34]. 
Methotrexate was approved in 1972 by the FDA for severe 
psoriasis before randomized clinical trials were the standard 
of determining drug efficacy. As a result, clinical experience 
rather than documentation of its efficacy is much greater. 
The usual starting dose for methotrexate is between 7.5 and 
25 mg/week [35]. Patients are traditionally given an initial 
test dose of 5 mg with a blood count 5 days thereafter before 

moving forward with the intended treatment dose which can 
thereafter be increased until an optimal response is achieved, 
not to exceed 30 mg/week. An excellent recent 1-year study 
of Methotrexate by subcutaneous injection, published in The 
Lancet, shows a 40% PASI-75 score. For the approximately 
40% of patients who achieve PASI 75 about 75% of these 
patients will do so after 12 weeks of a 15 mg/week metho-
trexate dose. The only placebo-controlled trial of methotrex-
ate  treatment for psoriasis showed that 36% of patients on 
7.5 mg/week, with gradual increases up to 25 mg/week, were 
able to achieve PASI 75 after 16 weeks of ongoing treatment 
[11]. The American Academy of Dermatology Guidelines on 
Psoriasis recommends a complete blood count and platelet 
counts every 2 weeks for the first month thereafter every 
3–4 months in addition to renal and liver function tests at the 
same intervals [99].

For long-term methotrexate users, hepatotoxicity is the most 
important adverse effect, with myelosuppression and pulmo-
nary fibrosis also of concern [36]. Mild elevations of transami-
nases to less than twice the upper limit of normal are not 
uncommon and do not correlate well with hepatic fibrosis. A 
systematic review of methotrexate trials assessing liver toxicity 
has shown extreme variability of the incidence of hepatic fibro-
sis, making the risk of fibrosis unquantifiable. Liver fibrosis is 
associated with type II diabetes, obesity, hepatitis, and alcohol 
use [37]. The fact that patients with psoriasis tend to have an 
increase in cardiovascular risk factors including the metabolic 
syndrome (obesity and type II diabetes) may serve, at least in 
part, as a confounding variable when it comes to the association 
of hepatic fibrosis and methotrexate use [37–39]. This hypoth-
esis has been supported by the fact that the pathologic features 
of methotrexate- induced liver toxicity resemble nonalcoholic 
steatohepatitis, suggesting that methotrexate possibly aggra-
vates preexisting nonalcoholic steatohepatitis [11]. When 
methotrexate- induced hepatic fibrosis does occur, and is identi-
fied in a timely manner, it is frequently reversible with discon-
tinuation of the drug. The association between concomitant 
alcohol and methotrexate use with hepatotoxicity is well known 
and therefore physicians frequently instruct their patients to 
limit alcohol while on the medication. Prior American Academy 
of Dermatology guidelines do allow moderate alcohol con-
sumption defined as 1–2 glasses of alcohol a day [100].

Prior to initiation of methotrexate treatment, patients need 
to be screened for risk factors including alcohol intake,  obesity, 
diabetes, hyperlipidemia, and hepatitis B and C. The develop-
ment of pulmonary symptoms such as a  non-productive cough 
must also be carefully evaluated. Folic acid or folinic acid sup-
plementation is essential in methotrexate patients both to 
reduce gastrointestinal side effects (nausea, vomiting, and diar-
rhea) and to reduce the risk of hepatotoxicity [40]. In addition 
to side effects and the potential for significant drug-drug inter-
actions (eg. Sulfonamides), the physician must also be familiar 
with folinic acid rescue in case of methotrexate  overdose. The 
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total  cumulative methotrexate dosage should always be calcu-
lated for patients on methotrexate therapy. It is recommended 
that physicians consider referral for hepatic evaluation in their 
patients (with no prior history of liver disease) after 3.5–4 g 
total cumulative methotrexate dosage [41]. Liver biopsies were 
the standard of care in the past, but data has shown the value of 
the serum amino-terminal propeptide type III collagen (PIIINP) 
test to detect early fibrosis without an invasive procedure [90] 
in addition to fibroelastography and other noninvasive imag-
ing. PIIINP testing has led to a 75% decrease in liver biopsies 
and will be used in conjunction with other serum tests such as 
the elevated liver function test (ELF) to ensure a reduction in 
liver biopsies in the near future [107].

Although biologics including adalimumab and infliximab 
have shown significantly higher efficacy in head-to-head trials 
with methotrexate, methotrexate is still a largely affordable 
and effective option for many patients and is the most com-
monly used systemic agent for psoriasis worldwide [42, 43]. 
Based on published data, methotrexate treatment achieves 
PASI 75 in approximately 40% of cases and can be used even 
in cases of erythrodermic psoriasis (Fig. 16.2). Methotrexate 
is also used frequently in combination with biologic agents for 
psoriasis and psoriatic arthritis, especially as a tool to suppress 
acquired antibodies against TNF-alpha inhibitors including 
adalimumab and infliximab [44].

Recently, a new MTX molecule based on the initial 
 pre-methotrexate compound, called aminopterin has been 
 evaluated with phase I testing showing decreased side effects 
and comparable efficacy [106]. Phase II studies are imminent.

 Acitretin

Acitretin is an oral retinoid and is the only synthetic form of 
vitamin A approved for the treatment of psoriasis in the 
USA. It is used for severe psoriasis, including pustular and 
erythrodermic forms (Figs. 16.3 and 16.4), as well as for pso-
riasis in HIV patients due to its lack of immunosuppressive 
effects [45]. The exact mechanism of action of acitretin in the 
treatment of psoriasis is not fully understood. However, as a 
retinoid, acitretin is known to modulate epidermal prolifera-
tion and differentiation while also having immunomodulatory 
and anti-inflammatory effects. Thus, hyperproliferation of 
keratinocytes is reduced along with the inhibition of inflam-
matory molecules that induce premature maturation of kerati-
nocytes and neutrophil chemotaxis in psoriasis occurs [101].

Acitretin plays a role in long-term maintenance therapy 
for plaque psoriasis. In a long-term clinical trial, 89% of 
plaque psoriasis patients achieved a PASI 50 and 78.4% of 
these patients attained PASI 75 after 12 months of treatment 
[91]. Acitretin is frequently considered as a first-line treat-
ment in pustular psoriasis, both generalized and in the local-
ized palmoplantar variety [92] (Fig. 16.5).

Acitretin provides a rapid response in these patients with 
initial clearance of lesions seen in as little as 10 days in some 
patients. It is only moderately effective in the treatment of 
psoriatic nail disease. Acitretin is the least most effective 
systemic drug for plaque psoriasis when used as monother-
apy. It is frequently used in smaller doses in combination 
with UVB or PUVA therapy as more effective higher doses 
of the drug as monotherapy are frequently not well tolerated 
by patients [93]. The combination of acitretin and UVB or 
PUVA has also been shown to be more effective than using 
either UVB, PUVA, or acitretin as monotherapy [102] 
(Fig. 16.6).

Combination therapy additionally reduces the number of 
necessary phototherapy sessions as well as the required 
dosage of acitretin, thus diminishing the amount of UV 

Fig. 16.2 Erythrodermic psoriasis Fig. 16.3 Severe plantar psoriasis
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Refractory to 3 months of
Bath PUVA as Monotherapy

Post Acitretin 25mg/day plus PUVA
therapy for 3 months (RePUVA)

a b

Fig. 16.5 (a) Pustular plantar psoriasis; refractory to 3 months of bath PUVA as monotherapy. (b) Pustular plantar psoriasis; post-acitretin 25 mg/day 
plus PUVA therapy for 3 months (RePUVA)

Refractory to Topicals Post Acitretin 25mg/day Reduction in pustules w/in 2 weeks;
complete clearing w/in 1 month

a b

Fig. 16.6 (a) Palmar pustular psoriasis; refractory to topicals. (b) Palmar pustular psoriasis; post-acitretin 25 mg/day reduction in pustules w/in 
2 weeks; complete clearing w/in 1 month

Pre Acitretin Acitretin 25mg/day Therapy after 2 months

a b

Fig. 16.4 (a) Erythrodermic: psoriasis with pustules; pre-acitretin. (b) Erythrodermic: psoriasis with pustules; acitretin 25 mg/day therapy after 
2 months
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exposure and intolerable side effects [94]. Acitretin mono-
therapy response is slow—with maximal response occur-
ring at 3–6 months [11]. The usual dose for acitretin ranges 
from 10 to 50 mg daily, and can also be dosed by weight, 
i.e., 0.25–0.5 mg/kg daily. As with all oral retinoid thera-
pies, monitoring for hypertriglyceridemia and hepatotoxic-
ity is essential. Twenty five to fifty percentage of patients 
experience increases in triglycerides, while 13–16% of 
patients experience elevation of transaminases [103]. The 
majority of patients on acitretin will experience mucocuta-
neous side effects in the form of cheilitis, dry eyes or dry 
mouth, epistaxis, xerosis, and/or alopecia. Acitretin, as is 
the case for all retinoids, is a potent teratogen, leading to 
strict requirements for pregnancy prevention during and 
subsequent to their use, being only indicated in men and in 
females of nonreproductive potential [46]. Acitretin, in the 
presence of alcohol, converts to etretinate which can 
increase hepatotoxicity potential.

Acitretin is the active metabolite of etretinate, a second- 
generation retinoid approved for use in psoriasis in 1986. 
Etretinate has a long half-life of 120 days and was replaced 
in 1996 by the less lipophilic acitretin, which has a half-life 
of 50 h [103]. While still available in Japan, etretinate was 
removed from the European and American markets in 1996 
and 1998, respectively.

 Cyclosporine

Cyclosporine is an immunosuppressive drug originally used 
in transplantation to reduce graft rejection relating to inter-
ference of the growth and activity of T-cells. Published origi-
nally as a case reporting efficacy for psoriasis in a transplant 
patient, cyclosporine shifted the entire focus of psoriasis 
from an epidermal hyperproliferative disease to a T-cell- 
mediated disease [109]. By reducing lymphocytes and mac-
rophages in the epidermis, cyclosporine inhibits not only the 
activation of T-cells, but also natural killer cells and antigen- 
presenting cells [12]. Cyclosporine has a rapid mode of 
action and is effective in the majority of psoriasis patients. 
Cyclosporine binds to a family of cytoplasmic proteins 
called cyclophilins, forming a drug-receptor complex that 
competitively inhibits calcineurin, which normally activates 
transcription of IL-2 and related cytokines [13, 14]. 
Ultimately, the drug leads to decreased transcriptional acti-
vation of cytokine genes for IL-2, IL-3, IL-4, TNF-alpha, 
CD40L, GM-CSF, IFN-gamma, and reduction in lympho-
cyte proliferation. Cyclosporine is frequently used in patients 
with severe psoriasis who are in need of a rapid response 
with quick symptomatic relief or as interventional therapy 
when other systemic medications have failed.

Cyclosporine is best used as an intermittent therapy in 
short courses of 3–4 months due to adverse effects with 
long- term treatment including renal toxicity, hypertension, 

lymphoma, and an increase in cutaneous malignancies, 
especially in prior PUVA-treated patients. Renal impair-
ment and hypertension occur due to cyclosporine’s vasocon-
strictive effects on afferent renal arterioles, whereas its 
immunosuppressive effects lead to concerns regarding 
malignancy [15]. A significant portion of patients on cyclo-
sporine for up to 2–5 years will develop glomerulosclerosis, 
with subsequent loss of renal function. Loss of renal func-
tion also occurs when a patient is on greater than 5 mg/kg/
day [16–19]. In one study, interstitial fibrosis and tubular 
atrophy were present in all biopsies after 1 year and contin-
ued to progress with further treatment. Additionally, these 
changes were not strongly correlated to renal function [20]. 
In another study, renal biopsies from patients on cyclospo-
rine for 4 years all showed pronounced glomerular sclerosis 
[21]. Past studies have shown little to no correlation, how-
ever, with dose or treatment duration [19–22]. The best pre-
dictor in some studies has been a persistent increase in 
serum creatinine level 1 month after treatment has been dis-
continued [22].

Acute loss of renal function is usually reversible after dis-
continuation of cyclosporine. It has been suggested that if the 
serum creatinine increases 30% over the baseline creatinine 
level, after two consecutive blood draws, the dose of cyclo-
sporine should be decreased by 1 m/kg/day or by 25–50% 
for a duration of at least 4 weeks. If, after 4 weeks, a patient’s 
creatinine does not improve at the reduced dose, the cyclo-
sporine dose should again be decreased by 25–50%. If the 
creatinine continues to remain elevated, the drug should be 
discontinued (Fig. 16.7). Because secretion of creatinine in 
the renal tubules can increase due to cyclosporine-induced 
nephropathy, serum creatinine levels as a sole determinant of 
kidney function is considered less reliable [22]. Annual mea-
surement of GFR, in addition to the trending creatinine, is 
recommended for patients on long-term treatment [19]. A 
minimum of twice-weekly measurement of early morning 
blood pressure by the patient is essential and a reliable 
marker for early reported toxicity. If the patient begins to 
experience hypertension, the recommendation is to reduce 

Serum creatinine increase
30% above baseline

If reduces to <30% above
baseline value
continue CSA

If remains >30% above
baseline stop CSA

Resume if returns
within 10% of baseline

value

Repeat measurement in 2
weeks

Fig. 16.7 Management of cyclosporine-induced renal dysfunction
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the cyclosporine dose by 25–50% or introduce antihyperten-
sive therapy either through initiation of a calcium channel 
blocker or of the dihydropyridine class. As a subset of 
patients are especially sensitive to cyclosporine’s hyperten-
sive effects, it has been proposed that rather than discontinu-
ing therapy, adding an antihypertensive to a patient’s regimen 
should be the initial step in management [19, 23] (Fig. 16.8).

The most common cutaneous side effect of cyclosporine 
is hypertrichosis which occurs in approximately 6% of 
patients [24].

Cyclosporine has limited oral bioavailability due to inad-
equate absorption and minimal metabolism of the drug by 
intestinal enzymes. The drug is extensively metabolized by 
CYP450 in the liver and is excreted in bile. Because bile salts 
are necessary for its absorption, cyclosporine microemulsion 
formulations have been created to increase its bioavailability 
without the need for bile salts or simultaneous intake of a 
fatty meal. Initial dosing of cyclosporine for the treatment of 
psoriasis ranges from 2.5 to 5 mg/kg/day with improvement 
frequently seen as early as 2 weeks and subsequent doses 
thereafter maintained at 2.5–3.5 mg/kg/day [11]. Numerous 
potential drug interactions exist with cyclosporine therapy 
and thus a detailed review of the patient’s current medica-
tions must occur before initiating cyclosporine treatment. 
Patients should also be educated regarding the introduction 
of new drugs while taking cyclosporine.

There have been multiple studies showing cyclosporine to 
be a highly effective, rapid treatment option for psoriatic 
patients. In 12–16-week time periods it has been shown to 
dramatically improve up to 80–90% of patients [25–30]. In 
1991, Ellis and colleagues concluded that the efficacy of 
cyclosporine is dose dependent [26]. This double-blind, 
placebo- controlled trial included doses of 3, 5, and 7.5 mg/kg 
of cyclosporine per day, and showed that after 8 weeks of 
treatment, 36%, 65%, and 85% of the respective patients 
were rated as clear or almost clear (PASI 75 to PASI 85). 
All three dosages were shown to be superior to placebo 
(Fig. 16.9). Fifty to seventy percentage of patients show a 

PASI 75 response when cyclosporine is dosed at 3 mg/kg/day. 
When dosed at the same 3 mg/kg/day, a PASI 90 response in 
30–50% of patients has been seen [30]. A study comparing 
MTX v CYA showed no statistically significant difference in 
reduction of PASI over 16 weeks of treatment between the 
two medications with perhaps most importantly no difference 
in duration of remission [96].

Due to its immunosuppressive effects, the physician must 
inquire about the presence of contraindications including 
malignancy, uncontrolled hypertension, renal insufficiency, 
uncontrolled infection, immune deficiency, high cumulative 
dose of previous phototherapy, especially PUVA, and lym-
phoma in a patient being considered for cyclosporine treat-
ment. Because of the risk for gingival hyperplasia, patients 
should also be instructed to see a dentist every 6 months [19].

 Fumaric Acid Esters

Fumaric acid esters (also known as fumarates) inhibit the 
pro-inflammatory cytokine production of molecules includ-
ing TNF-alpha, IL-12, and IL-23 while also inducing T-cell 
apoptosis and T-helper type 2 cell differentiation, thus cor-
recting the imbalance of cytokines produced by T-cells in 
psoriasis [56, 57]. Fumarate treatment has been shown to 
achieve PASI 75 in 50–70% of treated patients within 
4 months [58]. In a year-long open clinical trial of 83 patients, 
a mean reduction of 76% of PASI occurred [59]. Fumarates 
are commonly used in Germany where they have been 
approved since 1994, as well as in other European countries, 
for the treatment of moderate-to-severe psoriasis. Fumarates 
are not currently approved for use in the USA.

In a systematic review of 19 articles on management of 
psoriasis with fumarates it was shown to be an effective and 
safe treatment option with few significant side effects [60]. 
The largest randomized controlled trial occurred in Germany 
in 1994 and involved 100 patients assigned to either fuma-
rate treatment or placebo over 16 weeks. The patients exhib-
ited a mean decrease in PASI score of 50% after 16 weeks of 
fumarate treatment [61]. In other randomized controlled tri-
als, mean improvement of 42–76% in psoriasis severity after 
fumarate treatment has been shown [62–65]. A randomized 
control trial revealed that fumarates were equally as effective 
as methotrexate in the treatment of moderate-to-severe pso-
riasis [95]. A recent meta-analysis showed a 64% increase in 
PASI 50 response with fumaric esters compared to 14% with 
placebo [108]. Limiting side effects include gastrointestinal 
symptoms such as nausea, stomach cramps, and diarrhea, 
headaches, and skin flushing in 76% of patients receiving 
therapy [56, 108]. Up to 40% of patients discontinue fuma-
rate treatment due to these intolerable side effects [66, 67]. 
Gastrointestinal side effects upon initiation of the drug can 
be minimized by slow titration of the drug. Lymphocytopenia, 

Blood pressure >140mmHg
systolic or >90mmHg diastolic

Repeat measurement 2 weeks later
If hypertension persists

Treat with anti-hypertensive,
preferably dihydropyridine
calcium channel blocker

(amlodipine or isradipine)

OR reduce cyclosporine
dose by 25-50%

Fig. 16.8 Management of cyclosporine-induced hypertension
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eosinophilia, and proteinuria can also be seen during treat-
ment, but these are usually not significant enough for discon-
tinuation of treatment and can simply be observed [67, 68]. 
Despite no significant data showing an increased risk of 
infection or malignancy with fumarate therapy, long-term 
follow-up is still needed to confirm these observations.

Fumarate treatment is initially commenced with one tab-
let of Fumaderm® (made up of 120 mg dimethylfumarate, 
87 mg calcium monoethylfumarate, 5 mg magnesium mono-
ethylfumarate, and 3 mg zinc monoethylfumarate), with sub-
sequent titrations over the ensuing 8 weeks. The maximum 
dose of Fumaderm® is six tablets daily [56].

 Less Commonly Used Systemic Therapies 
in Psoriasis

 Mycophenolate Mofetil

Mycophenolate Mofetil (MMF) is currently approved for 
the prevention of organ rejection, but is frequently used 
off-label in dermatology for the treatment of a variety of 
autoimmune diseases including psoriasis. MMF is a non-
competitive inhibitor of inosine monophosphate dehydro-
genase (IMPDH) which inhibits de novo purine synthesis, 
inhibiting lymphocyte proliferation and antibody 

Week 0 Week 16

a b

Fig. 16.9 (a) Erythrodermic psoriasis pretreatment with cyclosporine; week 0. (b) Erythrodermic psoriasis posttreatment with cyclosporine; 
week 16
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 production [47]. By reversibly inhibiting guanine nucleo-
tide synthesis, MMF specifically affects B and T lympho-
cytes. MMF also inhibits the glycosylation of lymphocyte 
and monocyte glycoproteins that serve endothelial cell 
adhesion [48].

MMF has been shown to be only moderately effective in the 
treatment of psoriasis. In 11 patients who received 1 g MMF 
twice daily for 3 weeks, and then 0.5 g twice daily, 7 patients 
showed a 40–70% reduction in their PASI score within 3 weeks. 
After 6 more weeks on the lower dose, six of these patients 
showed further improvement with four patients worsening 
after the decrease in dosage [49]. In another clinical trial, with 
doses of MMF ranging from 2 to 3 g daily, PASI reduction was 
observed to be 24% at 6 weeks and 47% at 12 weeks [50].

MMF is well tolerated compared to other psoriatic reg-
imens including methotrexate and cyclosporine as it does 
not have the potential to cause kidney or liver toxicity 
[97]. The most common side effects experienced with 
MMF are gastrointestinal—nausea, vomiting, abdominal 
pain, diarrhea, constipation, and anorexia. Genitourinary 
side effects can also be experienced including urgency, 
frequency, dysuria, hematuria, and sterile pyuria [11]. 
While on MMF treatment, patients are at a greater risk for 
acquiring viral and bacterial infections, specifically her-
pes zoster, and cytomegalovirus [51]. Because this risk 
seems to be more common in transplant patients who 
receive MMF within a combination immunosuppressive 
regimen, it has been postulated that it is this treatment 
combination which increases the risk, and not treatment 
with MMF as monotherapy.

The long-term risk of carcinogenicity with MMF remains 
a controversial topic. In the field of dermatology, few malig-
nancies have been reported in patients on MMF monother-
apy [51]. There were no changes in the incidence of 
malignancy in renal and cardiac transplant patients over an 
observed 3-year period.

The initial daily dose of MMF is between 1 and 1.5 g 
orally, with an increase up to 3 g/day as needed [52].

 Azathioprine

Azathioprine is a purine analog that blocks purine synthesis, 
i.e., a disease-modifying antirheumatic drug (DMARDs). It 
is an immunosuppressant that is approved for use in renal 
transplant patients and rheumatoid arthritis, but it is com-
monly used off-label for the treatment of autoimmune skin 
disease including psoriasis and atopic dermatitis. There are 
no randomized clinical trials for azathioprine use in psoria-
sis, with individual studies suggesting it to be beneficial. 
One open-label study showed that of 29 patients on 100–
300 mg azathioprine daily, 19 patients showed improvement 
ranging from 50% to greater than 75% improvement [53]. In 

another study of ten patients, five of these patients showed 
at least 25% improvement of their psoriasis [54].

Gastrointestinal side effects of azathioprine include nau-
sea, vomiting and diarrhea, as well as elevations in serum 
transaminases and alkaline phosphatase. Anemia, leukope-
nia, thrombocytopenia, and pancytopenia can also occur 
[11]. An increased risk of myelotoxicity also exists in 
patients who have an inherited deficiency of thiopurine 
methyltransferase (TPMT). Thus, testing for TPMT is essen-
tial in patients prior to initiating azathioprine therapy.

The usual dose of azathioprine in the treatment of psoria-
sis ranges from 0.5 to 3 mg/kg. TPMT levels are typically 
used to guide dosing, with one schedule suggesting that at 
TPMT levels below five, one should not initiate azathioprine 
treatment [55]. Some physicians do initiate dosing at 0.5 mg/
kg and monitor for cytopenia while then increasing dosing as 
necessary. Azathioprine has a slow onset of action, usually 
requiring 6–8 weeks of treatment before improvement is 
noticed.

 Hydroxyurea

Hydroxyurea has been used as an off-label psoriatic treat-
ment for many decades. It is an antimetabolite and cytotoxic 
agent that is approved for use in the treatment of hematologic 
diseases and various cancers. In psoriasis, it is hypothesized 
to work by inhibiting DNA replication within the basal cells 
of the epidermis. There are no randomized, controlled trials 
for psoriasis treatment with hydroxyurea but there have been 
studies showing it to be beneficial in psoriatic patients. In a 
retrospective study, using dosages of 0.5–1.5 g/day, 60% of 
patients achieved near-complete or complete clearance of 
their disease after an average of 16 months of treatment [69]. 
In a comparative study with methotrexate and hydroxyurea, 
a 48% reduction in mean PASI score was seen after 12 weeks 
of treatment with hydroxyurea. In comparison, methotrexate 
achieved 77% decrease in the mean PASI score [70]. A sepa-
rate study showed a greater than 70% reduction in PASI 
score for 55% of 31 patients treated with 1–1.5 g/day of 
hydroxyurea [71].

Bone marrow toxicity is the most concerning side effect 
of hydroxyurea treatment. Leukopenia, anemia, thrombocy-
topenia, or pancytopenia can all occur but are reversible [72]. 
Most patients on hydroxyurea develop mild hematologic 
abnormalities and as many as 1/3 of these patients require 
dose adjustments [70]. Other significant side effects include 
lower leg ulcers, skin pigmentation, and diffuse alopecia, 
which are usually reversible with dose adjustment or discon-
tinuation of the drug [71, 73].

Hydroxyurea is usually initiated at 500 mg orally twice 
daily, with subsequent increases as tolerated, to a maximum 
dose of 2 g/day [11].
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 Leflunomide

Leflunomide is another DMARD that works by inhibiting de 
novo pyrimidine synthesis, preventing lymphocyte prolifera-
tion, especially in regard to T-cells [74, 75]. It is thought to 
have both antiproliferative and anti-inflammatory activity. 
There is only one large randomized controlled trial of 190 
patients using leflunomide for the treatment of psoriasis and 
psoriatic arthritis. In this trial, PASI 75 achievement was 
seen in 17% of leflunomide-treated patients vs. 8% of 
placebo- treated patients after 24 weeks of usual dosing. Of 
note, 15% of the leflunomide-treated group were concur-
rently allowed to use low-dose systemic corticosteroids for 
the treatment of their psoriatic arthritis [76].

Typical side effects of leflunomide include gastrointesti-
nal symptoms such as diarrhea, nausea, and dyspepsia. 
Elevated liver enzymes and leukopenia have also been 
reported in higher frequency with leflunomide use than with 
placebo [76–78].

Leflunomide treatment is initiated with a loading dose of 
100 mg/day for 3 days, and then decreased to a dose of 20 mg 
daily [11]. As treatment is more expensive than other 
DMARD treatments, leflunomide is typically reserved for 
patients who have tried and failed other therapies first. Rarely 
used in the field of dermatology as monotherapy, it is more 
commonly used by rheumatologists as combination therapy 
for severe joint disease.

 Sulfasalazine

Although the exact mechanism of sulfasalazine is not 
known, it is thought to act as an anti-inflammatory agent. 
Sulfasalazine is used to treat inflammatory bowel disease 
and has also been used in the treatment of rheumatoid 
arthritis. There is only one double-blind, randomized con-
trolled clinical trial of sulfasalazine in psoriasis where 50 
patients with moderate-to- severe psoriasis were treated 
either with sulfasalazine for 8 weeks or with placebo [79]. 
The sulfasalazine-treated patients were dosed in escalation 
over time as tolerated, ranging from 1.5 to 4 g daily. 
Psoriasis severity was assessed at the end of 8 weeks and 
the patients were required to have tolerated sulfasalazine at 
least 2 g daily for 6 weeks. 26% of the sulfasalazine-treated 
group discontinued therapy due to side effects of rash or 
nausea with seven patients showing a 60–89% improve-
ment and seven others showing 30–59% improvement in 
their psoriasis. Psoriasis treated with placebo was shown to 
worsen in all but one patient, who showed moderate 
improvement of their psoriasis. Sulfasalazine has been 
shown to be effective in the treatment of psoriatic arthritis 
in isolated studies but does not have the ability to prevent 
further joint damage [98].

Side effects of sulfasalazine include gastrointestinal intol-
erance such as nausea, vomiting, heartburn, and diarrhea. 
Although adverse effects with sulfasalazine are not generally 
serious, these adverse effects may be a limiting factor in 
treatment as they occur in up to 60% of patients treated with 
the drug [80].

 Tacrolimus

Tacrolimus is a macrolide antibiotic that acts by inhibiting 
calcineurin which inhibits T-lymphocyte activation. It is 
approved for use in organ-transplant recipients to prevent 
organ rejection and is also commonly used in a topical for-
mulation for atopic dermatitis and infrequently orally and 
off-label for psoriasis. The discovery of tacrolimus as an 
effective therapeutic option for psoriasis occurred fortu-
itously when four organ-transplant recipients were treated 
with the drug to prevent transplant rejection and showed sig-
nificant improvement of their psoriasis as well. To date, the 
efficacy of oral tacrolimus for psoriasis is not well 
established.

In a randomized, placebo-controlled trial with 50 
moderate- to-severe psoriasis patients, orally dosed tacroli-
mus reduced PASI scores by 83% compared with 47% reduc-
tion with placebo at the end of 9 weeks [81]. Tacrolimus was 
dosed at 0.05–0.15 mg/kg/day. It is important to note that 
after 3 weeks on 0.05 mg/kg/day there was no difference in 
improvement between tacrolimus and placebo. By 9 weeks, 
when dosed at 0.10–0.15 mg/kg/day, PASI improvement was 
significant in tacrolimus-treated patients when compared to 
placebo.

Side effects of tacrolimus in transplant patients have 
included hypertension, nephrotoxicity, diabetes mellitus, 
tremors, paresthesias, and gastrointestinal issues including 
diarrhea, nausea, vomiting, constipation, and abdominal 
pain.

 6-Thioguanine

6-Thioguanine is a purine analog of guanine that functions 
by disrupting DNA and RNA. It is indicated for the treatment 
of acute myelogenous leukemia. It is the natural metabolite 
of azathioprine and is thought to induce apoptotic death in 
proliferating T lymphocytes. 6-Thioguanine has been used 
as an off-label treatment option for psoriasis since the 1950s 
and has shown effectiveness in both treating psoriasis and 
maintaining psoriatic improvement.

There are no randomized trials for the treatment of pso-
riasis with 6-thioguanine. However, many other studies 
and case reports advocate its use in psoriatic disease. In a 
retrospective, open-label study of 6-thioguanine in 40 
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patients, 78% of patients achieved complete or almost 
complete clearing of their disease. Eleven percentage of 
these patients showed moderate improvement and another 
11% showed little to no improvement of their disease. The 
treatment course and dosage varied in this study [82]. 
Another study with a variable duration of therapy (maxi-
mum of 220 months) reported 49% of patients controlled 
on 6-thioguanine, with 51% of patients discontinuing ther-
apy due to initial failure, side effects, or relapse of their 
disease [83]. In both studies, reversible myelosuppression 
was the most frequently observed side effect. One study 
proposed prescribing 6- thioguanine in a pulse dosing regi-
men. When given between 120 and 160 mg, 2–3 times/
week, 10 out of 14 patients showed significant improve-
ment in their recalcitrant psoriasis. This group also showed 
a clear decrease in bone marrow toxicity when compared 
to daily dosing [84].

Long-term use of 6-thioguanine is dose limited by the 
induction of myelosuppression, especially thrombocytope-
nia. However, it does not have significant hepatotoxic or 
renal effects as compared to methotrexate and cyclosporine, 
which makes it a useful addition to rotational therapy with 
these drugs.

Initial dosing with 6-thioguanine is 80 mg twice weekly 
with subsequent increases in 20 mg increments every 
2–4 weeks. The maximum recommended dose is 160 mg 
given three times/week.

 Novel Treatments in Psoriasis

 New Oral Treatments

 Apremilast
Apremilast (Otezla®) is the newest oral treatment indicated 
for psoriasis and psoriatic arthritis and the first oral agent 
approved for psoriatic arthritis. Apremilast exerts its effect 
intracellularly, regulating inflammation by specifically inhib-
iting phosphodiesterase 4 (PDE4), an enzyme that regulates 
inflammatory action intracellularly [85].

Unlike biologic agents that set their sights on targeting a 
specific pro-inflammatory cytokine like TNF-α, apremilast 
works early on the inflammatory cascade, affecting more than 
just one inflammatory mediator. By inhibiting the action of 
PDE4, the degradation of cAMP is prevented. Increased cAMP 
then downregulates production of pro-inflammatory cytokines 
like TNF-α, IL-17, IL-23, and interferon γ. cAMP also upregu-
lates the anti-inflammatory mediator IL-10 [86] (Fig. 16.10).

Apremilast is dosed as a 30 mg tablet twice a day, with an 
initial 5-day period of gradually increasing dosage to eventu-
ally reach the recommended dose of 30 mg twice daily. In 
two phase III clinical trials, ESTEEM and PALACE, apremi-
last reduced the extent and severity of moderate-to-severe 
plaque psoriasis and psoriatic arthritis, respectively, when 
compared to placebo. In the ESTEEM trials, with a primary 
endpoint of PASI 75, 29–33% of patients on apremilast 
showed clinically and statistically significant improvement 
in their plaque psoriasis at 16 weeks when compared to 
5–6% of placebo patients [86, 87]. There was significant 
improvement in nail psoriasis severity index (NPSI) with 
apremilast compared to placebo as well as significantly more 
patients achieving clear/almost clear scalp activity compared 
with placebo. These studies also showed significant improve-
ment in the palmoplantar variant of psoriasis.

Common side effects noted in up to 17% of patients 
include diarrhea, nausea, headache, upper respiratory tract 
infections, and nasopharyngitis. The gastrointestinal side 
effects usually spontaneously remit after the initial 4–6 weeks 
of therapy. Apremilast has also been associated with rare 
instances of depression and mild degrees of weight loss in 
10–12% of patients [88].

 Tofacitinib
Tofacitinib (Xeljanz) is an inhibitor of the Janus kinase 1 and 
3 enzymes (JAK1, 3), thereby influencing gene transcription 
in the nucleus. This family of tyrosine kinases are integral to 
the growth and differentiation of cells as well as the cytokine 
cascades. It is currently only FDA approved for the treatment 
of rheumatoid arthritis. Tofacitinib has been used off-label 
for treatment of alopecia areata, vitiligo, ulcerative colitis, 
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and atopic dermatitis. Phase III trials have shown oral tofaci-
tinib dosed at 10 mg twice daily to be noninferior to etaner-
cept [104]. Increased rates of clearance were found in the 
10 mg twice-daily groups compared to the 5 mg twice daily 
and placebo [105].

Side effects of tofacitinib include an increased risk of 
lymphoma, opportunistic infections, as well as URIs, head-
ache, and diarrhea with one study showing 80% of patients 
having adverse effects [105]. Further investigation is required 
relating to its safety and efficacy data in the treatment of 
psoriasis.

 Summary

Despite the major impact over the last decade with the 
introduction of injectable biologic agents for moderate-
severe psoriasis, oral agents still remain an essential cat-
egory of treatment for psoriasis patients. Methotrexate, 
with its 44-year history of use in psoriasis, and despite 
its side effect profile and only moderate efficacy com-
pared to biologic agents, is likely to remain an important 
drug, either as monotherapy or in combination, in the 
treatment of all forms of psoriasis in the future.

Case Report

A 26-year-old female presented with a 14-year history 
of psoriatic plaques which started on her calves. She 
had no history of psoriatic arthritis symptoms and had 
no family history of psoriasis. Her medical history was 
otherwise noncontributory. She complained of signifi-
cant itching as well as persistent scaling from her 
plaques. The patient’s disease was refractory to many 
past treatments and she presented for a second 
opinion.

Past Medical History
• None

Social History
• Drinks socially (a few glasses of wine per week)
• Married

Previous Therapies
• Topical steroids
• Narrowband UVB
• Cyclosporine
• Methotrexate
• Bexarotene
• Infliximab

• Adalimumab
• Etanercept

Physical Exam
• Generalized small psoriatic plaques on the scalp, 

trunk, upper, and lower extremities covering over 50% 
of the body surface area

• No features of psoriatic arthritis (dactylitis, enthesitis, 
tender and swollen joints, etc.)

Management
As she had failed many prior therapies (see above) she was 
restarted on a combination of methotrexate and infliximab. 
However, the patient had to stop all systemic medications as 
she became pregnant a few months after resuming treatment. 
She was restarted on cyclosporine when she was 3 months 
pregnant due to significant flare. At week 24 of her pregnancy, 
the patient presented with marked improvement. Her upper 
extremities showed a few active areas and she was approxi-
mately 80% clear. There was some activity in her breast folds 
and on her rib margins. Her cyclosporine was tapered and 
 discontinued during her eighth month of pregnancy. Despite 
her use of Methotrexate in the first 3 months of her pregnancy, 
she delivered a healthy baby boy and remains 90% clear to 
date after restarting adalimumab and home UVB treatments.
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Nail, Scalp, and Palmoplantar Psoriasis

Jeffrey J. Crowley

Psoriasis can affect many areas of the body and treatments 
should target the areas of involvement. Nail disease is difficult 
to treat with topical therapy as the vehicle must be optimized to 
penetrate the nail and surrounding tissues. Some of the inflam-
mation in nail disease is deep in the nail matrix and thus diffi-
cult for topical therapies to access. Scalp disease is difficult to 
treat with topical and phototherapy due to the presence of hair, 
bathing habits, and convenience issues. The palms and soles 
often have particularly thick plaques of psoriasis which may 
prevent absorption of topical therapy and resist phototherapy. 
Patients with primarily palmoplantar disease often do not 
respond to multiple therapies, and many require combination 
therapy for disease control. Collectively, nail, scalp, and pal-
moplantar psoriasis are considered “tough to treat” and often 
do not respond as well as plaque psoriasis elsewhere on the 
body. This chapter critically addresses the challenges posed by 
each condition and evaluates available treatment options.

 Nail Psoriasis

Psoriasis is a chronic systemic inflammatory disease involv-
ing the skin, nails, and joints. Approximately 50% of psoria-
sis patients have some nail involvement and the lifetime 
incidence of nail disease is estimated at 80–90%. Nail dis-
ease may rarely be the only manifestation of psoriasis [1]. 
Nail psoriasis is associated with higher overall disease sever-
ity and male gender. Importantly, nail psoriasis can cause 
significant pain, discomfort, and embarrassment, leading to 
impairment in quality of life (QoL) and work function [2, 3].

There is a strong correlation of nail psoriasis and psoriatic 
arthritis [4]. Psoriatic arthritis patients have rates of nail dis-
ease as high as 70% and there is evidence that nail psoriasis 
may be a predictor of joint disease developing later in life [5]. 

Psoriatic arthritis may involve the distal interphalangeal joints 
and the anatomic link between these joints and the nail unit 
may result in nail changes. In fact, nail disease is one of the 
components of the CASPAR criteria, which is used to aid in 
the diagnosis of psoriatic arthritis [6]. Fingernail psoriasis, 
due to its visibility and impacts on function, is more problem-
atic for many patients compared with toenail disease. 
Additionally, psoriatic toenails are often secondarily infected 
with dermatophytes which may complicate treatment assess-
ment [7]. Treatment with immunosuppressive medications 
may even contribute to the development of onychomycosis in 
patients with toenail psoriasis. For these reasons, most studies 
evaluate fingernail psoriasis alone [8].

Clinically, nail disease has many different presentations 
which depend on the location of the inflammatory process. 
Nail pitting, the most common finding in nail psoriasis, nail 
dystrophy, and leukonychia (white discoloration of nails) are 
due to nail matrix involvement [9] (Fig. 17.1). Nail bed pso-
riasis is characterized by onycholysis (lifting of the distal 
nail from the nail bed), oil drop patches (yellow discolor-
ations below the nail), subungual hyperkeratosis (thickening 
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Fig. 17.1 Nail matrix psoriasis: note the extensive pitting in this nail. 
Some of the pits are linear and a splinter hemorrhage is also present. 
This patient has concomitant psoriatic arthritis and inflammatory bowel 
disease
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of the nail), and splinter hemorrhages (linear streaks of dried 
blood in the nail) [1] (Fig. 17.2a, b). One recent study dem-
onstrated that nail clippings of clinically uninvolved nails 
from patients with psoriasis may show abnormalities, and 
thus subclinical nail disease exists [10].

The methods of reporting changes in nail disease within 
clinical trials have not been standardized. The nail psoriasis 
and severity index (NAPSI) was developed to measure 
changes in nail disease over time [11]. When utilizing this 
measure each nail is divided into four quadrants and then 
assessed for the presence or absence of signs of both nail 
matrix and nail bed disease. Each quadrant of nail with dis-
ease present is given a score of “1” for signs of matrix dis-
ease and “1” for signs of nail bed disease. A normal nail is 
scored “0” and the maximum value for each nail is 8, 4 for 
matrix involvement and 4 for nail bed disease. Thus, the 
maximum NAPSI value for a study measuring fingernail dis-
ease is 80 and the maximum for a target nail is 8. NAPSI 
measures the extent of nail disease but not the severity of nail 
involvement, so a modified NAPSI (mNAPSI) has also been 
used as a clinical endpoint in some studies [12]. The mNAPSI 
has a maximum score of 13 for each nail. Some studies uti-
lize a single-target nail or an overall nail severity score. 

Other scales have been used to measure nail involvement but 
most of the studies reviewed herein utilize some form of the 
NAPSI. The wide variety of objective measures used in pso-
riasis studies to measure nail disease and the variety of time 
points when the measurements are made make comparison 
of treatment outcomes for various interventions difficult.

 Treatment of Nail Psoriasis

An array of treatment options are available for nail psoriasis 
including topical products, procedural interventions, and 
oral systemic and biologic agents. The challenges to treating 
nail disease are many: poor penetration of topical therapy 
into the nail and surrounding tissue, pain associated with 
intralesional injections, side effects and monitoring of sys-
temic therapies, and patient adherence to therapy [13]. A 
Cochrane review has recently been published which reviewed 
the published literature on randomized double-blind placebo- 
controlled trials (RDBPCT) of nail psoriasis [14]. 
Unfortunately, many of the treatments most commonly used 
to treat psoriasis do not have published RDBPCT specifi-
cally addressing nail disease. Others have reviewed nail pso-
riasis treatments and the results of a Delphi consensus 
conference have also been published [15–17].

Topical agents are often the first-line option for treating 
patients with nail disease. These products are readily avail-
able, may have cost advantages, and rarely require laboratory 
monitoring. Although data are limited and placebo- controlled 
trials rare, there are data to support the efficacy of topical 
cyclosporine, topical tacrolimus, clobetasol nail lacquer, cal-
cipotriol, calcipotriol plus betamethasone, tazarotene, and 
indigo naturalis extract [18–25]. Keratolytics such as urea 
and salicylic acid are also used in patients with nail psoriasis 
and, in particular, for nail debridement [26]. Topical prepara-
tions, in particular, take several months to show efficacy and 
adherence to therapy over months is challenging. In a study 
comparing calcipotriol twice daily with calcipotriol/beta-
methasone once daily, adherence to the twice-daily regimen 
was only 26% [21]. Therefore, topical therapy may not only 
be limited by penetration into the nail unit but also by adher-
ence to lengthy treatment regimens lasting weeks or months.

Procedures have also been studied in the treatment of nail 
psoriasis. Phototherapy, a common treatment for skin dis-
ease, in the absence of psoralen or a retinoid, is not likely to 
improve nail disease and is therefore not a viable option for 
nail psoriasis. There is limited efficacy data showing 
improvement of NAPSI scores with psoralen plus UVA 
(PUVA), acitretin plus UVA (Re-PUVA), and acitretin plus 
UVB (Re-UVB) [27]. In a 1999 study of Grenz ray therapy 
(superficial X-ray therapy), 22 patients with nail psoriasis 
had one hand treated with weekly radiation and the other 
hand serve as an internal control. The treated hand showed 

a

b

Fig. 17.2 (a) Nail bed psoriasis. Note the hyperkeratosis, onycholysis, 
oil droplet formation in the nail bed, and destruction of the distal nail. 
(b) Nail bed psoriasis. Note the onycholysis, oil droplet formation, and 
distal hyperkeratosis
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significant but moderate improvement but the effect proved 
more limited with hyperkeratotic nails [28]. Limited access 
to Grenz ray therapy, a mostly historical therapy in the 
United States, may further inhibit the use of this modality. 
Several studies evaluated pulsed dye laser (PDL) in nail pso-
riasis. The studies noted that therapy is limited by pain, expe-
rienced by all patients, and an incidence of both petechiae 
and hyperpigmentation in one-third of patients [29, 30]. A 
combination of PDL and tazarotene cream was studied in 
two groups of nail psoriasis patients: those on stable doses of 
systemic medication and those on no systemic medication. 
The study showed efficacy in both groups but did not show 
any difference between the groups [30]. Another study eval-
uated PDL both with and without the addition of methyl- 
aminoleuvulinic acid (photodynamic therapy, PDT) and 
found no additional benefit of PDT over PDL [31]. 
Intralesional injection of corticosteroid is an accepted clini-
cal treatment for localized nail psoriasis. Even though this 
technique has been used for many decades, published data to 
support the safety or efficacy of intralesional injections is 
extremely limited. Injection techniques vary but generally 
involve injection of 0.1–0.2 mL of 5–10 mg/mL triamcino-
lone acetonide suspension into the lateral nail folds [32]. 
Nerve blocks and/or topical anesthetics, to ease the pain 
associated with injection, may be performed prior to steroid 
injection [33]. Injections are repeated at various intervals. 
Side effects from intralesional steroids include pain on injec-
tion, skin atrophy, depigmentation, secondary infection, cyst 
formation, subungual hemorrhage, and tendon rupture [33]. 
Nonetheless, for a patient with one or two isolated psoriatic 
nails, intralesional injection after ring block anesthesia has 
been a useful method in the author’s practice.

The systemic agents acitretin, methotrexate, and cyclo-
sporine, which are effective in plaque psoriasis, are also 
effective in nail disease. Apremilast, a newer oral agent for 
psoriasis which targets phosphodiesterase 4, also has data 

showing efficacy in nail disease. Appropriate monitoring of 
both the patient and the laboratory values pertinent to the 
systemic therapy should be performed.

Supporting evidence for the efficacy of oral systemic ther-
apies is detailed in Table 17.1. Cyclosporine and methotrex-
ate, in a comparator trial, showed a 43.3% and 37.2% mean 
reduction in NAPSI, respectively, over a 24-week period 
[34]. The most robust efficacy data with methotrexate is from 
a randomized double-blind trial of methotrexate and the 
experimental anti-interleukin-12/23 antibody briakinumab 
(a drug no longer being studied). Methotrexate showed a 
48% improvement in target nail NAPSI at 1 year [35]. In a 
6-month open-label trial of acitretin for nail psoriasis there 
was a 41% mean reduction in NAPSI [36]. Apremilast, FDA 
approved for psoriasis and psoriatic arthritis, has been stud-
ied in nail disease. In the phase III ESTEEM 1 and 2 studies, 
66.1 and 64.7% of patients had nail psoriasis (NAPSI ≥ 1). 
Mean percent change in target NAPSI score from baseline 
was −22.5% and −29% at week 16 and −43.6% and −60% 
at week 32 for ESTEEM 1 and 2, respectively [37]. These 
agents may be an excellent option for a patient who is other-
wise a candidate for systemic therapy for psoriatic disease. 
Combination treatment for nail psoriasis, though widely 
used, is little studied. A 2004 study of oral cyclosporine and 
topical calcipotriol showed that at 12 weeks the combination 
group showed 79% of patients with improvement compared 
with 47% of patients on cyclosporine alone [38]. Combination 
therapy with topical agents and systemic therapy is fre-
quently employed in clinical practice and is likely safe and 
may be more effective than systemic therapy alone.

Table 17.2 reviews the data on biologics in nail psoriasis. 
In a rare trial of a biologic, designed specifically to target 
only patients with nail psoriasis, adalimumab showed a mod-
ified NAPSI 75 response at 26 weeks in patients with and 
without psoriatic arthritis of 61.5% and 40.9%, respectively 
(placebo 0.5% and 4.6%) [39]. Adalimumab, in a RPCDBT 

Table 17.1 Efficacy of systemic therapies in nail psoriasis

Agent Dose Length Patients (n) Trial type
NAPSI 
improvement References

Methotrexate 15–20 mg/week 52 weeks 317 Randomized, 
double-blind, 
controlled trial (active 
comparator)

48% [35]

Acitretin 0.2–0.3 mg/kg/day 24 weeks 36 Open label 41% [36]

Cyclosporine 5.0 mg/kg/day 24 weeks 37 Comparator (vs. 
methotrexate)

43.3% [34]

Apremilast 30 mg bid 52 weeks 558 Randomized, 
double-blind, 
placebo-controlled 
phase III trials, 
subanalysis of patients 
with baseline nail 
disease

60.2% (ESTEEM 
1) 59.7% 
(ESTEEM 2)

[96]
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of patients with psoriasis involving the hands and/or feet, 
demonstrated 50% improvement in NAPSI at 16 weeks com-
pared with 8% for placebo [40]. In a study evaluating both 
fingernails and toenails, open-label adalimumab showed 
improvements at 6 months in NAPSI of 85% and 72% in 
fingernails and toenails, respectively [41]. An open-label 
study of etanercept in nail psoriasis compared patients ran-
domized to two dosing regimens: 50 mg twice weekly for 
12 weeks followed by 50 mg weekly for 12 weeks, or 50 mg 
weekly for 24 weeks. A 50% improvement in NAPSI was 
demonstrated in 58.1% and 82.3% of patients in the twice- 
weekly/weekly group and 50.5% and 80.7% in the weekly 
group at 12 and 24 weeks, respectively [42]. In a RDBPCT 
patients with psoriatic arthritis were treated with placebo, 
golimumab 50 mg every 4 weeks, or golimumab 100 mg 
every 4 weeks for 24 weeks. Median percent change in 
NAPSI at weeks 14 and 24 was 0%, 25%, and 43% and 0%, 
33%, and 54% for the placebo, golimumab 50 mg, and goli-
mumab 100 mg groups, respectively. Patients in this trial for 
psoriatic arthritis were allowed to use stable doses of metho-
trexate and prednisone during the study [43]. Currently goli-
mumab is FDA approved for psoriatic arthritis but not for 
psoriasis. In a RDBPCT of infliximab, patients were ran-
domized to either placebo or infliximab 5 mg/kg at weeks 0, 
2, 6, and every 8 weeks through week 46, with placebo cross-
over at week 24. Mean percentage improvement in target nail 

NAPSI at weeks 10 and 24 was 26.8% and 57.2%, compared 
with −7.7% and −4.1% for infliximab and placebo, respec-
tively [44]. In a retrospective analysis of patients from this 
same infliximab study, mean NAPSI improvement was 
28.3%, 61.4%, and 67.8%, at weeks 10, 24, and 50, respec-
tively [45].

No controlled comparisons of anti-TNF agents in nail 
psoriasis have been performed. However, an open-label pro-
spective study showed that infliximab was superior to adali-
mumab and etanercept at 14 weeks [46]. A retrospective 
comparison of these agents also showed high efficacy of all 
the TNF-blocking agents in nail psoriasis with some greater 
improvement with infliximab [47]. The differences in effi-
cacy of these agents in nail psoriasis may parallel the differ-
ences seen in skin response. Infliximab may also have an 
advantage in the speed to which clearance is achieved. 
However, after 4 months or more, all anti-TNF therapies are 
successful in improving nail disease by at least 50%, as mea-
sured by NAPSI.

Robust data is also available for IL-12/23 blockade in nail 
psoriasis. Data from a large phase III trial of ustekinumab 
showed significant improvement in NAPSI compared with 
placebo at 12 weeks. Additionally, the ustekinumab 45 mg 
and 90 mg groups showed 46.5% and 48.7% NAPSI 
 improvement, respectively, at 24 weeks [48]. Long-term data 
with 68 weeks of ustekinumab in a Japanese study showed a 

Table 17.2 Efficacy of biologic therapies in nail psoriasis

Agent Dosing Patients (n) Trial type Weeks

Outcomes (note 
different primary 
outcome measures) References

Adalimumab 80 mg/40 mg eow 72 RPCDBT in hand/
foot psoriasis

16 50% reduction in 
NAPSI (8% for 
placebo)

[40]

Etanercept 50 mg biw/50 mg qw 711 Randomized dose 
comparison

24 82.3% NAPSI 50 
response

[42]

Golimumab 100 mg q4 weeks 405 RPCDBT in psoriatic 
arthritis

24 54% reduction in 
NAPSI (0% for 
placebo)

[43]

Infliximab 5 mg/kg weeks 0,2, 
and 6 then q8 weeks

378 RPCDBT, data from 
the open-label 
extension

50 67.8% reduction in 
NAPSI (49.2% with 
complete nail 
clearance)

[45]

Ustekinumab 45 or 90 mg at weeks 
0, 4, 16

545 RDBPCT 24 46.5%(45 mg), 
48.7%(90 mg) 
reduction in NAPSI

[48]

Secukinumab 150 or 300 mg at 
weeks 1–5 then q4 
weeks

198 RDBPCT of patients 
with nail disease, 
data from the 
open-label extension

32 52.6% (150 mg) and 
63.2% (300 mg) 
reduction in NAPSI

[52]

Ixekizumab 80 mg q2 or q4 
weeks for 12 weeks 
then 80 mg q4 weeks

1346 RDBPCT, 
retrospective analysis 
of open-label period

24 34% and 30% with 
no nail involvement 
(NAPSI = 0) on q2 
and q4 doses, 
respectively

[51]

Legend: eow every other week, NAPSI nail area psoriasis severity index, RDBPCT randomized double-blind placebo-controlled trial
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56.6% and 67.8% improvement from baseline NAPSI in 
patients treated with 45 mg or 90 mg of ustekinumab, respec-
tively [49].

Antibodies to interleukin 17 and an interleukin 17 recep-
tor antagonist are currently approved, or in late-stage devel-
opment, for psoriasis. Data from a phase II dose finding trial 
of the anti-interleukin 17 antibody ixekizumab showed 
improvement of 57.1% and 49.3% in NAPSI scores at the 
75 mg and 150 mg doses, respectively, at 16 weeks [50]. 
Further data with ixekizumab from the UNCOVER 3 phase 
III clinical trial has also been published [51]. At week 12, 
patients with baseline nail involvement showed reduction in 
NAPSI of 39%, 40%, 28%, and −4.7% in the ixekizumab 
every 2 weeks; ixekizumab every 4 weeks; etanercept 50 mg 
twice weekly; and placebo groups, respectively. Additionally, 
at 24 weeks, 34% and 30% of patients had no nail involve-
ment on ixekizumab q2weeks/q4 weeks and ixekizumab q4 
weeks/q4 weeks, respectively. At 60 weeks, half of the 
patients with initial nail disease had a NAPSI = 0 while on 
continuous ixekizumab. Secukinumab, another antibody to 
IL-17A, was studied in a clinical trial specifically designed 
to study patients with nail psoriasis. In the TRANSFIGURE 
study, mean improvement of NAPSI from baseline was 10.8, 
37.9, and 45.3 at week 16 for placebo, secukinumab 150 mg, 
and secukinumab 300 mg, respectively. At week 32, in the 
open-label period, a 52.6% and 63.2% improvement in mean 
NAPSI was seen for secukinumab 150 mg and 300 mg, 
respectively [52]. The rapid onset of action and high levels of 
efficacy make these anti-IL-17 agents particularly attractive 
for patients with extensive nail disease.

 Treatment Approach to Nail Disease

A treatment algorithm for nail psoriasis, based on published 
data for treatment of nail psoriasis and expert opinion where 
data is lacking, has been previously published by the Medical 
Board of the National Psoriasis Foundation [53] and is sum-
marized here. All psoriasis patients should be evaluated for 
nail disease and the extent to which their nail disease contrib-
utes to overall disease burden. Nail disease should be classi-
fied as mild if it has minimal impact on QoL and poses no 
functional impact for the patient. Significant or extensive 
nail disease has real impact on daily activities, may be disfig-
uring, and may be associated with significant pain. Patients 
with significant nail disease need therapies to address their 
nail psoriasis. Patients with moderate-to-severe psoriasis and 
significant nail disease should be treated with appropriate 
therapy which addresses skin and nail disease. Previous con-
sensus guidelines for the treatment of moderate-to-severe 
psoriasis also apply to the patient with nail disease [54]. 
Options include cyclosporine, methotrexate, acitretin, apre-
milast, and biologics. Patients with significant nail disease 

and psoriatic arthritis (PsA) should be treated with an 
 appropriate systemic treatment for PsA that has efficacy in 
nails. Data support the following options in this patient 
group: methotrexate, apremilast, the TNF inhibitors, IL-17 
inhibitors, and IL-12/23 inhibitor. For the rare patient with 
nail disease as the primary manifestation of their psoriatic 
disease, a 3–6-month trial of topical therapy and/or intrale-
sional injections may be appropriate. For patients with severe 
nail disease affecting QoL, systemic and biologic therapies 
may be needed. Patients who have their skin and/or joint dis-
ease well controlled but still have significant nail involve-
ment may need combination topical therapy or intralesional 
injections. If this fails, a change in the systemic or biologic 
therapy may be warranted.

Improvements in nail psoriasis often trail the improve-
ments in skin and joint disease. Fingernails grow at a rate of 
3–4 mm/month; thus it takes 5–7 months for a nail to grow 
from matrix to distal fingertip [55]. Therefore, the length of 
a clinical trial must reflect this delay. Few studies, with the 
exception of the anti-IL 17 inhibitors and infliximab, demon-
strate any significant improvement before 12 weeks and sev-
eral studies with adalimumab, etanercept, infliximab, 
ustekinumab, ixekizumab, and secukinumab demonstrate 
continued improvement up to and even beyond 6 months [42, 
45, 46, 56].

One of the problems in reviewing data on nail psoriasis is 
the lack of consistent outcome reporting among the studies. 
Even when NAPSI data is presented, it may be presented in 
different ways. Target nail NAPSI, mean improvement in 
NAPSI, percent of patients with no nail disease (NAPSI = 0), 
and modified NAPSI are some of the many outcomes 
reported. The dermatology life quality index (DLQI) con-
tains some questions pertinent to nail signs and symptoms 
but does not specifically account for the influence of nail dis-
ease on QoL. Some researchers have used QoL measures 
validated in onychomycosis and applied these to psoriasis 
[57]. A validated measure specific to nail psoriasis, the 
NPQ10, has been published but not extensively utilized [58]. 
Additionally, the Nail Assessment in Psoriasis and Psoriatic 
Arthritis (NAPPA) may prove useful in evaluating response 
to therapy in nail disease [59]. Clearly there is a need for 
more uniform reporting of nail outcomes and adoption of a 
valid and easily performed QoL metric that is specific to nail 
disease.

 Scalp Psoriasis

Is scalp psoriasis difficult to treat? Indeed, it may respond 
faster than other body regions to some biologic therapies but 
it remains a challenge to obtain good results with both  topical 
and phototherapy. While the head and neck represent about 
10% of the body surface area, the impact of psoriasis in this 
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region may be disproportionate to the area, and may have 
social and emotional impacts on affected individuals. Most 
scalp psoriasis is treated with topical therapies including 
shampoos, oils, foams, liquids, and gels. Over-the- counter 
remedies, containing tar, salicylic acid, zinc, and others, are 
relatively inexpensive and widely available. One of the rea-
sons that scalp psoriasis has been labeled “tough to treat” is 
the difficulty with using and complying with topical medica-
tions. Prescription topical therapy mainly involves the use of 
mid- to high-potency topical steroids and topical vitamin D 
analogues. Many larger trials for the biologics have had mea-
sures of scalp psoriasis as secondary endpoints. A few trials 
have been designed specifically to assess scalp disease and 
these will be highlighted in this chapter. Indeed, scalp psoria-
sis provides challenges to both practitioner and patient.

The incidence of scalp psoriasis in patients with psoriasis 
is estimated between 40% and 90%. In up to half of patients, 
psoriasis may initially present on the scalp [60, 61]. Some 
patients only have psoriasis on the scalp. The scalp is charac-
terized by the presence of the prominent pilosebaceous unit 
and has a microbiome that differs from other skin sites. Both 
yeast and bacteria colonize the scalp [62]. Indeed Malassezia 
furfur, M. globosa, candida, and other commensal organisms 
are found on the scalp in significant numbers and may influ-
ence scalp diseases such as seborrheic dermatitis and psoria-
sis [63, 64]. The role of these organisms in psoriasis is not 
well established but they likely play a role. Treatments tar-
geting these organisms have shown some efficacy in sebor-
rheic dermatitis [65, 66]. Friction and trauma to the scalp 
from scratching and hair grooming my also contribute to 
scalp disease severity [67, 68].

Recent studies have shown that the hair in patients with 
scalp psoriasis may also be modified by the presence of pso-
riatic inflammation. Indeed, hair shafts evaluated in patients 
with psoriasis reveal pits, thought to be analogous to the pit-
ting seen in nails [69]. Additionally, recent studies evaluating 
the transcriptome of both scalp and body psoriasis suggest 
that there may be differences in gene activation between the 
scalp and body [70].

 Clinical Presentation of Scalp Psoriasis

Scalp lesions may vary from mild, with minimal erythema 
and scaling, to severe with thick well-defined plaques with 
silvery scale and an erythematous border (Fig. 17.3). Classic 
scalp lesions are asymmetric, sharply demarcated, covered 
with silvery-white or gray scale, and may extend beyond 
scalp margins to affect the forehead, ear, and neck [71]. Most 
patients with psoriasis of the face also have scalp disease 
[72]. Multiple surveys have cited itching and scaling as the 
most disturbing aspects of scalp psoriasis [73, 74]. This itch 

may be so severe that it can interfere with sleep and lead to 
actual hair loss due to hair breakage and trauma.

Scalp psoriasis is usually not associated with significant 
hair loss; however, some patients may have alopecia due to 
the trauma of chronic itching leading to hair breakage. In an 
analysis of 47 patients with psoriatic alopecia followed for 
several years, many patients only had alopecia in some of the 
scalp plaques and indeed, as the psoriasis cleared, the hair 
regrew [75]. In some cases the differentiation of scalp psoria-
sis and seborrheic dermatitis can be difficult. Seborrheic der-
matitis is characterized by diffuse thin scale that is localized 
to the hair-bearing scalp and may involve the central face and 
chest. Psoriasis, on the other hand, may extend beyond the 
scalp, is sharply marginated, and may occur elsewhere on the 
body [76].

 Measuring Scalp Disease

A variety of measures have been developed to assess the 
extent and burden of scalp psoriasis (Table 17.3). The 
Psoriasis Scalp Severity Index (PSSI) and the Scalp-modified 
PASI (S-mPASI) are modifications of the standard PASI 
measurement of psoriasis [77, 78]. Both the PSSI and the 
S-mPASI measure erythema, induration, and desquamation 
of the plaques of psoriasis on the scalp only in contrast to 
PASI where the entire body is evaluated. Some studies, 
including one on the IL-17 inhibitor secukinumab, have uti-
lized the head and neck portion of the PASI score (HN-PASI) 
as a proxy for scalp involvement [79]. Other measures have 
also been used for evaluation of scalp psoriasis including the 
Total Severity Scale (TSS), the Scalp-specific Physicians 
Global Assessment (S-PGA), and the Global Severity Scale 
(GSS) [80]. A recent study of 102 patients with  predominately 

Fig. 17.3 Scalp psoriasis

J.J. Crowley



165

scalp psoriasis treated with secukinumab or placebo utilized 
a 90% improvement of PSSI and a two-point improvement in 
Investigators Global Assessment as the two primary end-
points to the study [81].

Patient assessment tools have also been developed to 
evaluate scalp psoriasis. The Scalp-specific Patient’s Global 
Assessment (S-PaGA) has been utilized to gauge patient 
assessment of disease change from baseline. Pruritus, a 
major issue for many scalp psoriasis patients, may be mea-
sured by a visual analogue scale (VAS) of itch. Scalpdex is a 
validated measure of quality of life for scalp conditions (not 
specific to psoriasis) that utilizes 23 questions that address 
symptoms, emotions, and functions surrounding the scalp 
condition [73].

 Management of Scalp Psoriasis: Topical 
Therapies

Topical therapies are the foundation in the management of 
scalp psoriasis and utilized by approximately 60% of 
patients [61]. These therapies have been formulated into 
shampoos, gels, foams, oils, and solutions. Some of these 
products have been evaluated in large clinical trials. High 
costs limit the use of many of these proprietary products. 
Calcipotriol is a synthetic derivative of calcitriol (vitamin 
D3); calcipotriol binds to the vitamin D3 receptor, but, 
unlike calcitriol, is a poor regulator of calcium metabolism. 
The efficacy and safety of calcipotriol solution support its 

use as a first-line therapy as well as its use as maintenance 
therapy [82, 83]. This treatment, however, can be associ-
ated with some burning, redness, dryness, and itching in 
some patients. The combination of calcipotriol and topical 
steroids decreases some of the irritation of calcipotriol and 
is certainly more efficacious than calcipotriol monotherapy. 
There may also be an advantage to this combination due to 
the potential protective effect of calcipotriol on corticoste-
roid-induced skin atrophy.

Shampoos and foams containing high-potency topical 
steroids such as clobetasol propionate 0.05% have demon-
strated improvement in scalp psoriasis in as little as 2 weeks. 
In these short, 2–4-week studies, skin atrophy, folliculitis, 
and telangiectasia were not observed [84, 85]. Clobetasol 
propionate 0.05% shampoo was superior in efficacy and tol-
erability compared with calcipotriol 0.005% solution [80]. In 
a study comparing 1% tar blend shampoo with clobetasol 
shampoo, the clobetasol product was cosmetically more 
acceptable to patients [85]. Betamethasone valerate 0.12% in 
a mousse (foam) vehicle was compared to topical corticoste-
roid solution and calcipotriol lotion and showed superior 
efficacy over 4 weeks. Most of these patients preferred the 
foam formulation [82]. An open-label study of the combina-
tion product (betamethasone/calcipotriene) in patients 
12–17 years of age showed efficacy over 8 weeks with one 
patient demonstrating mild adrenal suppression and no 
patients demonstrating hypercalcemia [86]. The authors 
 concluded that this treatment was safe and efficacious in 
adolescents with scalp psoriasis.

Table 17.3 Measures of scalp psoriasis

Measure Parameters measured Max. score Description Reference

Psoriasis scalp severity 
index (PSSI)

Extent of involvement, 
erythema, induration, and 
desquamation of scalp

72 Sum of 3 parameter scores (0–4) 
multiplied by a score for the area 
of involvement (1–6)

[77]

Scalp-modified PASI 
(S-mPASI)

Extent of involvement, 
erythema, induration, 
desquamation of scalp

7.2 Sum of 3 parameter scores (0–4) 
multiplied by a score for the area 
of involvement (1–6) times a 
constant (0.1)

[78]

Head and neck PASI 
(HN-PASI)

Extent of involvement, 
erythema, induration, 
desquamation of head and 
neck

7.2 Sum of 3 parameter scores (0–4) 
multiplied by a score for the area 
of involvement (1–6) times a 
constant (0.1)

[79]

Total severity score (TSS) Erythema, induration, 
desquamation of scalp

9 Sum of scores (0–3) for erythema, 
induration, and desquamation

[80]

Scalp-specific Patient’s 
Global Assessment 
(SPaGA)

Overall scalp disease, as 
judged by the patient, as 
compared to baseline 
involvement

−2 to +2 Current scalp disease severity 
compared with baseline visit on a 
5-point scale; “much worse” (−2) 
through “much improved” (+2)

[78]

Global Severity Score 
(GSS)

Overall scalp disease 
measured by investigator

5 Assessment of scalp disease from 
“none” (0) to “very severe” (5)

[80]

Scalpdex Measure of symptoms, 
functioning, and emotions on 
scalp disease (23 items)

0 to 100 Measures may be combined to 
form subscores for symptoms, 
functioning, and emotions

[73]
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A 2016 Cochrane review of topical therapies reviewed 59 
randomized controlled clinical trials in scalp psoriasis [87]. 
They concluded that a corticosteroid of high or very high 
potency or a combination of a corticosteroid and vitamin D 
(calcipotriol) was superior to vitamin D alone. The two- 
compound combination also led to fewer withdrawals from 
treatment compared to the other treatments. Further the 
authors concluded “Given the comparable safety profile and 
only slim benefit of the two-compound combination over the 
corticosteroid alone, monotherapy with generic topical ste-
roids of high and very high potency may be fully acceptable 
for short term therapy.”

However, do patients adhere to treatment with topical 
therapy? There is some evidence that optimizing the vehicle 
may improve adherence to scalp psoriasis treatments; how-
ever adherence to topical therapy for psoriasis is low [88]. 
Even with interventions to assist and remind patients to 
apply topical therapies, adherence is less than 50% after sev-
eral weeks [89]. In clinical practice, the use of anti-dandruff 
shampoos is generally encouraged by dermatologists to help 
remove the scale from the plaques of psoriasis. The use of 
high-potency topical steroids is usually limited to a few 
weeks but patients may continue to use these products inter-
mittently for months and even years. The use of topical vita-
min D products, when available and when well tolerated, is 
also a reasonable approach to maintenance therapy. Many 
practitioners will utilize a high-potency topical steroid 1 or 2 
days per week and a topical vitamin D analogue on the other 
days in an effort to minimize potential side effects of long- 
term topical steroid use [90].

 Procedural Therapies for Scalp Psoriasis

Intralesional injection of corticosteroids has also been used 
by dermatologists to address localized treatment-resistant 
plaques of psoriasis with some success. Triamcinolone ace-
tonide (5–10 mg/mL) is injected directly into the psoriatic 
plaques in small (0.1–0.2 mL) aliquots. The aim is to deliver 
the steroid directly into the area of inflammation in the der-
mis. This technique, however, has not been studied in a rigor-
ous fashion [33].

Phototherapy for scalp psoriasis is limited due to hair 
blocking the penetration of the light. Devices have been 
designed and are available to help deliver phototherapy to 
the scalp. These devices use fiber optics that penetrate 
through the hair and deliver the phototherapy, broadband 
or narrowband UVB, directly to the scalp [91]. Additionally, 
the 308 nM laser can be used to treat scalp psoriasis. In 
one study, 17 of 35 patients had >95% clearance after a 
mean of 21 treatments [92]. In this study the hair was man-
ually parted to gain access to the psoriatic plaques. 

Notably, all patients demonstrated erythema and some 
blistering to treated sites. In another study, patients treated 
with the laser administered with a blow dryer to part the 
hair had significant improvement after twice-weekly treat-
ments for up to 15 weeks [93]. Grenz ray therapy has also 
been efficacious in scalp psoriasis. The lack of availability 
of Grenz ray therapy units and the potential for skin cancer 
formation in the treated area significantly limit this modal-
ity [94, 95].

 Systemic Therapy for Scalp Psoriasis

There are few studies that specifically address the efficacy of 
methotrexate, cyclosporine, and acitretin in scalp psoriasis. 
Nonetheless, these therapies may be effective in treating 
scalp disease. Appropriate monitoring of liver function 
(methotrexate, acitretin), creatinine (cyclosporine, metho-
trexate), complete blood counts (methotrexate), triglycerides 
(acitretin), and blood pressure (cyclosporine) should be 
maintained during treatment with these agents.

Apremilast, an oral phosphodiesterase 4 inhibitor, is 
approved for psoriasis and psoriatic arthritis. Scalp disease 
was evaluated as a secondary endpoint in the two phase III 
psoriasis programs for apremilast. Scalp disease was moder-
ate or greater in about two-thirds of patients in these trials. 
Approximately half of those with baseline moderate scalp 
involvement achieved a clear or almost clear PGA at 
16 weeks. Most patients who continued in trial maintained 
this response out to 1 year [37, 96]. Apremilast may be a 
reasonable option for patients with significant scalp disease.

 Biologic Therapy for Scalp Psoriasis

The treatment of scalp psoriasis with biologics is summa-
rized in Table 17.4. There have been some studies specifi-
cally designed to evaluate scalp psoriasis. Etanercept, a 
TNF-fusion protein that binds TNF-alpha, was used in a 
study specifically addressing patients with scalp disease 
[97]. In this placebo-controlled trial, PSSI at week 12 was 
improved by 86.8% and 20.4% in the etanercept 50 mg 
biw group and placebo group, respectively. Improvement 
continued in the open-label period to week 24. In a sub-
analysis of a larger trial of adalimumab in psoriasis, PSSI 
was improved by a median of 100% (mean 77.2%) at 
16 weeks [98].

Blockade of interleukin-17 has also been studied in scalp 
psoriasis. In a placebo-controlled study designed specifically 
for scalp disease patients, secukinumab 300 mg achieved 
90% improvement in PSSI in 52.9% of patients compared 
with 2% on placebo at 12 weeks. Investigators Global 

J.J. Crowley



167

Assessment of clear or almost clear was achieved by 56.9% 
on secukinumab and 5.9% on placebo at 12 weeks [81]. In a 
subanalysis of larger phase III trials for ixekizumab, scalp 
psoriasis was evaluated [99]. Of patients with baseline scalp 
psoriasis, PSSI 90 and PSSI 100 at 12 weeks were obtained 
by 81.7 and 74.6, 75.6 and 68.8, 55.5 and 48.1, and 7.6 and 
6.7, in the ixekizumab q2 weeks, ixekizumab q4 weeks, 
etanercept 50 mg biw, and placebo groups, respectively. 
Thus, more than half of patients on etanercept and over 
three-quarters of patients on ixekizumab had complete clear-
ance of scalp psoriasis at 12 weeks.

 Treatment Algorithm for Scalp Psoriasis

For limited scalp disease, treatment with potent topical ste-
roids with or without vitamin D derivatives is a reasonable 
initial treatment. This may be augmented by OTC sham-
poos to remove scale. For patients who fail to respond to a 
trial of topical therapy, phototherapy (if available) and oral 
treatment with methotrexate or apremilast may be appro-
priate. For patients who prove recalcitrant to these thera-
pies or for patients with significant psoriasis elsewhere, 
biologic therapies that target TNF or interleukin-17 are 
recommended.

 TNF-Induced Psoriasis

Paradoxically, treatment with anti-TNF agents may induce 
scalp psoriasis in patients who have not had a previous his-
tory of psoriasis [100, 101]. These cases have been reported 
with all the anti-TNF agents and the patients are often 
being treated for rheumatoid arthritis and inflammatory 
bowel disease. The scalp, palms, soles, and other body 
areas may be involved. Occasionally, these patients may 
have lesions consistent with pustular psoriasis [101]. Some 
patients can be treated with topical or phototherapy and 
remain on the TNF agent while others may require discon-
tinuation of the TNF inhibitor to control the eruption. 
The incidence of this eruption is between 1 and 2% of 
patients treated with anti-TNF agents [102]. The cause of 
this phenomenon is not well elucidated but may involve 
compensatory increases in interferon in patients treated 
with anti-TNFs [103].

 Palmoplantar Psoriasis

Psoriasis of the hands and feet may be one of the most 
difficult therapeutic dilemmas for the dermatologist. 
Palmoplantar psoriasis affects up to 5% of patients with 

Table 17.4 Efficacy of systemic therapies in scalp psoriasis

Agent Dosing Patients (n) Trial type Weeks

Outcomes (note 
different primary 
outcome measures) References

Apremilast 30 mg biw 558 RPCDBT, 
subanalysis of 
patients with 
moderate scalp 
involvement

16 Scalp PGA of clear or 
almost clear (0 or 1) 
of 46.5% (ESTEEM 
1) and 40.9% 
(ESTEEM 2)

[37]

Etanercept 50 mg biw or 
placebo

124 Placebo-controlled 
study in moderate 
scalp disease

12 Improvement in PSSI 
from baseline 86.8% 
(vs. 20.4% for 
placebo)

[97]

Adalimumab 80 mg week 0, then 
40 mg eow

730 RPCDBT, 
subanalysis of 
patients with 
baseline scalp 
disease

16 77.2% improvement 
in PSSI

[98]

Secukinumab 300 mg weeks 0–4, 
then 300 mg q4 
weeks

RPCDBT in patients 
with scalp psoriasis

12 52.9% PSSI 
improvement (2% for 
placebo)

[81]

Ixekizumab 80 mg week 0, then 
80 mg q2 or q4 
weeks, also 
comparator arm 
with etanercept biw

3866 RDBPCT with 
etanercept 
comparator arm

12 PSSI 100 response of 
74.6, 68.8, 48.1, and 
6.7% in Ixe q2 week, 
Ixe q4 week, 
etanercept, and 
placebo, respectively

[99]

Legend: biw twice weekly, eow every other week, RPCDBT randomized placebo-controlled double-blind clinical trial, PGA physician’s global 
assessment, PSSI psoriasis scalp severity index
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psoriasis [104]. First, however, we need to define the 
spectrum of psoriatic disease that can affect the palms and 
soles. There are several distinct presentations of psoriasis 
on the palms and soles:

• Plaque psoriasis of the hands and feet with significant 
psoriasis elsewhere (Fig. 17.4).

• Plaque psoriasis of the hands and feet with little psoriasis 
elsewhere (palmoplantar psoriasis, PPP, Fig. 17.5).

• Pustular psoriasis of the hands and feet (palmoplantar 
pustulosis, PPPP, Fig. 17.6): This may also be called 
Acrodermatitis Continua of Hallopeau, particularly when 
it involves bony resorption of the distal phalanx [105].

• Psoriasiform dermatitis of the hands and feet—with fea-
tures of hand dermatitis and psoriasis.

These presentations represent distinct patient populations 
that may respond differently to various therapies and may 
have differing genetic and environmental factors involved in 
their disease development. This review focuses on plaque 
psoriasis of the hands and feet (PPP) and pustular psoriasis 
of the hands and feet (PPPP).

A key factor in palmoplantar disease is disability. The use 
of the hands and feet may be significantly compromised by 
disease. The scale, fissures, cracking, and hyperkeratosis can 
lead to pain with movement. Chung et al. evaluated the qual-
ity of life (QoL) of patients with PPP and compared them 
with plaque psoriasis [106]. These patients were receiving 
treatment with systemic or phototherapy. The palmoplantar 
psoriasis patients had significantly more impairment in QoL 
characterized by limitations of mobility, self-care, and pur-
suing usual activities. Additionally, palmoplantar patients 
were more likely to be taking multiple topical and oral thera-
pies for their disease. Others have reported on physical dis-
ability and discomfort associated with PPP [107]. Smoking 
appears to play a role in palmoplantar disease and there is 
some data suggesting that pustular disease severity may 
improve with smoking cessation [108].

There are few controlled clinical trials addressing treat-
ments for palmoplantar disease. Most treatment has been 
based on case series, small clinical trials, and anecdotal clini-
cal evidence. If you were to ask ten dermatologists for their 
top five treatments for hand and foot psoriatic disease, you 
would get dramatically different answers. Reviews of the lit-
erature have also yielded differing recommendations for 
treatment of palmoplantar psoriasis. Seravin et al. concluded 
in 2013 “Phototherapy, cyclosporine and topical corticoste-
roids seem to be able to control PPPP. However, the standard 
of care for PPPP remains an issue and there is a strong need 
for reliable RCTs to better define treatment strategies for 
PPPP” [109]. The National Psoriasis Foundation concluded 
in a 2012 review of treatments for pustular psoriasis that 
“acitretin, cyclosporine, methotrexate, and infliximab are 
considered to be first line therapies in generalized pustular 
disease” [110]. All sources conclude that better data is 
needed to guide clinical decisions regarding treatment. 

Fig. 17.4 Palm psoriasis in a patient with chronic plaque psoriasis

Fig. 17.5 Severe palmoplantar plaque psoriasis in a patient with 
minimal psoriasis on body

Fig. 17.6 Palmar pustular psoriasis. Note resorption of distal digits 
and extensive pustules. These are features of a variant of pustular pso-
riasis termed acrodermatitis continua of Hallopeau
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Topical steroids, vitamin D analogues, tar and anthralin 
preparations, either by themselves or in combination, and 
under occlusion have all been reported to improve psoriasis 
and are regularly used in palmoplantar disease. In a 
 comparative trial, in PPP, of clobetasol plus tar compared 
with topical psoralen plus UVA, both treatments were effec-
tive [111]. Phototherapy with psoralen plus UVA (PUVA), 
and narrowband UVB, has shown some efficacy in hand and 
foot disease [112]. Multiple small studies and case series 
have demonstrated the efficacy of the 308 nM laser in the 
treatment of palmoplantar disease [113–115]. A recent com-
parison of paint PUVA (psoralen not ingested but instead 
painted on the skin) and broadband UVB showed improve-
ment with both treatments but more complete and longer 
remissions with paint PUVA [116]. Another study used a 
split-hand design to treat one side with narrowband UVB 
and the other with topical PUVA. The PUVA side fared bet-
ter than the hand treated with narrowband UVB [117]. Thus, 
topical therapies and phototherapy may be beneficial in treat-
ing palmoplantar psoriasis.

Systemic treatments for palmoplantar disease have also 
been studied. Methotrexate (0.4 mg/kg weekly) and acitretin 
(0.5 mg/kg daily) were studied in an active comparator trial 
of 111 PPP patients [118]. Both treatments showed improve-
ment but methotrexate significantly improved more patients. 
Wald et al. published a series of 48 hand/foot psoriasis 
patients treated with methotrexate, most in combination with 
other therapies, and concluded that methotrexate was effec-
tive in PPP [119]. In a study of cyclosporine in PPPP, most 
patients improved on relatively low doses (1–2 mg/kg/day) 
of cyclosporine [120]. In a pooled analysis of phase II and 
two phase III trials of apremilast, a phosphodiesterase 4 
inhibitor, in psoriasis, patients with baseline palmoplantar 
physicians global assessment (PP-PGA) of moderate or 
greater were evaluated during the 16-week placebo- 
controlled period. At week 16, 46% and 25% of patients 
showed a PP-PGA of clear or almost clear for the apremilast 
and placebo groups, respectively [121]. Thus, acitretin, 
cyclosporine, and apremilast all demonstrate some efficacy 
in PPP and/or PPPP. However, there are no randomized 
placebo- controlled studies specifically addressing these sys-
temic agents in PPP or PPPP.

The biologics have also been studied in PPP and PPPP. 
Adalimumab was studied in patients with at least moderate 
plaque psoriasis of the hands and feet and moderate-to- 
severe plaque psoriasis elsewhere [40]. In this placebo- 
controlled trial, 31% of patients in the adalimumab group 
were able to achieve a hand/foot PGA of clear or almost 
clear at week 16, compared to only 4% in the placebo group. 
In a study of 24 palmoplantar psoriasis patients randomized 
to placebo or infliximab infusions, more patients reached 
75% improvement in palmoplantar PASI in the infliximab 
group (33.3% vs. 8.3%), but this did not reach statistical 

 significance [122]. Success with treating PPP and PPPP has 
also been demonstrated in case reports with etanercept [123, 
124]. The TNF inhibitors do appear to show some efficacy in 
treating PPP, but this efficacy is significantly attenuated com-
pared with overall plaque psoriasis results.

Ustekinumab, in an open-label study of patients with PPP 
and PPPP, cleared 35% (7/20); however the 90 mg dose was 
superior to 45 mg [125]. The interleukin-17 inhibitors have 
been studied in both PPP and PPPP. In a subanalysis of the 
large phase III trials of ixekizumab in psoriasis, patients with 
significant palmoplantar disease (PP-PASI of ≥8) at baseline 
were evaluated [126]. This analysis involved 105 patients 
(total study n = 1224) and revealed PP-PASI 75 and 
PP-PASI-100 results of 16.7, 44.1, 81.8, and 74.2 and 5.6, 
29.4, 45.5, and 51.6 in the placebo, etanercept 50 mg biw, 
ixekizumab q2 weeks, and ixekizumab q4 weeks, respec-
tively. Thus, roughly half of the ixekizumab-treated patients 
achieved total clearance of their plaque psoriasis of the hands 
and feet. Secukinumab was studied in a placebo-controlled 
trial of patients with moderate-to-severe palmoplantar psoria-
sis [127]. Many of these patients would not have had enough 
psoriasis to meet enrollment criteria for typical phase III pso-
riasis trials and thus may better represent the vexing patients 
with primarily palmoplantar disease. Two hundred and five 
patients were randomized 1:1:1 to secukinumab 300 mg, 
secukinumab 150 mg, and placebo. In this study, palmoplan-
tar IGA of clear or almost clear at week 16 was achieved by 
33.3%, 22.1%, and 1.5% of patients treated with secukinumab 
300 mg, secukinumab 150 mg, and placebo, respectively. 
These results are impressive but are not as robust as seen in 
the larger phase III trials of plaque psoriasis. An additional 
study of secukinumab in PPPP was also performed [128]. In 
this study 237 patients with palmoplantar pustulosis (PPPP) 
were randomized to placebo, secukinumab 150 mg, or 
secukinumab 300 mg. Forty percent of these patients did not 
have plaque psoriasis elsewhere. Change in PP-PASI was 
measured at week 16 and 29.7%, 30.2%, and 42.3% improve-
ment was noted in the placebo, secukinumab 150 mg, and 
secukinumab 300 mg, respectively. Thus, there was minimal 
response of PPPP to IL-17 inhibition. More studies are needed 
to confirm this finding but it does appear that IL-17 is not a 
key target for PPPP.

PPP remains a difficult disease to treat. Multiple therapies 
are often necessary, and a trial of many treatments is often 
needed in order to achieve adequate control. There are some 
data to support topical therapy, phototherapy (especially 
PUVA), cyclosporine, methotrexate, acitretin, and apremi-
last. The anti-TNF antibodies may also improve some 
patients. The anti-IL-17 antibodies may offer some addi-
tional efficacy with PPP. Treatment options for PPPP are 
even more dismal, with few studies to guide treatment. 
Cyclosporine is likely the best oral option for pustular 
disease.
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Case Study: Nail Psoriasis
A 31-year-old Indian-American man presented to clinic with 
nail changes for several years. He was treated previously for 
onychomycosis for 1 year with oral terbinafine and itracon-
azole. There was no improvement with this treatment.

Past Medical History
Unremarkable

Social History
No alcohol or tobacco use
Works in an office

Previous Therapies and Workup
Terbinafine, itraconazole
Negative exams for KOH of fingernail, fungal culture, nail 

clipping for histology
Negative PPD, liver function within normal limits

Physical Exam
8/10 fingernails with severe onychodystrophy: hyperkerato-

sis, distal nail loss, and oil droplet sign
No psoriasis on body (complete skin exam)
There is some pain in his distal fingers but no evidence of 

arthritis

Diagnosis and Management
He was initially treated with apremilast for 4 months along 
with topical clobetasol 0.05% solution. A trial of intrale-
sional kenalog (10 mg/mL) into the lateral and distal aspects 
of several involved fingers was also performed. After 
4-month apremilast/clobetasol therapy, there was minimal 
improvement in the nails. Additionally, very little improve-
ment was seen with intralesional injections. In fact, the dis-
ease appeared to be progressing, with more nail destruction. 
Adalimumab was then initiated along with a topical two-
compound product (betamethasone/calcipotriol). A 6-month 
trial of adalimumab revealed minimal improvement. In 
March of 2016, the patient began secukinumab 300 mg at the 
standard psoriasis dosing. After 6 months on secukinumab, 
he is significantly improved (Figs. 17.7 and 17.8).

Case Study: Palmoplantar Psoriasis
A 54-year-old man presented to clinic with severe palmo-
plantar psoriasis. He is a mechanic and his condition impairs 
his ability to perform his duties. He has tried numerous topi-
cal therapies including topical steroids, vitamin D analogues, 
crude coal tar, and anthralin. He was initially managed with 
acitretin 50 mg daily for 6 months with minimal improve-
ment. Efalizumab therapy was effective and he remained on 
efalizumab until it was discontinued from the US market 
secondary to rare side effects. After discontinuation of efali-
zumab, he experienced a flare of his disease (Fig. 17.9).

Fig. 17.7 Nail psoriasis on apremilast and topical therapy for 4 
months

Fig. 17.8 Nails after 6 months of secukinumab

Fig. 17.9 Hands and foot of patient on acitretin 50 mg daily and topi-
cal therapy. Note deep red plaques with deep fissures.
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Past Medical History
Hypertension
Hyperlipidemia

Social History
Thirty pack-year smoker, currently smoking, has tried 

numerous cessation treatments
Married
Employed as a high-end race car mechanic

Previous Therapies
Topicals
Acitretin 50 mg daily for 6 months
Efalizumab for 2 years with success

Cyclosporine was used to control the post- efalizumab flare. 
He had significant issues with cyclosporine including eleva-
tions in serum creatinine and severe headaches. Adalimumab 
and acitretin were started simultaneously and complete clear-
ance was achieved over 3–4 months. Figure 17.10 shows the 
patient on adalimumab and acitretin 25 mg daily.
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Current and Emerging Treatments 
for Psoriatic Arthritis

Philip J. Mease

 Introduction and Background

The introduction of the TNF inhibitors (TNFi), the first bio-
logics used in the treatment of rheumatologic disease, in the 
late 1990s greatly strengthened the ability to achieve states 
of low disease activity or remission for conditions such as 
rheumatoid arthritis and the spondyloarthritides, including 
psoriatic arthritis (PsA) [1]. These agents have established a 
gold standard for management of these diseases and repre-
sent a significant advance over the modest effectiveness of 
Conventional oral disease-modifying drugs (DMARDs) 
such as methotrexate, sulfasalazine, and leflunomide. 
However, not all patients are able to achieve or maintain low 
disease activity or remission states due to lack or loss of 
effect or tolerability issues. Fortunately, as our understand-
ing of disease pathogenesis deepens, there are appearing a 
number of different medicines with mechanisms of action 
which address core pathogenic pathways. These include 
medicines which inhibit the TH17 cell pathway, including 
inhibitors of IL17 and IL23 [2], intracellular signaling mod-
ulators that downregulate activation of immune cells such as 
phosphodiesterase 4 (PDE4) and janus kinase (JAK) inhibi-
tors, and co-stimulatory blockade agents which modulate T 
cell function [1]. Reasons for loss of effect of the TNFi, as 
well as subsequently introduced biologics and targeted syn-
thetic disease-modifying drugs (DMARDs), appear to be 
multifactorial. In some patients, intolerability or serious 
adverse effects may occur with time; in others, disease 
activity may change and increase despite the use of the 
TNFi; and in others, gradual loss of effect may occur. Loss 
of effect may be partly due to development of immunoge-
nicity to the therapeutic protein, i.e., development of an 
antibody response which may wholly or partly neutralize 

treatment effect. This has most clearly been documented 
with chimeric antibody constructs such as infliximab, in 
which the antibody response may be directed against the 
murine portion of the molecule [3, 4]. Neutralizing antibod-
ies appear to be more likely to occur in monoclonal anti-
body constructs compared to the soluble receptor construct 
exemplified by etanercept [3, 4]. It is known that concomi-
tant use of methotrexate can inhibit antibody formation 
against biologics [3, 4]. There is an ongoing need for thera-
pies with different mechanisms of action and demonstrated 
ability to modify disease activity. Furthermore, the develop-
ment of therapies with different administration frequency 
and improved safety profile will appeal to patient and physi-
cian preference.

 Conventional Oral DMARDS

Methotrexate: Methotrexate (MTX) is one of the most widely 
used oral immunomodulatory drugs for PsA, yet the evi-
dence for its efficacy is scant. Kingsley et al. conducted the 
Methotrexate in Psoriatic Arthritis (MIPA) trial [5]. Over the 
course of 5 years, 221 subjects were enrolled. At 6 months, 
statistically significant improvement was observed in patient 
and physician global assessment and mean PASI score, but 
only a trend was seen (not statistically significant) in 
improvement of tender and swollen joint count, measures of 
pain or function, PASI75, or composite measures such as 
ACR20, DAS28, or Psoriatic Arthritis Response Criteria 
(PsARC). The authors concluded that MTX is not disease 
modifying in PsA and had “borderline” symptom-modifying 
properties. However, there were many problems with the 
study, including dropout of a third of patients in each arm, 
the possibility that investigators channeled less severely dis-
eased patients to the study, and insufficient aggressiveness of 
dose increase. In contrast, an open-label study comparing 
MTX with MTX plus infliximab in a relatively early patient 
cohort [6], showed high joint and skin responses in the com-
bination arm, but also substantial improvements in both 
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joints and skin in the MTX monotherapy arm. Although it 
has been difficult to conduct a proper controlled trial to dem-
onstrate its efficacy, MTX remains the most widely used sys-
temic drug PsA in both monotherapy format and in 
combination with biologic therapy, the latter partly for inhi-
bition of immunogenicity potential.

Although the largest number of controlled trials of conven-
tional oral DMARD therapy in PsA has been conducted with 
sulfasalazine [1, 7], its utility remains limited because of lack of 
effect in the skin, and occasional gastrointestinal intolerability.

Leflunomide, a pyrimidine antagonist, has demonstrated 
effectiveness in PsA and is formally approved for PsA treat-
ment in Europe at a dose of 20 mg per day [7, 8].

Although cyclosporine can achieve rapid improvement of 
the skin lesions of psoriasis, evidence for its effectiveness in 
musculoskeletal disease is scant, and its utility is limited by 
concerns regarding the adverse effects of hypertension and 
renal insufficiency [7, 8]. It has been used in combination 
with adalimumab [9].

 TNF Inhibition

TNFα was one of the first pro-inflammatory cytokines to be 
implicated in the pathogenesis of numerous inflammatory/
autoimmune diseases. It is produced by several types of 
immune cells and activates a number of key effector cells 
involved in tissue inflammation and destruction in psoriasis 
and PsA including lymphocytes, macrophages, chondroc-
tyes, osteoclasts, and keratinoctyes. There are five approved 
agents for PsA which inhibit TNFα: etanercept, infliximab, 
adalimumab, golimumab, and certolizumab (Table 18.1) 
[10–14]. All are also approved for ankylosing spondylitis, an 
important consideration for PsA patients with spondylitis. 
Etanercept, infliximab, and adalimumab are approved for the 
treatment of psoriasis and all five have demonstrated effec-
tiveness in psoriasis. All except for etanercept are classified 
as monoclonal antibodies and have demonstrated effective-
ness in inflammatory bowel disease, whereas etanercept has 
not. It also appears that these agents are effective in treating 
an associated condition, uveitis, especially the monoclonal 
antibody constructs [1, 15, 16].

 Etanercept

Etanercept is a soluble receptor antibody administered sub-
cutaneously 50 mg per week. Its efficacy in PsA was first 
demonstrated in an investigator-initiated trial of 60 patients 
[17], later confirmed in a phase 3 trial in 205 patients 
(Table 18.1) [12]. Dosing in PsA is 50 mg subcutaneously 
weekly. This was the first TNFi to be approved for PsA and 
was the first of this class to demonstrate ability to inhibit 
progressive joint damage as measured by serial radiographs 
of hands and feet [12]. Ability to improve enthesitis and dac-
tylitis with this agent was demonstrated in the PRESTA 
study [18], in which the 50 mg weekly regimen was com-
pared to 50 mg twice weekly for 12 weeks followed by 
50 mg weekly (dosage regimen approved for psoriasis) in 
patients with moderate-to-severe arthritis and severe skin 
disease. Etanercept can be administered with or without 
background methotrexate and durability of effectiveness 
does not appear to be affected by background methotrexate 
use, implying lesser tendency to immunogenicity [19].

 Infliximab

Infliximab demonstrated effectiveness in a 200-patient study 
using 5 mg/kg intravenously every 2 months after a loading 
dose regimen [14]. All PsA clinical domains improved sig-
nificantly (Table 18.1), including inhibition of structural 
damage. This agent has a murine component, and thus may 
generate more immunogenicity with subsequent neutraliza-
tion of effect over time. Although it can be administered 
without background methotrexate, its efficacy may be more 
sustained with concomitant methotrexate [19].

 Adalimumab

Adalimumab is a fully human subcutaneously administered 
TNFi given at a dose of 40 mg every other week. Its efficacy 
in PsA was established in the ADEPT trial of 313 patients 
(Table 18.1) [10]. Sustained effectiveness has been demon-
strated in PsA clinical domains, including inhibition of struc-
tural damage and patient-reported outcomes of function, 
quality of life, and fatigue, as have other TNFis [20]. 
Durability of effectiveness has been demonstrated with or 
without background methotrexate [19].

 Golimumab

Golimumab is a TNFi with a prolonged half-life, allowing 
for monthly subcutaneous administration, approved for PsA, 
in 50 mg dose based on a 405-patient study (Table 18.1) [13]. 
It is also available in intravenous formulation, although this 

Table 18.1 Anti-TNF therapies in PsA: ACR responses

Trial n

ACR20% ACR50% ACR70%

Rx P Rx P Rx P

Adalimumaba [10] 315 58 14 36 4 20 1

Certolizumaba [11] 409 58 24 36 11 25 3

Etanercepta [12] 205 59 15 38 4 11 0

Golimumabb [13] 405 52 8 32 3.5 18 0.9

Infliximabb [14] 200 58 11 36 3 15 1
a12 weeks
b14 weeks
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formulation only approved for RA at the current time. 
Golimumab is effective in all clinical domains of PsA and 
demonstrates long-term efficacy through 5 years [13, 21].

 Certolizumab

Certolizumab is a unique antibody composed of the Fab portion 
of an immunoglobulin molecule attached to two polyethylene 
glycol moieties to prolong half-life. It is administered subcuta-
neously at a dose of 200 mg every 2 weeks or 400 mg every 4 
weeks. At 12 and 24 weeks In the RAPID-PsA trial, 405 patients 
were evaluated with both doses and placebo, showing statisti-
cally significant benefit in ACR responses (Table 18.1), as well 
as significant improvement in DAS28, HAQ-DI, enthesitis, dac-
tylitis, skin and nail measures, inhibition of radiologic damage 
progression, as well as improvement in SF-36 and work produc-
tivity measures [11]. In this study, 20% of patients had been 
previously exposed to TNFi therapy and similar degrees of 
response were seen in this group compared to TNFi-naïve 
patients, suggesting that it can effectively be used after another 
TNFi. Safety results were similar to other agents of this class.

 Safety of TNFi

Detailed safety review of the TNFi class of medications is 
beyond the scope of this chapter, but a few key points can be 
reinforced. As immunomodulatory medications, an increased 

risk for infection, including serious infections, can be 
observed. In addition to bacterial infections, this can include 
opportunistic infections such as tuberculosis, invasive fungal 
infections such as histoplasmosis and coccidioidomycosis, 
and listeria and legionella. Other more rare potential side 
effects include risk for lymphoma and non-melanoma skin 
cancer; autoimmune reactions such as drug-induced lupus, 
psoriasis, or multiple sclerosis; hypersensitivity reactions; 
skin reactions; congestive heart failure; and hematologic 
aplasias.

 Targeting the Th17 Cell Axis in PsA

Studies conducted in the last few years have shown that 
IL-23, IL-17, and IL-22, key cytokines involved in the 
pathway of Th17 lymphocyte activation and effector activ-
ities (Fig. 18.1) [22], are upregulated in psoriatic skin 
lesions and the blood and synovium of PsA patients. Their 
roles in pathophysiology include hyperproliferation of 
keratinocytes, promotion of synovitis, and activation of a 
variety of effector cells involved in cartilage and bone 
destruction [23–27]. Trials of therapeutic agents which 
inhibit IL23 and IL17 demonstrate significant benefit in 
various clinical domains of psoriasis and PsA [2, 28, 29]. 
These agents have demonstrated effectiveness in patients 
naïve to TNFi therapy as well as patients who have experi-
enced TNFis previously, with somewhat lesser efficacy in 
the latter group.
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 IL-12/23 Inhibition

 Ustekinumab

Ustekinumab is a fully human monoclonal IgG1 antibody 
which binds to the common p40 subunit of IL-12 and IL-23, 
thus inhibiting the activity of those two cytokines and theo-
retically both Th1 and Th17 cell pathways. Ustekinumab is 
approved by the FDA for the treatment of psoriasis and PsA 
in a weight-based regimen: 45 mg for patients less than 
100 kg and 90 mg for those greater than 100 kg. The drug is 
given subcutaneously at baseline, 4 weeks, and every 
12 weeks thereafter. Efficacy in psoriasis is described else-
where in this textbook.

Ustekinumab was studied in two phase 3 trials in PsA. In 
PSUMMIT 1, 615 patients who had inadequate response to 
methotrexate were randomized to receive 45 or 90 mg of 
ustekinumab vs. placebo [30]. At the primary endpoint, week 
24, 42.4% and 49.5% of the 45 and 90 mg treated patients 
achieved ACR 20 response compared to 22.8% of placebo- 
treated patients, which was statistically significant. Other 
key measures of enthesitis, dactylitis, skin and nail disease, 
function, and quality of life also improved. Similar rates of 
adverse events were noted between treated and placebo 
groups and there were no opportunistic infections or major 
cardiovascular events. PSUMMIT 2 was similar in design 
but allowed two-thirds of its subject population to have pre-
viously been treated with TNFis [31]. ACR20 response was 
observed in 43.7%, 43.8%, and 20.2% of the 45, 90 mg, and 
placebo-treated patients in the overall population, and 36.7%, 
34.5%, and 14.5% of the TNFi-experienced population. In a 
separate report in which radiographic data from the two trials 
was pooled, inhibition of structural damage was observed, 
primarily in the subjects in PSUMMIT 1 rather than subjects 
from PSUMMIT 2 who had been previously exposed to 
TNFi therapy [32].

 IL-17 Inhibition

Three IL-17 inhibitors, secukinumab, ixekizumab, and bro-
dalumab, have been studied for the treatment of psoriasis, 
psoriatic arthritis, and/or ankylosing spondylitis. 
Secukinumab and ixekizumab are now approved for psoria-
sis and secukinumab for PsA and AS.

 Secukinumab

Secukinumab is a human monoclonal IgG1k antibody that 
targets IL-17A, which has recently gained FDA approval for 
psoriasis, PsA, and AS. Results of psoriasis trials are reported 
elsewhere in this textbook.

Two phase 3 trials in PsA have been conducted [33, 34]. 
FUTURE 1 enrolled 606 patients who were randomized to an 
IV loading dose of secukinumab, 10 mg/kg at baseline, weeks 
2 and 4, and then either 150 or 75 mg every 4 weeks from 
week 8 vs. placebo. Thirty percent had received prior TNFi 
therapy and 60% were on concomitant MTX, randomized 
equally. At 24 weeks, the 150 mg dose arm demonstrated 
50.0%, 34.7%, and 18.8% ACR 20/50/70 responses while the 
75 mg arm demonstrated 50.5%, 30.7%, and 16.8% responses 
and placebo arm 17.3%, 7.4%, and 2.0% responses, respec-
tively. Key secondary measures of enthesitis, dactylitis, skin 
disease, radiographic evidence of inhibition of X-ray progres-
sion, function, and quality of life all separated statistically 
from placebo in the treatment arms compared to placebo. 
FUTURE 2 [34] enrolled 397 patients to receive subcutane-
ous secukinumab 300, 150, and 75 mg and placebo at weeks 
1, 2, 3, 4, and every 4 weeks thereafter. Thirty-five percent 
had received previous TNFi therapy. ACR, enthesitis, dactyli-
tis, skin, function, and quality of life responses were similar 
to those seen in FUTURE 1. In both studies, the two-thirds of 
patients who had not had previous TNFi exposure demon-
strated higher response rates than those who had previously 
been exposed to TNFi therapy. Overall serious adverse events 
were few and similar in frequency between the treatment and 
placebo arms through week 16 in both studies. In FUTURE 1, 
overall infection rate was slightly greater in the secukinumab 
arm than placebo; there were no opportunistic infections, 
including TB. Mild-to-moderate cases of cutaneous or oral 
candidiasis and infrequent episodes of neutropenia were 
noted. Both of these side effects are felt to be related mecha-
nistically to the inhibition of IL-17. Infrequent events of flare 
of preexisting Crohn’s disease or ulcerative colitis and more 
infrequent new-onset cases of inflammatory bowel disease 
(IBD) have been reported with secukinumab. It is not clear 
whether this is causally related to IL17 inhibition or due to 
IL17 inhibition not treating IBD, which is known to be asso-
ciated with psoriasis, PsA, and AS. Patients should be queried 
about a history of IBD and this should be taken into account.

If a PsA patient has moderate-to-severe psoriasis, then the 
usual dose is 300 mg in a loading dose of 5 weekly injections 
followed by monthly administration. If the PsA patient has 
minimal or no psoriasis, the recommended dose is 150 mg. 
At the time of writing of this chapter, 3-year results of the 
FUTURE 1 trial and 2-year results of FUTURE 2 have been 
recently reported and showed sustained efficacy and no 
increase of adverse effects [33, 34].

Secukinumab has also demonstrated significant efficacy 
in the treatment of ankylosing spondylitis, using a 150 mg 
subcutaneous dose [35]. (It is appropriate to extrapolate the 
data for secukinumab in AS to the component of PsA.)

Results with secukinumab in RA have not been as robust; 
thus no further development of secukinumab for RA is 
anticipated.
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 Ixekizumab

Ixekizumab is an IL-17A inhibitor that has been approved 
for psoriasis and is in development for PsA and AS. As with 
secukinumab, this agent has shown a high degree of efficacy 
and similar safety profile in the treatment of psoriasis [36].

Phase 3 results through 1 year in PsA have recently 
been reported in 417 patients treated with ixekizumab 
80 mg every 2 weeks or 4 weeks vs. an active control arm 
of adalimumab every 2 weeks vs. placebo [37]. At 
24 weeks, ACR 20 responses were 62/58/57/30% for ixeki-
zumab q 2 weeks/4 weeks/adalimumab/placebo; ACR 50 
responses were 47/40/39/15% and ACR 70 responses were 
34/23/26/6%, respectively. PASI 75 responses were 
80/71/54/10%, respectively. Enthesitis, dactylitis, and func-
tion statistically improved with ixekizumab treatment and 
radiographic progression was inhibited. These results were 
maintained through week 52 [38]. A phase 3 trial in PsA 
patients previously treated with TNFi has not yet been 
reported at the time of writing of this chapter.

 Brodalumab

Brodalumab is a human monoclonal antibody which blocks 
the IL17A receptor. As in the trials of the direct IL17A inhib-
itors, brodalumab has demonstrated significant efficacy in 
psoriasis [39].

Brodalumab was studied in a phase 2 study in 168 PsA 
patients [40]. At the 12-week primary endpoint, ACR20 
response was experienced by 37 and 39% of 140 and 280 mg 
treated subjects vs. 18% in the placebo group, statistically 
superior for both treatment arms. As these same patients con-
tinued into open-label use of brodalumab on these same 
doses, ACR20 responses were observed in 51% and 64%, 
respectively, of the 140 and 280 mg treated patients. During 
the open-label extension, two events of Grade 2 neutropenia 
occurred.

Brodalumab was not effective in RA [41, 42].
At the time of writing of this chapter, clinical trial work 

with brodalumab has been put on hold as a result of infre-
quent events of suicidal ideation and suicide noted in psoria-
sis clinical trials, of uncertain causal relationship.

 Bimekizumab

Bimekizumab is a humanized IgG1 monoclonal antibody 
that binds to IL-17A and IL-17F, instead of only IL-17A. The 
rationale is that inhibition of both of these forms of IL-17 
may result in greater efficacy. Early data in psoriasis demon-
strates excellent results (see elsewhere in this textbook). In a 
proof-of-concept trial in 42 PsA patients, the ACR 20 

response in the aggregated top three doses (80, 160, 320 mg 
IV dosed once) at 8 weeks was 80% vs. 17% in placebo and 
the ACR 50 response was 40% vs. 8%, respectively, while 
PASI 75 was 100% [43]. Further development of this agent 
in psoriasis, PsA, and AS is anticipated.

 Dual-TNF and -IL-17 Inhibitor

A novel approach to cytokine blockade is therapeutic anti-
bodies which inhibit more than one cytokine. The idea is that 
such an antibody can be a “two for one,” demonstrating addi-
tive or synergistic effect, and be less costly than administer-
ing two different cytokine blockers simultaneously. A key 
issue is determining whether there is also additive safety 
concern. Several dual-cytokine blockers are in development 
and data was recently presented in PsA and RA on one which 
blocks both TNF and IL-17, known as ABT-122. In a phase 
2 trial in 240 PsA patients, ACR 20 results at 12 weeks 
showed ABT-122240 mg weekly/120 mg weekly/adalim-
umab 40 mg every other week/placebo results of 
75/65/68/25% [44]. ACR 50 results were 53/37/38/13% and 
ACR 70 was demonstrated in 32/23/15/4%, respectively. 
PASI 75 was demonstrated in 78/74/58/27% of ABT- 
122240 mg/120 mg/adalimumab 40 mg/placebo, respec-
tively. Importantly, there were no serious infections in any of 
the treatment arms. One case of Candida infection occurred 
in each of the ABT-122 arms, consistent with IL-17 inhibi-
tion effect. Unlike prior trials in RA in which two different 
cytokine blockers were employed and serious infection rate 
was increased, this was not observed, although the duration 
of observation was just 12 weeks. The high-dose ABT-122 
achieved better ACR and psoriasis responses. In a parallel 
study in RA, the drug was similarly safe but there was less 
differentiation between the effect of ABT-122 and adalim-
umab [45]. At the time of writing, further development of 
this molecule is not progressing because it was considered 
not to be differentiated enough from adalimumab alone to 
warrant the expense and effort of a full development pro-
gram. Despite this, the trial demonstrated that this novel 
approach to molecular development can work and be reason-
ably safe, thus paving the way for potential further develop-
ment of dual inhibitors.

 IL-23 Inhibitors

IL-23 is a key cytokine involved in the differentiation and pro-
liferation of Th17 cells, thus acting upstream from IL-17 
expression and potentially capable of inhibiting the production 
of several different types of cytokines, including both IL-17 
and IL-22 [28, 29]. Data from psoriasis trials of three different 
IL-23i, guselkumab, tildrakizumab, and risankizumab, has 
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been reported elsewhere in this text. Data from one trial in PsA 
with guselkumab has recently been reported [2] and trials with 
tildrakizumab and risankizumab are under way.

 Guselkumab

Guselkumab is a human monoclonal antibody directed 
against the p19 subunit of IL-23. In a phase 2 study of 149 
patients with PsA, 9% of whom had previously received 
TNFi, ACR 20/50/70 responses were seen in 58/34/14% vs. 
18/10/2% in the placebo group. PASI 75 responses were 
79% vs. 13% in guselkumab vs. placebo-treated patients. 
Resolution of enthesitis and dactylitis were 57% and 55% in 
guselkumab-treated vs. 29% and 17% in placebo-treated 
patients [46]. Further study of this agent is anticipated.

 Co-stimulatory Blockade Modulating 
T-Lymphocyte Function

 Abatacept

Abatacept is a co-stimulatory blockade agent which inhibits 
T-cell activation through second signal inhibition. The “first” 
signal of T-cell activation is the interaction between the major 
histocompatibility complex (MHC) and the T-cell receptor 
(TCR). A “second” signal is needed for full T-cell activation. A 
number of receptor-ligand pairs act as second signals, includ-
ing CD80/86 on an antigen-presenting cell and CD28 on the 
T-cell surface. The natural inhibitor of this second signal inter-
action is CTLA4Ig. This molecule is mimicked by abatacept, 
which by binding to CD80/86 inhibits CD28 binding, thus 
inhibiting the second signal and reducing T-cell activation. 
Abatacept is approved for the treatment of rheumatoid arthritis. 
A phase 2 study of 170 PsA patients, using various doses of the 
intravenous formulation of abatacept, demonstrated significant 
improvement of ACR20 response [47]. Magnetic resonance 
imaging (MRI) study of hands or feet at 24 weeks demon-
strated improved synovitis, erosion, and osteitis scores. Skin 
psoriasis responses were modest. A phase 3 study of subcuta-
neous abatacept in 424 PsA patients, 60% of whom had been 
treated with previous TNFi therapy, has been recently pre-
sented in abstract form [48]. At 24 weeks, statistically more 
abatacept-treated than placebo-treated patients (39% vs. 22%) 
achieved ACR 20 response. Greater responses were also seen 
in other musculoskeletal domains with abatacept treatment; 
however, only modest change in psoriasis was noted.

 Alefacept

Alefacept, which blocks LFA3-CD2 signaling, was the first 
biologic developed and approved for treatment of psoriasis. 

Although efficacious, the modesty of skin response and need 
for laboratory monitoring of CD4 lymphocyte levels were 
among several factors which led to its voluntary withdrawal. 
A phase 2 trial showed modest efficacy in musculoskeletal 
aspects of PsA [49].

 Efalizumab

Efalizumab, which blocks LFA1 second signaling, was tran-
siently approved for the treatment of psoriasis, but withdrawn 
due to adverse effects of sepsis and progressive multifocal 
leukoencephalopathy which appeared post- approval. A phase 
2 trial in PsA showed modest efficacy [50].

 IL-6 Inhibition

Interleukin 6 (IL-6) is a pleiotropic pro-inflammatory cyto-
kine which has a significant role in RA pathogenesis and has 
been demonstrated to be elevated in PsA synovitis and pso-
riasis skin lesions [51]. Tocilizumab, an IL-6 receptor 
blocker, is approved for RA. Case reports of its use in PsA 
have shown both positive and negative results [52].

 Clazakizumab

Clazakizumab is a direct IL-6 inhibitor that has demonstrated 
efficacy in RA [53]. This agent was studied in a phase 2 trial with 
165 PsA patients, 70% of whom were on background MTX [54]. 
ACR20 response was observed in 29/46/52/39% of patients in 
the placebo/25/100/200 mg monthly groups at the week 16 pri-
mary endpoint, which was statistically significant in the 100 mg 
group. PASI 75 responses were observed in 12/15/17/5% of pla-
cebo/25/100/200 mg groups. Improvements in enthesitis and 
dactylitis were most noted in the 100 mg group. The safety pro-
file included issues expected for an IL-6-inhibiting agent, includ-
ing increased risk for infection and elevation of hepatic 
transaminases and lipids. The demonstration of apparently 
greater effect in joints than skin suggests a differential role for 
IL-6 in the pathogenesis of synovitis as compared to psoriasis.

 B-Lymphocyte Inhibition

Rituximab, which works by ablating B lymphocytes, is 
approved for the treatment of RA and vasculitis. Although 
some B-cell aggregation has been noted in PsA synovium 
[55], B lymphocytes are not considered to be as prominent a 
part of the pathophysiology of PsA as RA. Small cohorts of 
PsA patients have been treated with rituximab [56, 57] and 
modest effect on arthritis but virtually no effect on skin pso-
riasis has been noted [58].
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 Emerging Oral Therapies

Oral therapies which inhibit intracellular signaling pathways 
and decrease activation of pro-inflammatory immune cells 
and production of pro-inflammatory cytokines have been 
developed or are being developed.

 Phosphodiesterase4 (PDE4) Inhibitor

Apremilast is an oral PDE4 inhibitor which appears to work 
in inflammatory conditions by decreasing the conversion of 
cyclic adenosine monophosphate (cAMP) to AMP by inhib-
iting the enzyme responsible for this conversion, PDE4. 
Increase of cAMP results in downregulation of expression of 
pro-inflammatory cytokines and upregulation of the expres-
sion of anti-inflammatory cytokines [59]. Apremilast was 
approved for treatment of PsA based on the results of three 
pivotal phase 3 studies, PALACE 1–3. In these trials, approx-
imately 1500 patients with PsA were studied, randomized to 
apremilast 30 mg bid, 20 mg bid, or placebo, with primary 
endpoint of ACR20 response at 16 weeks [60, 61]. In 
PALACE 1, 38% of 30 mg bid-treated patients and 30% of 
20 mg bid-treated patients achieved ACR20 response com-
pared to 19% of placebo-treated patients, both statistically 
significant results. Statistical improvement was also seen in 
function and quality-of-life measures. Similar results were 
seen in the other trials. The prespecified analysis of enthesitis 
and dactylitis pooled data from all three trials also showed 
improvement. Other than tolerability issues, the overall 
safety profile of apremilast demonstrates essentially no issue 
of serious infection, malignancy, cardiovascular events, or 
laboratory abnormalities. Tolerability problems include nau-
sea, diarrhea, and headache, which typically are mild to 
moderate, and, in the majority of patients, diminish and 
resolve even with continued use of the medicine. Patients 
should be advised that side effects of depressed mood and 
weight loss were noted more frequently in the apremilast 
than placebo-treated patients. Long-term observation of 
patients in the phase 3 clinical development program shows 
persistent efficacy in all clinical domains as well as very 
good safety and tolerability [61, 62].

Subsequent to the PsA approval, apremilast has also been 
approved for the treatment of psoriasis [63]. It appears that 
an optimal position for use of this agent would be early in the 
course of PsA, particularly for patients who prefer an oral 
therapy.

 Janus Kinase (JAK) Inhibitors

An emerging class of compounds, the janus kinase (JAK) 
inhibitors, inhibit a number of different pro-inflammatory 
cytokines, including IL-6, -7, -10, -12, -15, -21, and -23 and 

IFNα and -β which utilize the JAK intracellular signaling 
pathway to activate immune cells to regulate inflammatory 
and immune responses [64]. JAK 1, 2, and 3 and TYK 2 form 
intracytoplasmic heterodimers in the receptor complex, 
which when phosphorylated activate STAT signaling to the 
cell nucleus. One JAK inhibitor, tofacitinib, is now approved 
for the treatment of rheumatoid arthritis, in a dose of 5 mg 
bid or 11 mg SR qd, and several others are in development.

 Tofacitinib

Phase 3 studies of tofacitinib have been conducted in psoria-
sis which demonstrate its efficacy in that disease [65, 66]. 
However, as of this writing, tofacitinib has not been approved 
for the treatment of psoriasis. A phase 3 trial in PsA has been 
recently reported and showed significant efficacy in all clini-
cal domains of PsA [67]. The ACR 20 responses at 12 weeks 
in the tofacitinib 5 mg bid, 10 mg bid, adalimumab, and pla-
cebo arms were 50%, 61%, 52%, and 33%, respectively. By 
a nonresponder imputation analysis, at 52 weeks the ACR 20 
responses in the tofacitinib 5 mg bid, 10 mg bid, and adalim-
umab arms were 68%, 70%, and 58%, respectively. A similar 
profile of early-onset efficacy, maintained or increased at 
12 months, was demonstrated for measures of enthesitis, 
dactylitis, psoriasis, function, and quality of life. The side 
effect potential of tofacitinib includes serious infection, her-
pes zoster, rare potential for malignancy, and need for labo-
ratory monitoring for anemia, neutropenia, lymphopenia, 
thrombocytopenia, hyperlipidemia, and elevated hepatic 
transaminases.

 Treating-to-Target and Treatment 
Algorithms

As in diseases such as diabetes and cancer, in rheumatology 
a treat-to-target approach has been advocated [68]. The key 
principle is that unrestrained disease activity yields current 
disabling symptomatology and long-term disability, joint 
damage, reduced quality of life, and potentially early mortal-
ity due to disease effects and comorbidities such as prema-
ture cardiovascular disease. Thus, clinicians are exhorted to 
assess disease activity quantitatively via history, physical 
exam (e.g., joint counts), laboratory (e.g., acute-phase reac-
tants), and imaging (X-ray, ultrasound, or MRI) to determine 
disease activity. The aim is to treat active disease sufficiently 
to achieve a state of remission or low disease activity, as long 
as the patient can tolerate treatment. It is expected that 
through sensitive patient interaction and education the goals 
of treatment will be mutually shared by the patient and clini-
cian. The TICOPA trial was the first treat-to-target trial in 
PsA [69]. This trial compared patients seen every 3 months, 
with no specific mandate to achieve a certain threshold of 
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minimal disease activity (MDA) with patients seen monthly, 
for whom lack of achievement of MDA led to mandated 
intensification of treatment—either addition of oral 
DMARDs or biologic therapy. After a year, there was a sig-
nificantly different improvement in outcome for those treated 
in the more “tight control” fashion, albeit with slightly more 
side effects. These results support the importance of regu-
larly assessing disease activity with the aim of achieving 
minimal disease activity.

Two different groups, the Group for Research and 
Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) 
and a task force of the European League Against Rheumatism 
(EULAR), have produced evidence-based treatment recom-
mendations for PsA, most recently updated in 2016 [70, 71]. 
A third set of recommendations is in process by a working 
group of the American College of Rheumatology (ACR) in 
collaboration with the National Psoriasis Foundation (NPF) 
in the United States. The GRAPPA group has published a 
group of ten overarching principles of treatment, including 
treating to target, mutuality of patient and clinician decision 
making, comprehensive treatment of all involved clinical 
domains, and so forth. Separate task forces then evaluated 
the evidence for therapies within each of the key clinical 
domains of PsA: arthritis, enthesitis, dactylitis, spondylitis, 
psoriasis, and nail disease and, using standard methods 
for rigorous treatment recommendations, came up with 

algorithms of treatment, establishing treatment “ladders” 
that make sense for clinicians and are tailored to the indi-
vidual patient’s clinical domain activities [72] (Fig. 18.2). In 
certain clinical domains, where there is little or no evidence 
for effectiveness of conventional oral DMARDS, such as for 
enthesitis, dactylitis, spondylitis, and nail disease, it is 
acceptable to move more quickly to biologic or targeted 
synthetic DMARD therapy in order to sooner achieve con-
trol of disease activity in that domain. Also, the GRAPPA 
group recognized that the coexistence of a variety of comor-
bid factors or associated conditions, e.g., the presence of 
cardiovascular disease, obesity, diabetes, liver disease, uve-
itis, inflammatory bowel disease, etc. could influence the 
choice of therapy [70, 71].

The EULAR recommendations are overall very simi-
lar to the GRAPPA recommendations, with some minor 
variations [71].

 Conclusion

Our ability to achieve therapeutic benefit for the heteroge-
neous clinical aspects of PsA, including arthritis, enthesitis, 
dactylitis, spondylitis, and psoriasis, has been significantly 
improved by the introduction of parenteral biologic thera-
pies. The first introduced biologic therapies which inhibit 
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TNFα have been able to achieve enduring states of low 
 disease activity or remission in many, but not all, patients. 
Further, efficacy may be lost over time due to a number of 
factors including issues of tolerability and safety or develop-
ment of immunogenicity. Thus, it has been important to 
develop and test biologic agents with a different mechanism 
of action than TNF inhibition. Agents which have shown 
effectiveness in psoriasis, as well as PsA thus far tested, and 
have been approved for use or are in development include 
those which inhibit IL-12/23 (ustekinumab), IL-17 
(secukinumab, ixekizumab), IL-23 (guselkumab, tildraki-
zumab, risankizumab), abatacept, apremilast, and tofacitinib, 
as well as more agents with novel mechanisms of action in 
the therapeutic pipeline.

Case Report
A 38-year-old white male developed psoriatic plaques on his 
scalp and elbows 10 years ago which was managed with 
topical agents. He also had psoriatic patches in the interglu-
teal cleft and minor pitting of the fingernails. Recently, he 
noted one of his fingers becoming swollen even though there 
was no history of trauma. He also complained of low back 
and hip pain. There is no family history of psoriasis.

Past Medical History
• Recent diagnosis of multiple sclerosis

Social History
• Drinks socially (a few glasses of wine per week)
• Nonsmoker
• Married
• Sales representative

Previous Therapies
• Topical steroids
• Over-the-counter nonsteroidal anti-inflammatory agents

Physical Exam
• Psoriatic plaques on the scalp and elbows; pitting of the 

nails; erythema in the intergluteal cleft (5% BSA)
• Swelling of the entire left middle finger
• Tenderness to palpation at the left sacroiliac joint

Management
The patient was diagnosed with psoriatic arthritis based on the 
presence of dactylitis, pitting of the nails, tenderness at the sac-
roiliac joint, and presence of psoriasis. The QuantiFERON 
gold assay test was negative and he had negative hepatitis B 
and C serologies. Other baseline laboratory monitoring was 
normal including compete blood count and liver function tests. 
Because of his history of multiple sclerosis, antitumor necrosis 
factor agents were not considered. The patient was initiated on 
secukinumab at 300 mg weekly for 5 weeks and then every 

4 weeks afterwards. Within 3 months, the swelling of his left 
middle finger due to dactylitis improved by 80% and there was 
disappearance of the pits of his nails. His psoriasis had attained 
90% clearance. The patient continues to remain on secukinumab 
to control his psoriasis and psoriatic arthritis.
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Janus Kinase Inhibitors

Andrew Kim and Bruce Strober

 Introduction

Janus kinases (JAKs) were first discovered in a 1989 screen 
among a panel of other protein kinases [1]. Before their 
importance was readily known, some individuals lightheart-
edly referred to them as “just another kinase” given the abun-
dance of other known protein kinases at the time. 
Subsequently, four distinct members of the JAK family were 
identified.

The Janus kinase-signal transducer and activation of tran-
scription (JAK-STAT) signaling pathway has since been 
implicated in a myriad of inflammatory and hematologic con-
ditions, with increased focus on its role in cutaneous disor-
ders. Targeted cytokine inhibition (e.g., TNF inhibition) was 
a pivotal moment in the treatment of autoinflammatory disor-
ders such as rheumatoid arthritis (RA), psoriasis, psoriatic 
arthritis (PsA), and inflammatory bowel disease (IBD). A 
natural evolution of this targeted therapy has been to look at 
the downstream signaling pathways of these cytokines, which 
presented new opportunities for targeted treatment within the 
JAK-STAT pathway. Two Jakinibs (short for JAK inhibitors) 
have already been approved for human use in the USA—
tofacitinib for the treatment of RA in 2012 and ruxolitinib for 
myelofibrosis and polycythemia vera (PV) in 2011 and 2014, 
respectively [2–4]. Similarly, oclacitinib was approved for 
treating allergic dermatitis in canines in 2012 [5]. Further 
research continues to be done on other Jakinibs with no less 
than 20 other agents in the developmental pipeline [6].

The JAK-STAT pathway is believed to play a significant 
role in the pathogenesis of several dermatologic conditions, 
with current research efforts mainly being focused on psoria-
sis and alopecia areata. Early success in these arenas have 
led to additional investigative studies into using Jakinibs for 
atopic dermatitis, vitiligo, and dermatomyositis.

 JAK-STAT Signaling Pathway

A broad range of cytokines and other extracellular messen-
gers such as erythropoietin (EPO), thrombopoietin (TPO), 
colony stimulating factors (CSF), and growth hormone (GH) 
bind to transmembrane receptors associated with the JAK- 
STAT signaling pathway [6]. As the transmembrane recep-
tors themselves lack any intrinsic ability for signal 
transduction, they depend on the cytosolic-bound JAK fam-
ily of protein-tyrosine kinases to activate downstream STAT 
molecules for signal transduction.

A generalized overview of the JAK-STAT signaling path-
way converting extracellular signals into a transcriptional 
response is illustrated in Fig. 19.1. Binding of an extracellu-
lar ligand engages its specific transmembrane receptor which 
subsequently undergoes a conformational change. Cytosolic- 
bound JAKs are brought together to catalyze an autophos-
phorylation reaction between one another. Next, the activated 
JAKs phosphorylate tyrosine residues of the transmembrane 
receptors which attract the STATs. Subsequent direct phos-
phorylation of the bound STATs by the JAKs allows the 
phosphorylated STATs to dimerize with one another. These 
dimers translocate to the nucleus and bind to promotor 
regions of DNA to ultimately modulate relevant gene tran-
scription [7].

The JAK family of protein-tyrosine kinases are com-
posed of the four structurally distinct members—JAK1, 
JAK2, JAK3, and TYK2—which selectively bind to the 
cytosolic portion of specific transmembrane receptors [8]. 
JAK1, JAK2, and TYK2 are expressed throughout 
the body, whereas JAK3 is predominantly found only in 
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 hematopoietic cells [9]. The JAKs have seven distinct 
domains with sequence homology among the members, 
termed Janus homology domains (JH1 to JH7). The JH1 
domain represents the active kinase domain with the adja-
cent JH2 being an inactive “pseudokinase” region possess-
ing critical regulatory functions over JH1 [10, 11]. This 
unique dual kinase domain configuration differentiates 
JAKs from other protein kinases, and this is how they came 
to be named after the two- faced Roman goddess Janus 
[12]. Discovery of the seven downstream STAT family 
transcription factors—STATs 1, 2, 3, 4, 5a, 5b, and 6—
occurred concurrently with JAKs, unveiling the direct 
pathway of extracellular signaling via transmembrane 
receptors to gene transcription in the nucleus. STAT tran-
scription factors have six conserved domains including a 
transcriptional activation domain (TAD), an SH2 domain, 
and a DNA-binding domain [13]. The SH2 domain facili-
tates STAT docking to the phosphorylated tyrosine resi-
dues on the transmembrane receptor, while the TAD region 
serves as the site of direct phosphorylation by the JAK.

Among the cytokine receptor superfamilies, JAKs are 
essential to the type I and II cytokine family of transmem-
brane receptors. These receptors which employ the JAK- 
STAT pathway engage a wide range of extracellular 
messengers that have broad effects on immunity and inflam-
mation. Different receptors of type I and II cytokines pair 
with different JAKs, giving rise to distinct effects when cer-
tain JAKs are preferentially targeted.

Type I cytokines are broadly broken down by the receptor 
types with the major constituents belonging to the common 
γ-chain (γc) cytokines (IL-2, IL-4, IL-7, IL-9, IL-15, and 
IL-21), common β-chain cytokines (IL-3, IL-5, and 
GM-CSF), gp130 receptor subunit cytokines (IL-6, IL-11, 
IL-27), and dimeric cytokines (IL-12, IL-23, IL-27, and 
IL-35) [7, 14]. Additionally, hormone-like cytokines—EPO, 
TPO, G-CSF, GF, and leptin—also are classified under this 
category as well. Type II cytokines fall under the INF family 
of cytokines (INF-α, INF-β, INF-γ, IL-28, IL-29) and the 
IL-10 family of cytokines (IL-10, IL-19, IL-20, IL-22) 
(Table 19.1) [7, 14, 15].

Fig. 19.1 JAK-STAT signaling pathway
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Table 19.1 Upstream and downstream JAK signaling

Cytokine/hormone Downstream JAKs Downstream STATs Immune function, potential disease role

Type I cytokines

Common γ-chain cytokines

IL-2 JAK1, JAK3 3, 5 Enhances effector and regulatory responses

IL-4 JAK1, JAK3 6 TH2-mediated diseases—allergies and asthma

IL-7 JAK1, JAK3 3, 5 T-cell development and homeostasis

IL-9 JAK1, JAK3 1, 3, 5 Atopic disease, IBD

IL-15 JAK1, JAK3 3, 5 Memory T cells, NK cells, induction of cell proliferation

IL-21 JAK1, JAK3 1, 3, 5 TFH cells

Common β-chain cytokines

GM-CSF JAK2 3, 5 Macrophages, T cells, mast cells, NK cells, endothelial 
cells and fibroblasts, stem cell stimulation, and 
differentiation

IL-3 JAK2 3, 5, 6 Differentiation of multipotent hematopoietic stem cells, 
proliferation of all cells in the myeloid lineage

IL-5 JAK2 3, 5, 6 Allergies, asthma, eosinophilic disease

gp130 cytokines

IL-6 JAK1, JAK2, TYK2 1, 3 Prototypic pro-inflammatory cytokine, broadly relevant 
for many autoimmune disease

IL-11 JAK1, JAK2, TYK2 3 Hematopoiesis, bone remodeling

IL-27 JAK1, JAK2, TYK2 1, 2, 3, 4, 5 Regulation of B and T lymphocytes

Heterodimeric cytokines

IL-12 JAK2, TYK2 4 TH1-associated disease

IL-23 JAK2, TYK2 3, 4 TH17-mediated disease

IL-27 JAK1, TYK2 1, 3 Enhance TH1 and inhibit TH17 responses

IL-35 JAK1, TYK2 1, 4 Anti-inflammatory responses

Hormonelike cytokines

EPO JAK2 5 Control of erythropoiesis

TPO JAK2 1, 3, 5 Regulation of the differentiation of megakaryocytes and 
platelets

G-CSF JAK2 5 Bone marrow stimulation to produce stem cells and 
granulocytes

GH JAK2 3, 5a Stimulation of cell division of chondrocytes and IGF-1

Leptin JAK2 3, 5a Coordination of energy homeostasis, increases satiety

Type II cytokines

IFN family cytokines

INF-α/β JAK1, TYK2 1, 2, 3, 4, 5 Enhance immunity against infections and drive 
autoimmunity

INF-γ JAK1, TYK2 1 Enhance immunity against infections and drive 
autoimmunity

IL-28 JAK1, TYK2 1, 2, 3, 4, 5 Enhance immunity against infections

IL-29 JAK1, TYK2 1, 2, 3, 4, 5 Enhance immunity against infections

IL-10 family cytokines

IL-10 JAK1, JAK2, TYK2 1, 3, 5 Anti-inflammatory actions

IL-19 JAK1, JAK2, TYK2 3 B-cell activation, antibody production

IL-20 JAK1, JAK2, TYK2 3 Synoviocyte migration, osteoclast formation

IL-22 JAK1, JAK2, TYK2 1, 3, 5 Promote barrier immunity, anti- inflammatory responses, 
augment IL-17 function

Growth factors [7]

EGF JAK1 1, 3, 5a Stimulates cell growth, proliferation, and differentiation

PDGF JAK1, JAK2 1, 2, 3, 5, 6 Angiogenesis, stem cell growth

Reproduced with permission and minor adaptations from: Schwartz DM, Bonelli M, Gadina M, O’Shea JJ. Type I/II cytokines, JAKs, and new 
strategies for treating autoimmune diseases. Nat Rev Rheumatol. 2016;12(1):25–36
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Among the JAK family, JAK3 exclusively associates with 
the common γ-chain (γc) receptor and pairs with JAK1, 
whereas other JAKs do not exhibit the same degree of speci-
ficity to just a single receptor class [16]. However, JAK2 is 
solely responsible for signal transduction via common β-chain 
cytokines/receptors and signal transduction for hematopoietic 
cell-development hormones such as EPO, TPO, and 
G-CSF. These cytokines all flow exclusively through JAK2, 
thus making it an integral component of signal transduction 
for these molecules [17]. TYK2 is most often seen in concert 
with JAK1 and JAK2. Downstream STATs exhibit greater 
cross-reactivity to upstream JAKs since they do not demon-
strate as much fidelity in the signaling pathways compared to 
JAK and their associated receptors. Some minor variance can 
be observed in the preferential JAK-STAT signaling depend-
ing on the specific cytokines and cell type being described 
(e.g., CD4 cells vs. monocytes vs. mast cells).

 JAK-STAT Signaling in Disease

Over- or under-activation of the JAK-STAT pathway—from 
either somatic mutation in these components or abnormal 
receptor activation—has been demonstrated in a number of 
inflammatory disorders, primary immunodeficiency dis-
eases, and malignancies (Table 19.2).

 Diseases with Direct JAK-STAT Pathway 
Mutations

Knockout murine models for individual components of 
JAK- STAT signaling as well as from our understanding of 
cytokine signaling in human diseases helps illustrate the 
critical role the JAK-STAT pathway serves in immune cell 
development and function. Specific diseases where the dis-
tinct functions of the JAK-STAT signaling have become 
relevant can be seen in cases such as with myeloprolifera-
tive disorders and severe combined immunodeficiency 
(SCID).

PV and essential thrombocytosis (ET) are character-
ized by clonal proliferation of red blood cells and plate-
lets, respectively, whereas primary myelofibrosis results 
from the replacement of bone marrow by fibrotic scar tis-
sue following the abnormal proliferation of hematopoi-
etic stem cells. PV, ET, and primary myelofibrosis have 
all been linked to activating JAK2 V617F mutations in 
the regulatory JH2 pseudokinase domain resulting in a 
gain of function mutation [18]. This JAK2 mutation is 
seen in over 95% of PV patients and about half of all ET 
and myelofibrosis patients [19]. These three myeloprolif-
erative diseases collectively share a common sensitivity 
of hematopoietic cells to growth factors given the inte-
gral role JAK2 plays in signal transduction for hemato-
poietic hormones like EPO, TPO, and G-CSF among 
others [17].

The immunologic function of JAK3 can be highlighted 
by many of the autosomal recessive variants of 
SCID. Mutations along the common γc JAK-STAT path-
way include loss of function mutation in the γc receptor, 
JAK3 deficiency, or isolated IL-7 receptor deficiency. 
These three deficits all results in variants of SCID sub-
types—the former two clinically manifest with absent T 
and natural killer (NK) cells along with impaired B-cell 
function, while the latter form manifests in a similar way 
except they have intact NK cells [20]. Correction of these 
cellular deficiencies and defective immune responses fol-
lowing hematopoietic stem cell transplant further high-
lights the limited role and functional distribution of 
JAK3.

Activating mutations in JAK1, JAK2, and JAK3 are seen 
in various malignancies, but it is most commonly reported in 
various lymphoma and leukemia subtypes [21].

 Type I and II Cytokines and Dysregulation 
of JAK-STAT in Cutaneous Disease

Our understanding of the pathogenesis of various autoin-
flammatory diseases continue to evolve as additional targets 
are identified and selectively modulated.

Table 19.2 Select diseases associated with JAK-STAT

JAK/STAT Select associated diseases

JAK1 Somatic mutations in ALL, AML, ductal breast 
carcinoma, NSCLC (gain of function mutations) [7]

JAK2 Myeloproliferative disorders—PV, ET, 
myelofibrosis (gain of function mutation) [19]

JAK3 AR- and X-linked SCID variants (loss of function 
mutation) [20]

TYK2 AR-HIES (loss of function mutation) [92]

STAT1 Susceptibility to mycobacterial +/− viral infections 
(loss of function mutation) [93, 94]
Chronic mucocutaneous candidiasis (gain of 
function mutation) [95]

STAT2 Increased susceptibility to viral illnesses (loss of 
function mutation) [96]

STAT3 AD-HIES (loss of function mutation) [97]
Polymorphisms seen in UC and psoriasis [98]

STAT4 Polymorphisms associated with RA, SLE [99]

STAT5a/b AR syndrome of dwarfism, autoimmunity, and 
immunodeficiency (loss of function mutation) [6]

STAT6 Polymorphisms associated with asthma, atopy, 
increased levels of IgE [100]

ALL acute lymphocytic leukemia, AML acute myeloid leukemia, 
NSCLC non-small cell lung cancer, PV polycythemia vera, ET essential 
thrombocytosis, AR autosomal recessive, SCID severe combined immu-
nodeficiency, HIES hyper-immunoglobulin E syndrome, AD autosomal 
dominant, UC ulcerative colitis, RA rheumatoid arthritis, SLE systemic 
lupus erythematosus

A. Kim and B. Strober



191

 Psoriasis

Psoriasis is a chronic, immune-mediated disease character-
ized by red scaly cutaneous plaques as well as, in some 
patients, a destructive psoriatic arthritis (PsA). While the 
pathogenesis of psoriasis involves interactions between 
genetics and the environment, an abnormal T-lymphocyte- 
mediated response causing release of pro-inflammatory cyto-
kines is central to the disorder [22]. Elevated levels of 
numerous pro-inflammatory and proliferative cytokines are 
involved with psoriasis including the type I/II cytokines IL-2, 
IL-6, IL-12, IL-15, IL-19, IL-20, IL-22, IL-23, IL-24, IFN-α, 
and IFN-γ which signal through JAK-STAT [23]. In vitro 
studies of psoriatic skin have demonstrated upregulation of 
JAK3 in the epidermis, as well as JAK1 and JAK3 in the der-
mal infiltrates [24]. Likewise, upregulation of STAT1 and 
STAT3 signals are seen as well [25, 26]. Selective inhibition 
of JAK1/JAK3 signaling in murine models of psoriasis result 
in significant clinical and histologic improvement along with 
reductions in plasma levels of IL-17, IL-22, IL-23, and TNF-α 
[27]. Signal transduction of these cytokines through JAK-
STAT is responsible for the production of other cytokines 
central to psoriasis pathogenesis such as with IL-17. While 
the IL-12 and IFN-γ signals driving a TH1 response are ele-
vated, the relevance of IL-23- and TH17- mediated responses 
are currently the defining paradigm for the condition [28]. 
The IL-17 signature of psoriasis is not part of the group of 
type I or II cytokines signaling through JAK-STAT, but IL-17 
production by T cells is dependent on IL-23 (which signals 
though STAT3), and thus, JAK-STAT signaling can be con-
sidered an upstream regulator for this pathway [29].

 Alopecia Areata

Alopecia areata (AA) is a common autoimmune disease notable 
for causing a non-cicatricial alopecia that can vary from small 
discrete patches to total body hair loss (alopecia universalis). 
Like psoriasis, the etiology of AA appears to be multifactorial, 
but the condition is characterized by a cytotoxic T-cell-mediated 
inflammatory response along with upregulation of INF-γ and 
select γc cytokines (particularly IL-15 and IL-2) promoting the 
activation and survival of these INF-γ-producing CD8+ T cells 
[30, 31]. INF-γ signaling though JAK1/2 and STAT1 mediates 
IL-15 expression, which in turn signals through the JAK1/3 
pathway to upregulate IL-2 via STAT3 (and to a lesser extent 
STAT5) [31]. Analysis of AA skin in vitro shows strong expres-
sion of JAK3; however, JAK1 and JAK2 expression is also ele-
vated to a lesser extent [24, 31]. Interestingly, a strong STAT2 
signal was noted in one study involving seven AA skin biopsies 
bringing into question whether another signaling mechanism 
other than the INF-γ pathway may be implicated in the patho-
genesis of the condition [24].

 Atopic Dermatitis

Atopic dermatitis (AD), which may be more common than 
psoriasis, is considered the prototypical TH2-mediated dis-
ease [32]. Like AA and psoriasis, AD is also a multifactorial 
condition stemming from complex interactions between 
environmental, genetic, and immunologic factors [33]. The 
immunologic profile for AD is characterized by a TH2 pre-
dominant response with upregulation of IL-4, IL-5, IL-13, 
and IL-31, among others. IL-4 signals through JAK1/3 and 
STAT6 to propagate a TH2 response by inducing further pro-
duction of IL-4 as well as IL-5, IL-10, and IL-13 and other 
pro-inflammatory cytokines [34]. Recent developments with 
targeted therapies such as dupilumab, a monoclonal antibody 
against the IL-4 receptor alpha (IL-4Rα) subunit needed for 
IL-4 and IL-13 signaling, have shown effective modulation 
of the disease, pointing to the key roles these cytokines serve 
in AD [35]. JAK-STAT plays a critical role with these cyto-
kines in AD development given its essential role in TH2 cell 
differentiation [36].

 Other Autoimmune Cutaneous Disorder

Jakinib use has been reported in smaller studies and case 
reports for vitiligo, dermatomyositis (DM), and cutaneous 
lupus erythematosus (CLE), but detailed information on the 
mechanism and affected signaling pathways have not yet 
been fully elucidated and are pending further study [37–39].

 Janus Kinase Inhibitors in Cutaneous Disease

Discovery of the JAK-STAT pathway opened the doors for 
targeted treatment of a new class of mediators involved in 
inflammatory conditions. Currently, there are three FDA- 
approved Jakinibs for clinical use—tofacitinib for the treat-
ment of RA [2], ruxolitinib for the treatment myelofibrosis 
[3] and polycythemia vera [4], and oclacitinib for the treat-
ment of allergic dermatitis in canines [5]. The success of 
these agents has drawn interest in their use as immunomodu-
latory drugs to treat inflammatory disease, and in particular, 
cutaneous autoimmune disease. While currently there are no 
FDA-approved indications for Jakinibs in cutaneous disor-
ders, several Jakinibs are in early and late stage testing in 
clinical trials (Table 19.3). Unlike targeted therapy with bio-
logic medications such as those that block TNF-α, Jakinibs 
are small molecules that can be made into topical formula-
tions given their ability to penetrate the epidermal barrier, 
opening up additional therapeutic delivery options [40].

Development of target specific Jakinibs is a significant 
challenge due to the degree of homology shared between the 
JAK family of protein-tyrosine kinases [14]. Target  selectivity 
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is a concern with systemic Jakinibs given the wide- reaching 
effects of potent signal modulation of multiple type I and II 
cytokines. Minor variations in the kinase domain of JAKs 
allow for more directed targeting, but often there is consider-
able cross-reactivity between Jakinibs and their intended 
JAK target. The first-generation Jakinibs (tofacitinib, ruxoli-
tinib, baricitinib, and oclacitinib) demonstrate more broadly 
targeting effects, whereas second-generation Jakinibs are 
somewhat more specific (Table 19.4).

 Tofacitinib

Tofacitinib is among the first of the Jakinibs put into clinical 
use. Initially designated for RA, it is now in trials for numer-
ous other autoinflammatory conditions such as inflammatory 
bowel disease (IBD), psoriatic arthritis (PsA), juvenile idio-
pathic arthritis (JIA), ankylosing spondylitis (AS), and 
psoriasis.

Tofacitinib blocks JAK-STAT signaling by functioning as 
a reversible, competitive inhibitor at the ATP binding site 
on JAK, effectively inhibiting autophosphorylation and 
 autoactivation [41]. JAK3 is preferentially targeted, but 
inhibitory effects are also seen with JAK1 and to a lesser 
extent with JAK2 while TYK2 is minimally affected [42]. 
IL-6 signaling through STAT1/3/5 is also attenuated [42, 43]. 
Broad downstream effects are seen in muted TH1 and TH17 

Table 19.3 Jakinibs approved for clinical use and those under investigation for skin disease

Drug Manufacturer Target Status and use

First-generation Jakinibs

Tofacitinib Pfizer JAK3>JAK1>>(JAK2) FDA approved—RA

(CP690550) Phase III—psoriasis, PsA, UC

Phase II—AS, JIA, CD

Ruxolitinib Incyte/Novartis JAK1, JAK2 FDA approved—PV, myelofibrosis

(INC424) Phase II—psoriasis, AD, AA, vitiligo, various malignancies

Baricitinib Incyte/Eli Lilly JAK1, JAK2 Under FDA review—RA

(LY3009104) Phase II—psoriasis, AD, SLE

Oclacitinib Zoetis JAK1 FDA approved—canine allergic dermatitis

(PF03394197)

Second-generation Jakinibs

Lestaurtinib TEVA JAK2, FLT3 Phase III—AML (FDA approved under orphan drug status)

(CEP-701) Phase II—myelofibrosis, PV, ET, psoriasis

Peficitinib Astellas/Maruho JAK1>JAK3>>JAK2 Phase III—RA

(ASP015K) Phase II—psoriasis

Solcitinib Galapagos/GlaxoSmithKline JAK1 Phase II—psoriasis, SLE

(GSK2586184)

Upadacitinib Abbvie JAK1 Phase III—RA, UC

(ABT-494) Phase II—CD, AD

Itacitinib Incyte JAK1>JAK2 Phase II—RA, psoriasis, chronic pruritus, various malignancies

(INCB039110) Phase I—GVHD

PF-04965842 Pfizer JAK1 Phase II—psoriasis, AD

Abbreviations: RA rheumatoid arthritis, PsA psoriatic arthritis, UC ulcerative colitis, AS ankylosing spondylitis, JIA juvenile idiopathic arthritis, 
CD Crohn’s disease, PV polycythemia vera, ET essential thrombocytosis, GVHD graft versus host disease, AA alopecia areata, AD atopic derma-
titis, SLE systemic lupus erythematosus, FLT3 Fms-like tyrosine kinase 3, AML acute myeloid leukemia, MDS myelodysplastic syndrome, NSCLC 
non-small cell lung cancer

Table 19.4 Jakinib selectivity indexed to their most selective receptor 
(IC50 values [nM]a)

Drug JAK1 JAK2 JAK3 TYK2

First-generation Jakinibs

Tofacitinib [101]
(CP690550)

6 (3) 2 (1) 1 (0.5) 22 (11)

Ruxolitinib [102]
(INCB018424)

1 (3.3) 1 (2.8) 153 (428) 7 (19)

Baricitinib [103]
(LY3009104)

1 (6) 1 (6) 67 (>400) 9 (53)

Oclacitinib [104]
(PF03394197)

1 (10) 2 (18) 10 (99) 8 (84)

Second-generation Jakinibs

Lestaurtinib [7]
(CEP-701)

4 (8.8) 2 (3.7) 1 (2.3) 7 (15)

Peficitinib [74]
(ASP015K)

5 (3.9) 7 (5) 1 (0.71) 7 (4.8)

Solcitinib [82]
(GSK2586184)

1 (9.8) 11 (107.8) 55 (539) 23 (225.4)

Upadacitinib [78]
ABT-494

1 (8, 40b) 75 (600) 58 (2300b) –

Itacitinib
(INCB039110)

– – – –

PF-04965842 – – – –
aMost IC50 data taken from in vitro cellular assay testing which may not 
accurately reflect in vivo receptor interactions and selectivity
bExtrapolated data based on ~58-fold higher IC50 in JAK1 versus JAK3 
using a biochemical assay (40 nM and 2300 nM, respectively) com-
pared to ~75-fold higher IC50 in JAK1 versus JAK2 from a cellular 
assay (8 nM versus 600 nM) [78]
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CD4+ T-cell responses, the inhibition of antigen presentation 
in dendritic cells, and inhibition of B-cell differentiation and 
antibody production [44].

FDA-approved formulations of tofacitinib come as 
either 5 mg tablets taken twice daily or a single 11 mg 
extended release tablet taken once daily. Once orally 
ingested, peak plasma concentrations are reached around 
1.1 h after administration. Clearance is predominantly via 
hepatic metabolism through CYP3A4 and CYP2C19 with 
the remaining 30% shuttling through renal clearance mech-
anisms. Mean half- life has been measured around 3.2 h. 
Recommendations for dose adjustments in moderate-to-
severe renal impairment or moderate hepatic impairment is 
to reduce daily dosing to one 5 mg tablet. Tofacitinib is not 
recommended for use in severe hepatic impairment [41, 
45]. Tofacitinib is considered a pregnancy category C med-
ication due to the lack of sufficient data in pregnant women 
with caution being advised in breastfeeding women given 
findings from murine models where the drug was excreted 
into lactating milk [46].

Multiple phase 2 and 3 clinical trials of tofacitinib for RA 
established the drug as viable as monotherapy, combination 
treatment with standard DMARDs, or even as an alternative 
treatment for patients who have failed traditional biologics 
[47–51]. Treatment efficacy in trials with tofacitinib was 
demonstrated to have non-inferiority to the typical first-line 
biologic adalimumab and superiority to methotrexate in 
treatment naïve patients [49]. Radiologic monitoring also 
showed stabilization of destructive joint disease while on the 
drug as well [50, 52, 53].

Similar success has been seen in phase 2 and 3 psoriasis 
trials, though higher 10 mg twice daily dosing was required 
to match efficacy the efficacy of etanercept at its standard 
psoriasis dose [54, 55]. Lower dosing at 5 mg twice daily 
resulted in PASI 75 rates of only 39.5–46%, whereas the 
10 mg twice daily dose achieved rates between 59.2 and 
63.6% [54, 55]. Given the loss of response phenomenon 
often seen with biologic therapy, another study attempted to 
assess the durable response to tofacitinib following a with-
drawal period. Data indicates that upward of 61% of patients 
resuming tofacitinib are able to recapture their initial PASI 
75 response, but only 36.8% of patients at the lower RA dos-
ing of 5 mg twice daily are able to achieve PASI 75 again 
[56]. Despite success in clinical trials, the FDA denied 
tofacitinib approval for psoriasis pending additional safety 
data given the higher 10 mg twice daily dose required to 
achieve acceptable clinical response.

A growing number of studies treating AA, alopecia totalis 
(AT), and alopecia universalis (AU) with tofacitinib have 
shown promising results in response to twice daily 5 mg 
tofacitinib treatment. After 3–4 months of treatment, as many 
as 77% of patients exhibit a relative improvement of at least 
>5% in hair growth with a slightly smaller subset of patients 
(ranging between 33 and 58%) having at least a 50% 
improvement [30, 57].

Topical formulations are also being actively assessed with 
promising results following therapeutic trials in many condi-
tions. Results from a phase 2a study in psoriasis demon-
strated efficacy at week 4 for a 2% topical formulation over 
plain vehicle [58]. Another phase 2a study in AD showed a 
significant change from the baseline eczema severity score 
compared to placebo after 4 weeks of treatment [59]. 
Meanwhile, murine studies of topical tofacitinib for AA have 
been highly effective in restoring hair growth [31]. While the 
FDA approval of topical tofacitinib is likely not forthcoming, 
the proof of concept opens the door for other similar topical 
medications to be tested.

 Ruxolitinib

Ruxolitinib is a potent JAK1 and JAK2 inhibitor initially 
developed for the treatment of myeloproliferative disease. It 
has the distinction for being the first ever FDA-approved 
Jakinib for clinical use [6]. Dramatic results are observed in 
the treatment of polycythemia vera and myelofibrosis as rux-
olitinib directly targets the aberrant signaling mechanism 
induced by the activating JAK2 V617F mutation [60].

Ruxolitinib has also found secondary usage in the treat-
ment of cutaneous diseases for psoriasis, vitiligo, and alo-
pecia areata. Topical treatment in a small phase 2 study of 
psoriasis patients demonstrated greater efficacy at the end 
of 4 weeks with ruxolitinib 1.5% cream applied twice daily 
compared to topical calcipotriene and betamethasone 
dipropionate cream [61]. In a larger phase 2 study of 200 
participants, ruxolitinib 1% cream induced an average 40% 
PASI improvement compared to 1% PASI improvement in 
the placebo group [62]. Orally administered ruxolitinib in 
AA showed similar positive improvement with 75% of 
patients (9 of 12) experiencing significant scalp hair 
regrowth and improvement of average hair regrowth 
exceeding 90% at the end of 3–6 months of treatment [63]. 
Further topical studies in AA, AD, and vitiligo are currently 
ongoing [64–66].

 Baricitinib

Baricitinib is another JAK1 and JAK2 selective inhibitor 
currently under FDA review for the treatment of RA. Data 
from several phase 3 studies reflect a strong positive 
response to baricitinib treatment. It is capable of halting 
joint disease and has also been used effectively to treat 
patients who are refractory to traditional DMARD or bio-
logic treatment [67–70]. Comparisons in dosing regiments 
suggest a greater efficacy at the higher 4 mg daily dose 
over the 2 mg daily dose with only negligible effects on 
medication-related adverse events [71]. Similar to the case 
in tofacitinib, treatment in psoriatic patients requires 
higher doses to achieve comparable results. 8 and 10 mg 
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daily dosing in the psoriasis trials were associated with 
PASI 75 rates of 43% and 54% at the 12-week endpoint 
[72]. Testing in AD is currently ongoing with a random-
ized, double-blind, placebo-controlled, phase 2 trial [73].

 Select Second-Generation Jakinibs in Current 
Testing for Dermatologic Conditions

At the present time, six additional second-generation 
Jakinibs—lestaurtinib, ABT-494, peficitinib, itacitinib, 
PF-04965842, and solcitinib—are involved in clinical test-
ing for dermatologic disorders, four of which have prelimi-
nary data available. Though still in early testing, the hope 
with some of the selective second-generation Jakinibs is that 
preferential targeting away from JAK2 will result in a milder 
adverse effect profile, particularly as it relates to hematologic 
abnormalities that are seen with pan-inhibiting Jakinibs.

Peficitinib, a novel oral JAK inhibitor with mild selectiv-
ity for JAK3, is in development for the treatment of RA and 
psoriasis [74]. Clinical testing at once daily dosing in a ran-
domized, double-blind, placebo-controlled study is corre-
lated with a dose-dependent improvement response for 
psoriasis [75]. Positive findings are also seen in RA testing 
where once daily dosing up to 150 mg of peficitinib showed 
effectiveness as monotherapy for RA [74].

Itacitinib is currently under investigation as a therapeutic 
agent for psoriasis as well as for chronic pruritus. Cell-assay 
testing demonstrates highly selective JAK1 inhibition with at 
least 420-fold selectivity over other JAKs [76]. Early clinical 
testing thus far is promising for psoriasis given notable effi-
cacy during a dose-escalation study over 4 weeks during 
which the drug was well tolerated. A phase 2 study is 
 currently pending to assess the effect of oral itacitinib admin-
istration for symptoms of chronic pruritus [77].

Like itacitinib, ABT-494 is a highly selective JAK1 inhib-
itor in testing against RA and AD, as well as other diseases 
[78]. ABT-494 is effective in controlling active RA patients 
with inadequate responses to MTX, and as such, further 
phase 3 studies are planned to better characterize the clinical 
and pharmacological profile of the drug [78]. In addition, a 
phase 2b randomized, placebo-controlled, dose-ranging 
study is currently planned for atopic dermatitis [79].

PF-04965842 is a novel JAK1 specific inhibitor currently 
in phase 2 testing for psoriasis and atopic dermatitis. 
Preliminary data from the psoriasis trial with 59 participants 
is notable for a dose-escalation response. PASI reduction of 
33%, 58%, 68%, and 76% across the placebo, 200 mg daily, 
400 mg daily, and 200 mg twice daily groups were seen with 
treatment [80]. Enrollment for a phase 2b study in severe 
atopic dermatitis is currently underway [81].

Early solcitinib data shows a JAK1 selective inhibition 
with minimal effect on JAK2. Recent phase 2 results for the 
drug in psoriasis realized a 57% PASI 75 and 36% PASI 90 

at week 12 of treatment using the highest 400 mg twice daily 
dose in the study [82].

Minimal data relating to studies on cutaneous disorders is 
available for lestaurtinib. Phase 2 dose escalation trials for 
psoriasis were completed, but results of the trial have not yet 
been made available [83].

 Adverse Effects of Jakinibs

Many adverse effects in the Jakinibs class can be linked to 
their ability to block cytokine signaling. The interest in 
cleaner JAK inhibition with newer second-generation 
Jakinibs stems from desire to avoid overly broad inhibition 
of cytokine signaling. Current safety data comes from both 
tofacitinib and baricitinib use, though tofacitinib is more 
heavily weighted in a review of adverse effects due to the 
more frequent use of this medication in clinical studies and 
post-marketing surveillance. Studies to date seem to indicate 
similar safety profiles for both of these medications [69, 70].

 Laboratory Abnormalities

All first-generation Jakinibs signaling though JAK2 can 
cause cytopenias—most commonly anemia with neutrope-
nia, though lymphopenias are not uncommon as well [6]. 
When it occurs, lymphocytosis typically starts around 
1 month following exposure, before a slower gradual 
decline of another 10% over the following calendar year. In 
pooled data from long-term extension studies with tofaci-
tinib, neutropenia was reported in 0.7% of cases (30/4095), 
anemia in 2.7% (109/4095), but lymphopenia in 53.7% 
(2197/4095) [84]. Recommended parameters from the 
tofacitinib product insert indicate that therapy should be 
held for hemoglobin less than 8 g/dL, ANC less than 1000 
cells/mm3, or lymphocyte counts less than 500 cells/mm3 
[45]. Increasing tofacitinib dosing to 15 mg twice daily did 
result in significantly more severe and frequent cytopenias 
demonstrating a dose- dependent response not seen at lower 
dosage levels [85].

Minor transaminitis was seen in over 30% of patients, but 
AST ≥ 2 times the upper limit of normal (ULN) was only 
noted in 3.8% (152/4102) and ALT ≥ 2 × ULN in 6% 
(244/4102) [84]. Increased levels of cholesterol, LDL, and 
HDL have also been noted among treated patients, suggest-
ing a possible intertwining of immune and metabolic signal-
ing, especially given that treatment of RA patients with 
tocilizumab, an IL-6R blocker, results in similar phenotypic 
hypercholesterolemia [86]. Pooled analysis from long-term 
extension data did not show any clinically relevant increase 
in incidence of major adverse cardiovascular events (MACE) 
[87]. Lipid levels typically peaked within 6 weeks of starting 
therapy.
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 Immunosuppression

Serious or opportunistic infections are a significant source of 
worry for both patients and physicians alike. The most com-
mon adverse effects reported were nasopharyngitis and 
upper respiratory infections at 12.7% and 10.5%, respec-
tively [84]. Severe infection events from a meta-analysis of 
tofacitinib collectively estimated 3.19 events per 100 person- 
years across all long-term studies at the 10 mg twice daily 
dose [88]. Opportunistic infections (including tuberculosis) 
come out to 0.4 events per 100 person-years in a different 
combined long-term extension safety review [84]. 
Neutropenia with ANC <500 cells/mm3 has been associated 
with an increased incidence of treated and serious infections; 
therefore, these individuals should not be treated with tofaci-
tinib [45]. Of note, herpes zoster infection/reactivation 
occurs at 4.3 events per 100 person-years in Jakinib users 
compared to 2.4 events per 100 person-years in a similar 
comparator group not on Jakinibs [84, 89]. The effect of pre-
treatment varicella zoster vaccination is unclear.

A secondary concern of immunosuppression is the poten-
tial for malignancy development, due to JAK1 and JAK2 sig-
nal blockade, especially with regards to interferon signaling. 
However, short- and long-term study data do not show 
increased rates of malignancy [84, 90, 91]. Given the relative 
short term of available clinical data compared to some of the 
older biologics or DMARDs, caution should be exercised 
when considering treatment of individuals with a history of 
malignancy.

 Future Considerations

The advent of targeted inhibition of the JAK-STAT pathway 
opens up new possibilities in treating and managing chronic 
inflammatory skin disease. Early efforts on selectively atten-
uating the cytokine signal transduction involved in autoin-
flammatory responses are already resulting in tangible 
clinical benefits. As newer Jakinibs continue to be developed 
based on JAK subgroup fidelity, additional benefits involving 
higher response rates, fewer adverse events and a broader 
choice of responsive disease states may be realized.

Case Scenario
A 52-year-old man is referred to the psoriasis clinic for 
severe widespread plaque psoriasis involving 60% of his 
body surface area (BSA). This follows the failure of numer-
ous other medications. Methotrexate therapy was initially 
attempted with mild efficacy. However, the patient suffered 
from debilitating fatigue and marked transaminitis which 
limited ongoing use. Short courses of cyclosporine were 
very effective, but therapy was discontinued due to signs of 
medication induced renal toxicity. Adequate trials of both 
etanercept and adalimumab were ineffective. The patient 

had most recently been well controlled on ustekinumab and 
then subsequently ixekizumab over the past 18 months 
until clinical response was lost to both biologics. The 
patient was subsequently started on off-label therapy with 
tofacitinib 5 mg taken orally twice daily before escalation 
to 10 mg twice daily after 3 months to manage his severe 
psoriasis.
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Abbreviations

Bath PUVA Bath photochemotherapy
BSA Body surface area
CLE Cutaneous lupus erythematosus
DLE Discoid lupus erythematosus
DMF Dimethyl fumarate
DTIC Dacarbazine; anticancer chemotherapy drug
FAE(s) Fumaric acid ester(s)
GSH Glutathione; antioxidant
MEF Monoethylfumarate
MMF Monomethylfumarate
NFkB Nuclear factor-kappa B
NL Necrobiosis lipoidica
PASI Psoriasis Area and Severity Index
PGA Physician’s Global Assessment
PPP Psoriasis pustulosa palmoplantaris
PPPASI Palmo-plantar Pustular Psoriasis Area 

Severity Index
RCLASI Revised Cutaneous Lupus Erythematosus 

Disease Area and Severity Index
SCID Severe combined immunodeficiency
SCLE Subacute cutaneous lupus erythematosus
VEGFR2 Vascular endothelial growth factor receptor 2

 Introduction and Pharmacology

 History

Oral fumaric acid esters (FAEs) are simple dicarbonic acid 
molecules that demonstrate immune-modulating effects on 
the T-cell system [1]. Schweckendiek, a German chemist, 
first proposed FAEs as an oral treatment for psoriasis vul-
garis in 1959 after a number of self-experiments reported 
positive improvement of his own psoriatic lesions. After 
developing several formulations of fumarates, a composed 
mixture of different FAEs with dimethyl fumarate (DMF) 
and monoethylfumarate (MEF) salts showed higher effi-
cacy and bioavailability when compared against fumaric 
acid itself [2, 3].

After a renewed interest in FAEs during the 1980s by both 
patients and dermatologists, preliminary observational stud-
ies were conducted in Switzerland and the Netherlands. The 
results of these studies helped demonstrate the efficacy and 
safety profile of fumarates. This ultimately paved the way for 
the approval of a mixture of DMF with Ca, Mg, and Zn 
monoethyl ester salts in the treatment of psoriasis [4]. FAEs 
were approved in Germany in 1994 under the brand name 
Fumaderm® for use in cases of severe psoriasis vulgaris. 
Since its official approval, Fumaderm® has become the drug 
of choice for the systemic treatment of psoriasis in Germany, 
accounting for approximately 66% of the treatments pre-
scribed for systemic psoriasis management [5].

In 2008, the formulation was approved to include treat-
ment of both moderate and severe psoriasis. FAE/fumarate 
mixtures are currently prepared as Fumaderm® Initial and 
Fumaderm®, weaker and stronger strength formulas, respec-
tively. These standardized drugs are now commonly used in 
Germany and the Netherlands for the management of moder-
ate to severe psoriasis [6]. Despite their approval in Germany 
and the Netherlands, they lack approval and availability in 
most other countries, including the United States, due to a 
shortage of randomized controlled clinical trials and sound 
evidence regarding their use for psoriasis.
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 Pharmacological Properties

FAEs are chemical compounds derived from fumaric acid, 
an intermediate in the citric acid cycle, also commonly 
found as a food additive that regulates acidity. Ester forms 
of fumaric acid, such as dimethyl fumarate (DMF), mono-
methylfumarate (MMF), and monoethylfumarate (MEF), 
were developed due to the poor oral bioavailability and 
absorption of fumaric acid. An experiment conducted in 
1989 demonstrated that MEF monotherapy had no superior 
effect to placebo when compared to DMF monotherapy, 
making MEF less likely to be important in the therapeutic 
effects of FAEs [3]. The major active ingredient of 
Fumaderm®, DMF, was seemingly thought to act as a pro-
drug for its main metabolite MMF.

Following complete absorption in the small intestine, 
enteric-coated tablets containing DMF are rapidly metabo-
lized to MEF by esterases and partial saponification in the 
alkaline intestines. After the metabolism of DMF in the 
intestine, MMF is absorbed, distributed throughout the 
body, and readily detectable in the plasma [7]. The plasma 
levels of DMF and fumaric acid are not as readily detectable 
[8]. Although DMF is not detected in vivo and was previ-
ously believed to be entirely metabolized in the intestine [9], 
results of a urine sample analysis study conducted by 
Rostami-Yazdi et al. suggest that a considerable portion of 
DMF escapes hydrolysis in the lumen and instead enters the 
circulation where it depletes intracellular glutathione (GSH) 
in immune cells. This may be associated with the release of 
anti-inflammatory cytokines and the induction of apoptosis 
[10]. Further recent studies contradict the idea of complete 
metabolism of DMF in the intestine and point more toward 
the notion that DMF may enter the pre-systemic circulation 
before it is broken down into MMF. The lack of DMF in the 
plasma may be due to its short half-life [8] and its delivery 
by the portal vein to the liver where it undergoes substantial 
first-pass metabolism by the liver. These findings better cor-
relate with the increased effectiveness of DMF in a number 
of vitro assays than its suggested metabolite MMF.

Contrary to prior belief, DMF has been proposed as the 
primary active component of Fumaderm® that exerts its 
therapeutic effects on psoriasis patients [11]. Although 
there has been an increase in the amount of knowledge 
gained regarding the pharmacokinetic properties of FAEs, 
more studies must be conducted in order to work toward 
gaining a full understanding of the metabolism, absorption, 
and longevity of FAEs.

 Mechanism of Action

Psoriasis is a chronic hyperplastic skin condition character-
ized by overabundant proliferation of keratinocytes resulting 
in raised, erythematous, pruritic, and scaly plaques through-

out the body. It is known to be a complex condition resulting 
from an elaborate combination of genetic, epigenetic, and 
environmental triggers. Although the definitive pathogenesis 
of this clinical diagnosis remains largely elusive, it has been 
postulated that the condition is a result of immunological 
dysfunction [12]. FAEs have been theorized to improve pso-
riasis through a number of various mechanisms.

The Th1 subset of CD4+ T helper cells were originally con-
sidered the primary players in the pathogenesis of psoriasis; 
however, over the past two decades, many advances have been 
made regarding the understanding of the disease etiology. This 
has led to the identification of various subsets of CD4+ T helper 
immune cells that contribute to the manifestation of psoriasis. 
At present, it is generally accepted that Th17 cells and other T 
helper cell subsets play a pivotal role in propagating the inflam-
matory response of the disease [13]. The transmigration of 
Th17 and Th1 cells into the skin results in keratinocyte prolif-
eration, recruitment of neutrophils, and increased generation of 
small vessels [14]. Despite recent progress in understanding 
the causes of the disease, there is currently no cure. Conventional 
treatments are administered with the goal of controlling symp-
toms and improving quality of life. In addition to methotrexate, 
cyclosporine, and acitretin, some countries outside of the 
United States have started to utilize FAEs as a systemic treat-
ment for psoriasis [15].

The mechanism of action of FAEs and their specific 
effects on intracellular signaling pathways are not com-
pletely understood. FAEs contain a mixture of DMF and 
MMF. DMF, the most active component of FAEs, is a pro-
drug that is further metabolized into MMF, its in vivo bioac-
tive metabolite, and S-(1,2-dimethoxycarbonylethyl) 
glutathione [7]. DMF has been demonstrated to be effective 
in the management of patients with psoriasis via its potential 
influence on pro-inflammatory signal transduction pathways 
and reduction in lesional T-cell subsets that normalize the 
epidermal hyperproliferation of keratinocytes [16].

As the understanding of the pathogenesis of psoriasis has 
molded over the past decades, a number of various postula-
tions regarding the mechanism of action of FAEs have been 
proposed. Previous theories suggest that FAEs may act by 
directly inhibiting keratinocyte proliferation [17], reducing 
the production of chemokines involved in neutrophil recruit-
ing and T-lymphocyte activation [18], and modulating the 
immune system by affecting adhesion molecule expression 
and leukocyte rolling [19]. Additionally, DMF may play a 
role in reducing endothelial expression of vascular  endothelial 
growth factor receptor 2 (VEGFR2) and subsequent inhibi-
tion of endothelial cell proliferation and survival [20].

More recent studies have shifted toward the idea that 
DMF may exert its effects by increasing intracellular GSH 
levels that further inhibits nuclear factor-kappa B (NFkB) 
entry into the nucleus, where it normally acts in the pro-
duction of pro- and anti-inflammatory cytokines, cell pro-
liferation, and apoptosis; this is believed to effectively 
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result in a reduction of pro-inflammatory signal transduc-
tion pathways [21, 22].

Additionally, FAEs have been noted to exert cytoprotec-
tive effects on the nervous system [23] and inhibit the produc-
tion of interleukin-12 and interleukin-23 by dendritic cells 
during episodes of inflammation [24]. Accumulating evi-
dence has demonstrated DMF’s ability to promote lympho-
cyte count reduction, a Th2 cell shift, and anti- inflammatory 
type II dendritic cell differentiation with relatively low toxici-
ties. Although FAEs are not approved in the United States for 
the treatment of psoriasis, they have been permitted as first-
line treatment of multiple sclerosis under the brand name 
Tecfidera® since February of 2014 [25].

 Treatment Candidates

Patients being considered for treatment with FAEs should be 
formally diagnosed with moderate to severe psoriasis that is 
refractory to other forms of conventional treatment. FAEs 
are recommended for those over the age of 18. Although, 
FAEs have been effective in the treatment of a small set of 
pediatric cases, they should be used with caution in patients 
under the age of 18 due to the limitation of data and the lack 
of randomized controlled trials regarding this age group 
[26]. FAEs should not be used in patients with significant 
gastrointestinal diseases such as chronic gastritis or active or 
recent gastric or duodenal ulcers or severe liver or kidney 
diseases. Other contraindications include malignancy or his-
tory of malignancy, and leukopenia or other hematologic 
irregularities. Although there has been no evidence that FAEs 
are teratogenic, they should be avoided in pregnant or breast-
feeding women due to limited data [27].

 Clinical Uses

 FAEs for Psoriasis

 Plaque Psoriasis
Although there is limited data from controlled clinical trials 
regarding the efficacy of FAEs in treating psoriasis, available 
studies suggest that after 12–16 weeks of treatment 50% of 
patients achieve a reduction of at least 75% in their baseline 
“Psoriasis Area and Severity Index” (PASI) score [28, 29]. 
The first randomized, double-blind, placebo-controlled trial 
was conducted in which a total of 39 patients living with 
psoriasis between the ages of 20 and 73 were randomly 
assigned to 1 of 3 treatment groups. After 16 weeks of treat-
ment, the group administered a combination of MEF and 
DMF showed an average 14% (21% at baseline to 6.7%) 
reduction of body surface area (BSA). Additionally, six of 
the subjects showed complete clearance. The improvement 
was statistically significant when compared to the groups 

who were given octylhydrogen fumarate or placebo tablets. 
No complete clearance was observed in these groups. Of the 
39 patients initially enrolled, 5 subjects withdrew from the 
trial due to undesired side effects or worsening of symptoms. 
The results of the study demonstrated the benefit of combi-
nation treatment with DMF and MEF in patients with psoria-
sis and provided preliminary support for the use of FAEs as 
a potential alternative treatment option [30].

A larger-scaled multicenter study consisting of 101 
patients with severe psoriasis was conducted, in which an 
emphasis was placed on individual dose adjustment of 
fumarates. Of the initial 101 participants, 70 patients com-
pleted the study. The group showed a mean reduction in the 
PASI score of 80% after 16 weeks of monitored treatment 
with Fumaderm® Initial and Fumaderm®. The study revealed 
that systemic FAE treatment could be used as effective pso-
riasis treatment in a large group of people. Adverse symp-
toms were experienced by 69% of the cohort, including 
gastrointestinal complaints, flushing, and increased pruri-
tus. A maximal dose of six tablets of Fumaderm® was 
required by 46% of patients of which 17% were able to 
reduce their dosing while maintaining therapeutic effects. 
Contrarily, 6% of patients were able to achieve satisfactory 
clinical response with only one high-strength tablet daily. 
Despite recommended guidelines regarding treatment with 
FAEs, this study indicates the importance of individual-
based dosing. Each patient’s response should be carefully 
monitored and his treatment appropriately adjusted in order 
to optimize response to FAE therapy [31].

A similar longer-term study was conducted in Italy 
where 40 patients received oral FAEs for a minimum of 
6 months and were subsequently assessed for improvement 
in PASI scores. A majority of the patients achieved com-
plete remission with the oral treatment as early as 3 months 
after the initiation of treatment. Many of the patients 
showed noticeable response to treatment after only the first 
month of treatment. The adverse side effects of diarrhea, 
itching, and abdominal cramping occurred mainly at the 
beginning of therapy and were reversible upon stopping the 
treatment. Twenty patients continued minimal maintenance 
therapy for 24 months with no recurrence of disease or seri-
ous adverse effects. In addition to confirming the efficacy 
of FAEs observed in previous studies, the results of this 
investigation suggest that DMF may be a well-tolerated and 
safe long-term option to consider when treating patients 
with moderate to severe psoriasis [32].

In 2009, Reich et al. conducted a retrospective study in 
which data was collected on the long-term (>2 years) safety 
and efficacy of FAEs. A total of 984 patients with Physician’s 
Global Assessment (PGA) baseline scores ranging from mild 
to very severe from 163 dermatology offices were included 
in the study. The following data was collected: therapy dura-
tion, dosing, demographics, concurrent medications, comor-
bidities, subtype of psoriasis, PASI and PGA scores, noted 
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serious adverse events, and any monitored laboratory param-
eters. The average duration of continuous treatment with 
FAEs was approximately 44 months. Patients with the fol-
lowing psoriasis classifications were included in the study: 
chronic stable type (plaque type) (87.3%), scalp psoriasis 
(38.3%), nail psoriasis (22.6%), exanthematous (guttate) 
psoriasis (15.6%), psoriatic arthritis (8.3%), inverse (inter-
triginous) psoriasis (7.4%), psoriasis pustulosa palmoplan-
taris (3.5%), psoriatic erythroderma (1.6%), and generalized 
pustular psoriasis (0.8%). After 6 months of treatment, 67% 
of patients experienced notable improvement or clearance of 
their psoriatic lesions. A larger proportion of patients experi-
enced improvement as the treatment duration increased; 78% 
of patients experienced marked improvement after 24 months 
of therapy, and 82% after 36 months. Patients who experi-
enced significant improvement or full clearance had a mean 
maintenance dose of 3 and 2.8 tablets per day, respectively; 
higher maintenance doses were seemingly required in 
patients with poorer responses to treatment. The most noted 
laboratory abnormalities after 24 months were leukopenia, 
lymphopenia, and increased serum creatinine. Elevated liver 
enzymes were recorded most frequently after 3 months and 
eosinophilia between the first and third months of treatment. 
Deviation in normal values was negligible in most cases 
allowing approximately 95% of patients to continue treat-
ment without any alterations [33].

A prospective single-blind follow-up study conducted 
by Lijnen et al. revealed a 1.7 out of 5-point decrease in 
PGA score indicating significantly lower psoriasis activ-
ity in a total of 176 patients. The mean maintenance dose 
was 480 mg daily. On average, patients received DMF 
monotherapy for a duration of 28 months. It has been sug-
gested that approximately half of all patients on high- dose 
monotherapy may benefit clinically. One hundred and 
fifty-two patients reported at least one adverse event due 
to the systemic treatment causing 24% of the patients to 
discontinue treatment. Despite the high rate of experienc-
ing adverse effects, the authors concluded DMF mono-
therapy to be a safe and effective long-term psoriasis 
treatment alternative [34].

 Psoriatic Arthritis
A study of 27 patients diagnosed with psoriatic arthritis split 
into two randomly assigned groups was conducted over the 
course of 16 weeks in order to assess efficacy of FAE 
 treatment. The group of 13 patients treated with fumarates 
showed a moderate decrease in joint pain at the end of 
16 weeks, quantified by the patient’s global assessment and 
Ritchie articular index. One patient discontinued participa-
tion in the study due to diarrhea resistant to tapering doses 
and another due to proteinuria with elevated serum creati-
nine, which were both later reversed and normalized after 
discontinuation of the drug. These findings demonstrated the 

potential benefit of fumarates in the management of psoriatic 
arthritis in addition to their previously studied effects on pso-
riasis with short-term treatment and strict monitoring of side 
effects [35]. However, FAEs are no longer recommended for 
the treatment of psoriatic arthritis because of a shortage in 
additional convincing studies regarding its effect on arthritis, 
dactylitis, and enthesitis [36].

 Psoriasis Pustulosa Palmoplantaris
An open prospective clinical study of 13 patients ranging 
from the ages of 25 to 78 was conducted in order to assess 
the efficacy of FAEs in the management of psoriasis pustu-
losa palmoplantaris (PPP). Patients were placed on FAEs and 
closely monitored monthly for clinical examination and lab-
oratory investigation. FAEs were an effective monotherapy 
treatment for PPP in eight of the patients with an average 
reduction in Palmo-plantar Pustular Psoriasis Area Severity 
Index (PPPASI) scores of 49% and 44% for palmar and plan-
tar lesions, respectively. High doses of FAE, an average of 
584.4 mg daily, were necessary to maintain positive thera-
peutic results. With additional studies and data, FAE may be 
considered as a possible treatment option for patients diag-
nosed with PPP [37].

 Nail Psoriasis
There has been one documented case of nail psoriasis suc-
cessfully treated with FAEs. Nail psoriasis is traditionally 
treated with topical and systemic compounds with little effi-
cacious effect. Great improvement in nail onycholysis was 
noticed within 10 months of treatment in a patient on a grad-
ually dose-increasing regimen of Fumaderm® [38].

 FAE in the Treatment of Other Dermatological 
Diseases

 Granuloma Annulare
FAEs may be considered for patients with various noninfec-
tious uncontrolled granulomatous skin diseases. Fumarates 
have demonstrated effectiveness in the clearing of noninfec-
tious granulomatous lesions in two small-scaled  retrospective 
studies. FAEs faded, flattened, and/or improved the appear-
ance of granulomatous skin lesions. A majority of the 
patients with granulomatous disease have shown therapeutic 
improvement with FAE monotherapy [39, 40]. FAEs may be 
considered as a possible treatment option for most noninfec-
tious granulomatous skin conditions without severe and non-
reversible side effects in most patients.

Granuloma annulare is a skin condition of unknown etiol-
ogy that usually shows little improvement with topical treat-
ments. A middle-aged female patient with erythematous 
annular plaques on her legs and abdomen achieved complete 
clearance after 3 months of treatment with FAE tablets [41]. 

K. Lee et al.



203

A partial rapid response was also seen in an otherwise 
healthy patient with typical granuloma annulare who failed 
to show response with bath-photochemotherapy (bath 
PUVA) and topical corticosteroids. The drug was well toler-
ated and resulted in an initial resolution at just 3 weeks, fol-
lowed by significant clearance at 12 weeks with only slightly 
hyperpigmented non-palpable lesion remnants [42].

Udaya et al. treated two granuloma annulare patients 
with standard dosing who failed to resolve with other treat-
ments. One patient saw significant improvement after just 2 
months of starting therapy. The patient’s treatment was dis-
continued after 12 months due to satisfactory results. The 
other patient observed abdominal and upper extremity clear-
ance within 3 months, followed by complete clearance of 
the legs within 6 months. After 2 months of discontinuing 
the medication, the lesions reappeared and the patient was 
restarted on the regimen. Continuous low-dose fumarates 
have been administered in order to keep her condition under 
control [43].

 Sarcoidosis
Sarcoidosis is a condition characterized by noncaseating 
granulomas that may manifest in the lungs, lymph nodes, 
eyes, or skin. Some conventional therapies include cortico-
steroids and chloroquine. FAEs have been reported as an 
effective treatment option in cases that were refractory to a 
number of more traditional treatments. In a published case 
study, three patients diagnosed with conventional treatment 
resistant recalcitrant cutaneous sarcoidosis were placed on 
an increasing dose of fumarates. FAEs were administered in 
accordance with standard dosing and scheduling in the 
patients. All three patients achieved complete remission after 
4–12 months of treatment and continued on an adjusted 
maintenance dose to prevent relapse [44].

Gutzmer et al. reported a 61-year-old female treated with 
FAEs for her cutaneous sarcoidosis. Improvements were 
seen after 12 months of treatment. Upon discontinuing treat-
ment, her cutaneous and pulmonary lesions relapsed 
18 months later. Fumarates successfully cleared her reoccur-
rence within 2 months of restarting the drug [45]. An addi-
tional retrospective study conducted by Breuer et al. analyzed 
various patients with granulomatous disease, including 11 
patients with sarcoidosis (either systemic or cutaneous). 
Marked improvement or complete clearance was noticed in 
three patients, and moderate improvement observed in three 
patients. Five patients did not respond to the treatment [39]. 
A recent report of a 47-year-old woman with systemic sar-
coidosis showed complete clinical recovery along with 
reduction in lung opacities and improved overall pulmonary 
function after 6 months of treatment with FAEs [46]. These 
preliminary results regarding the effectiveness of FAEs in 
sarcoidosis should be further confirmed in larger-scaled con-
trolled studies.

 Necrobiosis Lipoidica
Necrobiosis lipoidica (NL) is a rare disease often associated 
with diabetes mellitus. There has been no proven effective 
treatment for the management of this medical condition. 
Typically, symptoms are alleviated with topical corticosteroids 
and a number of different drugs with varying success. The effi-
cacy of FAEs has been evaluated in a noncontrolled study of a 
small group of patients with NL. FAEs precipitated statistically 
significant positive clinical improvement in a majority of the 
treated patients with no documentation of unexpected adverse 
effects. This preliminary study indicates that FAEs may be safe 
and favorable in patients suffering with NL [47].

 Cutaneous Lupus Erythematosus
Results from a prospective, open-label, phase II pilot study 
demonstrated FAEs as an effective treatment option for cuta-
neous lupus erythematosus (CLE). This study follows only 
three previously published case studies highlighting the treat-
ment of CLE with FAEs [40, 48, 49]. Ten patients diagnosed 
with discoid lupus erythematosus (DLE) and one patient diag-
nosed with subacute cutaneous lupus erythematosus (SCLE) 
with a single DLE lesion were included in the study. Response 
to treatment was measured using the Revised Cutaneous 
Lupus Erythematosus Disease Area and Severity Index 
(RCLASI), which was measured at baseline, 12 weeks, 
24 weeks, and 28 weeks after the follow-up period. Total 
activity RCLASI score, RCLASI activity score for skin 
lesions, and total RCLASI damage score were evaluated. A 
significant decrease in the mean total RCLASI activity score 
and mean RCLASI activity score for skin lesions was observed 
between baseline and at both 12 and 24 months of treatment. 
Total RCLASI activity scores decreased from a mean of 15.5 
to 9.9 at 12 weeks and remained relatively decreased with a 
score of 10.1 at 24 weeks. The activity score for skin lesions 
decreased from 14.8 to 9.4 at 12 weeks and remained lowered 
at 9.5 at 24 weeks. Both scores remained lowered in compari-
son to the baseline values at 28 weeks after the follow-up 
period. Overall, off-label use of FAEs resulted in reduced 
activity of skin lesions in 7 patients (1 SCLE patient and 6 
patients with chronic therapy  resistance DLE) of 11. Reported 
adverse effects included abdominal cramps, headaches, diar-
rhea, tachycardia, and flushing. Lumbar discus prolapse and 
reimplantation of urinary bladder pacemaker were two 
reported serious adverse events reported during the study. 
However, these events were determined as unlikely secondary 
to the treatment. With further confirmation through random-
ized controlled trials, FAEs may be a safe and effective treat-
ment in those with refractory CLE [50].

 Alopecia Areata
Six out of ten patients with alopecia areata resistant to con-
ventional treatment for at least 6 months showed positive 
results with FAE therapy in a small non-placebo-controlled 
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pilot study. Three patients experienced nearly complete 
remission, one patient showed focal remission, while two 
patients displayed moderate improvement with diffuse 
regrowth of thin hair. Four of the patients within the cohort 
received no therapeutic benefit. FAEs may act by modulating 
pro-inflammatory processes in patients whose alopecia 
areata is due to an etiology where this process can be regu-
lated. Future multicentered, placebo-controlled randomized 
trial may provide further convincing evidence regarding the 
efficacy and safety of FAE use in conventional treatment of 
refractory alopecia areata [51].

 Melanoma
Preclinical testing studies on animal models have indicated 
DMF’s antiproliferative and antiapoptotic effects and abil-
ity to reduce melanoma proliferation at primary sites and 
metastasis to lymph nodes. These effects were seen in 
severe combined immunodeficiency (SCID) mouse xeno-
transplantation models [52]. DMF’s potential as an anti-
metastatic agent in the treatment of malignant melanoma 
was further validated in a study conducted by Yamazoe 
et al. The study deduced that DMF worked by inhibiting the 
nuclear entry of NFkB and subsequent invasion and metas-
tasis of melanoma cells [53]. In a following study, intrader-
mally injected melanoma cells showed delayed metastasis 
to sentinel nodes when treated with dacarbazine (DTIC) 
and DMF. This co-therapy also reduced the density of 
lymph vessels in the primary tumors when evaluated by 
real-time PCR and immunohistochemistry. In vitro, DTIC 
and DMF were able to impair migration of melanoma cells. 
Reduction of the mRNA expression and protein concentra-
tion of CXCL2 and CXCL1, pro-migratory chemokines, 
was observed in vivo [54].

Although there are currently no known human in vivo 
studies regarding the effect of FAEs on the progression of 
melanoma, DMF has become a compound of interest regard-
ing malignant melanoma due to its previously mentioned 
effects on cell culture lines and animal models.

Contraindicative to FAEs possible antitumor effects, 
two cases of melanoma were diagnosed after initiation of 
therapy. No consensus has been made whether FAEs were 
the causative agent of the malignancy. Further reports 
and additional research may help to clarify this discrep-
ancy [55].

 Other Conditions

There is limited data indicating the possible usefulness of 
FAEs in treating the following conditions: lichen planus, 
pityriasis rubra pilaris [40], and collagenous colitis [56].

 Dosing

Fumaderm® Initial and Fumaderm® are standardized enteric- 
coated tablets that have been used in Germany since 1994 as 
systemic therapies to treat “moderate to severe” forms of 
psoriasis. The current formulations consist of four active 
ingredients: 30 or 120 mg of DMF, respectively, along with a 
mixture of three MEF salts (MEF Ca-salt, MEF Mg-salt, and 
MEF Zn-salt). More specifically, Fumaderm® contains 
120 mg of DMF, 87 mg of Ca-MEF, 5 mg of Mg-MEF, and 
3 mg of zinc MEF. In accordance with the S-3 guideline for 
psoriasis therapy, FAEs are administered in gradually 
increasing doses, starting at lower doses in order to minimize 
possible side effects. Patients are commonly started on one 
tablet of Fumaderm® Initial daily for the first week. Doses 
are incrementally increased to Fumaderm® Initial twice a 
day the second week and three times daily the third. If the 
initial dosing is well tolerated, the patient is switched to the 
higher-dosed Fumaderm®. Thereafter, dose-escalation occurs 
every week to a maximum of six tablets daily (1.2 g/day). On 
average, most patients experience clinical benefit with three 
to four tablets daily and therefore do not reach the maximal 
dose during the course of their treatment. Clinically, the dose 
of Fumaderm is increased until the desired clinical effects 
are observed and is adjusted according to the individual after 
the desired treatment response has been achieved [29].

FAEs should be administered until a satisfactory improve-
ment in psoriasis is seen. In patients suffering from severe 
disease, FAE therapy may be prolonged up to 2 years in 
order to prevent relapse of the disease. The treatment may 
also be used as a short-course therapeutic option and with-
drawn once major improvement has been achieved. If a 
relapse of psoriasis is experienced, FAEs may be reintro-
duced. If a patient remains without disease while on treat-
ment, the FAEs should be gradually decreased to the minimal 
dose that prevents the reoccurrence of lesions [57].

 Side Effects/Toxicities

Side effects experienced due to treatment with FAEs are 
relatively common but mild. Adverse effects have been 
noted since the first randomized, double-blind, placebo-
controlled study conducted in 1990 [30]. The most com-
monly observed side effects have included gastrointestinal 
issues (including gastric and esophageal pain), diarrhea, 
flushing, nausea, and stomach cramps [30, 32, 34, 35, 37]. 
These adverse events, mainly gastrointestinal effects, were 
frequently reported at the beginning of treatment between 
weeks 4 and 12 [31]. Flushing tended to be experienced 1/2 
to 2 h after taking the tablet and would persist for up to ½ an 
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hour [58]. In a systematic review conducted by Balak et al., 
69–92% of patients enrolled in previous studies reported 
adverse events, with up to 100% percent reporting GI com-
plaints and 92% experiencing flushing within individual 
studies. Overall, approximately between 8 and 39% of 
patients discontinued FAE therapy due to undesirable 
adverse events [59]. In most patients experiencing adverse 
responses, the side effects disappeared or lessened after 
decreasing or discontinuing FAE treatment [35].

Additionally, some patients have experienced hematolog-
ical changes with FAEs including: transient leukopenia, lym-
phopenia, and eosinophilia [30, 60]. A subset of patients also 
experienced increases in liver enzymes, triglycerides, cho-
lesterol, proteinuria, and serum potassium and creatinine 
[31, 34]. Organ function was normalized within 3 months of 
terminating treatment in patients that experienced renal 
insufficiency and abnormal liver function tests. Lymphopenia 
and leukopenia reversed within 6 months [3]. There have 
been reports of a small number of patients who experienced 
reversible acute renal failure during the use of fumarates; 
however, FAEs are not believed to be directly related to this 
abnormality; this has not been observed in any documented 
controlled trials [61].

Recently, a small number of cases have been reported 
regarding possible fumarate treatment-related progressive 
multifocal leukoencephalopathy (PML). PML is a rare viral 
condition characterized by progressive inflammation and 
degradation of the white matter in the brain often associ-
ated with severe lymphocytopenia. Nieuwkamp et al. 
reported a case of a 64-year-old woman being treated for 
psoriasis with glucocorticoids and delayed-release DMF 
who had presented with progressive apraxia. The patient 
was not known to be on any other immunosuppressive med-
ications. Subsequent magnetic resonance imaging (MRI) of 
the patient’s brain revealed multiple subcortical white mat-
ter lesions. The patient’s leukocyte and lymphocyte counts 
dropped from normal to a level of 4000 leukocytes and 792 
lymphocytes per cubic millimeter. The patient further dete-
riorated and died due to complications from PML. Later 
histological analysis of the brain and positive detection of 
JC virus DNA via PCR assay confirmed the diagnosis [62]. 
Rosenkranz et al. reported a similar case of a 54-year-old 
woman who was being treated with delayed-release DMF 
for multiple sclerosis. She had received DMF over the 
course of 4.5 years as a patient in an open-label extension 
study. She experienced severe lymphocytopenia 12 months 
after the initiation of her treatment. MRI imaging and posi-
tive detection of JC virus led to the diagnosis of PML [63]. 
Although rare, PML should be considered in patients who 
present with worsening neurological symptoms. Patients 
should receive careful monitoring of lymphocyte counts 

and preventative measures to decrease the risk of develop-
ing immunosuppression while receiving FAE therapy. 
Regulatory authorities in the United Kingdom revised their 
recommendations to healthcare professionals in April 2016 
to consider a baseline cranial MRI and MRI imaging for 
any patient with severe prolonged lymphopenia as part of 
increased vigilance for PML.

In total, there has been only one known report of a severe 
adverse event with FAE treatment. Adnexitis was observed 
in one patient who was receiving fumarate therapy in con-
junction with calcipotriol. However, it was determined that 
the study medication was highly unlikely to be a contributing 
factor to this adverse inflammatory response [64]. Therefore, 
it is generally believed that the use of FAEs is not associated 
with the risk of experiencing serious toxicities.

To date, there has been no data published on the safety of 
FAEs during pregnancy and the possibility for teratogenicity 
in humans. Therefore, it is contraindicated in those who are 
pregnant or planning on conceiving. No data has been found 
regarding the transfer of FAE metabolites to breast milk; 
therefore, breastfeeding mothers should not be prescribed 
FAEs for their psoriasis. Although there has been no pub-
lished data on the effect FAEs may have on male fertility or 
possible paternal teratogenicity, no known negative reports 
have been documented. Nonetheless, due to a lack of knowl-
edge regarding this subject, FAEs are not recommended in 
males who are planning to conceive [65].

 Monitoring

Patients under FAE therapy should be closely monitored for 
fluctuations in normal laboratory values. The following 
parameters should be followed: serum creatinine, blood urea 
nitrogen, alanine aminotransferases, aspartate aminotrans-
ferases, and gammaglutamyl transferase along with routine 
urine dip test and blood counts including white blood cells. 
These values should be taken before the initiation of therapy 
in order to establish a baseline profile of the patient. After the 
start of therapy with FAEs, laboratory values should be 
reevaluated monthly for the first 6 months. If laboratory 
parameters remain stable over the first 6 months, reassess-
ment can be extended to every 8 weeks [31].

According to the most recently updated European 
S3-Guidelines on systemic treatment of psoriasis vulgaris, 
FAE treatment should be terminated if leukocytes are below 
3000/μL or if lymphocytes are less than 500/μL. If lympho-
cytes fall below 700/μL, the patient’s most recent dosage 
should be decreased by half for the following 2–4 weeks 
followed up by laboratory evaluation. If the patient’s 
 lymphocytes fail to normalize to above 700/mL over the 
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adjusted period, the fumarates should be terminated. 
Alongside monitoring of laboratory values, the patients tak-
ing FAEs should be followed up with routine clinical exami-
nation, objective assessment of disease (such as PASI/BSA/
PGA), and evaluation of health-related quality of life 
(DLQI/Skindex-29 or −17) [66].

 Co-therapy and Drug Interactions

A study conducted by Gollnick et al. in 2002 aimed to deter-
mine the additive effect of topical calcipotriol with FAEs in 
patients with chronic plaque psoriasis found that combina-
tion treatment seemed to be significantly faster acting and 
efficacious. The data from the study demonstrated a note-
worthy superior benefit/risk ratio because calcipotriol evoked 
a moderate dose-sparing effect of FAE. No statistically sig-
nificant differences regarding the proportion of patients 
reporting adverse events were observed between the combi-
nation and monotherapy treatment groups. Benefits may be 
seen when using FAEs in conjunction with calcipotriol [64].

One report has been made regarding a possible drug inter-
action between DMF and acenocoumarol, a vitamin K ago-
nist. The female patient required substantially higher doses of 
acenocoumarol after initiating treatment with DMF monother-
apy. This dosing increase was reversible upon discontinuation 
of fumarate therapy. No other known similar reports have been 
found [34]. According to the European S3 Psoriasis Guidelines, 
FAEs should not be used in conjunction with infliximab or 
methotrexate. Expert opinion suggests that co- therapy with 
infliximab may cause increased risk of immunosuppression 
and a more exacerbated lymphocytopenia. Methotrexate may 
cause similar effects [66]. Co-administration of FAEs with 
other fumaric acid derivatives, cyclosporine, cytostatic drugs, 
or drugs that can cause renal insufficiency may potentiate 
toxicity.

 Conclusion

Although FAEs are not currently approved in the United 
States for the treatment of psoriasis, further studies and 
investigation may allow them to be used as a treatment 
option. Since their discovery approximately 50 years ago, 
FAE derivatives have successfully treated a number of 
autoimmune- mediated dermatological diseases such as 
psoriasis, necrobiosis lipoidica, granulomatous disease, 
sarcoidosis, lupus erythematosus, and alopecia areata. 
Although side effects may be experienced quite often, 
proper dosing can improve tolerability. Common side 
effects include gastrointestinal discomfort, flushing, nau-
sea, vomiting, and diarrhea. Minor hematological changes 
such as lymphopenia, leukopenia, and eosinophilia are also 
not commonly experienced. Some patients can experience 
an increase in liver enzymes, triglycerides, cholesterol, pro-

teinuria, and serum potassium and creatinine. With proper 
management and monitoring, most patients are able to con-
tinue therapy with minor fluctuations in these values. Some 
studies have provided insight on the safety and efficacy of 
fumarates in both the short and long-term treatment of a 
number of dermatological conditions. The results of ongo-
ing and future clinical trials will provide more insight on 
this alternative treatment option.

Fictional Case Report
A 38-year-old female presents with a painful rash on the 
hands and feet. The patient also has plaques with micaceous 
scale on trunk and elbows and complains of severe itching 
and discomfort. She was diagnosed with psoriasis over 
10 years ago and failed on apremilast and cyclosporine in the 
past. The patient does not have arthritis. The patient is nega-
tive for any liver, kidney, GI, or hematological abnormalities. 
The patient is not currently pregnant, is not breastfeeding, 
and is not actively planning conception.

Physical Exam
Psoriatic plaques on the left posterior upper arm, right pre-
tibial region, posterior scalp, and anterior trunk as well as 
palms and soles.
Total BSA (%) = 30

Social History
 – Social drinker (2–3 drinks per week)
 – Nonsmoker

Past Medical History
 – High cholesterol
 – Family history of diabetes mellitus (mothers side)

Previous Therapies
 – Clobetasol 0.05% Foam BID
 – NBUVB three times weekly
 – Otezla 30 mg BID
 – Cyclosporine 100 mg BID

Management
Due to uncontrolled symptoms of psoriasis and previous 
failure of traditional oral systemic options, the patient was 
counseled on the use of fumaric acid esters, Fumaderm® for 
the treatment of moderate to severe or severe psoriasis. In 
this patient, it is necessary to consider treatment with alter-
native agents because of treatment-resistant disease and 
multiple intolerable adverse events. Acitretin is contrain-
dicated in women of child-bearing age. The patient will 
start taking one tablet QD for the first week followed by 
weekly dose increases until a treatment response is seen. 
The maximum recommended dose of Fumaderm® is six tab-
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lets daily. Routine lab tests will be performed before admin-
istering first dose and at regularly scheduled periods of time. 
Once the psoriasis has cleared, the dose will be gradually 
reduced to the lowest possible dose to maintain clearance.
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Phosphodiesterase (PDE) Inhibitors 
for the Treatment of Inflammatory  
Skin Conditions

Jordan Huber, Gerald G. Krueger, and Jason E. Hawkes

Abbreviations

cAMP Cyclic adenosine monophosphate
cGMP Cyclic guanosine monophosphate
CREB Camp responsive element binding protein
ESTEEM  Efficacy and safety trials evaluating the effects 

of apremilast in psoriasis
IFN-γ Interferon-gamma
IL Interleukin
NF-κB Nuclear factor kappa beta
PASI Psoriasis Area and Severity Index
PDE Phosphodiesterase
PDE4 Phosphodiesterase-4
PKA Protein kinase A
Th T helper
TNF-α Tumor necrosis factor-alpha
PASI-75 75% Improvement in PASI scores
DLQI Dermatology Life Quality Index
NB-UVB Narrowband-ultraviolet B
PALACE  Psoriatic arthritis long-term assessment of clin-

ical efficacy
DMARD Disease-modifying antirheumatic drugs
ACR20  American College of Rheumatology criteria for 

20% improvement
PPPGA  Palmoplantar Psoriasis Physician Global 

Assessment
NAPSI-50  50% Reduction in baseline Nail Psoriasis Severity 

Index
EASI Eczema area and severity index

PRP Pityriasis rubra pilaris
DLE Discoid lupus erythematosus
CLASI CLE Disease area and severity
SASI Sarcoidosis Activity and Severity Index
ISGA Investigator Static Global Assessment

 Introduction

Phosphodiesterases (PDEs) are a family of enzymes that 
hydrolyze cyclic nucleotides and contribute to the intracel-
lular regulation of cyclic adenosine monophosphate (cAMP) 
and cyclic guanosine monophosphate (cGMP) [1]. cAMP 
and cGMP are key secondary messengers central to numer-
ous signaling pathways and normal cellular functions, 
including the neurotransmitter signaling and the intracellular 
effects of hormones [1]. The regulation of cAMP is also 
essential for immune cell homeostasis [2]. Therefore, PDE 
inhibitors represent a novel class of medications with broad 
therapeutic application [3].

In 2014, apremilast became the first FDA-approved PDE 
inhibitor for the treatment of moderate to severe plaque pso-
riasis and psoriatic arthritis. The anti-inflammatory proper-
ties of apremilast also have efficacy in the treatment of other 
chronic inflammatory skin diseases, such as atopic dermati-
tis, alopecia areata, and lupus erythematosus [4–6]. In this 
chapter, we provide a brief overview of the PDE family and 
their role in the regulation of the immune response. We will 
also discuss the use of oral and topical PDE inhibitors in the 
treatment of these conditions.

 The PDE Family and Their Mechanism 
of Action

There are 11 PDE families, each family having a different 
tissue-expression pattern [7]. Eight of the eleven PDE fami-
lies have the capacity to degrade intracellular cAMP [8]. 
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The phosphodiesterase-4 (PDE4) family consists of 4 genes 
(PDE4A-D) that generate >20 different variants [9] and 
account for much of the cAMP-hydrolyzing activity of epi-
thelial cells, chondrocytes, keratinocytes, dendritic cells, and 
inflammatory cells [10–15].

Inhibition of PDE leads to decreased degradation of 
cAMP, resulting in elevated cAMP levels. Subsequently, 
cAMP activates protein kinase A (PKA) [16], which phos-
phorylates a nuclear transcription factor named the cAMP 
responsive element binding protein (CREB) [17]. This 
sequence of events results in the inhibition of nuclear factor 
kappa beta (NF-κB) signaling and the transcription of pro- 
inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-α) [18]. The mechanism by which activated 
CREB does this is by competing with the NF-κB p65 sub-
unit for binding of the coactivator CREB-binding protein 
[19]. In other studies, inhibition of PDE has resulted in 
decreased levels of other pro-inflammatory cytokines such 
as interleukin (IL)-2 and interferon-γ (IFN-γ) [13]. 
Elevation of anti- inflammatory cytokines (e.g., IL-10) with 
inhibition of PDE has also been shown [20]. Therefore, 
regulation of cAMP signaling is essential for maintaining 
appropriate levels of inflammation.

 Apremilast: General Information

Before the anti-inflammatory effects of PDE4 inhibitors 
were discovered, PDE4 inhibitors were being studied for the 
treatment of depression [21] and chronic obstructive pulmo-
nary disease [22]. In 2014, the FDA approved apremilast for 
the treatment of moderate to severe plaque psoriasis and pso-
riatic arthritis. Apremilast is an oral, small molecule inhibi-
tor that is highly selective for PDE4 with no appreciable 
effect on other cell enzymes or cell surface receptors [23]. 
Apremilast’s specificity for PDE4 is attributed to its dialk-
oxyphenyl pharmacophore chemical group [24].

Schafer et al. showed that apremilast increases intracel-
lular cAMP levels in peripheral blood monocytes and T 
cells [23] and inhibits the production of pro-inflammatory 
cytokines and chemokines, such as IL-2, IL-12, IL-17, 
IL-23, TNF-α, granulocyte-macrophage colony-stimulating 
factor (GMCSF), and IFN-γ [23, 25]. It has similar anti-
inflammatory effects in dendritic cells, polymorphonuclear 
cells, natural killer cells, and keratinocytes [23, 25]. 
Apremilast also results in upregulation of IL-10, which has 
important anti- inflammatory properties [25]. The foregoing 
observations support the broad anti-inflammatory effects 
seen with apremilast [26].

Apremilast is absorbed rapidly and reaches its maximum 
concentration in the serum in less than 2 h [27]. The major 
route of elimination is hepatic metabolism with a lesser 
extent of excretion due to nonenzymatic hydrolysis and 

elimination of unchanged drug [27]. Its pharmacokinetic 
properties are affected by severe renal impairment, whereas 
moderate to severe hepatic impairment does not require dose 
adjustment. Apremilast is in pregnancy category C and has a 
similar efficacy in adult and elderly populations. The use of 
apremilast with strong CYP3A4 inducers (e.g., St. John’s 
wort, phenytoin, rifampin, and carbamazepine) is not recom-
mended as this combination may result in decreased serum 
levels of apremilast.

Common adverse events include diarrhea, nausea, and 
weight loss [28, 29]. While these adverse events affect 
approximately 20% of patients and often resolve within 1 
month of starting apremilast [29], they may negatively affect 
patient compliance and/or the long-term treatment of 
chronic inflammatory conditions. In the authors’ experi-
ence, antidiarrheal agents (e.g., loperamide or psyllium) 
seem to mitigate diarrhea symptoms and may improve com-
pliance in patients affected by these symptoms. Less com-
mon side effects include upper respiratory infections, 
headaches, depression, suicidal ideation, and fatigue. The 
average wholesale acquisition cost for sixty 30 mg tablets is 
currently estimated to be $2221 [30]. Unfortunately, the 
high cost of apremilast may limit its use where cheaper 
medications with comparable efficacy are available, such as 
methotrexate [30–32].

 Apremilast for the Treatment 
of Inflammatory Skin Disease

Apremilast is currently available in the USA, Canada, and 
Europe for the treatment of psoriasis and psoriatic arthritis. 
Strong evidence supports the use of apremilast for the treat-
ment of psoriasis, and its potential benefits for the treatment 
of other chronic inflammatory conditions of the skin are rap-
idly increasing. Here, we provide a summary of the evidence 
supporting the use of this medication in the treatment of 
various inflammatory skin diseases.

 Plaque Psoriasis

Psoriasis is a chronic, T-cell-mediated, inflammatory skin 
condition with several distinct clinical subtypes. The patho-
genesis of this inflammatory skin disease is the result of a 
complex interplay between the skin, immune system, genet-
ics, and environmental triggers. T helper (Th) cell popula-
tions (e.g., Th-1 and Th-17) and their respective cytokines 
(e.g., TNF-α, IFN-γ, IL-17, IL-12/23) are the primary effec-
tor cells in psoriasis [33–37].

Early phase clinical trials demonstrated a clear treatment 
response in psoriatic patients treated with apremilast (20–
30 mg twice daily) [38–41]. In two of these early studies, 
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46.7–57% of patients experienced a >50% improvement in 
their Psoriasis Area and Severity Index (PASI) scores after 
12 weeks of treatment [38, 41]. In two studies by Gottlieb 
et al., one demonstrated a 34% median reduction in epider-
mal thickness of psoriatic lesions at 12 weeks, and both had 
significant reductions of infiltrating inflammatory cells of 
psoriatic lesions [40, 41]. Two phase 3, randomized, con-
trolled trials entitled the “Efficacy and Safety Trials 
Evaluating the Effects of Apremilast in Psoriasis” (e.g., 
ESTEEM 1 and 2) have evaluated the benefit of apremilast 
for moderate to severe plaque psoriasis [28, 42]. After 
16 weeks, 28.8–33.1% of the 836 patients treated with apre-
milast 30 mg twice daily versus 5.3–5.8% of 419 patients on 
placebo achieved a PASI-75. Additionally, ~20% of patients 
achieved a Static Physician’s Global Assessment (PGA) 
score of 0 or 1 (clear or almost clear) at week 16, and pruritus 
and skin discomfort were decreased by ~50% in the apremi-
last group by week 16. A decrease of ≥5 points in the 
Dermatology Life Quality Index (DLQI) was also seen in 
~70% of patients with a baseline of DLQI >5 in the apremi-
last group [28, 42]. A phase 4 trial looking at apremilast for 
the treatment of moderate plaque psoriasis reported the mean 
percentage change in the product of sPGA and BSA scores 
(PGAxBSA) was -48.1% for apremilast versus only -10.2% 
for placebo Efficacy and Safety of Apremilast in Patients 
With Moderate Plaque Psoriasis With Lower BSA: Week 16 
Results from the UNVEIL Study. J Drugs Dermatol. 2017 
Aug 1;16(8):801-808. PMID 28809995].

Several studies have assessed the efficacy of apremilast in 
combination with other psoriatic therapies. In patients with 
chronic plaque psoriasis on narrowband ultraviolet B 
(NB-UVB), systemic medications (i.e., methotrexate, cyclo-
sporine), and/or biologics for at least 16 weeks (i.e., etaner-
cept, adalimumab, infliximab, ustekinumab), the addition of 
apremilast 30 mg twice daily resulted in 51 of 63 patients 
(81%) achieving PASI-75 after 12 weeks [43]. Additionally, 
two recent case reports describe recalcitrant psoriatic patients 
who failed treatment with secukinumab and adalimumab but 
experienced dramatic clinical improvement following the 
addition of apremilast [44, 45].

A recent meta-analysis of 13 studies comparing the 
effectiveness of apremilast with other systemic anti-psori-
atic medications found apremilast to have the lowest 
response rates (18.7%) and maintenance of response in ini-
tial responders (61%) at 1 year [46]. A different meta-anal-
ysis compared methotrexate (7.5 mg weekly increased to 
25 mg as tolerated or needed) and apremilast 30 mg twice 
daily. In this study, there was no statistically significant dif-
ference in PASI-75 between apremilast (36.6%) and metho-
trexate (36.4%) at week 16 [30]. Another study compared 
the efficacy and safety of apremilast 30 mg twice daily 
(n = 83) to etanercept 50 mg once a week (n = 83) or pla-
cebo (n = 84). Although the study was not designed to com-

pare apremilast with etanercept, 39.8% of patients taking 
apremilast achieved PASI-75 in comparison to 48.2% of 
patients taking etanercept at week 16 [47]. Both groups 
showed significant efficacy when compared to placebo. At 
week 16, the patients originally started on etanercept were 
switched to apremilast and had no significant adverse events 
[47].

Importantly, one case report demonstrated that apremilast 
30 mg twice daily was effective in a 14-year-old patient. The 
patient achieved a meaningful improvement in his psoriasis 
at 6 months of treatment and experienced decreased plaque 
thickness and reductions in pruritus and scale as early as 
1 month after treatment [48]. No significant adverse events 
were noted. This case report suggests that apremilast may be 
a safe systemic treatment for pediatric psoriasis. There is 
currently a phase 2 trial looking at apremilast in the treat-
ment of moderate to severe plaque psoriasis in ages 
6–17 years (ClinicalTrials.gov Identifier: NCT02576678).

 Psoriatic Arthritis

The pathophysiological mechanisms leading to plaque pso-
riasis and psoriatic arthritis are largely shared, making apre-
milast a potential therapeutic option for both disease 
variants. The psoriatic arthritis long-term assessment of 
clinical efficacy (PALACE) clinical trial program was 
designed to further evaluate the safety and effectiveness of 
apremilast in psoriatic arthritis and consists of four phase 3 
randomized, placebo-controlled clinical trials [49]. The 
PALACE 1–3 trials included psoriatic arthritis patients pre-
viously treated with disease-modifying antirheumatic drugs 
(DMARD) as well as those taking concomitant therapies 
like methotrexate [29, 50, 51]. In contrast, the PALACE 4 
was designed to evaluate the efficacy of apremilast in 
DMARD-naïve patients [52].

In the PALACE 1–3 trials, the proportion of patients that 
achieved the American College of Rheumatology criteria 
for 20% improvement (ACR20) at week 16 ranged from 
28– -37.4% for those taking apremilast 20 mg twice daily, 
32.1–41% for apremilast 30 mg twice daily, and 18–19% for 
placebo [29, 50, 51]. For PALACE 4, ACR20 at week 16 was 
29.2% for apremilast 20 mg twice daily, 32.3% for apremi-
last 30 mg twice daily, and 16.9% for placebo [52]. In all of 
the PALACE trials, ACR20 was achieved in a statistically 
significant number of psoriatic arthritis patients compared 
to placebo at week 16. At week 52, the PALACE 1–3 trials 
demonstrated that 52.6–63% of patients taking apremilast 
30 mg twice daily met ACR20 [29, 50, 51]. Improvement 
was also seen with the number of swollen and tender joints at 
both 16 and 52 weeks with apremilast 30 mg twice daily. The 
mean percent change for the number of swollen joints ranged 
from -24.5– -42.2 at 16 weeks and -66.8– -73.6 at 52 weeks, 
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and the number of tender joints ranged from -18.6– -32.1 at 
16 weeks and -51.8– -53.5 at 52 weeks [29, 51]. Lastly, the 
proportion of patients in the PALACE 3 trial that reached 
the minimal clinically important difference in quality of 
life as measured by the Health Assessment Questionnaire 
Disability Index was 32% at week 16 and 52% at week 52 
[29].

Long-term data for the PALACE 1 revealed that 65.3% of 
patients taking apremilast 30 mg twice daily and 60.9% of 
patients taking apremilast 20 mg twice daily achieved 
ACR20 at week 104 [53]. For the PALACE 4 trial at 
104 weeks, 64.8% taking apremilast 20 mg twice daily and 
57.3% taking apremilast 30 mg twice daily achieved ACR20 
[54]. Interestingly, diarrhea and nausea occurred at lower 
rates after week 52 compared to week 52, and there were no 
significant differences in the type or severity of adverse 
events with apremilast exposure beyond 52 weeks [54].

 Palmoplantar Psoriasis

Palmoplantar psoriasis has a spectrum of clinical phenotypes 
that can include pustular lesions and/or thick, hyperkeratotic 
plaques. This disease variant is often severe and difficult to 
manage. In a retrospective review of 150 patients with pal-
moplantar psoriasis, 48% of patients were categorized as 
having moderate psoriatic disease, whereas 34% had severe 
disease [55]. Another retrospective analysis of 114 patients 
with palmoplantar psoriasis demonstrated that less than one- 
third of patients had marked clinical improvement with topi-
cal therapies and the remaining patients required systemic 
therapy [56]. In the authors’ experience, the quality of life 
for patients with palmoplantar disease is often equal to or 
lower than other disease variants. These observations under-
score challenges associated with the management of this 
psoriasis and the need for better treatments.

Bissonnette et al. [57] performed a post hoc analysis of 
patients enrolled in the phase 2 and ESTEEM trials for 
chronic plaque psoriasis. A total of 427 patients were found 
to have palmoplantar psoriasis with a total of 274 patients in 
the apremilast 30 mg twice daily group and 153 patients in 
the placebo group. A significant number of the patients in the 
apremilast group with moderate to severe palmoplantar pso-
riasis, defined by a baseline Palmoplantar Psoriasis Physician 
Global Assessment (PPPGA) score ≥3, experienced signifi-
cant improvement in the PPPGA score with 48% of these 
patients achieving a clear or almost clear score at 16 weeks 
compared to 27% of patients taking placebo (P = 0.021) [28, 
39, 42, 57]. Apremilast was generally well tolerated, and 
most adverse events were mild in severity [28, 39, 42, 57]. 
There is currently a phase 4 trial looking at apremilast in the 
treatment of palmoplantar psoriasis (ClinicalTrials.gov 
Identifier: NCT02400749).

 Nail and Scalp Psoriasis

Approximately two-thirds of patients in the ESTEEM 1 and 
2 trials had moderate to severe scalp psoriasis and nail 
disease. In these patients, a significant proportion of patients 
taking apremilast 30 mg twice daily achieved a ≥50% reduc-
tion in their baseline Nail Psoriasis Severity Index 
(NAPSI- 50) score at week 16 compared to baseline (33.3–
44.6% vs. 14.9–18.7%, respectively). They also achieved a 
score of 0 (clear) or 1 (minimal) in the Scalp Physician 
Global Assessment compared to baseline (40.9–46.5% vs. 
17.2–17.5%, respectively). Additionally, the apremilast 
group demonstrated a mean decrease of 0.7–1.3 nails 
involved at week 16. At week 32, those achieving 
NAPSI- 50 in the apremilast group was as high as 55.4%, and 
the number of nails and nail bed/matrix scores continued to 
decrease. The improvements seen in nail and scalp psoriasis 
were maintained through 52 weeks [28, 42, 58]. Taken 
together, this clinical trial data suggests that apremilast has 
the ability to reverse the systemic effects of psoriasis includ-
ing the inflammation at distant skin sites.

 Atopic Dermatitis

Like psoriasis, atopic dermatitis (or eczema) is a common, 
chronic, inflammatory skin disease. Atopic dermatitis is 
mediated by pathogenic T-cell populations and the increased 
expression of Th-2, Th-17, and Th-22 cytokines [59, 60]. 
Two small studies have been performed to look at the effi-
cacy of apremilast in adults with atopic dermatitis, and the 
results are conflicting [4, 61]. In one study, ten patients with 
atopic dermatitis received apremilast 30 mg twice daily. At 
3 months, these patients experienced a 39% reduction in 
their Eczema Area and Severity Index (EASI) scores, a 25% 
reduction in itch as measured by a Visual Analog Scale, and 
a 58% improvement in quality of life scores as measured by 
the DLQI. Statistically significant clinical improvement in 
atopic dermatitis was seen within the first 2 weeks of the 
study, and improvements in quality of life, itch, and EASI 
scores remained statistically significant at 6 months [4]. In a 
separate study, ten adult patients with atopic dermatitis or 
allergic contact dermatitis received apremilast 20 mg twice 
daily. At 12 weeks, one patient achieved a 75% reduction in 
EASI, and two achieved a 50% reduction in EASI. The mean 
EASI score only decreased by 5% at 12 weeks. There was no 
statistically significant reduction in itch or improvement in 
quality of life in this specific study [61]. The majority of 
adverse events in these two studies were mild and were gen-
erally well tolerated [4, 61].

With regard to the treatment of atopic dermatitis in chil-
dren, one case report describes an 8-year-old male with a 
history of severe and recalcitrant atopic dermatitis that was 
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treated with apremilast 30 mg daily. The patient saw a drastic 
improvement in symptoms such as pruritus in as little as 2 
weeks [62]. Given the limited number of atopic dermatitis 
patients treated with apremilast and the lack of randomized 
clinical trials, it is difficult to assess the efficacy of apremilast 
for this condition. Nevertheless, additional systematic stud-
ies are warranted and needed as PDE inhibitors may repre-
sent a safe alternative for atopic dermatitis patients who fail 
to respond to topical therapies and/or traditional immuno-
suppressant medications. A phase 2 trial is underway and is 
further investigating apremilast in the treatment of moderate 
to severe atopic dermatitis (ClinicalTrials.gov Identifier: 
NCT02087943).

 Alopecia Areata

Alopecia areata is an autoimmune disorder characterized by 
the immune destruction of hair follicles and non-scarring 
alopecia. Lesional skin biopsies from the scalp of alopecia 
areata patients reveal robust activation of Th-1, Th-2, and 
IL-23 cytokine pathways as well as increased PDE4 levels 
[63]. Interestingly, atopic dermatitis is two to three times 
more likely to be found in patients with alopecia areata [64]. 
The overlapping cytokine profile of alopecia areata with 
other inflammatory skin disorders, its co-occurrence with 
atopic dermatitis, and the increased PDE levels in areas of 
hair loss support the notion that apremilast may represent an 
effective treatment modality for alopecia areata.

This hypothesis has been studied in a preclinical mouse 
model of alopecia areata. Using a humanized alopecia areata 
model where normal human scalp skin is transplanted onto 
mice with severe combined immunodeficiency, hair loss is 
induced in mice by injecting IL-2-stimulated peripheral 
blood mononuclear cells [65]. Oral apremilast abrogates this 
hair loss phenotype and is associated with reduced IFN-α, 
TNF-γ, and perifollicular inflammatory cells [5]. There is 
currently a randomized controlled trial looking at the treat-
ment of apremilast in moderate to severe alopecia areata 
(ClinicalTrials.gov Identifier: NCT02684123).

 Rosacea

Rosacea is a pleomorphic, inflammatory skin disease affect-
ing the face. Common clinical manifestations include flush-
ing, erythema, telangiectasia, and papules/pustules. The 
etiology of this condition is poorly understood and involves 
a complex interaction between the innate immune response, 
cutaneous microbiota, environmental factors, and adnexal 
structures of the skin. Traditional treatments are aimed at the 
prevention of symptoms or clinical manifestations (e.g., ery-
thema or telangiectasia) by targeting the pilosebaceous units 

and blood vessels [66]. However, the clinical symptoms of 
rosacea are bothersome to patients, and management of this 
condition can be challenging.

In a recent phase 2 study for moderate to severe erythe-
matotelangiectatic and papulopustular rosacea, ten adult 
patients were treated with apremilast 20 mg twice daily for 
12 weeks. While the primary endpoint of papule and pustule 
count did not reach statistical significance during the study, 
statistically significant improvements were seen in the fol-
lowing outcomes at the end of 12 weeks: the Physician 
Global 7-Point Assessment, Physician Overall Erythema 
Severity, the erythematotelangiectatic rating, and nontran-
sient erythema. Affirmation of these findings in a larger con-
trolled study is needed to determine the efficacy of apremilast 
for rosacea [67].

 Pityriasis Rubra Pilaris

Pityriasis rubra pilaris (PRP) is a papulosquamous skin dis-
ease that is commonly mistaken for psoriasis. Clinical fea-
tures of this disease may include follicular hyperkeratosis, 
palmoplantar keratoderma, and/or reddish-orange-colored 
scaling patches. The etiology of this disease is not clear; 
however, studies have shown increased neutrophils and lym-
phocytes [68] as well as increased TNF-α and CXCL-10 in 
the lesional skin of individuals with PRP [69].

A potential role for apremilast in the treatment of PRP 
is supported by one case report involving an elderly male 
with leukemia and refractory PRP [70]. This patient’s dis-
ease was not responsive to acitretin, methotrexate, cyclo-
sporine, or infliximab. His PRP worsened following 
chemotherapy, and apremilast 30 mg twice daily was 
started. Within 4 weeks, improvement was observed, and a 
near complete resolution was noted within 6–8 months of 
treatment; he remained disease- free at 12 months. The 
only adverse event reported by the patient was mild gastro-
intestinal upset [70].

 Discoid Lupus Erythematosus

Discoid lupus erythematosus (DLE) is a chronic autoim-
mune condition characterized by scaly, disklike plaques 
commonly on the head and neck. Lesional biopsies have 
demonstrated increased levels of Th-1 cytokines (IFN-γ and 
IL-2) [71]. The presence of these cytokines and an associ-
ated inflammatory infiltrate in the biopsies of lesional skin 
make DLE a good target for apremilast. In a study of eight 
patients with active DLE, apremilast 20 mg twice daily was 
taken for 85 days [6]. The CLE Disease Area and Severity 
Index (CLASI) was used to evaluate treatment response and 
incorporates assessments of erythema, scale/hypertrophy, 
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dyspigmentation, scarring/atrophy/panniculitis, location, 
mucous membrane involvement, and alopecia [72]. There 
was a statistically significant decrease in their CLASI scores 
after 85 days of treatment [6]. Two patients had complete 
regression of their scalp lesions following treatment. The 
most common side effects experienced were nausea, diar-
rhea, and headache.

 Bechet’s Disease

Similar to psoriasis, Bechet’s disease has an immunologic 
and genetic basis, and response to apremilast has been 
assessed [73]. The disease is a systemic vasculitis with an 
unknown etiology and is characterized by mouth and genital 
ulcers [74]. TNF-α, IL-6, IL-1, and IL-8 have been shown to 
be increased in Bechet’s disease [75]. A phase 2 study was 
conducted to assess the use of apremilast for the treatment of 
Bechet’s syndrome. In this study, 111 patients were enrolled 
and randomized to apremilast 30 mg twice a day or placebo 
for 12 weeks. At week 12 (the primary endpoint), the mean 
number of ulcers for each patient was significantly lower in 
the apremilast group versus placebo (0.5 ulcers vs. 2.1). 
Clinical responses to apremilast were reported as early as 
2 weeks. The mean change in pain from oral ulcers from 
baseline to week 12, measured by a 100 mm Visual Analog 
Scale, was −44.7 mm for the apremilast cohort versus 
-16.0 mm for placebo. All ten patients in the apremilast 
group that had genital ulcers at baseline were free of genital 
ulcers by week 12. Improvements in quality of life, as mea-
sured by the Bechet’s Disease Quality of Life at week 12, 
were also statistically significant for the treatment group. 
There were no unique adverse events different from those 
commonly found with apremilast [76]. There is currently a 
phase 3 trial looking at apremilast in the treatment of Bechet’s 
disease (ClinicalTrials.gov Identifier: NCT02307513).

 Lichen Planus

Lichen planus is a T-cell-mediated process that results in 
painful, pruritic lesions of the skin or mucosal surfaces. 
The etiology of this condition is not entirely clear [77], 
though elevated levels of CD8+ cells, TNF-α, and IFN-γ are 
present in lesional tissues [78]. In one study, ten patients 
that either had moderate to severe cutaneous lichen planus, 
lichen planus with severe itching and/or pain that signifi-
cantly interfered with activities of daily living, or lichen 
planus that was refractory to topical corticosteroids were 
treated with apremilast 20 mg twice daily for 12 weeks 
[79]. At 12 weeks, 30% of patients had a ≥2 grade improve-
ment and a significant decrease in lesion count from 35 at 
baseline to 20.5. A decrease in pruritus score from 67 to 

18.5 at the end of 12 weeks was also noted, and two patients 
had complete clearance of their lesions at 12 weeks. 
Additionally, one patient with 40% involvement of her 
bilateral buccal mucosa at baseline improved to 12% 
involvement at the end of the study. No significant adverse 
effects were noted. This study demonstrates a potential role 
for apremilast in the treatment of lichen planus and might 
be considered for other related disease variants such as oral 
lichen planus or lichen planopilaris.

 Sarcoidosis

Sarcoidosis, a systemic inflammatory disease characterized 
by noncaseating granulomas can be associated with a pleo-
morphic number of skin lesions [80]. Cutaneous sarcoid-
osis was found to have increased levels of IL-12 and 
upregulation of the IFN pathway [81]. The efficacy of apre-
milast 20 mg twice daily for 12 weeks was evaluated in a 
study of 15 patients with persistent, chronic cutaneous sar-
coidosis [82]. For each patient, an index lesion was deter-
mined at baseline. Lesion induration was measured by the 
Sarcoidosis Activity and Severity Index (SASI) induration 
score. At weeks 4 and 12 of treatment, there were statisti-
cally significant decreases in index lesion induration com-
pared to baseline with a median decrease of 1 point in the 
SASI score for both time points. Paired pre- and post-treat-
ment photographs also supported a beneficial role for apre-
milast in this patient cohort. Interestingly, one patient 
required apremilast dosage reduction of 20 mg once daily 
due to “jitteriness.” No mechanism for this adverse effect 
has been suggested, and additional studies are necessary to 
determine its validity.

 Other PDE Inhibitors

 Introduction

There are other formulations of PDE4 inhibitors aside from 
oral medications like apremilast that have been developed 
and studied. For example, inhaled PDE4 inhibitors have been 
studied in asthma [83], one of the components of the atopic 
triad. It is not known how the inhaled PDE4 inhibitors affect 
skin disease. However, topical PDE4 inhibitors have been 
developed and studied in skin disease.

 Topical PDE Inhibitors

The development and study of topical PDE inhibitors are 
currently under way. In cell culture, benzoxaborole PDE4 
inhibitors have been shown to inhibit the release of cytokines 
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like TNF-α, IFN-g, IL-12, IL-23, and Th2 cytokines (e.g., 
IL-4, IL-5, IL-13) in human peripheral blood mononuclear 
cells and human monocytes [84]. This is similar to systemic 
PDE4 inhibitors such as apremilast; however, crisaborole is 
more active in inhibiting IL-4 release, while apremilast has 
better inhibition of TNF-α, IL-23, and IL-17 secretion. 
Apremilast and benzoxaborole PDE4 inhibitors have high 
infinity for the PDE4 isoforms and are not selective among 
PDE4 isozymes. However, unlike apremilast, the benzoxa-
borole PDE4 inhibitors showed moderate inhibitory activity 
on PDE enzymes outside the PDE4 family and were less 
selective for PDE4. It is thought that the inhibition of other 
PDE families in addition to PDE4 may lead to an enhanced 
anti-inflammatory effect [84].

Using a mouse model of atopic dermatitis, one study 
demonstrated that a single application of a topical PDE4 
inhibitor (E6005) relieved dermatitis-associated pruritus. 
Hind-paw scratching of the rostral back was used as an 
index of itching, and the firing activity of the cutaneous 
nerves was electrophysiologically recorded to assess pru-
ritus/itching. Additionally, cAMP concentration in the 
involved skin of these mice was markedly decreased and 
reversed by application of the topical PDE4 inhibitor [85]. 
Further, a study of Japanese children with atopic derma-
titis reported decreased pruritus, erythema, immune cell 
infiltration, excoriation, and lichenification following topi-
cal application of E6005 for 2 weeks compared to vehicle 
alone [86].

Crisaborole 2% ointment is another topical benzoxa-
borole PDE4 inhibitor that has been studied in the treatment 
of atopic dermatitis and psoriasis. In December 2016, 
Crisaborole was approved by the FDA to be used in the treat-
ment of mild to moderate atopic dermatitis. Phase 1b and 2a 
trials showed promising results for crisaborole 2% ointment 
applied twice daily to affected areas for 28 days in adoles-
cents with atopic dermatitis [87, 88]. 35–47.1% of these 
patients achieved a clear or almost clear Investigator Static 
Global Assessment (ISGA) score with a ≥2 grade improve-
ment in the score compared to baseline [87, 88].

Two phase 3 trials enrolled patients 2 years and older 
and assigned patients to crisaborole 2% ointment twice 
daily versus placebo vehicle twice daily for 28 days with a 
2:1 randomization [89]. A combined total of 1522 patients 
were analyzed in these studies. The proportion of indi-
viduals that achieved an ISGA score of 1 or less (clear or 
almost clear) with ≥ 2 grade improvement versus baseline 
was 32.8% (vs. 25.4% for placebo) for the first trial and 
31.4% (vs. 18.0% for placebo) for the second, demonstrat-
ing a significant improvement when compared to the vehi-
cle group at day 29. Statistically significant reductions in 
mean severity at day 29 when compared to baseline were 
seen in erythema (-41%), exudation (-65%), excoriation 
(-52%), induration/papulation (-37%), and lichenification 

(-42%) in a pooled analysis of the two trials. Disease sever-
ity improvement was seen as early as 8 days after the start 
of treatment. Additionally, the early and sustained improve-
ment in pruritus was also noted with no significant adverse 
effects. Pain or burning/stinging at the site of application 
were the most common reported adverse effects.

The use of topical PDE inhibitors for the treatment of 
chronic inflammatory skin diseases shows tremendous prom-
ise. According to information obtained from clinicaltrials.
org, the efficacy of crisaborole is currently being investigated 
in other inflammatory conditions, such as psoriasis. The 
results of these studies have not yet been published.

 Conclusion and Future Directions

PDE4 inhibitors have been shown to be efficacious in a num-
ber of inflammatory skin diseases. It is interesting to note the 
mechanism by which these inhibitors work (i.e., inhibition 
of inflammatory pathways further upstream and within target 
cells). This is quite different than traditional immunosuppres-
sants and biological agents (e.g., TNF-α inhibitors act pri-
marily within the extracellular compartment). Additionally, 
the most common reasons for the discontinuation of conven-
tional systemic and biological therapies include the safety 
concerns/contraindications, fear of injections, cost, loss of 
effectiveness, and need for routine lab monitoring [90–92]. 
It will be interesting to see whether the availability of oral 
and/or topical PDE inhibitors, which have fewer contraindi-
cations and require less monitoring, will displace the use of 
traditional systemic and biologic agents in specific subsets of 
patients and/or diseases.

Long-term safety data for PDE inhibitors, such as apre-
milast, is not yet available and will require the treatment of 
thousands of patients over the next 10–15 years. A 5-year 
extension study of the ESTEEM trial is currently ongoing 
and offers insight into the long-term safety of apremilast. 
However, the safety data that we do have indicates that this 
class of medication is safe and well tolerated, other than those 
affected by mild gastrointestinal complaints. Unfortunately, 
the high cost and low efficacy rates of apremilast compared 
to standard traditional systemic therapies and biologics will 
likely limit its use in psoriasis and possibly other inflamma-
tory diseases. Randomized controlled trials in diseases other 
than psoriasis and psoriatic arthritis represent an unmet need, 
and the safety and efficacy of apremilast in the pediatric pop-
ulation are desperately needed. One clear use for apremilast 
in dermatology is in the treatment of palmoplantar psoriasis. 
For many clinicians, apremilast offers the potential of becom-
ing the first-line therapy in this specific patient population. A 
careful evaluation of apremilast in specific subtypes of dis-
eases is also needed and will offer additional insights into the 
role of PDE inhibitors in inflammatory skin disease [57].
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Case Presentation
A 75-year-old Caucasian male presents to the dermatology 
clinic with a more than 10-year history of recalcitrant plaque 
and pustular palmoplantar psoriasis. He notes that he has 
been treated with multiple topical and systemic agents but 
with little success. He endorses intermittent joint pains, 
morning stiffness, and swelling/redness of his fingers or toes. 
Associated symptoms included decreased sleep, itch, pain, 
skin tightness, fissures, and bleeding.

Past Medical History
• Hypertension
• Hyperlipidemia
• Obesity

Social and Family History
• Married
• 35-pack-year history of tobacco use, quit smoking 

18 years ago
• Mother, father, and other first-degree relatives with a his-

tory of psoriasis

Previous Therapies
• High-potency topical steroids, PUVA, NBUVB, and 

excimer laser
• Acitretin, cyclosporine, and methotrexate
• Infliximab, etanercept, ustekinumab, and efalizumab

Physical Examination
• Thick, well-demarcated, erythematous, scaly plaques 

with prominent scale on the bilateral palms, soles, scalp, 
elbows, trunk, lower extremities, and gluteal cleft

• Thick, scaly, plaques with pustules and fissures on the 
palms and soles

• Pitting of the nail plate noted on multiple nails of the 
bilateral hands

• No recent dactylitis, tender or swollen joints, or enthesitis
• Body surface area involvement of approximately 13%

Management
Given the patient’s failure to respond to multiple biologic ther-
apies and the prominent involvement of the palms and soles, 
apremilast 30 mg twice daily in combination with acitretin 
25 mg once daily was started. Within several weeks, the patient 
experienced a dramatic improvement in his skin lesions and 
rated his disease severity as a 3. His body surface area involve-
ment at 4 months was less than 1%, and the patient denied any 
joint symptoms. Adverse events included diarrhea that was 
problematic for the first 3 weeks of treatment but improved 
gradually thereafter. He denied any other significant adverse 

effects other than skin dryness. This particular case highlights 
the utility of apremilast for the treatment of palmoplantar pso-
riasis. It also demonstrates its usefulness when combined with 
other treatment modalities, such as acitretin or phototherapy.
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Abbreviations

ALT Alanine aminotransferase
AST Aspartate aminotransferase
BB-UVD Broadband ultraviolet B
CBC Complete blood count
CD Crohn’s disease
FDA Food and Drug Administration
Free T4 Free thyroxine
IBD Inflammatory bowel disease
LFT Liver function tests
PASI Psoriasis Area and Severity Index
PUVA Psoralen plus ultraviolet A
RAR Retinoic acid receptor
RXR Retinoid X receptor
TSH Thyroid-stimulating hormone
UC Ulcerative colitis
UVB Ultraviolet B
WBC White blood cells

 Introduction

Retinoids have been used in dermatology since the 1940s 
when vitamin A was first used to treat acne vulgaris. 
Currently, three retinoids are approved for dermatologic 
indications in the United States: acitretin for moderate-to- 
severe psoriasis vulgaris, isotretinoin for severe recalci-
trant nodular acne vulgaris, and bexarotene for cutaneous 
T-cell lymphoma. This chapter will focus on these three 
medications.

 Acitretin

Acitretin (Soriatane) is an oral retinoid approved for the 
treatment of moderate-to-severe psoriasis [1]. It is thought to 
modulate epidermal proliferation and differentiation and to 
have immunomodulatory and anti-inflammatory activity. 
Acitretin has no direct immunosuppressive effects and can 
therefore be used in patients who are not candidates for sys-
temic immunosuppressive therapy, such as those with active 
chronic infections (hepatitis B, hepatitis C, HIV, etc.), his-
tory of serious infection, malignancy, or the elderly. Acitretin 
is also used in combination with ultraviolet B (UVB) or pso-
ralen plus ultraviolet A (PUVA) phototherapy for synergistic 
efficacy [2]. Off-label, acitretin is used for chemoprevention 
of cutaneous malignancies in high-risk patients [3], as well 
as other inflammatory and keratinization disorders such as 
pityriasis rubra pilaris, ichthyosis, and hyperkeratotic palmo-
plantar dermatitis [4].

 Mechanism of Action

Vitamin A exhibits its biological effects through two members 
of the steroid/thyroid superfamily of nuclear hormone recep-
tors: the retinoic acid receptors (RAR α, β, γ) and the retinoid 
X receptors (RXR α, β, γ). Acitretin is a second- generation 
vitamin A derivative that activates all three RAR subtypes (α, 
β, γ), which then bind to retinoid response elements in the 
promotor region of the target genes and alter gene transcrip-
tion [5]. In psoriasis, acitretin appears to have direct effect on 
keratinocyte gene transcription to normalize proliferation and 
differentiation. Skin biopsies from psoriasis lesions of patients 
treated with acitretin show a reduction in the typical patho-
logic characteristics of psoriasis including epidermal/supra-
papillary thickness ratio and a thickened basal cell layer [6]. 
Acitretin also appears to have anti- angiogenic and anti-inflam-
matory effects through modulation of T-cell responses and 
inhibition of neutrophil chemotaxis [4].
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 Pharmacokinetics and Metabolism

Acitretin is derived from its precursor drug etretinate, an 
ethyl ester second-generation retinoid. Etretinate was a 
widely used systemic retinoid for psoriasis until 1980 when 
it was replaced by acitretin. The efficacy of etretinate and 
acitretin is shown to be comparable [7]. The difference 
between etretinate and acitretin is that etretinate is extremely 
lipophilic and stored in fat; consequently, its half-life is 
120 days [8]. Acitretin is more water soluble, and its half-life 
is approximately 60 h [1]. However, the concurrent use of 
alcohol and acitretin leads to reverse metabolism to etreti-
nate [9, 10]. Although the exact amount of alcohol required 
to produce this effect is unknown, it is necessary to avoid the 
use of alcohol during acitretin therapy and for 3 years after 
discontinuation.

Acitretin is taken orally, and the absorption of the medica-
tion is enhanced two- to five-fold when taken with high-fat 
meals [11]. It has a bioavailability of approximately 60%, 
with 99% of the circulating drug bound to plasma proteins. 
The drug is metabolized in the liver and is excreted as bile or 
as water-soluble metabolites in the kidneys [12].

 Use and Dosage

For the treatment of moderate-to-severe psoriasis, the typical 
dose of acitretin is 10–50 mg/day given as a single dose [13]. 
Although higher doses of acitretin lead to relatively faster 
onset of action and greater improvement of psoriasis, many 
patients are unable to tolerate the side effects of acitretin at 
high doses (see section Safety and Tolerability). After decades 
of use, most psoriasis experts in the United States are of the 
consensus that, for most patients, acitretin is best used at a 
“low dose” of 25 mg/day or less, taken with food. When 
higher than 25 mg/day is used (such as in the phase III pivotal 
trial for U.S. Food and Drug Administration (FDA) approval), 
annoying side effects such as dry skin, hair loss, and skin irri-
tation become more noticeable than the therapeutic effect. 
Therefore, although the FDA approval involved high doses, 
low dose of 25 mg/day or less is recommended, especially for 
long-term use. Furthermore, in the authors’ experience, the 
optimal dose in the elderly tends to be, on average, lower than 
the optimal dose for the non-elderly population.

Because both efficacy and side effects of acitretin can 
vary substantially among individual patients, proper dosing 
of acitretin requires careful titration to achieve a balance 
between optimizing response and minimizing toxicity. 
Optimal dosing may be achieved using a “dose-escalation 
strategy” involving initiation of therapy at low doses (10–
25 mg/day) and, if necessary, gradually increasing the dose 
as tolerated until adequate response is achieved [14]. The 
“dose-escalation strategy” is derived from a study that 

compared three different dosing regimens of acitretin. The 
first group of patients received increasing doses of acitretin, 
starting with 10 mg/day for 2 weeks, then 30 mg/day for 2 
weeks, and then 50 mg/day for 2 weeks (dose-escalation 
group). The second group was treated with a stable dose of 
acitretin 30 mg/day for 6 weeks (stable dose group). The 
third group received decreasing doses starting with 50 mg/
day for 2 weeks, then 30 mg/day for 2 weeks, and then 
10 mg/day for 2 weeks (dose-declining group). The three 
dosing regimens used in this study were shown to have com-
parable efficacy; however, the dose-escalation group experi-
enced the lowest toxicity [15].

Acitretin is dosed similarly for other uses such as pityria-
sis rubra pilaris and other keratinization disorders [4]. For 
chemoprevention of malignancy in patients with solid organ 
transplantation, acitretin is typically used at 0.2–0.4 mg/kg/
day [16–18]. Table 22.1 summarizes the use of acitretin in 
various dermatologic conditions, both on- and off-label.

 Efficacy

 Psoriasis
The efficacy of acitretin is dose dependent, with higher doses 
leading to faster and more effective improvement of psoria-
sis. In patients with moderate-to-severe chronic plaque pso-
riasis, various dosages have been used in clinical trials. When 
50 mg/day is used, approximately 23% and 70% of patients 

Table 22.1 The use of acitretin in dermatologic conditions

On-label use Moderate-to-severe psoriasis

Reported 
off-label use

Non-melanoma skin cancer chemoprevention for 
high-risk patients
 • Solid-organ transplant recipients
•  Patients who have undergone long-term PUVA
• Patients with extensive sun damage
 •  Patients with xeroderma pigmentosum, nevoid 

basal cell carcinoma syndrome, Bazex 
syndrome, Rombo syndrome, and 
epidermodysplasia verruciformis

Inherited keratinization disorders
 • Lamellar ichthyosis
 • Non-bullous and bullous ichthyosiform 
erythroderma
 • Pityriasis rubra pilaris
 • Inflammatory linear verrucous epidermal nevus
 • Darier’s disease
 • Sjogren-Larsson syndrome
Other keratinization disorders
 • Lichen sclerosus et atrophicus
 • Lichen planus
 • Palmoplantar pustulosis
 • Pityriasis rubra pilaris
 • Subcorneal pustular dermatosis
Others
 •  Cutaneous lupus erythematosus (in combination 

with hydroxychloroquine)
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achieve 75% improvement or greater in the Psoriasis Area 
and Severity Index from baseline (PASI-75) at weeks 8 and 
12, respectively [7, 19]. After 6 and 12 months of continuous 
treatment, 75% and 88% of patients, respectively, reach 50% 
improvement or greater in PASI from baseline (PASI-50) 
[20], indicating that acitretin is an effective maintenance 
therapy.

Acitretin has a quicker onset of action and is effective for 
treatment of pustular psoriasis. Patients with severe, general-
ized pustular disease will often require a more aggressive 
treatment with higher starting dose (50–75 mg/day). Lesions 
can begin to resolve in as little as 10 days after starting treat-
ment [21], and acitretin is overall effective with one study 
showing improvement in 84% of patients with generalized 
pustular psoriasis [22]. Acitretin can also be used effectively 
to treat erythrodermic psoriasis [21].

Acitretin can be used as part of combination therapy for 
the treatment of recalcitrant moderate-to-severe psoriasis, 
especially in patients with thick, scaly plaques (Fig. 22.1). 
Many studies have shown that combination of acitretin with 
UVB and PUVA phototherapy is not only more effective but 
reduces the cumulative UV dose, as well as number and 
duration of treatment required, compared to phototherapy 
alone [23–28]. In a randomized, double-blind comparative 
study of 60 patients with severe, widespread psoriasis treated 
with PUVA, marked or complete clearing of psoriasis 
occurred in 80% of the patients without acitretin and in 96% 
of the patients with acitretin. The mean cumulative UVA 
dose given to patients in the acitretin-PUVA group was 42% 
less than that required for patients in the placebo-PUVA 
group [24]. Acitretin is also shown to enhance the efficacy of 
UVB phototherapy in an 8-week, randomized, comparator 
study, which found that more than double the number of 
patients in the combined broadband-UVB (BB-UVB) and 
acitretin cohort reached PASI-75 as compared to the 
BB-UVB-only cohort [28]. When adding acitretin to a treat-

ment regimen in a patient who is already receiving photo-
therapy, the UV dose should be decreased by 50% and 
increased as tolerated at subsequent treatment sessions in 
order to avoid delayed retinoid burn. Delayed retinoid burn 
is a phenomenon in which lesional skin of psoriasis, but not 
normal skin, burns approximately 2–4 weeks after adding 
acitretin, if UVB dose is not appropriately decreased [29].

Acitretin can also be used safely in combination with 
topical corticosteroids and calcipotriene. It can also be used 
with cyclosporine as part of sequential therapy, in which 
cyclosporine can clear psoriasis rapidly and acitretin can be 
used to maintain its effects [21]. Acitretin should not be used 
in combination with methotrexate due to theoretical risk of 
hepatotoxicity, although not absolutely contraindicated [30]. 
In appropriately selected patients, the combination of acitre-
tin and biologics may be an effective treatment option [31].

 Chemoprevention
Acitretin can be used to prevent or delay the development of 
non-melanoma skin cancers, especially in solid organ trans-
plant recipients [16, 32]. In a 5-year study, 12 of 16 renal 
transplant recipients on acitretin 0.3 mg/kg/day showed sig-
nificant reduction in the number of new tumors excised dur-
ing the treatment period compared to the pretreatment period 
[17]. Another study showed that acitretin 0.2 mg/kg/day 
decreased the thickness and number of actinic keratosis but 
did not affect the incidence of new skin malignancies [18]. 
Discontinuation of acitretin can cause rapid recurrence of 
actinic keratoses and squamous cell carcinomas [32, 33]. 
Since there is no proven cumulative side effect from long-
term use of low-dose acitretin, the authors recommend that 
patients who are benefiting from skin cancer chemopreven-
tion not be discontinued without good reason. Patients with 
xeroderma pigmentosum, nevoid basal cell carcinoma syn-
drome, Bazex syndrome, Rombo syndrome, and epidermo-
dysplasia verruciformis may also be candidates for acitretin 
therapy for non-melanoma skin cancer prevention. Patients 
who have had PUVA or significant sun damage may also 
benefit from acitretin chemoprevention [34].

 Other Dermatologic Conditions
Acitretin is considered a first-line agent for the treatment of 
hyperkeratotic palmoplantar dermatitis [35]. Acitretin can 
also be used to treat pediatric patients with inherited kerati-
nization disorders such as lamellar ichthyosis, non-bullous 
and bullous ichthyosiform erythroderma, pityriasis rubra 
pilaris, inflammatory linear verrucous epidermal nevus, 
Darier’s disease, and Sjogren-Larsson syndrome [36, 37]. 
Acitretin has also been used to treat lichen sclerosus et atro-
phicus, lichen planus, palmoplantar pustulosis, pityriasis 
rubra pilaris, and subcorneal pustular dermatosis [4]. 
Acitretin has been used in combination with hydroxychloro-
quine for treatment of cutaneous lupus erythematosus [38].

Fig. 22.1 Psoriasis patients with thick scale may benefit from combi-
nation treatment of acitretin and phototherapy
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 Safety and Tolerability

Many of the reported adverse effects of acitretin as discussed 
below are dose dependent [39] (Table 22.2). Clinical trials 
report much lower incidences of adverse effects in patients 
treated with low-dose acitretin (≤25 mg/day) versus high- 
dose acitretin (>25 mg/day) [21].

 Teratogenicity
Acitretin, as with all systemic retinoids, is teratogenic and 
therefore labeled pregnancy category X by the FDA. 
Exposure to systemic retinoids during the first 6 weeks of 
gestation leads to abnormalities in cephalic neural crest 
development. Characteristic fetal irregularities involve cra-
niofacial (high palate, anophthalmia), musculoskeletal (syn-
dactyly, absence of terminal phalanges, hip malformations), 
and central nervous system (meningomyelocele, meningoen-
cephalocele, and multiple synostosis) [1, 40]. Acitretin is 
generally avoided in female patients of reproductive poten-
tial, and patients are instructed to refrain from becoming 
pregnant and use appropriate contraception during and for 3 
years following cessation of acitretin therapy. Patients should 
be advised to avoid alcohol consumption while taking acitre-
tin because, as stated earlier, alcohol can convert acitretin to 
etretinate, which has an extremely long half-life.

 Mucocutaneous Toxicity
The most common side effect of acitretin is cheilitis, which 
occurs in approximately 70% of patients regardless of the 
dose [21, 39]. Other common side effects, including skin 
peeling, pruritus, xerosis, and sticky sensation of the skin, 
are more likely to be observed on higher doses of acitretin 
[41]. Potential nail diseases include onychorrhexis and ony-
choschizia, as well as pyogenic granulomas when high-dose 
therapy is used long-term. Alopecia (46%) can occur a few 
weeks following initiation of acitretin but should be revers-
ible with dose reduction or discontinuation of therapy [39]. 
All of the aforementioned side effects are dose dependent, 
except for cheilitis, and can be managed by reducing the 

dose as needed. Routine skin care such as use of emollients 
may help alleviate some of the associated discomfort.

 Hepatotoxicity
Liver function test (LFT) abnormalities can occur 2–8 weeks 
after initiating acitretin in approximately 25–30% of patients, 
usually in association with high-dose therapy [42]. It has 
been the authors’ experience that LFT abnormalities are very 
rare when low dose (25 mg/day or less) is used. The eleva-
tions are transient, and severe or persistent elevations are 
rare. Patients who present with transaminase elevations two 
to three times the upper limit of normal should decrease the 
acitretin dose by 50% and LFTs rechecked in 2 weeks. 
Alternatively, acitretin may be discontinued until labs nor-
malize and then restarted at a lower dose with close labora-
tory monitoring [21]. Acitretin should be used with caution 
in patients with preexisting liver disease. Patients should be 
counseled about minimizing ethanol and acetaminophen 
consumption while taking acitretin to reduce the risk of hep-
atotoxicity. If LFT elevations persist, hepatology consulta-
tion may be warranted. Routine liver biopsy is not required 
for patients on long-term acitretin therapy.

 Hyperlipidemia
Hypertriglyceridemia and hypercholesterolemia occur in 66 
and 33% of patients on high-dose acitretin, respectively [42]. 
The risks are much less common with low-dose therapy. Most 
cases are mild, and fulminant pancreatitis secondary to severely 
elevated serum triglycerides is rare [1]. Most cases can be man-
aged with lifestyle changes (decreasing dietary fat intake and 
increasing exercise) and medical management with lipid-low-
ering agents, if necessary. If triglycerides are >499 mg/dL, 
acitretin dose should be decreased by 50%. If triglycerides are 
>800 mg/dL, acitretin should be discontinued. Acitretin can be 
reinitiated once hypertriglyceridemia is under control [21].

 Myalgias and Arthralgias
Myalgias can occur without creatinine phosphokinase (CPK) 
elevation. Arthralgias can also occur in a small proportion of 
patients and usually resolve on discontinuation of therapy [21].

 Pseudotumor Cerebri
There have been a limited number of case reports of pseudo-
tumor cerebri (idiopathic intracranial hypertension) during 
systemic retinoid therapy. However, the exact incidence is 
unclear, and there is no evidence-based data to support an 
association between acitretin and pseudotumor cerebri [43]. 
The use of tetracycline antibiotics should be avoided, as 
there may be an increased risk of pseudotumor cerebri with 
the combination of systemic retinoids and tetracyclines [44]. 
Patients should be counseled for signs and symptoms includ-
ing severe headaches, nausea, emesis, and visual changes. 

Table 22.2 Common side effects of acitretin which are dose 
dependent

Adverse event Acitretin >25 mg/day (%) ≤25 mg/day (%)

Cheilitis >75 70

Skin peeling 50–75 30

Alopecia 50–75 13

Pruritus 25–50 26

Dry skin 25–50 4

Nail disorder 25–50 0

Arthralgia 10–25 4

Headache 1–10 13

Myalgia 1–10 0

Depression 1–10 0
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Ophthalmologic evaluation to rule out papilledema is war-
ranted if pseudotumor cerebri is suspected.

 Skeletal Abnormalities
Some retrospective studies evaluating the effects of etreti-
nate and acitretin have suggested a possible association 
between systemic retinoid use and development of hyperos-
tosis. However, all prospective studies using low-dose acitre-
tin to date have not shown convincing evidence of this 
association. The development of hyperostosis previously 
reported in retrospective studies where all bone spurs were 
thought to be due to acitretin may, in retrospect, be a normal 
aging process rather than due to acitretin therapy [45]. 
Screening radiographs or follow-up X-rays are likely unnec-
essary for adults unless they report symptoms of bone pain or 
using high-dose acitretin [21].

 Psychiatric Effects
There is a warning of depression on the package insert of 
acitretin; however, there is no convincing evidence that 
acitretin is associated with increased risk of depression, and 
the warning is likely to reflect a class label from the depres-
sion controversy surrounding isotretinoin [21].

 Monitoring

Baseline labs, including a complete blood count (CBC), 
LFTs, and a fasting lipid panel, are recommended before ini-
tiating therapy with acitretin. Labs should be repeated 
monthly while dose adjustments are made. Once the patient 
is on a stable maintenance dose and demonstrates normal 
laboratory values, routine monitoring can be decreased to 
every 2–3 months (Table 22.3). Although acitretin therapy is 
not recommended for females of childbearing potential, two 
negative pregnancy tests are required before initiating acitre-
tin therapy and monthly during treatment [1].

 Isotretinoin

Isotretinoin is an oral first-generation retinoid initially 
approved in 1982 for the treatment of severe recalcitrant nodu-
lar acne [46]. It was originally marketed under the name 
Accutane but is now marketed under several brand and generic 

names. Isotretinoin was originally developed and researched 
for treatment of ichthyosis and other keratinizing disorders in 
the United States [47] but was found to also have a significant 
effect on improving nodulocystic acne vulgaris in these clini-
cal trial patients. Isotretinoin was then studied in clinical trials 
for the treatment of acne vulgaris and, soon thereafter, gained 
approval by the FDA for treatment of severe recalcitrant nodu-
lar acne [48], which is defined as multiple, inflammatory 
lesions greater than 5 mm in size that are unresponsive to con-
ventional therapy including oral antibiotics [46].

 Mechanism of Action

Isotretinoin, like other medications in the retinoid class, binds 
to RAR and RXR, both of which have three subtypes, α, β, γ. 
Isotretinoin binds to all six subtypes and does not have any 
known affinity for one receptor type or subtype. In general, 
RAR and RXR exist as heterodimers, with RAR always bind-
ing to RXR while RXR can form homodimers with other 
RXR as well as with thyroid hormone receptor, vitamin D3, 
and others [5, 49]. It is thought that retinoids have two main 
effects: a direct effect on gene transcription that results in cel-
lular differentiation and an indirect effect on gene transcrip-
tion that results in reduced cellular proliferation and 
inflammation [49]. In acne, isotretinoin decreases sebum pro-
duction, abnormal desquamation of follicular epithelial cells, 
inflammation, and P. acnes in areas prone to acne [50–54]. It 
is thought that the combination of all of these effects and the 
alteration of the biology of the skin result in the long-term 
remission of acne vulgaris seen in many patients.

 Pharmacokinetics and Metabolism

Isotretinoin (13-cis-retinoic acid) is a first-generation retinoid, 
derived from manipulation of the polar end group and the 
polyene side group of vitamin A. Isotretinoin has bioavailabil-
ity of 25%, which can be slightly enhanced with food intake, 
although this effect is not nearly as significant as with acitretin 
or bexarotene. In plasma, it is typically protein-bound to albu-
min and has a half-life of 10–20 h [55]. It is metabolized in the 
liver by the 3A4 isoform of cytochrome P-450 into 4-oxo-
isotretinoin, which is then excreted in the bile and the urine. 
Given that it is more water soluble than other oral retinoids 
like etretinate, it is poorly stored in the liver and is undetect-
able in serum 1 month after therapy is stopped.

 Use and Dosage

Isotretinoin is the only oral retinoid approved for the treat-
ment of nodulocystic acne vulgaris. For the treatment of acne 

Table 22.3 Laboratory monitoring during acitretin therapy

Laboratory tests Frequency

Complete blood count, liver 
function tests, fasting lipid 
panel

Baseline, then monthly while dose 
adjustments are made, then every 
2–3 months during stable dosing

Pregnancy tests (for females 
of reproductive age)

Two negative results at baseline, then 
monthly thereafter
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vulgaris, the standard range of dosing is 0.5–1 mg/kg/day, 
which is based on several studies that evaluated different 
dosing regimens [56]. One study evaluated the response to 
daily dosing at 0.1, 0.5, and 1 mg/kg over the course of 
20 weeks and showed relatively similar clinical improve-
ment. However, the 0.1 mg/kg daily group had a much higher 
relapse rate with 42% of patients requiring retreatment, 
while the clinical side effects and lab abnormalities experi-
enced between the three groups were relatively similar [57]. 
In a study evaluating long-term success of isotretinoin treat-
ment, it was found that the dose schedule, and especially the 
cumulative dose of isotretinoin, was important in determin-
ing relapse rate. Patients receiving 0.5 mg/kg/day or patients 
with a cumulative dose <120 mg/kg had a significantly 
higher rate of relapse compared to patients with cumulative 
dose >120 mg/kg [58]. Some studies have evaluated alterna-
tive cumulative dosing regimens; one study showed that 
patients treated with cumulative dose of 220 mg/kg had sig-
nificantly lower rates of relapse of acne vulgaris while hav-
ing very similar rates of adverse effects of the medication 
except for a higher incidence of retinoid dermatitis [59]. 
Other studies have evaluated the efficacy of low-dose regi-
mens in mild-to-moderate acne and found that the low- 
cumulative dosing regimens had similar efficacy when 
compared to standard dosing regimens [60, 61]. The 
American Academy of Dermatology work group suggests 
the following regimen for isotretinoin therapy: starting ther-
apy with a dose of 0.5 mg/kg/day and increasing to 1 mg/kg/
day after 1 month as tolerated with a goal of cumulative dose 
of 120–150 mg/kg [62]. Absolute contraindications for 
isotretinoin use include active pregnancy, active nursing, 
women seeking to become pregnant, and inadequate contra-
ceptive usage.

 Efficacy

Isotretinoin has been shown to improve acne to clear or 
almost clear in at least 70% of patients [63, 64]. Typically, 
patients can initially expect to have some worsening of their 
acne in the first 2 months of treatment with near complete 
clearance by the end of their treatment, which can vary 
depending on how the medication is prescribed (as described 
above).

 Safety and Tolerability

Isotretinoin is usually well tolerated with minimal and 
reversible adverse effects. The most common adverse effects 
include cheilitis, dryness in the nares, xerosis or exacerba-
tion of xerosis (more common in atopic patients) [65], 
arthralgias, myalgias, and elevated serum triglycerides and/

or cholesterol. Triglyceride elevation rarely requires treat-
ment or discontinuation of treatment and an increase to the 
range where pancreatitis due to hypertriglyceridemia is rare 
[66]. Similarly, LFT abnormalities are usually transient and 
reversible and do not warrant interruption of isotretinoin 
therapy [67]. Other relatively common adverse events 
include decreased night vision, bacterial conjunctivitis, 
blepharoconjunctivitis, and corneal opacities [68–71]. Of 
note, decreased night vision resolves with cessation of ther-
apy, and corneal opacities are often found incidentally on 
ophthalmic exam and do not cause visual disturbances. Rare 
adverse events that have been seen in isotretinoin therapy in 
acne vulgaris patients include pyogenic granuloma-like 
lesions, acne fulminans, and pseudotumor cerebri [72–75]. 
Notably, pseudotumor cerebri risk is increased with concom-
itant usage of tetracyclines and isotretinoin. However, pseu-
dotumor cerebri has a much stronger association with 
tetracycline exposure, and isotretinoin has been used safely 
in patients who have had pseudotumor cerebri due to mino-
cycline [76, 77]. Given the link between tetracyclines and 
pseudotumor cerebri, it is best to avoid the combination of 
isotretinoin and tetracyclines for treatment of acne.

Isotretinoin usage has been linked to depression, suicidal 
ideation/attempts, completed suicide, and other psychiatric 
disturbances [46, 78]. A warning was added to the label in 
1998; however, large-scale studies have not shown this asso-
ciation and causality [79, 80]. Some studies have posited that 
a small subset of isotretinoin patients may have a small risk 
of depression or suicide, but depression in these patients is 
quickly reversible with cessation of the medication, taking 
2–7 days to resolve, which is likely prior to achievement of 
complete drug clearance [81]. It is likely that some patients 
with acne vulgaris have preexisting mild depression or 
increased risk of depression, and it is important for clinicians 
to be aware of a patient’s risk factors and discontinue isotret-
inoin if depression in their patient becomes more profound 
and severe. Additionally, there is stronger evidence for the 
improvement of depression and anxiety in patients with acne 
treated with isotretinoin, suggesting that isotretinoin may do 
more good than harm psychiatrically [82–85]. Patients with 
untreated acne are at risk for psychiatric conditions such as 
suicide and depression, and therefore, it is important to 
inquire about them before initiating therapy and continue to 
monitor for these conditions during therapy. If a patient has 
a history of depression or exhibits depressive symptoms, cli-
nicians should consider consultation with a psychiatrist and 
using a lower than standard dose of isotretinoin with close 
monitoring of depressive symptoms with a gradual dose 
increase as tolerated [86].

Isotretinoin may also be associated with inflammatory 
bowel disease (IBD), including both ulcerative colitis (UC) 
and Crohn’s Disease (CD); however, the evidence for this is 
also mixed. Some studies have shown probable association 
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between IBD and isotretinoin use, but even in these studies, 
it is difficult to declare that isotretinoin has caused IBD given 
that the age of patients at first diagnosis of IBD is similar 
to the age of patients being treated with isotretinoin [60]. 
One large case-control study found that isotretinoin use was 
associated with the development of UC but not with CD [87]. 
However, a large population-based cohort study conducted 
over 12 years evaluating 46,922 patients treated with isotreti-
noin in Canada found no association between isotretinoin and 
IBD [88]. This study did find some evidence of associations 
between IBD and isotretinoin and with topical acne medi-
cations, which could suggest an association between IBD 
and acne itself. A retrospective cohort study in the United 
Kingdom found that tetracyclines, particularly doxycycline, 
may be associated with the development of IBD [89]. Given 
the lack of a clear association between isotretinoin and IBD, 
it is best to be cautious in using isotretinoin in patients with a 
strong family history of IBD and consider co-managing with 
gastroenterology for patients with IBD who are deemed to be 
appropriate candidates for isotretinoin therapy.

 Monitoring

 Laboratory Tests
Monitoring during treatment with isotretinoin involves the 
following baseline and routine tests: CBC with platelets, 
fasting lipid profile, LFTs, and kidney function tests 
(Table 22.4). Currently, there is no consensus on guidelines 
for laboratory monitoring. Some recommend testing weekly 
or biweekly until stable response to medication is estab-
lished [46]. Current recommended monitoring parameters 
include fasting lipid profile (including triglycerides) and 
transaminase collection at baseline and then repeated 
weekly or biweekly until a stable response is established. 
However, physician instruction regarding laboratory inter-
pretation and associated treatment modification or discon-
tinuation is limited, and modified monitoring schedules 
have been proposed to decrease superfluous testing and 
associated costs that may not provide higher quality of care 
[90, 91]. One regimen that has been suggested involves test-
ing baseline values of the above parameters and then testing 
at 1 month after starting therapy as well as 2 months after 
therapy, with monthly lab testing thereafter if any signifi-
cant laboratory test results are observed (triglycerides 
>300 mg/dL, alkaline phosphatase >200 U/L (female) and 
>350 U/L (male), ALT >45 U/L, AST >60 U/L, cholesterol 
>250 mg/dL, WBC <3000). Discontinuation of therapy 
should be considered if lab results are above these close 
monitoring values (triglycerides >400 mg/dL, alkaline 
phosphatase >264 U/L (female) and >500 U/L (male), ALT 
>62 U/L, AST >80 U/L, cholesterol >300 mg/dL, WBC 
<2500) [92]. Another monitoring regimen involves testing 

at baseline and then again after 2 months of therapy for most 
patients and more frequent testing based on baseline abnor-
malities and medical history [93].

 Pregnancy
Given that teratogenicity is a very important adverse effect of 
retinoids and many patients using isotretinoin are of child-
bearing age, women of childbearing potential must adhere to 
strict pregnancy monitoring that includes two negative urine 
or serum pregnancy tests with sensitivity of at least 25 mIU/
mL prior to receiving the first prescription for isotretinoin. 
The first test must occur at the time of initial decision to start 
isotretinoin and the second test during the first 5 days of the 
menstrual period immediately prior to beginning isotreti-
noin. Patients with amenorrhea should have the second test 
done at least 11 days after their last unprotected sexual inter-
course, defined as intercourse without using two effective 
forms of contraception. Monthly urine or serum pregnancy 
tests should occur throughout isotretinoin therapy.

These guidelines were published in the original package 
insert for Accutane, but despite the strict guidelines, preg-
nancy during isotretinoin therapy continued to occur. As 
such, the FDA and pharmaceutical companies agreed to form 
a federal registry called the iPledge registry in order to try to 
decrease the number of pregnancies during isotretinoin ther-
apy. Pharmacies, prescribers, and patients participate in the 
registry that outlines certain requirements prior to dispensing 
of medication to patients. Women of childbearing potential 
must have two forms of birth control that they must confirm 
each month to the iPledge registry. The only exceptions are 
women who are abstinent and women who have had a hys-
terectomy. Men are also enrolled in the iPledge registry. 
Physicians must also access the registry to confirm that they 
have provided counseling to the patient. Despite the iPledge 
registry being implemented, fetal exposure to isotretinoin 
has not decreased significantly [94]. As such, it is imperative 
that physicians prescribing isotretinoin provide in-depth 

Table 22.4 Monitoring during isotretinoin therapy

Monitoring Frequency

Complete blood count, 
liver function tests, 
fasting lipid panel, 
kidney function tests

Current guideline: Baseline, then weekly 
or biweekly until stable response to 
medication is established [46]

Alternative regimen: Baseline, then 1 and 2 
months after initiating therapy. If significant 
elevations are observed, continue with 
monthly monitoring or consider 
discontinuation of isotretinoin [92]

Pregnancy testing (for 
females of 
reproductive age)

Two negative results at baseline, then 
monthly thereafter

iPledge All patients, prescribers, and pharmacies 
must be enrolled in the iPledge program 
and complete all required steps monthly 
before the patient receives the medication
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counseling to their patients on contraception and the terato-
genic risk of isotretinoin.

 Bexarotene

Bexarotene was approved by the FDA in 1999 for treat-
ment of cutaneous T-cell lymphoma after at least one sys-
temic therapy has been tried without adequate response 
[95]. Bexarotene is a third-generation retinoid that selec-
tively binds to the α, β, γ subtypes of RXR and is typically 
dosed at 300 mg/m2/day. Response to treatment with bex-
arotene varies by stage: stage I–IIA has a response rate of 
54% at 300 mg/m2 and 67% at higher doses; stage IIIB–
IVB has a response rate of 48% at 300 mg/m2 and 55% at 
higher doses [96, 97].

Like all other retinoids, bexarotene is pregnancy category 
X and shares some of the same adverse events such as hyper-
triglyceridemia and hypercholesterolemia. Patients on bex-
arotene are much more likely to experience these effects 
compared to acitretin and isotretinoin and should be moni-
tored closely. Dose adjustments or initiation of lipid- lowering 
agents may be necessary. Caution is advised on the selection 
of a lipid-lowering agent, as gemfibrozil can actually cause 
an increase in both the bexarotene and triglyceride levels 
[89]. Bexarotene also has some adverse effects that are 
unique. Nearly all patients taking bexarotene develop hypo-
thyroidism that requires thyroid hormone supplementation 
[98]. Many patients can experience dose-related but revers-
ible leukopenia that usually presents at 1–2 months of treat-
ment [95, 96].

Monitoring while on bexarotene is quite similar to moni-
toring while on isotretinoin; however, it is important to note 
that there are additional laboratory tests that should be per-
formed before and during bexarotene treatment. This 
includes thyroid-stimulating hormone (TSH) and free thy-
roxine (free T4); the free T4 level should dictate the need for 
thyroid hormone supplementation. Laboratory monitoring 
should be performed every 1–2 weeks for fasting lipid panel 
until lipid response to bexarotene is established; CBC with 
platelets and cell differential counts, LFTs, kidney function 
tests, TSH, free T4, and pregnancy tests (urine or serum) in 
females of childbearing potential should be performed 
monthly for the first 3–6 months and then every 3 months 
thereafter.

Case Report: Systemic Retinoids (Acitretin)
An 81-year-old male presents with long-standing history of 
plaque psoriasis. Over the past 5 years, his psoriasis had been 
well controlled on etanercept. However, he was recently 
diagnosed with invasive melanoma. Etanercept was stopped 
approximately 3 weeks ago, and his psoriasis has started to 
flare up on his scalp, trunk, arms, and legs. Topical medications 

have not been able to control the flare. He complains of 
severe itching due to his psoriasis. There is no family history 
of psoriasis. He denies joint pain or joint swelling concern-
ing for psoriatic arthritis.

Past Medical History
• Invasive melanoma
• Hypertension

Social History
• Denies alcohol or tobacco use
• Married
• Retired

Previous Therapies
• Topical steroids
• Narrowband UVB
• Etanercept

Physical Exam
• Psoriatic plaques on the scalp, trunk, upper, and lower 

extremities covering 15% of the body surface area
• No features of psoriatic arthritis (dactylitis, enthesitis, 

tender and swollen joints, etc.)

Management
The patient has severe, generalized psoriasis, which likely 
requires treatment with a systemic agent. Given his recent 
diagnosis of invasive melanoma and his advanced age, immu-
nosuppressive agents are avoided. Acitretin is chosen given its 
lack of immunosuppressive effects, and it may also have che-
mopreventive benefits. Acitretin is also well tolerated in the 
elderly population. Acitretin is not effective for treating psori-
atic arthritis, but this patient does not have any signs or symp-
toms concerning for arthritis. Screening labs including CBC, 
LFTs, and lipid panel are obtained and found to be within nor-
mal limits. He is started on a standard dose of acitretin 25 mg 
daily, taken with food to maximize absorption.

Over the next 6 weeks, induration and scale of his psoria-
sis improved significantly; however, erythema remained. 
The patient was reassured that redness takes longer to 
resolve. Only minor side effects of cheilitis, dry mouth, and 
xerosis were noted. The patient was reminded that laboratory 
tests are obtained every 2–3 months to monitor for the rare 
risks of hepatotoxicity and hypertriglyceridemia.

At follow-up 6 months later, the erythema was found to be 
much improved and his psoriasis was nearly clear. 
Hypertriglyceridemia to 350 mg/dL was observed; therefore, 
he was referred to his primary care physician and his triglyc-
erides stabilized after appropriate medical therapy.

After 9 months of treatment, the patient came in for a fol-
low-up appointment and complained of skin fragility. Given 
skin fragility is a dose-dependent side effect of acitretin, the 
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acitretin was held until the skin was restored. The acitretin 
was then restarted at a lower dose of 17.5 mg daily. The 
patient was advised that the dose can be increased back up to 
25 mg if he experiences a flare of his psoriasis. Alternatively, 
if he continues to experience side effects, which are typically 
dose dependent, the dose can be further decreased to 25 mg 
every other day (average of 12.5 mg daily) or to 10 mg daily. 
The patient tolerated acitretin 17.5 mg well without any side 
effects or further laboratory abnormalities. He was continued 
on acitretin long-term with good control of his psoriasis.
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Combination Therapy with Biologics 
and Other Systemic Treatments 
in Psoriasis

Kaitlyn M. Yim and April W. Armstrong

Psoriasis is a chronic inflammatory disease with a prevalence 
ranging from 0.5 to 11.4% in various regions worldwide [1]. 
Psoriasis is associated with cardiovascular, hepatic, renal, 
rheumatologic, and psychiatric comorbidities [2, 3]. 
Traditionally, moderate-to-severe psoriasis was treated with 
phototherapy and systemic oral agents such as methotrexate, 
acitretin, and cyclosporine [4]. Biologic agents have signifi-
cantly changed the treatment landscape for psoriasis and 
have become widely used since the early twenty-first cen-
tury. The FDA-approved agents to date include etanercept, 
adalimumab, infliximab, ustekinumab, secukinumab, and 
ixekizumab.

Dermatologic research has led to an increased under-
standing of psoriatic disease mechanisms at a molecular 
level. Mediated by cytokines such as interleukin 12 (IL-12), 
IL-23, IL-17A, and TNF-α, the T-helper 1 and T-helper 17 
pathways have been found to act synergistically in the dys-
regulation of inflammation, proliferation of keratinocytes, 
and formation of plaques in psoriasis [5–7]. By inhibiting 
various cytokines and their receptors in these inflammatory 
cascades, biologics provide a novel, precise, and effective 
treatment approach against psoriasis.

Biologics are not only useful as monotherapies for 
moderate- to-severe psoriasis, but they also have synergistic 
potential when used in combination therapies with systemic 
agents [8]. While many patients respond adequately to first- 
line systemic or biologic monotherapies, some patients are 
refractory to FDA-approved dosages [4]. Clinically, these 
patients with difficult-to-treat, unremitting psoriasis may 
require combination therapy.

The concept of combination therapy began before the 
introduction of biologics. One long-standing approach is the 
concomitant use of a retinoid agent, such as acitretin, and 

phototherapy. Previous investigators have found that the 
combined use of acitretin and psoralen ultraviolet A (PUVA) 
phototherapy is significantly more effective than either treat-
ment alone [9–11]. Similarly, combining acitretin with 
TL-01 narrow-band ultraviolet B (NB-UVB) phototherapy 
has been shown to have comparable therapeutic efficacy as 
that with PUVA [12]. This was among the first demonstra-
tions in psoriasis treatments that combining therapies may 
augment overall effectiveness.

In addition to enhancing efficacy, combination therapy 
may also minimize toxicity. For example, combining acitre-
tin and PUVA reduces the PUVA dosage needed to achieve 
clinical remission [9–11]. Increasing monotherapy dosages 
is one method of treating aggressive psoriasis, but it also 
raises concerns about dose-related adverse effects, particu-
larly that of systemic therapies. Specifically, both PUVA and 
UVB phototherapy induce acute erythema, itching, and dry-
ness, and PUVA is also associated with blistering and GI dis-
tress [13]. With long-term use, particularly after 150 
treatments, the most common adverse effect of high-dose 
PUVA therapy is an increased risk of squamous cell carci-
noma [14, 15]. This is most evident in Caucasian popula-
tions, but it is not proven in patients of darker-skin ethnicities 
[16]. Some studies have also found that PUVA increases the 
lifetime risk of malignant melanoma, though the data is con-
flicting [15, 17–19]. High-dose acitretin is associated with 
mucocutaneous inflammation, dyslipidemias, skeletal abnor-
malities, and teratogenicity [20, 21]. Methotrexate use has a 
significant risk of hepatotoxicity, particularly in patients with 
type 2 diabetes mellitus, and, less commonly, fatal myelo-
suppression [22–25]. Prolonged use of high-dose cyclospo-
rine is not recommended due to concerns for irreversible 
renal toxicity, hypertension, and non-melanoma skin cancer 
[21, 26–28]. In contrast, data on the approved anti-psoriatic 
biologic agents shows that they have acceptable short- and 
long-term safety profiles, especially for the TNF inhibitors 
and IL-12/23 inhibitor [29].

Despite high efficacy with biologic agents, combining 
biologics with other agents may be necessary in patients with 
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refractory psoriasis, and combination therapies may enable 
greater therapeutic effectiveness without additive toxicity. 
However, there is a paucity of robust clinical trials evaluating 
the safety and efficacy of combination approaches. The 
choice of co-medication approach may vary based on patient 
demographics, comorbidities, and psoriasis disease severity. 
The National Psoriasis Foundation has published evidence- 
based recommendations regarding combining biologic thera-
pies with other treatment modalities [4]. This chapter will 
examine combining biologic agents with methotrexate, 
acitretin, cyclosporine, and phototherapy.

 Biologics and Methotrexate

Of the available oral agents for moderate-to-severe psoriasis, 
methotrexate is the most well-documented systemic medica-
tion used in combination with biologics in clinical practice 
[30]. Methotrexate interferes with DNA synthesis, repair, 
and replication, modulating both immune function and epi-
thelial proliferation in psoriasis. While the exact mechanism 
underlying the synergistic effects of combining methotrexate 
with biologics is still being explored, it is proposed that 
methotrexate may decrease the production of anti-drug anti-
bodies that may contribute to the loss of response to biolog-
ics [31]. Biologics and methotrexate combination therapy is 
typically reserved for patients with refractory psoriasis who 
have responded inadequately to either biologic or methotrex-
ate monotherapy [4, 32]. The biologic agents that have been 
investigated with methotrexate include etanercept, inflix-
imab, adalimumab, and ustekinumab.

 Etanercept and Methotrexate

Combination therapy with etanercept and methotrexate is 
most robustly studied [4]. Etanercept is a fusion protein that 
inhibits TNF, a major inflammatory cytokine in the develop-
ment of psoriasis. Two randomized controlled trials, two ret-
rospective analyses, and a cross-sectional study all 
demonstrate that this combination approach results in 
increased efficacy with adequate safety and tolerability [33–
37]. For example, in a study conducted by Gottlieb et al., 478 
patients with moderate-to-severe psoriasis were randomized 
to receive etanercept plus methotrexate or etanercept mono-
therapy [33]. Specifically, all patients received 12 weeks of 
50 mg etanercept twice weekly and 12 weeks of 50 mg etan-
ercept once weekly, while half of the patients also received 
7–15 mg methotrexate once weekly for the full period of 
24 weeks. These patients had a BSA of at least 10% at the 
start of the study. At the end of 24 weeks, based on the 
Psoriasis Area and Severity Index (PASI), 77% of those on 
combination therapy experienced a 75% reduction, also 

referred to as a PASI-75. This was in comparison to 60% of 
the etanercept monotherapy group. While those on combina-
tion therapy reported more adverse events (75% vs. 60%), 
these events were not severe.

Similarly, Zachariae et al. conducted a randomized trial 
of 59 psoriasis patients with a BSA of 10% or greater [34]. 
Prior to the study, these patients had shown an inadequate 
response to methotrexate monotherapy. Thirty-one patients 
received etanercept with methotrexate and 28 patients 
received etanercept with a 4-week methotrexate taper. The 
regimen of etanercept in this study was 50 mg twice weekly 
for 12 weeks, followed by 25 mg twice weekly for 12 weeks. 
At the end of 24 weeks, 67% of those on combination ther-
apy had a Physician Global Assessment (PGA) rating of 
clear or almost clear, and this was significantly higher than 
the 37% on etanercept monotherapy achieving the same 
endpoint.

Furthermore, two retrospective studies showed that co- 
medication with etanercept and methotrexate is effective in 
treating patients who are refractory to either medication as 
monotherapy [35, 36]. This combination approach seldom 
resulted in serious adverse events causing treatment cessa-
tion. Altogether, these studies suggest that combined therapy 
with etanercept and methotrexate offers a viable treatment 
alternative for persistent cases of moderate-to-severe 
psoriasis.

 Infliximab and Methotrexate

Several studies examine the efficacy of combination therapy 
with infliximab and methotrexate [4, 37–40]. Infliximab is a 
chimeric, monoclonal antibody that inhibits TNF-α. One 
study conducted by Goedkoop et al. analyzed the effect of 
concomitant infliximab and methotrexate on 11 patients with 
active psoriasis and psoriatic arthritis [38]. These patients 
were already taking 5–20 mg methotrexate and, in addition, 
were given 3 mg/kg intravenous infliximab at weeks 0, 2, 6, 
14, and 22. Based on PASI score, these patients experienced 
a mean 85% reduction by week 16. Furthermore, consistent 
with the patients’ clinical improvement, skin biopsies taken 
at week 4 of treatment showed decreased neoangiogenesis 
and cell infiltration on immunohistochemistry, which are 
both typically increased in psoriatic inflammation.

Kavanaugh et al. performed a similar study on 47 patients 
diagnosed with psoriatic arthritis and psoriasis with greater 
than 3% BSA involvement [39]. Clinically, these patients 
were already on a weekly regimen of methotrexate at the start 
of the study and were then started on 5 mg/kg infliximab. 
After 54 weeks, 53% had achieved a PASI-75, compared to 
48% of those on infliximab monotherapy. While this differ-
ence was found to be statistically insignificant, it indicated a 
possible benefit and the need for further investigation.
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In a third study conducted by Dalaker et al., 23 patients on 
infliximab combination therapy were examined retrospec-
tively [40]. These patients received either infliximab and 
methotrexate or infliximab and azathioprine, with a majority 
(17 of 23) receiving methotrexate. By week 14, 70% achieved 
a PASI-75 and 39% achieved a PASI-90. These combination 
approaches were also well tolerated. While more robust clin-
ical trials are needed to evaluate the safety and efficacy of 
infliximab and methotrexate combination therapy, these 
studies suggest it may be another valuable combination 
approach.

 Adalimumab and Methotrexate

There is limited data on methotrexate combination therapy 
with adalimumab, a fully human monoclonal antibody 
against TNF-α. De Groot et al. found that 4 weeks of co- 
medication with adalimumab and methotrexate decreases the 
levels of CD3, CD68, CD161, elastase, BDCA-2, and TNF, 
all of which are inflammatory markers in psoriatic skin [41]. 
Clinically, in a cross-sectional study performed by Takeshita 
et al., compared to methotrexate alone, adalimumab- 
methotrexate combination therapy was 3.04 times more 
effective (95% CI: 2.12–4.36); the efficacy of adalimumab- 
methotrexate combination therapy also appears to be higher 
than etanercept-methotrexate and infliximab-methotrexate 
combinations [37]. These findings suggest that combination 
therapy with adalimumab can be highly beneficial and result 
in clinical improvement by reducing psoriatic inflammation.

However, depending on the dose of adalimumab and 
methotrexate, the magnitude of benefit for this combination 
therapy is variable [42]. Therefore, additional studies are 
needed to determine the clinical efficacy and safety of adali-
mumab and methotrexate combination therapy.

 Ustekinumab and Methotrexate

Ustekinumab is a monoclonal antibody that blocks the 
inflammatory action of IL-12 and IL-23. Heinecke et al. 
retrospectively analyzed 22 patients on ustekinumab ther-
apy who were later started on an additional systemic or bio-
logic agent [43]. Methotrexate was the most frequent agent 
prescribed to a total of 12 patients. Eight patients switched 
to combination therapy for concurrent psoriatic arthritis, 
which resulted in a mean 81% reduction in BSA involve-
ment. Four patients added methotrexate due to limited 
response to ustekinumab monotherapy, and this proved to 
be a more effective treatment approach with a mean 71% 
reduction in BSA involvement. Notably, two of the patients 
who had inadequate control of their psoriasis on monother-
apy achieved almost complete remission (BSA 0–1%) on 

combination therapy. Furthermore, among all patients who 
received combined treatment, adverse effects were mild 
and few in number. Concomitant ustekinumab and metho-
trexate may offer another viable treatment option for 
patients with challenging or refractory psoriasis.

 Biologics and Acitretin

Following biologics and methotrexate, psoriasis specialists 
recommend combined treatment with biologics and acitretin. 
Acitretin, an oral retinoid, is thought to inhibit the expression 
of IL-6 and its downstream induction of the T-helper 17 cas-
cade, which plays a large role in the development of psoriasis 
[44]. Robust evidence for combination therapy with biolog-
ics and acitretin is lacking. A few studies suggest that com-
bining etanercept or ustekinumab with acitretin may be 
beneficial in patients who have failed other treatments [45–
48]. By specifically targeting psoriatic inflammation and not 
causing overall immunosuppression, acitretin is also particu-
larly useful because it may be used for infectious or cancer 
patients who cannot be immunosuppressed [44].

 Etanercept and Acitretin

Gisondi et al. conducted a randomized trial in which 60 
patients received etanercept monotherapy, acitretin mono-
therapy, or a combination of both agents [45]. The dosages 
prescribed were 25 mg etanercept twice weekly, 0.4 mg/kg 
acitretin daily, or a combination of 25 mg etanercept once 
weekly with 0.4 mg/kg acitretin daily. After 24 weeks of 
treatment, these investigators found that combination ther-
apy and etanercept monotherapy were similar in effective-
ness, but both were more effective than acitretin monotherapy. 
In terms of PASI score, 44% of those on combination therapy 
and 45% of those on etanercept monotherapy achieved a 
PASI-75, compared to 30% of those on acitretin monother-
apy. The combination group and etanercept group also had 
similar rates of BSA improvement (78% and 80%, respec-
tively), whereas the acitretin group only had 46% BSA 
improvement. These findings suggest that patients who are 
refractory to oral acitretin may still be susceptible to combi-
nation approaches with etanercept.

Likewise, Lee et al. came to a similar conclusion by per-
forming an almost identical study in 60 Korean patients with 
moderate-to-severe psoriasis [46]. Though the dosages dif-
fered slightly, these patients were randomized to the same 
three treatment arms: etanercept, acitretin, or combination 
therapy with both agents. The combination group received 
25 mg etanercept twice weekly with 10 mg acitretin twice 
daily for 24 weeks. At the end of the study, 52.4% of the 
etanercept group, 22.2% of the acitretin group, and 57.9% of 
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the combination group achieved a PASI-75. Together, these 
studies demonstrate that etanercept and acitretin combina-
tion therapy may be a more effective option for patients who 
require a stronger treatment regimen.

 Ustekinumab and Acitretin

In addition to etanercept, one small study reported on the 
clinical efficacy of ustekinumab and acitretin combination 
therapy. Arakawa et al. described three patients with persis-
tent pustular psoriasis in whom concomitant ustekinumab 
and acitretin proved to be a saving treatment [48]. These 
patients had previously failed a variety of treatments, includ-
ing methotrexate, cyclosporine, biologic agents, and even 
etanercept and acitretin combination therapy. However, they 
all achieved remission with ustekinumab and acitretin and 
had remained psoriasis-free for 17–24 months at the conclu-
sion of the study. While randomized trials are needed to sub-
stantiate these anecdotal reports, these cases suggest that 
concomitant ustekinumab and acitretin may be another 
effective combination approach for the future.

 Biologics and Cyclosporine

Several studies have shown that combination therapy with 
biologics and cyclosporine may be useful as a short-term 
bridging therapy to biologic monotherapy [43, 49]. This 
combination is particularly useful in patients with very 
severe psoriasis, including those with erythroderma and 
those experiencing exacerbation due to abrupt taper or with-
drawal of cyclosporine [49].

Yamauchi et al. analyzed eight patients with severe pso-
riasis who were transitioned from cyclosporine monotherapy 
to etanercept monotherapy by a period of combination ther-
apy with both agents [49]. After starting 50 mg etanercept 
weekly, combined treatment was administered for 2–4 weeks 
before cyclosporine was tapered. The patients started on a 
regimen of 400 mg cyclosporine per day and were tapered by 
100 mg per day every 2–4 weeks. When the patients reached 
100 mg per day, they were tapered further to 100 mg every 
other day for 2–4 weeks and then discontinued completely. 
During this period, no rebound, flares, or adverse events 
occurred, demonstrating that concomitant etanercept and 
cyclosporine is a viable transition therapy.

Gattu et al. published a case series of five patients who 
used adalimumab and cyclosporine combination therapy 
to transition from cyclosporine to adalimumab. The 
cyclosporine taper occurred over 6–11 weeks. During the 
duration of the taper, no intermediate psoriatic flares 
were observed, and the patients were switched to long-
term adalimumab without complications. While larger 
studies are warranted, this supports the feasibility of 

using adalimumab and cyclosporine combination therapy 
to initiate long-term biologic monotherapy.

Lastly, in a retrospective study of 22 patients on 
ustekinumab combination therapy, Heinecke et al. found that 
six patients required cyclosporine as a transitional therapy to 
ustekinumab monotherapy [43]. The bridging period ranged 
from 4 to 28 weeks and was fairly well tolerated. The most 
common reported adverse event was hypertension, which 
resolved after cessation of cyclosporine.

Overall, these studies support the potential utility of com-
bining biologics and cyclosporine as a bridging technique to 
biologic monotherapy. However, combination therapy with 
biologics and cyclosporine is not recommended for long- 
term treatment of moderate-to-severe psoriasis [4]. High- 
dose cyclosporine places psoriasis patients at significant risk 
for malignancy and irreversible renovascular toxicity [21, 
26, 28].

 Biologics and Phototherapy

Combination therapy with biologics and phototherapy is 
often reserved for patients with refractory psoriasis who 
have responded inadequately to biologic monotherapy and 
for whom further immunosuppression is not desired [4]. 
However, concomitant phototherapy is complicated by the 
known increased risk of non-melanoma skin cancer associ-
ated with certain types of ultraviolet light therapies. A num-
ber of studies suggest that clinical outcomes are improved 
when NB-UVB is used in conjunction with biologics, 
namely, etanercept, adalimumab, and ustekinumab.

 Etanercept and NB-UVB

The most commonly studied combination approach is etan-
ercept and NB-UVB. Three randomized trials, three single- 
arm studies, and a retrospective analysis all support its 
clinical efficacy and safety [50–56]. Specifically, Wolf et al. 
conducted a study on five patients in which etanercept and 
NB-UVB was administered to one half of the body, while the 
other half was treated with etanercept monotherapy [50]. 
These patients had failed to reach a PASI-75 on etanercept 
alone. After 6 weeks of combination treatment, the patients 
experienced a mean PASI reduction of 89%, compared to 
68% with just etanercept. Analogously, Gambichler et al. 
compared the same treatment arms in two psoriatic lesions. 
These investigators found that plaques treated with combina-
tion therapy displayed greater improvement in regard to 
PASI score, histology, and immunoreactivity [51].

In another trial by Lynde et al., 75 patients who did not 
show a PASI-90 response with etanercept monotherapy 
were randomized to receive etanercept and NB-UVB com-
bination therapy or remain on etanercept [52]. Initially, 
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these investigators found that the two treatments had similar 
effectiveness. However, after adjusting for patient compli-
ance, combination therapy was evidently more efficacious. 
While only 3.4% of patients on monotherapy achieved a 
PASI-90 after 4 months, 42.9% of those on combination 
therapy achieved the same outcome.

Additionally, multiple single-arm studies have also shown 
that combination therapy with etanercept and NB-UVB is 
effective in treating moderate-to-severe psoriasis [53–55]. 
For example, Kircik et al. studied this combination approach 
by evaluating the PASI score of 86 patients [53]. These 
patients received etanercept 50 mg twice weekly and 
NB-UVB three times weekly. At the end of 12 weeks, 84.9% 
of patients experienced at least a PASI-75, 58.1% experi-
enced at least a PASI-90, and 26.0% experienced a PASI- 
100, all without significant adverse effects. In an almost 
identical study only differing by dosage, De Simone et al. 
found that 81.8%, 57.6%, and 24.2% achieved a PASI-75, 
PASI-90, and PASI-100, respectively [54]. Interestingly, 
Calzavara-Pinton et al. selectively evaluated eight patients 
who were refractory to both agents as monotherapies [55]. 
When switched to combination therapy, they all achieved a 
PASI-75 and three of the patients even achieved complete 
remission.

Altogether, these studies suggest that combination ther-
apy with etanercept and NB-UVB has therapeutic potential 
in the treatment of persistent moderate-to-severe psoriasis. 
However, it is also important to recognize that this combina-
tion may not be equally effective across different patient 
populations. For example, Park et al. showed that etanercept 
and NB-UVB combination therapy resulted in statistically 
similar rates of psoriasis remission as etanercept monother-
apy in 30 obese patients [57]. Specifically, 53% of the com-
bination group and 47% of the monotherapy group achieved 
remission. Further studies are needed to identify the patients 
who may benefit most from etanercept and NB-UVB combi-
nation therapy and to establish more robust evidence for the 
safety and efficacy of this approach.

 Adalimumab and NB-UVB

Investigators have also explored adalimumab in combination 
with NB-UVB. Though the evidence is not as abundant, a 
handful of studies have shown that this combination approach 
enhances the clearance of moderate-to-severe psoriasis. In a 
clinical trial by Wolf et al., four patients who were on adali-
mumab monotherapy were exposed to NB-UVB on a ran-
domly selected half of their body [58]. The dosages 
administered were 80 mg of loading dose adalimumab fol-
lowed by 40 mg every other week and NB-UVB thrice 
weekly. After 6 weeks of treatment, the halves treated with 
combination therapy experienced a mean PASI-86, while the 
non-irradiated halves experienced a mean PASI-53.

Another study conducted by Belinchon et al. found that 
combined treatment with adalimumab and NB-UVB was 
able to reestablish a clinical response in three of four patients 
who had stopped responding to adalimumab monotherapy 
[56]. In conjunction with 40 mg adalimumab every other 
week, these patients received increasing radiation dosages of 
NB-UVB starting at 200–300 mJ/cm2. NB-UVB was admin-
istered three times weekly for a total of 22–30 treatments. As 
a result, one patient experienced a PASI-75 and two experi-
enced a PASI-90.

In a single-arm investigation conducted by Bagel et al., 20 
psoriasis patients were treated with a 12-week regimen of 
adalimumab every other week and NB-UVB thrice weekly 
[59]. As a result, the patients achieved an average of PASI- 
95, with 95% of patients achieving PASI-75, 75% achieving 
PASI-90, and 55% achieving PASI-100. While this data is 
encouraging, additional higher-quality trials are needed to 
validate this combination approach.

 Ustekinumab and NB-UVB

In regard to ustekinumab, two small studies have shown that 
combined treatment with NB-UVB may accelerate or recover 
clearance of moderate-to-severe psoriasis [56, 60]. In a study 
conducted by Wolf et al., combination therapy with 
ustekinumab and NB-UVB resulted in a mean 82% PASI 
reduction in nine patients, whereas ustekinumab monother-
apy resulted in a mean 54% reduction [60]. This occurred 
after 6 weeks of 45 or 90 mg ustekinumab (depending on 
body weight) and NB-UVB three times weekly.

In another study by Belinchon et al., three patients who 
had previously failed ustekinumab monotherapy all showed 
a renewed response to concomitant ustekinumab and 
NB-UVB [56]. After 16–18 phototherapy sessions, these 
patients achieved PASI reductions ranging from 79 to 93%. 
These two studies suggest that the addition of phototherapy 
to ustekinumab therapy may increase overall effectiveness 
and offer a safe treatment alternative for patients with refrac-
tory psoriasis.

 Conclusion

Biologic agents have transformed the treatment of moderate- 
to- severe psoriasis. As monotherapies, biologic agents are 
generally effective and well-tolerated in many patients. 
However, biologic monotherapies do not adequately address 
refractory psoriasis in a proportion of patients. Therefore, 
using certain combination therapies in appropriately selected 
patients can afford synergistic effectiveness without additive 
toxicity. In clinical practice, combining biologics with oral 
systemic agents or phototherapy is often used for patients 
with refractory psoriasis. While the choice of oral agents 
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may differ based on patient demographics, comorbidities, or 
previously attempted therapies, biologics with concomitant 
methotrexate has the most evidence, followed by concomi-
tant acitretin and then NB-UVB. However, a therapy or a 
combination therapy that has “most evidence” does not nec-
essarily mean it is “most effective.” Therefore, consider-
ations must be given on a case-to-case basis with regard to 
which therapies will afford the best benefit-risk ratio in an 
individual patient. Future studies are needed to better under-
stand and validate combination therapy involving biologic 
agents and other systemic treatments for psoriasis.

Case Report
History of Present Illness
A 68-year-old White male was diagnosed with psoriasis 
about 1 year ago. He was started on adalimumab 80 mg ini-
tially and then maintained on 40 mg every other week, and 
he responded well to this therapy for a year. BSA involve-
ment decreased from 18 to 2%. However, during the second 
year of treatment, psoriasis began to increase gradually in 
severity with worsening plaques on his elbows, knees, and 
lower back. BSA involvement increased from 2 to 8% during 
this period, and he also experienced persistent itching. Due 
to concerns about additive immunosuppression, he does not 
want to escalate his dose of adalimumab or start another 
therapy that could add to immunosuppression. His weight is 
73 kg. He denies joint pain and swelling. He is currently 
retired and lives at home with his wife.

Past Medical History
 – Hypertension
 – Hyperlipidemia

Social History
 – Lives at home with wife
 – Retired professor
 – Denies smoking or alcohol use

Previous Therapies
 – Topical treatments

Physical Exam
 – Thick, silver, scaly psoriatic plaques on bilateral elbows, 

knees, and lower back
 – No tender or swollen joints

Management
Given that this patient has refractory psoriasis to adalim-
umab and he does not want to increase the dose or add 
another agent that may increase his risk of immunosuppres-
sion (i.e., methotrexate), this patient is an appropriate candi-
date for NB-UVB phototherapy, which, in general, does not 
afford significant immunosuppression.

He is also retired and has a more flexible schedule to be 
compliant with NB-UVB treatments. Along with his dose of 
40 mg adalimumab every other week, NB-UVB was given 
three times per week for a total of 3 months. The patient 
responded well and BSA decreased to 3%. After the patient 
showed adequate improvement, NB-UVB was tapered down 
to twice a week for 2 months. He continued to do well with a 
BSA of 2%, so NB-UVB was again tapered to once a week 
and he was maintained at that dose.
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Transitioning Biologic and Systemic 
Therapies in Psoriatic Patients

Jerry Bagel

The act of bridging from one biologic agent to another bio-
logic agent is a therapeutic switch based on very little sci-
entific data. In randomized, psoriatic clinical trials, subjects 
are required to wash out from systemic therapies for 
4 weeks and biologic therapies for 12 weeks prior to ran-
domizing. Hence, no clinical trial data is applicable to 
switching between biologic agents.

The first scenario to address is the patient who is on a bio-
logic agent and although is not flaring is not responding effec-
tively, i.e. not achieved at least a PASI 75 (primary failure) or 
after obtaining a PASI 75 has lost efficacy (secondary failure). 
Since the patient is not flaring, time is not of the essence. In this 
case the time between discontinuing the original treatment and 
starting a new treatment would “theoretically” be based on the 
half-life of the original agent. The half-lives for etanercept, 
adalimumab, infliximab, ustekinumab, secukinumab, and 
ixekizumab are 4.5, 14, 7, 21, 21, and 17 days, respectively. It 
takes five half-lives for complete elimination; however, at three 
half-lives, there is only 12.5% of the biologic agent remaining 
which one could assume does not have therapeutic efficacy or 
immunosuppression. Utilizing this metric, it would require a 2, 
6, 3, 9.9, and 7 week washout before starting a new biologic 
agent after discontinuing etanercept, adalimumab, infliximab, 
ustekinumab, secukinumab, and ixekizumab, respectively.

In reality this is rarely done. Typically, it takes 2–3 weeks 
to get a biologic agent approved through the insurance pro-
cess and another week for the patient to come to the office to 
be instructed how to administer the drug. In most cases, it 
would seem appropriate to not have the patient wait any lon-
ger than 4 weeks after discontinuing the previous agent. If 
the reason for switching biologics is for lack of efficacy, it 
would be appropriate to administer the next dose of the new 
biologic at the next dosing interval, i.e. for a new biologic 

after etanercept in week and for adalimumab in 2 weeks. The 
new biologic should be administered in the approved dosing 
regimen. Similarly, if non-medical switching is required 
(switching because insurance mandates), the time frame to 
start the approved agent should not have to wait more than 
the normal interval of dosing [1].

On the other hand, if a biologic agent was discontinued 
because of safety reasons (adverse event), then one must be 
prudent in the time frame before initiating the next biologic 
agent. It would be necessary to evaluate clinical and lab 
parameters prior to resuming biologic therapy independent on 
the half-life of the preceding biologic agent. Another aspect 
of washout that needs to be considered are the co- morbidities 
of the individual, i.e. diabetes, kidney failure, obesity, 
advanced age where increased risks of infection occur. In 
these cases even when biologics are switched, even for effi-
cacy purposes, the “theoretical” washout would be prudent.

With more efficacious biologic agents in our tool box, and 
with PASI 100 in the FDA label for ixekizumab, the physician- 
patient dialogue continues to press the envelope to the point 
where 3% body surface area may no longer be acceptable and 
switching to more efficacious biologics becomes more com-
monplace. Not only is complete clearing at 12 weeks a reality, 
but a maintenance of response is becoming an expectation. 
Therefore, switching from “older” biologics to more effica-
cious biologics could be a common occurrence. Ganzetti et al. 
reviewed switching from one biological therapy to another 
biological therapy: the experience of the PsOMarche group, 
which evaluated 38 subjects, with an average PASI of 22.6, of 
which 9 switched for primary failure and 73% for secondary 
failure (loss efficacy after obtaining a PASI 75). The average 
time for treatment with the first biologic was 1 year. The theo-
retical washout periods utilized were 2 weeks for adalimumab, 
1 week for etanercept, 2–4 weeks for infliximab, and 
8–12 weeks for ustekinumab [2]. However, in practice, switch-
ing from one biologic to next directly occurred 56% of the 
time whereas a washout period was utilized 44%. PASI 75 was 
achieved in 53% and 89.4% of subjects after 8 and 16 weeks 
of  switching to the second biologic agent. Subjects were 
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switched primarily to adalimumab followed by ustekinumab 
and were well tolerated with no safety concerns occurring dur-
ing the observation period. Mrowietz et al. does not recom-
mend a “theoretical” washout in cases of lack of efficacy and 
states the washout after discontinuing ustekinumab to be as 
early as 2–4 weeks [3].

Another scenario is transitioning to a biologic agent after a 
patient has been on methotrexate for an extended period of 
time to decrease the potential of hepatotoxicity in the psoriatic 
population with a high incidence of fatty liver secondary to 
obesity, diabetes, hyperlipidaemia, and alcoholism, similarly 
transitioning to a biologic agent if someone was on cyclospo-
rine and the desire to discontinue to avoid nephrotoxicity or 
discontinue acitretin to avoid persistent hyperlipidaemia.

Ganzetti et al. evaluated 47 subjects on conventional sys-
temic agents over a 6-month period. Transitioning from a 
conventional systemic to a biologic agent occurred in 66% for 
lack of efficacy whereas 25% for safety reasons, i.e. hyper-
tension and increased creatinine related to cyclosporine treat-
ment and hyperlipidemia due to acitretin. Transitioning to a 
biologic agent occurred without washout in 37%, with wash-
out in 51%, and with overlapping the previous systemic and 
the new biologic in 12% of the cases [4].

There are acute circumstances when patients are flaring 
widespread, or possibly palmar plantar or intertriginous 
areas, where their psoriasis is disabling. In these cases the 
two options would be to start the second biologic agent 
immediately after discontinuing the first. This may work 
with IL-17 inhibitors partially due to their high loading dose 
results in quick and effective results.

The question that is asked and only answered from an 
empirical perspective is when overlapping a conventional 
systemic and a biologic: How to taper the systemic therapy 
while adding the biologic agent. In patients with rapidly flar-
ing psoriasis, adding a bridge such as cyclosporine is very 
useful. A practical approach is to initiate cyclosporine 
3.5–5 mg/kg/day until a PASI 50 improvement is obtained. At 
that time a biologic agent could be administered. Monitoring 
should be at the level of the riskiest medication, in this case it 
would be cyclosporine. The combination data of cyclosporine 
with adalimumab and etanercept have been studied in small 
numbers. The tapering of cyclosporine reported varies but it 
is important not to taper too quickly nor keep it on board too 
long hence a taper of 0.5 mg/kg/week once the patient has 
added the biologic agent for a few weeks.

The fact that most of the biologic agents approved for 
psoriasis are also approved for psoriatic arthritis, and the 
fact that methotrexate is not discontinued in the psoriatic 
arthritis trials allows us to have a better handle on the safety 
of methotrexate in combination with biologic agents. If 
methotrexate needs to be discontinued because of a safety 
event, then one needs to make sure all aspects of the adverse 
event are resolved prior to initiating a biologic agent. On the 
other hand, if methotrexate is being discontinued because of 

lack of efficacy or to prevent future toxicity, overlapping 
with a biologic agent would be helpful to prevent flare. The 
question again is for how long to you keep methotrexate on- 
board. In view of no known toxicity going with a slow taper 
would be prudent, i.e. as slowly as 2.5 mg decrease per 
month.

With more efficacious biologics available, i.e. secukinumab 
and ixekizumab, with the latter’s phase 3 data revealing 40% 
of patients obtaining PASI 100 at week 12. In addition ixeki-
zumab shows the same efficacy in bio-naive and patients who 
have received numerous biologics in the past; it is reasonable 
if you can get these medications approved expeditiously to 
start them as soon as possible. The high loading doses with 
these two agents assists in the rapid onset of efficacy which 
would be helpful in the control of a flaring patient.

Yamauchi and Lowe evaluated patients who were placed 
on cyclosporine until they were 50% better. They then added 
etanercept as cyclosporine was discontinued. The eight 
patients in this study remained clear on etanercept 12 weeks 
after cyclosporine was discontinued [5].

Another small study looked at five patients on cyclospo-
rine and adalimumab as a cyclosporine-tapering regimen that 
ranged from 6 to 11 weeks. All patients were able to transi-
tion to adalimumab as a monotherapy without flare [6].

Unfortunately, there is very limited data in regard to risks 
of malignancy and infection when combining cyclosporine 
and biologic agents. As data has shown when combination 
anti-suppressants are added to the mix the risk of infections 
and malignancies increase. Hence it would be prudent to 
overlap with caution. Nonetheless when you do overlap, do 
not taper too quickly as your patient may flare. This is truly 
the art of medicine.

Case Report
A 44-year-old Indian male with psoriatic plaques on scalp, 
elbows, and knees presents to his internist after gardening 
with extensive poison ivy and was given 40 mg IM Kenalog.

Past Medical History:
Bell’s palsy, GERD
Medications: Prilosec

Social History:
Drinks occasionally
Married
Electrical Engineer

Previous Treatments:
Topical Steroids
Narrow band UVB

Physical Exam:
Exfoliative erythroderma
Blood pressure = 126/88
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Fasting glucose = 106
Creatinine = 1.0
Magnesium = within normal limits
QuantiFERON Gold = negative
Hepatitis B and C profile = within normal limits

Management:
Cyclosporine 4 mg/kg in split doses
Prescribed adalimumab
After 3 weeks patient is 50% improved
Initiated adalimumab week 0, 80 mg SQ; week 1, 40 mg SQ, 

subsequently 40 mg SQ, QO week
After 2 weeks on adalimumab, began taper of cyclosporine 

by 0.5 mg QO week
After 10 weeks on adalimumab, cyclosporine was discontin-

ued and patient continued to do well
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Practical Considerations and Complex 
Cases in Psoriasis

Paul S. Yamauchi

Case Study #1: Severe Flare During Therapy

Psoriasis Medical History

 1. 45-year-old male with a history of psoriasis for 3 years.
 2. Started as guttate psoriasis after documented strep throat 

infection.
 3. Despite topical and phototherapy, guttate psoriasis 

evolved into plaque psoriasis.
 4. Maximum psoriasis severity—35%.
 5. No family history of psoriasis.
 6. No psoriatic arthritis symptoms.

Past Medical History

 1. Hypercholesterolemia
 2. Obesity (weight 230 lbs., BMI—30.1)
 3. Hypertension
 4. Smokes 1 ppd
 5. Alcohol intake: one to two beers every night

Therapeutic History for Psoriasis

 1. NB-UVB—did not improve his guttate psoriasis or 
plaque psoriasis

 2. Topical agents.
 3. Initiated on ustekinumab at 90 mg dose when his BSA 

was 35%.
 4. Psoriasis improved down to 1% BSA after 3 months.

 5. Patient has been on ustekinumab for 2 years with stable 
maintenance of response.

 6. His next shot of ustekinumab is due in 1 month.

Complication

 1. Patient was hiking in woods and developed severe contact 
dermatitis from poison oak.

 2. He presented to the ER and was given intramuscular and 
oral systemic steroids.

 3. The contact dermatitis resolved after 1 week.
 4. 2 weeks after systemic steroid administration, the patient 

developed erythrodermic psoriasis.

Clinical Course Options

 1. The laboratories that were measured at the ER showed 
normal CBC and chemistry panel (including LFTs and 
renal function test)

 2. Despite being on ustekinumab, the patient developed 
erythrodermic psoriasis, presumably from steroid with-
drawal. What would be an appropriate next step?
 (a) Administer an immediate dose of ustekinumab at 90 mg.
 (b) Administer another biologic agent.
 (c) Add phototherapy.
 (d) Add cyclosporine.
 (e) Add acitretin.
 (f) Add methotrexate.
 (g) Add apremilast.

Management and Response

 1. Cyclosporine was administered at a starting dose of 5 mg/kg.
 2. After 10 days, the patient was 90% improved.
 3. The dose cyclosporine was tapered down 100 mg per 

week and then discontinued.
 4. During the taper, another 90 mg dose of ustekinumab was 

administered at the normal 3-month dosing interval.

P.S. Yamauchi, MD, PhD 
David Geffen School of Medicine at UCLA, Dermatology Institute 
and Skin Care Center, 2001 Santa Monica Blvd Suite 1160W, 
Santa Monica, CA 90404, USA
e-mail: paulyamauchi@yahoo.com
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Discussion

 1. Retrospective analysis using cyclosporine as rescue ther-
apy to control psoriasis flare-ups in 10 patients who had 
received continuous efalizumab therapy (a biologic agent 
for psoriasis that was discontinued in 2009) has been 
reported [1, 2].

 2. Combination therapy with cyclosporine and efalizumab 
was generally well tolerated and controlled the relapse 
effectively.

 3. The data on managing flare-ups during biologic therapy 
with systemic agents (including cyclosporine) is limited.

 4. There are several case reports on combination therapy 
with biologic agents [1, 2].

Case Study #2: Loss of Response During Therapy

Psoriasis Medical History

 1. 32-year-old female.
 2. History of psoriasis for 10 years.
 3. Family history of psoriasis in mother.
 4. No psoriatic arthritis symptoms.
 5. Initially mild psoriasis limited to scalp, knees, and elbows 

that was controlled with topical agents.
 6. 2 years ago, the psoriasis worsened to a maximum sever-

ity of 15% BSA.

Past Medical History

 1. Has two children
 2. Does not plan on becoming pregnant and is on birth 

control
 3. Nonsmoker
 4. Alcohol intake—one glass of wine every night

Therapeutic History for Psoriasis

 1. Topical agents.
 2. Phototherapy—good initial response after 4 months of 

treatment but relapsed soon after discontinuing.
 3. The BSA was 15%.
 4. The patient was then treated with etanercept at 50 mg BIW 

for 12 weeks and then 50 mg weekly for maintenance.
 5. For 9 months, the BSA was reduced a stable level at 2%.

Complication

 1. Despite being compliant on etanercept therapy, the pso-
riasis relapsed after 9 months of stable clearance.

 2. The BSA increased to 11% within 1 month
 3. Topical therapy did not control the relapse.

Clinical Course Options

 1. The patient’s psoriasis is worsening despite being on 
etanercept.

 2. Assuming all laboratory values are normal, what would 
be an appropriate next step?
 (a) Increase etanercept to 50 mg BIW.
 (b) Add methotrexate.
 (c) Add cyclosporine.
 (d) Add acitretin.
 (e) Add apremilast.
 (f) Switch to a biologic agent that is not a TNF inhibitor.
 (g) Switch to a different biologic agent that is a TNF 

inhibitor.
 (h) Others.

Management and Response

 1. The dosage of etanercept was increased to 50 mg BIW.
 2. No improvement of the psoriasis was evident after 

6 weeks.
 3. What would be the next step?

 (a) Add methotrexate.
 (b) Add cyclosporine.
 (c) Add acitretin.
 (d) Add apremilast.
 (e) Switch to a biologic agent that is not a TNF inhibitor.
 (f) Switch to a different biologic agent that is a TNF 

inhibitor.
 (g) Others.

Management and Response (continued)

 1. Etanercept was discontinued, and adalimumab was initi-
ated at a dose of 80 mg at week 0, 40 mg at week 1, and 
then 40 mg every other week.

 2. Within 2 weeks, the psoriasis had begun to improve.
 3. After 3 months, the BSA decreased to 1%.
 4. The patient continues to treat her psoriasis with adalimumab.

Discussion

 1. A primary nonresponse occurs where there is no or min-
imal response to the therapy (e.g., less than a PASI 50 
response).

 2. A secondary nonresponse occurs where the drug is start-
ing to lose efficacy after attaining the desired response 
(e.g., losing 50% of a PASI 75 response).

 3. Although there are no specific guidelines on switching 
biologic agents, the usual route is to transition from one 
biologic to another without any washout period. In formal 
clinical trials, a typical washout period is 3 months. This 
is not necessary and the switch can occur once a patient is 
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approved for the new biologic agent. It is not necessary to 
base the switch on the half-life of the original biologic.

 4. When transitioning biologics, the switch may be within 
the same class (e.g., one TNF inhibitor to a different 
TNF inhibitor) or a different class (e.g., TNF inhibitor 
to IL-12/IL-23 or IL-17 inhibitor). For a primary nonre-
sponse, the recommendation is to switch to a different 
class. For a secondary nonresponse, switching can 
occur within the same class [3] or to a different mecha-
nism of action.

Case Study #3: Managing Recalcitrant Psoriasis and 
Psoriatic Arthritis

Psoriasis Medical History

 1. 41-year-old male
 2. History of psoriasis for 11 years.
 3. Family history of psoriasis and psoriatic arthritis (mother).
 4. Psoriasis mild (1–2% BSA) for the first 10 years.
 5. Patient started to develop morning stiffness that lasted 

30 min and lower back pain that he attributed to getting 
older.

 6. Pain and swelling in two fingers in his left hand.
 7. Pitting and onycholysis of his nails.
 8. Feeing more fatigued.

Past Medical History

 1. Hyperlipidemia
 2. Obesity (weight 230 lbs., BMI—30.1)
 3. Hypertension
 4. Smokes 1 ppd
 5. Alcohol intake: one to two beers every night

Therapeutic History for Psoriasis

 1. For the first 10 years, his mild psoriasis was controlled 
with topical steroids by his primary care physician.

 2. When the patient developed arthritic symptoms, his pri-
mary care physician attributed this to osteoarthritis and 
prescribed NSAIDs with moderate improvement

 3. However the psoriasis began to worsen and affected his 
scalp, trunk, and extremities (15% BSA).

 4. The patient was then referred to a dermatologist for fur-
ther management.

Management and Response

 1. The dermatologist diagnosed the patient with psoriasis 
and psoriatic arthritis based on morning stiffness, asym-
metric oligoarthritis, and nail changes.

 2. Before checking labs, which course of therapy would 
you consider?
 (a) Methotrexate
 (b) TNF inhibitor (etanercept, adalimumab, infliximab, 

certolizumab)
 (c) Ustekinumab
 (d) Apremilast
 (e) IL-17 inhibitor (secukinumab, ixekizumab, 

brodalumab)
 (f) Others.

 3. The QuantiFERON Gold assay test was negative, and all 
laboratory parameters were normal including negative a 
hepatitis B panel.

 4. Adalimumab was initiated at a dose of 80 mg at week 0, 
40 mg at week 1, and then 40 mg every other week.

 5. Within 1 month, the morning stiffness and oligoarthritis 
improved and the patient felt less fatigued and more 
functional.

 6. After 3 months, the psoriatic arthritis was not bothering the 
patient. However, there was minimal improvement in his 
psoriasis (15% BSA) and the patient desired clearer skin.

 7. The psoriatic arthritis is stable but the psoriasis has 
remained unchanged

 8. What would you consider next?
 (a) Continue adalimumab and wait and see.
 (b) Add methotrexate.
 (c) Add apremilast.
 (d) Switch to apremilast.
 (e) Switch to etanercept.
 (f) Switch to infliximab.
 (g) Switch to ustekinumab.
 (h) Switch to IL-17 inhibitor.
 (i) Others.

 9. The patient was switched from adalimumab to 
ustekinumab at 90 mg at weeks 0 and 4 and at every 
3 months of dosing.

 10. Within 2 months, the BSA decreased to 2%.
 11. However, he developed a small effusion in his left knee 

with pain and swelling, and his oligoarthritis redevel-
oped in his hands.

 12. At month 4 after 3 doses of ustekinumab, the psoriasis was 
100% clear, but his psoriatic arthritis continued to worsen.

 13. The psoriasis is clear but the psoriatic arthritis has wors-
ened during ustekinumab therapy

 14. At this point, what would you consider?
 (a) Remain on ustekinumab and wait and see.
 (b) Add methotrexate.
 (c) Add apremilast.
 (d) Switch to apremilast.
 (e) Switch to etanercept.
 (f) Switch to infliximab.
 (g) Switch to IL-17 inhibitor.
 (h) Others.
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 15. Apremilast was added in combination with ustekinumab.
 16. Within 1 month, the psoriatic arthritis improved with a 

reduction of morning stiffness and less pain and swell-
ing in his fingers.

 17. After 2 months, his psoriasis remained 100% clear, and 
the psoriatic arthritis was stable and under control.

Discussion

 1. Another option would have been to switch to an IL-17 
inhibitor such as secukinumab which has the indication 
for both psoriasis and psoriatic arthritis.

 2. It is generally not recommended to combine two biologic 
agents together due to potential risk of adverse events 
such as serious infections.

 3. Point to consider—if the patient requested that 
ustekinumab be discontinued and only remain on apremi-
last as monotherapy, would you consider this?
 (a) Yes
 (b) No
 (c) Not sure

Case Study #4: Malignancy During Therapy

Psoriasis Medical History

 1. 52-year-old male
 2. History of psoriasis for 25 years
 3. No family history of psoriasis
 4. No psoriatic arthritis symptoms
 5. Maximal psoriasis severity in his lifetime—30% BSA:

 (a) Scalp
 (b) Trunk
 (c) Extremities

Past Medical History

 1. Hypertension
 2. Type 2 diabetes mellitus
 3. BMI—27
 4. Nonsmoker
 5. Alcohol intake—one glass of wine every night

Therapeutic History for Psoriasis

 1. Topical agents.
 2. Phototherapy—tried for 4 weeks but unable to continue 

due to busy schedule.
 3. Methotrexate—minimal response and could not tolerate.
 4. Etanercept—50 mg weekly for 10 years.
 5. Psoriasis is stable and controlled. BSA is 1–2%.

Complication

 1. The patient was diagnosed with colon cancer during a 
colonoscopy screening exam.

 2. Etanercept was discontinued following the diagnosis.
 3. Surgery and chemotherapy was performed and the colon 

cancer was in remission.
 4. At this point, the psoriasis has relapsed and the BSA is 

20%.
 5. The patient inquires if he can go back on etanercept.

Clinical Course Options

 1. The colon cancer is in remission, but the psoriasis has 
relapsed (20% BSA). The patient requests that etanercept 
be restarted.

 2. What would be your next step?
 (a) Resume etanercept.
 (b) Initiate another biologic.
 (c) Phototherapy.
 (d) Apremilast.
 (e) Methotrexate.
 (f) Cyclosporine.
 (g) Acitretin (with or without phototherapy).
 (h) Others.

Management and Response

 1. The case was discussed with the patient’s oncologist.
 2. The oncologist stated he had no reservations about restart-

ing the patient back on etanercept.
 3. The patient was restarted on etanercept after the risks and 

benefits were discussed.
 4. The same degree of efficacy as before was recaptured.
 5. The patient continues to be closely monitored by both the 

dermatologist and oncologist.

Discussion

 1. Several studies do support the favorability of the safety 
profile of biologics in patients with psoriasis in terms of 
the risk of developing malignancy [4].

 2. A few studies in patients with a previous history of cancer 
show no increased risk of recurrence in those treated with 
biologics compared to nonbiologic therapy.

 3. Recent studies do not show an increased risk of new or 
recurrent malignancy in patients with psoriasis treated 
with biologic agents.

 4. Coordinating the management of patients that develop or 
have a history of previous malignancy with an oncology 
team is crucial for patient-centered care until clear 
evidence- based guidelines are developed
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Case Study #5: Paradoxical Anti-TNF Pustular-Induced 
Psoriasis

Past Medical History

 1. 28-year-old female
 2. History of Crohn’s for 3 years
 3. Currently on infliximab for 1½ years with good control
 4. BMI—22
 5. Nonsmoker
 6. No alcohol consumption
 7. No history or FH of psoriasis

Complication

 1. The patient developed an intensely pruritic rash on her 
distal extremities.

 2. Her internist prescribed a high potency steroid which did 
not improve the rash.

 3. She was then referred to a dermatologist for further evalu-
ation and treatment.

 4. On physical examination, erythematous, scaly patches 
with overlying 2 mm pustules were present on the distal 
extremities.

 5. A punch biopsy was performed which parakeratosis, 
acanthosis with intraepidermal neutrophils, and a perivas-
cular lymphocytic infiltrate in the dermis with neutrophil 
accumulation at the dermal papillae.

Clinical Course Options

 1. The presumed diagnosis of paradoxical anti-TNF 
pustular- induced psoriasis was made in this patient with 
Crohn’s disease.

 2. What would be your next step?
 (a) Phototherapy.
 (b) Add apremilast.
 (c) Add cyclosporine.
 (d) Add methotrexate.
 (e) Switch to another TNF inhibitor.
 (f) Switch to ustekinumab.
 (g) Others.

Management and Response

 1. The infliximab was not withheld and apremilast was added.
 2. The patient developed nausea and diarrhea soon after-

ward and was not able to tolerate apremilast.
 3. In discussion with the gastroenterologist, the decision 

was made to switch to ustekinumab to treat the psoriasis 
and to control her Crohn’s disease.

 4. The psoriasis dosing was used at 45 mg at weeks 0 and 4 
and every 3 months.

 5. The patient’s psoriasis resolved within 2 months and her 
Crohn’s disease remained stable on ustekinumab.

Discussion

 1. A case review report examined the incidence of paradoxi-
cal anti-TNF pustular-induced psoriasis [5]:
 (a) 127 cases in patients with rheumatoid arthritis, anky-

losing spondylitis, and Crohn’s disease.
 (b) Infliximab (55.1%), etanercept (27.6%), adalimumab 

(17.3%).
 (c) Palmoplantar pustular psoriasis 40.5% of the cases, 

with plaque-type psoriasis in 33.1%, and other types 
comprising the remainder.

 (d) Topical corticosteroids were the most commonly 
employed treatment modality but led to resolution in 
only 26.8% of cases.

 (e) Switching to a different anti-TNF agent led to resolu-
tion in 15.4% of cases.

 (f) Cessation of anti-TNF therapy with systemic therapy 
led to resolution in 64.3% of cases.

 2. Almost two-thirds of patients with Crohn’s disease refrac-
tory to at least one anti-TNF agent receive clinical benefit 
from ustekinumab therapy, not requiring steroids for up to 
12 months afterward [6].

 3. Anti-IL-17 inhibitors have a class warning about a very 
small but potential risk of exacerbation of inflammatory 
bowel disease. Utilization of using these agents in situa-
tions of paradoxical anti-TNF pustular-induced psoriasis 
in patients with inflammatory bowel disease can be con-
sidered if there is lack of response from ustekinumab.

 4. Oral systemic agents such as acitretin, apremilast, metho-
trexate, or cyclosporine may be considered as well.

 5. Phototherapy may also be considered as well.

Pregnancy
Scenario

 1. 28-year-old female with a 5-year history of psoriasis.
 2. Initiated on ustekinumab when her baseline BSA was 35%.
 3. Psoriasis 100% improved with ixekizumab after 6 months.
 4. Patient informs you she is pregnant with her first child and 

wants to discuss whether to continue or stop the ixekizumab.
 5. What would you do?

 (a) Stop ixekizumab.
 (b) Continue ixekizumab.

Discussion

 1. There are no specific guidelines in the management of 
women who become pregnant while on a biologic agent. 
Each case is individualized and handled accordingly [7].
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 2. For moderate-to-severe psoriasis, ultraviolet B photother-
apy is preferred [8].

 3. Despite regulated safety data, biologics are favored over 
other systemic medications when needed.

 4. All biologics for psoriasis are pregnancy category B.
 5. Certolizumab does not cross the placenta.
 6. Limited data for TNF inhibitor indicate numerous cases 

of safe use during pregnancy and no clear pattern of 
malformations.

 7. Increased rate of spontaneous abortion if etanercept is 
used during the first trimester.

 8. Data limited for ustekinumab but no maternal, fetal, or 
infantile toxicities in animal studies.

 9. Table 25.1 shows the prevalence and risk ratios of preg-
nancy outcomes in psoriasis.

Hepatitis B and C Case Reports [9]

 1. Hepatitis B and hepatitis C
 2. Five patients with concurrent viral hepatitis had plaque 

psoriasis with two having psoriatic arthritis (PsA) 
(2 M, 3F, mean age 54.5 years, average duration 
8.8 years).

 3. Three patients had HBV and two had HCV.
 4. All the patients had received at least one biologic agent: 

four treatments of etanercept and one treatment of 
adalimumab.

 5. Patients were evaluated by a hepatologist and were 
cleared to use the biologics with regular monitoring.

 6. Psoriasis improved in all patients and no worsening of 
HBV or HCV.

 7. Close monitoring required.

 8. Table 25.2 lists the interpretation of hepatitis B serologic 
test results:
 (a) When clinical trials are conducted for psoriasis, 

patients are excluded if the HbsAg is positive indicat-
ing infection (acute or chronic) or anti-HBc is posi-
tive and the HbsAg and anti-HBs are both negative 
indicating the interpretation is unclear with four 
possibilities:

Resolved infection (most common)
False-positive anti-HBc and thus susceptible
“Low level” chronic infection
Resolving acute infection

HIV Reports

 1. Three HIV-positive patients all had plaque psoriasis with 
two having psoriatic arthritis (3 males, mean age 
54.6 years, average duration 12.3 years) [9].

 2. All were receiving HAART therapy under the care of 
infectious diseases physicians.

 3. Two received etanercept and one adalimumab treatments 
and were followed up closely by the dermatologist and 
infectious disease physicians.

 4. Psoriasis improved in all patients and no worsening of 
HIV.

Table 25.1 Prevalence and risk ratios of pregnancy outcomes in 
psoriasis

Pregnancy 
outcome (ICD-9 
code)

Psoriasis 
N = 358 (%)

Non-psoriasis 
N = 131,424 (%)

Risk 
ratio 95% CI

Spontaneous 
abortion (634)

28.1 7.2 3.90 3.33, 
4.56

Preterm birth 
(644)

21.7 7.4 2.92 2.41, 
3.54

Severe pre- 
eclampsia and 
eclampsia (642.5 
and 642.6)

14.2 2.9 4.92 3.79, 
6.39

Placenta previa 
without and with 
hemorrhage 
(641.0 and 641.1)

18.6 5.3 3.49 2.81, 
4.33

Ectopic 
pregnancy (633)

13.6 3.0 4.56 3.48, 
5.97

Cesarean section 
(669.7)

7.3 20.5 0.35 0.24, 
0.53

Lima X, et al. Presented at: American Academy of Dermatology 68th 
Annual Meeting; March 5–9, 2010; Miami Beach, Florida. Poster 
P3308

Table 25.2 Interpretation of Hepatitis B serologies

HBsAg Negative Susceptible

Anti-HBc Negative

Anti-HBs Negative

HBsAg Negative Immune due to natural infection

Anti-HBc Positive

Anti-HBs Positive

HBsAg Negative Immune due to hepatitis B vaccination

Anti-HBc Negative

Anti-HBs Positive

HBsAg Positive Acutely infected

Anti-HBc Positive

IgM 
anti-HBc

Positive

Anti-HBs Negative

HBsAg Positive Chronically infected

Anti-HBc Positive

IgM 
anti-HBc

Negative

Anti-HBs Negative

HBsAg Negative Interpretation unclear; four 
possibilities:

Anti-HBc Positive   1.  Resolved infection (most 
common)

Anti-HBs Negative   2.  False-positive anti-HBc, thus 
susceptible

  3. “Low level” chronic infection

  4. Resolving acute infection

Reprinted with permission from https://www.cdc.gov/hepatitis/hbv/
hbvfaq.htm
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 5. Close monitoring required.
 6. HIV and tumor necrosis factor (TNF) inhibitors [10]:

 (a) 27 published cases of patients with HIV being treated 
with TNF inhibitors.

 (b) Patients with HIV may have recalcitrant inflamma-
tory disorders.

 (c) Clinical trials and case series demonstrate that tumor 
necrosis factor-alpha inhibitors can provide improvement 
in patients with HIV/AIDS with few complications.

 (d) Physicians may consider TNF inhibitors in motivated 
patients with HIV/AIDS, who are monitored for their 
CD4 count.

Vaccinations
Scenario

 1. A 55-year-old male with a 20-year history of psoriasis.
 2. He developed psoriatic arthritis 12 years after the onset of 

psoriasis.
 3. His psoriatic arthritis and psoriasis has been well con-

trolled on a 50 mg weekly dosing etanercept for 8 years.
 4. The patient informs the dermatologist he wants to receive 

the live zoster vaccine.
 5. How would you handle this?

Discussion

 1. The package insert for biologics generally state that live 
vaccines should not be given while on therapy.

 2. The general recommendation is for patients to be vacci-
nated first (on vaccines they wish to receive) and wait 
1 month before the first dose of the biologic agent.

 3. There are no specific guidelines for how long to withhold 
the biologic therapy prior to administering a live vaccine. 
The author’s strategy is to withhold the biologic agent at 
the time when patient is due for their next dose, wait 
1 month, have the live vaccine administered, wait another 
month, and then resume therapy. Another strategy is to 
withhold the biologic agent for five half-lives prior after 
the last dose prior to administering the live vaccine.

 4. An analysis that included nearly 20,000 vaccinated 
Medicare patients reported that the administration of the 
live zoster vaccine was not associated with an increased 
risk of zoster shortly when concurrent biologics were not 
withheld. The study also showed a reduced longer-term 
risk of zoster in patients with an immune-mediated dis-
ease [11].

 5. For heat-killed vaccines, the author does not generally 
withhold the biologic agent although the package insert 
for some biologics states that non-live vaccinations 
received during a course of biologic therapy may not 
elicit an immune response sufficient to prevent disease 
while studies performed on other biologics have demon-
strated that antibody responses were elicited to certain 
non-live vaccines.

Surgery
Scenario

 1. A 40-year-old woman with a 6-year history of severe 
psoriasis.

 2. Her BMI at baseline was 32 and her weight was 250 lbs.
 3. She has been on ustekinumab 3 years for and she is 100% 

clear.
 4. Through diet and exercising, she lost 50 lbs. and her BMI 

is down to 25.
 5. She wishes to undergo abdominoplasty to improve her 

appearance.
 6. When would be an optimal time to schedule her surgery 

since she is on a biologic agent?

Discussion

 1. A literature review reported that biologic and systemic 
agents can be safely continued through low-risk operations 
(e.g., simple excisions and Mohs surgery) in patients with 
psoriasis and psoriatic arthritis without increased incidence 
of delayed wound healing and prolonged infections. For 
moderate- and high-risk surgeries such as total joint replace-
ment, a case-by-case approach should be taken based on the 
patient’s individual risk factors and comorbidities [12].

 2. The author generally recommends withholding the bio-
logic agent 1–2 weeks prior to major surgery and resum-
ing therapy 1 week after surgery.

Latent Tuberculosis
Scenario

 1. A 40-year-old male from the Philippines has severe pso-
riasis for 10 years.

 2. Topical agents and phototherapy have not been adequate.
 3. He wishes to be treated with secukinumab after a female 

coworker told him this drug cleared her psoriasis.
 4. His BSA at baseline is 40% with no symptoms or signs 

of psoriatic arthritis.
 5. He has no history or family history of inflammatory 

bowel disease.
 6. You decide that secukinumab would be appropriate for 

this patient.
 7. The patient informs you he received the BCG vaccine.
 8. Would you still test for tuberculosis?

 (a) Yes
 (b) No

 9. Checking for tuberculosis should always be performed 
even if the patient has received the BCG vaccine before.

 10. A QuantiFERON Gold assay test was performed and 
was positive.

 11. What is your next step?
 (a) Because the patient has a positive QuantiFERON 

Gold assay, he should not be on any biologic agent.
 (b) Initiate isoniazid therapy.
 (c) Check a chest X-ray.
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 12. A chest X-ray was ordered and no signs of active tuber-
culosis were seen.

 13. Isoniazid was prescribed for 9 months. One month into 
therapy with isoniazid, the patient was initiated on 
secukinumab.

Discussion

 1. People with latent tuberculosis are not infectious and can-
not transmit tuberculosis to other people.

 2. Overall, without treatment, about 5–10% of people with 
latent tuberculosis will develop active tuberculosis dis-
ease at some time in their lives. About half of those peo-
ple who develop tuberculosis will do so within the first 
2 years of infection.

 3. The BCG vaccination may cause the PPD test to be 
positive even though there was no exposure. The 
QuantiFERON Gold assay test is not likely to be posi-
tive in individuals who have received the BCG vacci-
nation. In the event the assay is positive, then 
prophylactic therapy should be instituted because the 
vaccine may have worn off.

 4. The biologic therapy can be initiated following 1 month 
of prophylactic treatment for latent tuberculosis.

 5. Tuberculosis screening is usually done annually while 
patients are on biologics or whenever there has been an 
exposure.
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Biosimilars in Dermatology

Paul S. Yamauchi

 Introduction

Biologics are complex, high molecular weight molecules 
manufactured through recombinant DNA technology in 
living system host cells such as bacteria, yeast insect, 
plant, or mammalian cells grown in culture [1]. Biologics 
comprise an array of proteins that include monoclonal 
antibodies, receptor fusions proteins, blood and plasma 
products, recombinant proteins, and vaccines [2]. They 
play a critical role in clinical care by eliciting a therapeu-
tic response through the binding of specific targets and 
antigens in the body.

Biosimilars are copies or imitations of original biolog-
ics (reference product) that are structurally similar and 
have the same pharmacologic mechanism of action [3, 4]. 
In the United States, the Federal Drug Agency (FDA) 
defines a biosimilar as “a biologic product that is highly 
similar to a US licensed reference biological product not-
withstanding minor differences in clinically inactive com-
ponents, and for which there are no clinically meaningful 
differences between the biological product and the refer-
ence product in terms of the safety, purity, and potency of 
the product” [5]. The European Medicines Agency (EMA) 
defines a biosimilar as a biological medicinal product that 
contains a version of the active substance of an already 
authorized original biological medicinal product, referred 
to as the reference medicinal product, or simply “refer-
ence product” [6]. A biosimilar demonstrates similarity to 
the reference product in terms of quality characteristics, 
biological activity, safety, and efficacy based on a com-
prehensive comparability exercise [7]. The World Health 

Organization (WHO) refers to a biosimilar as a similar 
biotherapeutic product (SBP), defined as “a biotherapeu-
tic product which is similar in terms of quality, safety and 
efficacy to an already licensed reference biotherapeutic 
product” [8]. Unlike generic medications, biosimilars are 
not identical to the reference biologic or to other biosimi-
lars of the same reference biologic.

With patent expiration dates of important biologic drugs 
having already occurred or are on the horizon (Table 26.1), 
focus on developing biosimilars have heavily intensified [9]. 
The foremost intention of biosimilar availability is to 
improve patient access to biologic therapies by reducing 
clinical developmental expenses and offering an economic 
advantage through substantial reduction of cost. However, 
the introduction of these agents into the US health care mar-
ketplace has elicited concern and debate because biosimilars 
are not identical copies of their originator drugs and pharma-
covigilance studies are limited. Nonetheless, several biosim-
ilar are approved globally and as more enter the market, it is 
important that health care providers understand their role and 
characteristics.

This review aims to provide a comprehensive treatise 
of biosimilars and its relevance in dermatology with 
emphasis on the current landscape in this continuous 
evolving area.
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Table 26.1 Anticipated United States and European Union patent 
expiration years for innovator biologics

Biologic name

Brand name Anticipated expiration year

US EU

Adalimumab Humira® 2016 2018

Certolizumab pegol Cimzia® 2024 2021

Etanercept Enbrel® 2028 2015

Golimumab Simponi® 2024 2024

Infliximab Remicade® 2018 2015

Ustekinumab Stelara® 2023 2024

mailto:paulyamauchi@yahoo.com
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 Manufacturing and Structure of Biologics 
and Biosimilars

Biosimilars differ from generic drugs in numerous important 
ways and are not synonymous with each other (biosimi-
lar ≠ generic) (Fig. 26.1). Unlike generic drugs, which are 
identical to the reference drug in dosage, safety, strength, 
route of administration, quality, and intended use, biosimi-
lars are not exact copies of their reference product. The 
molecular weight of the biosimilar is typically in the thou-
sands of daltons while the size of a generic in the hundreds 
of daltons [12]. The structure of the biosimilar is complex 
and heterogenous while generics have a simple and defined 
structure [12, 13]. While generics are small molecules that 
can be fully characterized, biosimilars are dynamic struc-
tures that cannot be fully characterized 100% in the labora-
tory. Biosimilars can be sensitive to slight changes in physical 
conditions such as temperature, storage, and handling while 
generics are relatively stable under similar conditions. 
Biosimilars have intrinsic potential for immunogenicity 
while generics have a low potential. Generics are synthe-
sized from predictable chemical reactions and identical cop-
ies can be produced.

Because biologics and biosimilars are produced in living 
systems (Fig. 26.2), they are more complicated to develop 
and manufacture than small molecules (Fig. 26.3). Small 
molecule drugs are synthesized through a series of chemical 
reactions and are readily reproducible in laboratories and 
highly equivalent due to their simple structure [10]. One of 
the initial steps in the development of a biologic is to isolate 
the gene that encodes the protein of interest [11]. The iso-
lated gene is expressed on a DNA vector which is then trans-
fected into a cell line. A unique cell clone is subsequently 
identified and expanded into a master cell bank that produces 
vast quantities of the desired protein. The protein is subse-
quently extracted and purified through a series of manufac-
turing processing steps that leads to the final dispensed 
product. Quality control and quality assurance are monitored 
at all stages of the manufacturing process to ensure that 
product attributes meet the stringent requirements for iden-
tity, purity, potency, and stability. Adding to another level of 
variable complexity with biologics and biosimilars, the man-
ufacturing processes may be similar but not identical between 
different manufacturers (Fig. 26.4). Each step during manu-
facturing can potentially introduce variability between a bio-
similar and its reference drug. Such differences may lead to 

Biologics and Biosimilars Are Made by Living Cells
Through Well-Controlled Processes

A typical biotechnology manufacturing process includes multiple stages

Transfection of
DNA into host cell1

Patient
treatment2

Refrigeration,2

storage,2 and
transport1

Formulation,1 fill,2

and finish2

Characterization
and stability2

Cell line
selection and
development1

Manufacturer establishes a
unique master cell bank1

Cell culture
and expansion1

Isolation2 and purification1

DNA = deoxyribonucleic acid.
1. Kresse GB. Eur J Pharm Biopharm. 2009;72:479-486. 2. Sharma BG. EJHP Pract. 2007;13:54-56.

Fig. 26.1 Biosimilars are different from generics (reprinted with permission from Amgen)
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Biologics Are Larger and Structurally More
Complex Than Chemically Synthesized Drugs

Chemically
Synthesized
Drugs

Biologic Drugs

Bacteria or Yeast
Expression Systems1

Mammalian Expression System2,3

Insulin

mAbs

• FDA regulaged as a
   small molecular and
   not as a biologic4

• Small, with 51 amino
   acids5

• Well characterized5

• Nongly cosylated5

• Complex structure, consist
   of multiple domains6

• Post-translational
  modifications6

Increasing Complexity
1,7

Aspirin8

~ 0.18 kDa
Insulin9

~ 5.8 kDa
GH10

~ 22 kDa
hFSH11

~ 48 kDa
mAbs6

~ 150 kDa

Images are not shown to relative scale.
FDA =Food and Drug Administration; mAbs =monoclonal antibodies; GH1 =human growth hormone 1; hFSH = human follicle-stimulating hormone.
1. EMA. Biosimilar Medicines. www.ema.europa.eu/ema/index.jsp?curf=pages/special_topics/document_listing/document_listing_000318.jsp. Accessed March 5,
2015. 2. Rosser MP, et al. Protein Express Pur. 2005;40:237-243. 3. Lackner A, et al. Anal Biochem. 2008;380:146-148. 4. Johnson JA; Congressional Research
Service FDA Regulation of Follow-On Biologics. CRS Report for Congress. Published April26, 2010. 5. EMA. Guideline on Non-Clinical and Clinical Development of
Similar Biological Medicinal Products Containing Recombinant Human Insulin and Insulin Analogues. Published February 26, 2015. 6. Schneider C, et al. Nat
Biotechnol. 2008;26: 985-990. 7. Berkowitz S, et al. Nat Rev Drug Discov. 2012; 11 :527-540. 8. Aspirin (acetylsalicylic acid) prescribing information,
www. fda.gov/ohrms/DOCKETS/ac/03/briefing/4012B1_03_Appd%201-Professionai%20Labeling.pdf. Accessed October 19, 2016. 9. Sigma Aldrich. Product
Information: Insulin. http://www.sigmaaldrich.com/content/dam/sigmaaldrich/docs/Sigma/Produd_lnformation_Sheet/2/i6634pis.pdf.Accessed
October 23, 2016.10. OMIM. Growth Hormone. www.omim.org/entry/139250?search=human%20growth%20hormone&highlight= hormone%20growth%20human.
Accessed October 19, 2016.11. Na KH, et al. J Microbial Biotechnol. 2005; 15:395-402.

Fig. 26.2 Biologics and biosimilars are made by living cells through well-controlled processes (reprinted with permission from Amgen)

Each Biosimilar Is Unique Because of Differences
in Manufacturing
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1. Mellstedt H, et al. Ann Oncol. 2008:411-419. 2. Roger SD. Nephrology (Carlton). 2006; 11:341-346. 3. FDA. Scientific Considerations in Demonstrating Biosimilarity to
a Reference Product. Guidance for Industry. Published April 2015. 4. FDA. ]Quality Considerations in Demonstrating Biosimilarity to a Reference Protein Product.
Guidance for lndustry Published April 2015.
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Fig. 26.3 Biologics are larger and structurally more complex than chemically synthesized drugs (reprinted with permission from Amgen)
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structural variances in the resulting biologic protein which 
could alter the safety or efficacy of the product.

It is important to note that biosimilars are derived from a 
cell line that is different from the reference biologic due to 
proprietary rights of the original sponsor. As a result, 
 biosimilars are not exact copies to their reference products but 
are similar to each other with some minor variations. The 
development of a biosimilar first starts with the identification 
of the primary acid sequence of the reference product fol-
lowed by the construction of the corresponding recombinant 
DNA gene which is then transfected and expressed in a differ-
ent cell line through reverse engineering. Analytical character-
ization is conducted to demonstrate similarity to the reference 
product followed by comparative clinical studies in safety, 
efficacy, and immunogenicity to confirm biosimilarity.

The environment in the cell dictates the structural proper-
ties of the protein and its function. The primary structure of 
the protein establishes the amino acid sequence chain and the 
secondary and tertiary structure determine the folding and 
three-dimensional shape of the protein (Fig. 26.5). Any small 
changes in the conformation of the protein can alter its func-
tion and cause clinically meaningful differences in efficacy 
and safety [14]. In addition, proteins undergo posttransla-
tional modifications that further contribute to the function, 

diversity, and complexity [15] (Fig. 26.5). There are more 
than 300 types of posttranslational modifications that have 
been identified including glycosylation, phosphorylation, 
methylation, amidation, and acetylation. While a biosimilar 
may have the same primary amino acid sequence as the ref-
erence product, differences in posttranslational modifica-
tions may potentially result in low level sequence variants 
that can change biological function or stability. Some of 
these variability in posttranslational modifications can be 
attributed to the actual cell line itself or the bioreactor condi-
tions in which the biosimilar is produced. Ongoing inherent 
mutations with each passing generation of the cell line or 
even batch-to-batch within the same production line may 
also contribute to minor posttranslational variants [16]. 
These minor differences between the proposed biosimilar 
and the reference product can influence the pharmacokinet-
ics, pharmacodynamics, efficacy, safety, and immunogenic-
ity, and careful identification and quantification from the 
onset must be determined to ensure these differences are 
clinically non-meaningful [17–19].

Manufacturing processes periodically undergo changes 
to improve certain aspects of development such as 
increased scale production, enhanced product stability, or 
to comply with regulatory requirement changes. There may 

Biosimilars Are Different From Generics

1. Aspirin (acetylsalicylic acid) prescribing information, Bayer. 2. Genazzani AA, et al. BioDrugs. 2007;21:351-356. 3. Prugnaud JL. Br J Clin Pharmacal.
2008;65:619-620. 4. GottliebS. AmJ Health Syst Pharm. 2008;65(14 supp 6):S2-S8. 5. Lipman NS, et ai. ILAR J. 2005;46:258-268. 6. Roger SD. Nephrology
(Carlton). 2006;11:341-346.
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Fig. 26.4 Each biosimilars is unique because of differences in manufacturing (reprinted with permission from Amgen)
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be occasional small shifts in product attributes because of 
these manufacturing changes that need to be justified by 
analytic tests so there is no adverse effect on safety, effi-
cacy, and immunogenicity. The phenomena called process 
drift is an unexpected trend or shift in the quality attribute 
of a product over time such as changes in glycosylation. 
Some potential sources of drift away from the intended 
target value are changes in raw materials, operator prac-
tices, facilities, equipment, etc. [20]. For example, chemi-
cal characterization of different commercial lots etanercept 
produced between 2007 and 2011 revealed variations in 
both C-terminal lysine content and glycosylation [21]. 
Despite these substantial differences from drifting pre-
sumably due to changes in the manufacturing process, 
etanercept was continuously marketed throughout this 
time frame without any change in label indicating the 
observed changes were predicted not to alter the clinical 
profile of the drug and were considered not clinically 
meaningful by the health authorities. The FDA has stated 
that assessing the differences arising from drifting due to 
a manufacturing change is not comparable to demonstrat-
ing biosimilarity between the proposed biosimilar and 
reference product for any posttranslational modifica-
tions. Drifting does not result in an original product 
becoming a biosimilar because it was not reversed engi-
neered in its development and the original company has 
proprietary and historical information of its manufactur-
ing process. Although some of the determinants used to 
measure drifting may also be applicable to demonstrate 

biosimilarity, further data are needed to determine bio-
similarity because of uncertainties and lack of long-term 
experience.

 Development of Biosimilars

In the US, the FDA gained authority to approve biosimilars 
as part of the Patient Protection and Affordable Care Act in 
2010, which created an abbreviated approval pathway for 
biological products shown to be biosimilar or interchange-
able with an FDA licensed reference biologic drug. This is 
under Section 7002 of H.R. 3590 referred to as the Biologic 
Price Competition and Innovation (BPCI) Act of 2009, an 
amendment of Section 351 of the PHS Act intended to 
improved patient access to expensive biologic therapies. The 
proposed biosimilar and reference product must have the 
same presumed mechanism of action, administration route, 
dosage, and potency to be considered for an abbreviated 
Biological License Application (BLA).

The regulatory pathway for the development and approval 
of biosimilars differs from reference biologics and generics 
(Table 26.2). Given the complex nature of biologics, the 
FDA developed a biosimilar development program to issue 
recommendations that focused on the “totality of evidence” 
to evaluate biosimilarity through a stepwise investigational 
approach (Fig. 26.6) [22]. The purpose of the program was to 
support a demonstration of biosimilarity between the pro-
posed biosimilar and reference product that included an 
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Fig. 26.5 Protein folding 
and posttranslational 
modifications affect clinical 
characteristics (reprinted with 
permission from Amgen)
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assessment of the effects of any observed differences between 
the products, but not to independently establish the safety 
and efficacy of the biosimilar itself [23].

 Structural Analyses

The FDA expects that the expression construct for the pro-
posed biosimilar encodes the same primary amino acid 
sequence as its reference product. However, minor modifica-
tions such as N- or C- terminal truncations that are not 
expected to change the product performance are acceptable. 
All physical characteristics of the biosimilar (primary, sec-
ondary, tertiary, quaternary structure; posttranslational modi-
fications; and biological activities) be highly similar to the 
reference product notwithstanding minor differences in its 
clinically inactive components.

 Functional Assays

The pharmacologic activity of biosimilars is compared to the 
reference product through several vitro and/or in vivo functional 

assays. In vitro assays include biological assays, binding assays, 
and enzyme kinetics to compare the mechanism of action of 
both products. In vivo assays may include the use of animal 
models of disease to evaluate functional effects on pharmacody-
namics markers and efficacy measures. Functional assessment 
of monoclonal antibody biosimilars focuses on biological activ-
ity associated with antigen binding at the Fab region and com-
plement interactions on the Fc region. Functional assessment 
also includes measuring the inhibition of proliferation in an 
appropriate cell line such as antibody-dependent cell-mediated 
cytotoxicity.

 Animal Data (Nonclinical Studies)

Animal studies may be utilized to demonstrate safety evalua-
tion and support biosimilarity between the biosimilar and the 
reference product. However, toxicity data for biosimilars from 
animal studies may not be necessary or expected if structural 
and functional data provide strong evidence supporting ana-
lytic similarity to the reference product based on the pharma-
cokinetics (PK) and pharmacodynamics (PD) profiles of the 
proposed product and the reference product. It is important to 

Table 26.2 Differences in regulatory requirements for reference biologics, biosimilars, and generics

Reference Biologics Biosimilars Generic

Quality Comprehensive product 
analysis

Comprehensive product analysis
Comparison with reference biologic

Comprehensive product analysis
Comparison with reference small drug

Preclinical Full preclinical program Abbreviated program based on complexity Not required

Clinical Phase 1 PK equivalence
PD equivalence

Bioequivalence only

Phase 2 Phase 2 not required Phase 2 not required

Phase 3 in all indications Phase 3 in at least one representative indication. 
Extrapolation to other indications allowed if the 
mechanism of action is the same

Phase 3 not required

Pharmacovigilance program Yes Yes

PK pharmacokinetics, PD pharmacodynamics

Innovator Development1

351(a) BLA
Biosimilar Development1

351(k) BLA

Demonstrate safety,
purity, and potency

Demonstrate biosimilarity
to the reference product

Safety &
Efficiency

Clinical
Pharm. (PK/PD)

Clinical
Pharm.
(PK/PD)

Nonclinical

Nonclinical

Analytical Characterization
(Structure & Function

Assessment)

Analytical
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(Structure & Function
Assessment)

Clinical studies
One study

to inform
immuniogenicity

and willlikely ned
at least one clinical
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Fig. 26.6 Regulatory 
approval pathway for 
biosimilars development 
differs from that of innovator 
products. (Reprinted with 
permission from 
Kozlowski,S. Presented at 
Biotechnology Summit; June 
13, 2014; Rockville, MD. 
https://www.ibbr.umd.edu/
sites/default/files/public_
page/Kozlowski%20-%20
Biomanufacturing%20
Summit.pdf)
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note that PK and PD assessments from animal data will not 
replace the requirement for human PK and PD studies. Animal 
immunogenicity assessments may be conducted to assist in 
the interpretation of the animal study results but generally do 
not reflect potential immune responses in humans.

 Clinical Pharmacology

Human PK studies comparing the proposed biosimilar prod-
uct to the reference product are required and considered the 
foundation to demonstrate pharmacologic bioequivalence. 
Human PD studies may or may not be required but are often 
conducted to supplement PK studies if sensitive PD markers 
and clinical endpoints are available. Human PK studies that 
have demonstrated similar exposure measurements such as 
serum concentration over time between the proposed bio-
similar product and the reference product provide evidence 
of biosimilarity that can be correlated with clinical safety 
and efficacy. Likewise, human PD studies that exert a similar 
effect on PD outcomes relevant to defined efficacy measure-
ments such as a dose response curve or specific safety events 
represent further support for biosimilarity determination.

Immunogenicity assessment is required to evaluate poten-
tial differences between the proposed biosimilar and the ref-
erence product and serves to establish there are no clinically 
meaningful differences [24–27]. Any difference in immune 
responses may potentially promote the development of neu-
tralizing antibodies and induce changes in PK and PD 
responses. The FDA expects at least one clinical assay study 
to compare the immunogenicity of the biosimilar to the ref-
erence product that considers antibody parameters such as 
titer changes, specificity, time course of development, impact 
on PK responses, and neutralizing of product activity.

 Safety and Efficacy Studies

All clinical studies need to demonstrate that the proposed 
biosimilar product is neither inferior to the reference product 
by a specified margin nor superior to the reference product 
by a specified margin. The pyramid scheme in Fig. 26.6 
shows almost equal partitioning of the four segments com-
prising the clinical development of the reference product for 
analytical characterization, nonclinical studies, clinical 
 pharmacology, and safety plus efficacy. Conversely, there is 
greater emphasis on analytical characterization and clinical 
pharmacology over nonclinical studies and safety plus effi-
cacy for the development of the biosimilar counterpart. 
Whereas clinical trials are required and conducted for all 
indications for the reference (innovator) product, at least one 
clinical trial for a specific indication is recommended for the 
biosimilar product that is compared head-to-head to the ref-
erence product. The clinical trial protocol for the biosimilar 

matches and parallels the phase 3 trial of the innovator that 
was previously conducted for that indication. It is up to the 
sponsor that is developing the biosimilar product to choose 
the indication for testing in the clinical trial. Results for the 
safety and efficacy endpoints should closely match between 
the reference product and biosimilar within specified param-
eters. Hypothetically, even if the biosimilar demonstrates 
superior efficacy outside the specified margins over the refer-
ence product which might be interpreted as being favorable 
for the biosimilar, biosimilarity is not established because 
the two products are not equivalent since clinical meaningful 
differences are evident.

 Extrapolation

The term extrapolation refers to a biosimilar product obtain-
ing approval in one or more indications that the reference 
product is licensed for in the absence of performing clinical 
trials for that particular indication [22]. Extrapolation is 
allowable provided that analytical characterization, PK/PD 
activities, and immunogenicity profiles for the biosimilar 
closely matche the reference product without clinically mean-
ingful differences. Usually at least one clinical trial is chosen 
for a therapeutic indication at the sponsor’s discretion to dem-
onstrate similar efficacy and safety. For example, if the effi-
cacy endpoints and safety measurements in a psoriasis 
comparator trial between an antitumor necrosis factor (TNF) 
inhibitor biosimilar and the reference product revealed no 
clinically relevant differences between the two agents, then 
extrapolation would be allowed for other indications such as 
rheumatoid arthritis or inflammatory bowel disease even 
though they were not tested in clinical trials. Because clinical 
trials in psoriasis have lower placebo rates with higher effi-
cacy changes from baseline and concomitant systemic agents 
are not used (unlike rheumatoid arthritis or Crohn’s disease 
trials where combination therapy is allowed), extrapolation 
from psoriasis trials could be a preferable benchmark in com-
parison to other approved indications such rheumatoid arthri-
tis, Crohn’s disease, or ankylosing spondylitis [10]. In certain 
instances, exclusivity may be granted for an indication that 
the reference product had recently been approved for and 
extrapolation would be denied. For example, the reference 
product for adalimumab recently had approvals in adults for 
moderate to severe hidradenitis suppurativa and noninfec-
tious intermediate, posterior, and panuveitis that the currently 
approved biosimilar for adalimumab does not have.

On April 5, 2016, the FDA approved the first monoclonal 
antibody biosimilar in the United States called Inflectra® 
(designated as CT-P13 in clinical trials) which demonstrated 
biosimilarity to Remicade® (infliximab). Based on analytic 
characterization, clinical pharmacology, and the phase 3 tri-
als for rheumatoid arthritis [28] and ankylosing spondylitis 
[29] in comparison to Remicade®, Inflectra® was approved 
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for rheumatoid arthritis and ankylosing spondylitis and 
extrapolation was allowed for Crohn’s disease, ulcerative 
colitis, psoriatic arthritis, and plaque psoriasis but not for the 
pediatric indications. Prior to FDA approval, the European 
Commission had already approved Inflectra® and allowed 
extrapolation for all infliximab indications including pediat-
ric indications. In addition, an independent small psoriasis 
trial demonstrated clinical responses in infliximab naïve 
patients who were treated with CT-P13 [30]. Furthermore, 
patients were able to maintain responses initially attained by 
Remicade® and then switched over to CT-P13.

 Interchangeability

The BPCI Act defines interchangeability as a biosimilar product 
that is expected to have the same clinical result as the reference 
product in any given patient without the safety and efficacy 
being compromised as a result of switching when compared to 
using the reference product alone. The BPCI Act states that an 
interchangeable biologic may be substituted for the reference 
product without the intervention of the health care provider who 
originally prescribed the reference product. Currently none of 
the approved biosimilars in the US have a designation for inter-
changeability at the time of preparation of this manuscript.

In early 2017, the FDA drafted and issued initial guidelines 
detailing the agency’s expectations for demonstrating biosimilar 
interchangeability [31]. The sponsors have 90 days to respond to 
the proposed guidelines before the FDA finalizes its recommen-
dations which may be announced later in 2017. For biological 
products that are intended to be administered to an individual 
more than once, the sponsors generally will be expected to con-
duct a switching study or studies to address the provision “for a 
biological product that is administered more than once to an indi-
vidual, the risk in terms of safety or diminished efficacy of alter-
nating or switching between use of the biological product and the 
reference product is not greater than the risk of using the refer-
ence without such alternation or switch” set forth in section 
351(k)(4)(B) of the PHS Act. The switch study should evaluate 
changes in treatment that result in at least two separate exposure 
periods to each of the two products (i.e., at least three switches 
with each switch crossing over to the alternate product). The rec-
ommendations for primary analysis in a multi-switch study are 
PK endpoints and secondary endpoints include safety, immuno-
genicity, and efficacy. However, for biosimilars that are not 
intended to be interchangeable multi-switch studies would not be 
needed. The FDA also recommends that clinical PK and PD 
studies be utilized to assess the impact of switching since changes 
in immunogenicity and exposure may potentially arise as a result 
of alternating therapies. If apparent differences in the immune 
responses or adverse events are noticed in the switch arms of the 
study, there would be concerns whether the proposed biosimilar 
would be interchangeable irrespective of whether the biosimilar 
or the reference product caused the event.

Switch studies could be designed with a lead-in period of 
the reference product followed by a randomized two-cohort 
period with one arm incorporating the switch to the biosimi-
lar and the other arm remaining as a non-switch arm with the 
reference product only. The switch arm is expected to undergo 
at least three switches: reference product → biosimilar → ref-
erence product → biosimilar. If the biosimilar is deemed to be 
interchangeable based on a study in a specific indication or 
more, then the sponsor may seek designation for interchange-
ability to be extrapolated to other indications for which the 
reference product is licensed. In addition, if the reference 
product is only marketed in a vial or prefilled syringe, the 
sponsor may not seek licensure for the biosimilar to be dis-
pensed in a different presentation such as an auto-injector.

 Labeling of Biosimilars

The FDA has issued a statement that the labeling of biosimilars 
includes a description of the clinical data that supports safety 
and efficacy of the reference product as described in the pack-
age information [32]. This mechanism follows the same label-
ing procedures similar to generic small molecule drugs. 
However, the labeling of biosimilars should not include a 
description of clinical studies that supports a demonstration 
that there are no clinically meaningful differences between the 
proposed biosimilar and the reference product. Basically, the 
package information for the biosimilar will be composed of the 
same information that is found in the reference product with 
regard to safety, efficacy, warnings, etc. and have no mention of 
clinical trial outcomes and any differences in PK/PD or immu-
nogenicity assays. The reasoning for this by the FDA is that 
data from clinical studies designed to support a demonstration 
of biosimilarity are not likely to be relevant to health care pro-
vider’s considerations with regard to safety and efficacy and 
potentially may cause confusion that could result in an inaccu-
rate understanding of the risk-benefit profile of the biosimilar. 
One difference in the labeling is in circumstances where the 
biosimilar does not have all the indications that the reference 
product is approved and licensed (exclusions for extrapolation 
or an exclusive indication for the reference product).

 Nonproprietary Naming of Biosimilars

The FDA issued guidance for nonproprietary naming of bio-
similars that comprises a combination of the core name and 
a distinguishable suffix that is devoid of meaning and com-
posed of four lower case letters [33]. An example of this is 
Erelzi® (designated as GP2015 in clinical trials) which is the 
biosimilar to Enbrel® that received FDA approval on August 
30, 2016. The approval was based on clinical trials in pso-
riasis that demonstrated equivalent efficacy, safety, and 
immunogenicity results in comparison to Enbrel® [34]. 
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The nonproprietary naming of Erelzi® is etanercept-szzs. 
The role of nonproprietary naming is to assist in the facilita-
tion of correct identification of biosimilars from the refer-
ence product and other biosimilars for health care 
professionals, pharmacists, and patients. The unique suf-
fixes are designed to prevent inadvertent substitution of bio-
similars that have not been deemed to be interchangeable.

The FDA is strongly committed to the development of safe 
and optimal pharmacovigilance programs for biosimilars. One 
item in the framework would be the use of nonproprietary 
names with distinguishing suffixes that can serve as a key com-
ponent to identify specific biosimilars in adverse event report-
ing and to reinforce accurate product identification in billing 
and claims records used for active pharmacovigilance [33].

 Adalimumab-atto (Amjevita®, ABP-501): 
An Example of Demonstrating Biosimilarity

Adalimumab-atto (Amjevita®; also designated as ABP- 501 in 
clinical trials) is a biosimilar to Humira® (adalimumab) that 
received FDA approval on September 23, 2016, based on ana-
lytic characterization, clinical pharmacology, and two phase 3 
trials for plaque psoriasis [35, 36] and rheumatoid arthritis 

[36]. Extrapolation was allowed for psoriatic arthritis, anky-
losing spondylitis, juvenile idiopathic arthritis, adult Crohn’s 
disease, and adult ulcerative colitis and excluded other 
approved indications for Humira®. Adalimumab-atto exhib-
ited similar PK serum concentration profiles and immunoge-
nicity antibody results when compared to US and European 
derived Humira® (Fig. 26.7a, b). The mean Psoriasis Area 
Severity Index (PASI) improvement was similar between 
adalimumab-atto and Humira® up to week 16. In addition, 
switching from Humira® to adalimumab- atto at week 16 
showed similar maintenance of PASI response up to week 52 
when compared to continuing Humira® during the same time 
frame (Fig. 26.7c). In a comparator trial for rheumatoid 
arthritis where the American College of Rheumatology 
(ACR) response was used as the endpoint, the ACR 20, 50, 
and 70 scores were similar between adalimumab-atto and 
Humira® up to week 24 (Fig. 26.7d). Table 26.3 shows that 
the incidence of adverse events was generally similar in the 
24-week rheumatoid arthritis trial and for the first 16 weeks in 
the psoriasis trial. Based on the collective data, the FDA 
determined there were no meaningful clinical differences 
between the products and the requirements for establishing 
biosimilarity were fulfilled. It is important to note that the 
single switch period in the psoriasis trial was not designed for 
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winterchangeability and none of the biosimilars, including 
adalimumab-atto, are currently designated for interchange-
ability by the FDA at the time of preparation of this 
manuscript.

 State Laws Regarding Biosimilar 
Substitution

For the past several years a total of at least 37 states have 
deliberated on legislature to establish state standards for the 
substitution of a biosimilar to replace the original reference 
prescription biologic [37]. As of 3/16/2017, 27 states and 
Puerto Rico have enacted laws regulating the substitution of 
biosimilars while other states have filed but not passed any 
laws (Fig. 26.8) [37]. The provisions of state legislation vary 
state by state but there are several features and requirements 
that have commonality.

• Any biosimilar under consideration for substitution must 
first be designated as interchangeable by FDA.

• The prescriber health care provider would be able to pre-
vent substitution by stating “dispense as written” or 
“brand medically necessary.”

• The prescriber must be notified of the substitution by the 
pharmacist.

• The patient must be notified that a substitution will be 
made and in some states patient consent would be required 
before any such switch is made.

• The pharmacist and the physician must retain records of 
substituted biosimilars.

• Some state laws provide immunity for pharmacists who 
make a substitution that is in compliance with the state law.

• Some state legislation requires the pharmacist to explain 
the price difference between the reference product and the 
biosimilar and that the substituted product must have a 
lower cost.

Legislation on Biologics and Biosimilar Substitution, 2013-2017
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 Pharmacoeconomics of Biosimilars

Estimated cost savings of biosimilars in the US have varied 
widely in several independent analysis studies. Despite 
recent approval of biosimilars in the US, there has been 
delayed entry into the market for various reasons including 
ongoing patent disputes and litigation processes between 
sponsors of the reference product and biosimilar and none of 
the currently approved biosimilars have been designated to 
be interchangeable. As a result, some of the predictions in 
cost savings have lagged. Nonetheless, many evaluations 
have projected billions of dollars worth of savings in the US 
for the future.

The US market is predicted to be the biggest market for 
biosimilars internationally by the 2015 Global & USA 
Biosimilar Market Analysis and biosimilars will account for 
4–10% of all marketed biologics globally [38]. When the 
BPCI act was passed 2009, the Congressional Budget Office 
had already estimated one year before that total expenditures 
on biologics would decrease by $25 billion between 2009 
and 2018 with savings of $5.9 billion for the federal govern-
ment alone [38]. Analysis from Rand Corporation predicted 
that biosimilars will lead to a $44.2 billion reduction in direct 
spending on biologic drugs from 2014 to 2024, or about 4% 
of total biologic spending over that same period, with a range 
of $13 billion to $66 billion [39].

Biosimilars have never been projected to equal the 70–80% 
cost savings that generics are associated with. In Europe which 
has approved 23 biosimilars since 2006 and other countries, 
the average reduction in price for biosimilars is 20–30% lower 
than reference biologics [38]. The price reductions are highly 
variable from country to country and product to product in 
each country. For example, the biosimilar to etanercept is 
10–15% cheaper in Denmark but the biosimilar to infliximab 
is 60% lower relative to their reference products. For the US, 
payers have aligned their expectations that cost reductions for 
biosimilars will be in the 10–35% range [38].

 Clinical Considerations for Dermatologists

Biosimilars represent a new category of drugs that are intended 
to increase access to patients by making them more affordable. 
However, cost savings will be evident only to the extent they 
are utilized by prescribers, pharmacists, and payers. Reluctance 
and uncertainty about unprecedented landmarks established 
during the drug development of biosimilars such as extrapola-
tion may result in initial slow adoption of biosimilars by clini-
cians. But over time the uptake may gradually escalate, either 
through greater comfort and acceptance by health care profes-
sionals as more data is accumulated from pharmacovigilance 
programs, or the enforcement of mandates by payers to 
increase accessibility to biologic agents in the form of bio-
similars. The utilization of marketed biosimilars in Europe 
where there has been more experience has steadfastly risen in 
the past several years. In fact, the acceptance of generics in the 
US took many years to attain but today greater than 85% of 
dispensed prescriptions are generic in nature [40].

The regulatory approval of biosimilars is based on the 
“totality of evidence” through comprehensive analytical, 
functional, and clinical assessments by the sponsors to 
ensure there are no clinically meaningful differences between 
the reference product and biosimilars. The working principle 
of this embodiment leads to the conceptualization of extrap-
olation. This differs from the paradigm of well-controlled 
placebo controlled trials where each new indication is clini-
cally tested. The FDA considers the types of analysis to sup-
port a finding of biosimilarity based on the “totality of 
evidence” are generally more sensitive to product differences 
than in noninferiority-controlled trials [22, 23].

To date three anti-TNF inhibitor biosimilars have been 
approved by the FDA and a plethora of biosimilars are 
under clinical investigation globally (Table 26.4). The 
next decade will see several more biosimilars receiving 
approval as the market intensifies. Currently none of the 
approved biosimilars in the US have been authorized to be 

Table 26.4 Biosimilars that target antitumor necrosis factora

Reference product Biosimilar Maker and distributor

Infliximab Remsima®/Inflectra® (CT-P13) Celltrion/Hospira/Pfizer

Infliximab BS Nippon Kayaku

Infliximab Flixabi®/Renflexis® (SB2) Samsung Bioepis/Biogen/Merck

Infliximab ABP- 710 Amgen

Infliximab GP1111 Sandoz

Adalimumab Amjevita®/adalimumab-atto (ABP-501) Amgen

Adalimumab SB5 Samsung Bioepis/Biogen/Merck

Adalimumab GP2017 Sandoz

Adalimumab BI695501 Boehringer Ingelheim

Adalimumab CHS-1420 Coherus Biosciences

Etanercept Erelzi®/etanercept-szzs (GP2015) Sandoz

Etanercept Benepali® (SB4) Samsung Bioepis/Biogen/Merck

Etanercept CHS-2014 Coherus Biosciences
aThis list is not all-inclusive
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 interchangeable. Interchangeability is an area that remains 
indeterminate as sponsors negotiate with the FDA to issue 
finalized guidelines. Until such time substitution may not 
occur until a biosimilar is deemed to be interchangeable 
with the reference product.

With any innovation comes uncertainty and hesitancy. 
The potential development of robust pharmacovigilance pro-
grams for biosimilars which is a recommendation in the FDA 
regulatory guidelines [22] may assuage concerns amongst 
health care providers in the US. If indeed the availability of 
biosimilars results in cost savings and increased access to 
patients overall, then biosimilars may one day gain accep-
tance analogous to generic drugs.
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Biological Agents in Pediatric 
Dermatology

Emily B. Lund and Amy S. Paller

 Introduction

Biological agents (“biologics”) include a broad group of often 
complex products, such as antibodies, blood components, vac-
cines, gene therapy, and recombinant proteins. They may be 
isolated from natural sources, whether microorganism, animal, 
or human, or produced using biotechnology methods. They can 
be designed to specifically target disease pathogenesis.

Structurally, biologics used for psoriasis fall into two 
classes: antibodies and fusion proteins. Functionally, biologics 
modulate the immune system by interfering with cytokine 
production, inhibiting T-cell activation, or depleting B-cells. 
While used widely in adult dermatology and for many years in 
pediatric patients with rheumatologic and gastrointestinal 
 disorders, biologics have only recently been approved for 
pediatric psoriasis in Europe and the United States. To date, 
three biologics have been tested in double- blinded,  randomized 
controlled trials for pediatric psoriasis: etanercept, adalim-
umab, and ustekinumab (1, 2, 3; Table 27.1). All of these are 
anti-cytokine agents, with etanercept and adalimumab target-
ing tumor necrosis factor alpha (TNF-α), and ustekinumab 
targeting the shared p40 component of interleukin (IL) -12 and 
23. Etanercept and ustekinumab are now approved by the 
Food and Drug Administration (FDA) for treatment of moder-
ate-to-severe chronic plaque psoriasis in children, for ages 
4–17 years and 12–17 years respectively. Adalimumab is 
approved in Europe for the treatment of severe plaque psoria-
sis in children starting at age 4 etanercept at age 6, and 
ustekinumab is approved for the treatment of moderate-to- 
severe plaque psoriasis starting at age 12. Although infliximab 
has occasionally been used in severe cases that require rapid-
acting intravenous administration, it is not approved and rarely 
considered for plaque psoriasis in children.

Approximately one-third of individuals with psoriasis 
experience disease onset prior to 16 years of age, with the 
prevalence increasing linearly throughout childhood [1, 2]. 
The most common predisposing genetic risk factor is the 
human leukocyte antigen (HLA) type Cw6 (PSOR1). 
Having a pathogenic mutation in CARD14 (caspase recruit-
ment domain family 14; PSOR2) causes a rare familial form, 
which may manifest as pityriasis rubra pilaris or psoriasis 
[3, 4]. Triggering environmental factors are skin trauma 
(Koebner phenomenon), infections (most notably strepto-
coccal, but also staphylococcal and varicella), Kawasaki 
disease, certain medications, as well as psychological and 
physical stress [5–10].

The role of the immune system in the pathophysiology of 
psoriasis accounts for the responsiveness of this disease to 
the targeted immunomodulatory effects of biologics. 
Although our understanding of psoriasis is based strictly on 
studies in adults, it is thought that TNF-α and IL-17A syner-
gistically upregulate the production of other cytokines, che-
mokines, and antimicrobial peptides from keratinocytes and 
regional immune cells, initiating and perpetuating the 
immune activation of psoriasis [11]. Most pediatric psoriasis 
can be managed topically; however, approximately 10% are 
either recalcitrant to topical therapy, associated with juvenile 
psoriatic arthritis, or significantly severe and diffuse enough 
to require systemic medications or phototherapy, most often 
narrow-band ultraviolet light. Methotrexate is the most com-
monly prescribed systemic medication (69% of pediatric 
patients prescribed a systemic medication), but cyclosporine, 
retinoids, and fumaric acid are non-biologic alternatives 
[12]. Recent studies suggest that the more targeted biologics 
have superior efficacy and side-effect profiles compared to 
these more nonspecific systemic therapies [12, 13].
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 Tumor Necrosis Factor Inhibitors

Among the biologics, TNF inhibitors are most often used. In 
an international study of 390 children using systemic medi-
cations for pediatric psoriasis, 27% were treated with a TNF 
inhibitor, second only to methotrexate in frequency; the 
majority of these children were treated with etanercept [12].

All TNF inhibitors carry a boxed warning about serious 
infections and malignancies, although to-date an increased 
risk of malignancy has not been documented in children 
treated with TNF inhibitors for psoriasis. In the end, these 
risks must be balanced with the risks of conventional thera-
pies for these diseases, as well as the inherent risks of 
immune-mediated disease (i.e., the known increased risk of 
lymphoma in individuals with severe psoriasis itself) [14]. 
The decision to treat with a TNF blocker must weigh the 
potential benefits of treatment with the specific risk profile of 
individual patients in order to maximize the therapeutic 
effect of these medications.

Etanercept

Etanercept is a soluble TNF-α receptor fusion protein, 
consisting of two p75 TNF receptors bound to the Fc por-
tion of immunoglobulin G, which can reversibly bind two 
TNF-α molecules. As the longest used and best studied 
biologic for pediatric psoriasis, it is currently the only 
TNF inhibitor FDA-approved for this indication. It is also 
FDA- approved for adults with psoriasis, rheumatoid 
arthritis, psoriatic arthritis, and ankylosing spondylitis, 
and for  children with polyarticular juvenile idiopathic 
arthritis (JIA). It has been approved in Europe for pediatric 
 psoriasis since 2008.

Etanercept was first investigated as a treatment for pediat-
ric psoriasis in a phase III, double-blinded, placebo- 
controlled trial published by Paller et al. in 2008. Children 
ages 4 to 17 with moderate-to-severe plaque psoriasis, 
defined as a Psoriasis Area and Severity Index (PASI) score 
of at least 12, a static Physician’s Global Assessment (PGA) 
of at least 3, and involvement of at least 10% of the body 

surface area (BSA), were enrolled. Subjects were then ran-
domized to either placebo or etanercept 0.8 mg/kg (max 
50 mg) weekly for 12 weeks. After 12 weeks, subjects 
entered 24 weeks of open-label treatment with etanercept. 
Those who achieved PASI 75 entered a 12-week blinded 
withdrawal-retreatment period, during which they were ran-
domized to either placebo or weekly etanercept. Efficacy 
endpoints were PASI 50, PASI 75, PASI 90, and PGA 0/1 at 
week 12, as well as the Children’s Dermatology Life Quality 
Index (CDLQI) score. Safety endpoints were adverse events, 
serious adverse events, laboratory values, serum concentra-
tions of etanercept, and disease rebound during the with-
drawal period.

The study enrolled 211 children, aged 4–17. At week 12, 
significantly more subjects in the etanercept group reached a 
PASI 75 response compared to those receiving placebo (57% 
vs. 11%, p < 0.001). Similar trends were observed for PASI 
50 (75% vs. 23%, p < 0.001) and PASI 90 (27% vs 7%, 
p < 0.001) responses. These results were sustained through-
out the 24-week open-label treatment phase. Both the origi-
nal placebo group and the etanercept group experienced 
mean percentage improvement in their PASI scores that were 
greater than 70% [15]. These efficacy findings were 
unchanged in subgroup analysis [16]. Quality of life, as mea-
sured by the CDLQI, also improved significantly more in the 
etanercept group than in the placebo group (52.3% versus 
17.5%, p = 0.0001; [17]).

During the withdrawal-retreatment phase, 42% of those 
assigned to placebo lost their PASI 75 response and were 
retreated with etanercept. These subjects were retreated with 
etanercept and achieved response rates similar to those seen 
in the initial double-blind treatment phase. Nearly half of the 
subjects on placebo maintained their PASI 75 response 
through the end of the study (week 48). No rebound of pso-
riasis was observed during this period [15]. In a 5-year, 
open-label extension of the double-blinded trial for patients 
who had achieved at least PASI 50 completed by 69 subjects, 
the percentage of patients achieving PASI 75 or PASI 90 
responses remained constant [18]. Regarding safety, similar 
rates of infectious and noninfectious adverse events were 
observed between the two groups [15, 18]. In the 5-year, 

Table 27.1 Biologics for pediatric psoriasis

Biologic Target Type Dosing Frequency

Etanercept TNF-α Fusion protein 0.8 mg/kg (maximum 50 mg) Administered subcutaneously 
every week

Adalimumab TNF-α Human monoclonal 
antibody

0.8 mg/kg (maximum 40 mg) A 
loading dose of twice the calculated 
dose can be given the initial week

Administered subcutaneously 
every other week

Ustekinumab Common p40 subunit 
of IL-12 and IL-23

Human monoclonal 
antibody

<60 kg: 0.75 mg/kg
60–100 kg: 45 mg
>100 kg: 90 mg

Administered subcutaneously 
every 12 weeks, with an 
additional loading dose given 
4 weeks after the initial injection.
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open-label extension, the most common adverse events 
reported were upper respiratory tract infection, nasopharyn-
gitis, and headache. No malignancies or opportunistic infec-
tions were observed [18].

Etanercept is administered subcutaneously at a dose of 
0.8 mg/kg (maximum 50 mg) every week. Although the 
American College of Rheumatology recommends baseline 
complete blood counts (CBC), liver function tests, and serum 
creatinine and every 3–6 months thereafter for individuals 
with JIA who are starting a TNF-α inhibitor, this recommen-
dation is based on consensus (level D evidence); there is no 
recommendation in the current dermatologic literature [19]. 
At a minimum, however, providers should perform a base-
line history and physical examination and obtain annual TB 
testing. Patients administered etanercept and other TNF 
inhibitors should avoid live vaccines while on these medica-
tions, as infection transmission from these vaccines has not 
been characterized in individuals on these medications [20].

 Adalimumab

Adalimumab is a recombinant, fully human monoclonal 
antibody to TNF-α. It binds specifically to TNF-α, prevent-
ing its interactions with the p55 and p75 cell surface recep-
tors. In adults, it is currently FDA-approved for the treatment 
of psoriasis and psoriatic arthritis, rheumatoid arthritis, 
arthritis, ankylosis spondylitis, Crohn’s disease, ulcerative 
colitis, hidradenitis suppurativa, and uveitis. In children, 
adalimumab is approved for the treatment of JIA and Crohn’s 
disease [21]. In 2015, it was approved by the European 
Commission for severe plaque psoriasis in children as young 
as 4 years. It was studied for this indication in an interna-
tional multicenter double-blinded, randomized controlled 
trial comparing the efficacy and safety of adalimumab to 
methotrexate in pediatric patients [22]. A similar study con-
ducted in adults several years prior demonstrated the supe-
rior efficacy and comparable safety of adalimumab vs. 
methotrexate [23].

The pediatric trial conducted by Papp et al. enrolled 114 
children ages 5 to 18. Subjects had moderate-to-severe 
plaque psoriasis, defined as PGA ≥ 4, BSA involved >20%, 
PASI >20, or PASI >10 with psoriatic arthritis unresponsive 
to nonsteroidal anti-inflammatory drugs, clinically relevant 
facial, genital, or hand/foot involvement, or Children’s 
Dermatology Life Quality Index >10. They were random-
ized to either adalimumab 0.8 mg/kg up to 40 mg every other 
week, adalimumab 0.4 mg/kg up to 20 mg every other week, 
or methotrexate 0.1–0.4 mg/kg up to 25 mg every week. 
After 16 weeks of double-blind treatment, treatment respond-
ers (those who had achieved at least a PASI 75 response and 
PGA of 0/1) proceeded to the next phase, during which treat-
ment was withdrawn until loss of disease control. Subjects 

completing the second phase were then retreated with adali-
mumab (0.8 mg/kg for patients who previously received 
adalimumab 0.8 mg/kg or methotrexate, and 0.4 mg/kg for 
patients who previously received adalimumab 0.4 mg/kg) for 
16 weeks. After this blinded retreatment stage, patients were 
treated and followed for 52 weeks.

After 16 weeks of treatment, significantly more subjects 
treated with adalimumab 0.8 mg/kg reached a PASI 75 
response than those treated with adalimumab 0.4 mg/kg or 
methotrexate (57.9% versus 43.6 and 32.4%, respectively). 
Similarly, 60.5% of patients treated with standard-dose adali-
mumab achieved PGA 0/1 vs. 40.5% with low-dose adalim-
umab and 41.0% with methotrexate. PASI 100 was achieved 
in 18.4% of patients treated with standard-dose adalimumab 
vs. 10.4% with low-dose adalimumab and 2.7% with metho-
trexate. Adverse events were similar among the three treat-
ment groups, and there were no serious adverse events 
reported in the adalimumab 0.8 mg/kg treatment group [22].

Adalimumab is administered via subcutaneous injection 
at a dose of 0.8 mg/kg (maximum 40 mg) every other week. 
A loading dose of 80 mg can be given the initial week. Prior 
to starting the medication, as with etanercept, TB testing 
should be performed and repeated annually. Immunizations 
should also be updated, and live vaccines withheld during 
treatment.

 Ustekinumab

Ustekinumab is a human immunoglobulin G1 kappa mono-
clonal antibody targeting the common p40 subunit of IL-12 
and IL-23. It prevents these cytokines from binding to the 
IL-12 receptor, found on the surface of immune cells. Canada 
approved it in 2008 for the treatment of moderate-to-severe 
plaque psoriasis in adults following the two global phase 3 
trials (PHOENIX 1 and PHOENIX 2), which demonstrated 
the efficacy and safety of ustekinumab for this indication 
[24, 25]. FDA approval for psoriasis and psoriatic arthritis 
followed in 2009. It is also approved for adults with Crohn’s 
disease [26] and, in Canada and the European Union, for 
adolescents 12 and older [27]. It was approved by the FDA in 
2017 for treating pediatric psoriasis (12 years and older). 
Anecdotally, it appears to be the current treatment of choice 
for pediatric patients with CARD14 mutations, with a better 
reported efficacy than non- biologics and TNF inhibitors.

Ustekinumab was evaluated in adolescents with moderate- 
to- severe plaque psoriasis in the CADMUS trial, which ulti-
mately led to its approval in Canada and the European Union. 
This multicenter, double-blinded, placebo-controlled trial 
enrolled children ages 12 through 17 with chronic  (diagnosed 
at least 6 months prior to screening) moderate-to- severe 
plaque psoriasis (PASI ≥12, PGA ≥ 3, and ≥10% BSA 
involved). These subjects were randomized to receive either 
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standard (0.75 mg/kg for ≤60 kg, 45 mg for 60 kg–100 kg, 
or 90 mg for >100 kg) or half-standard ustekinumab dosing 
(0.375 mg/kg, for ≤60 kg, 22.5 mg for 60 kg–100 kg, or 
45 mg for >100 kg) or to placebo with crossover to standard 
to half-standard ustekinumab at week 12. Open-label treat-
ment was continued through week 40, with adverse events 
collected through week 60.

Overall, 110 patients were enrolled. Ustekinumab resulted 
in significant clinical improvement, which was quite rapid in 
some cases. At week 12, 67.6% of patients on half-standard 
dosing and 69.4% of patients on standard dosing had a PGA 
of 0/1, compared to 5.4% of the placebo group (p < 0.001). 
One-third of each ustekinumab group achieved this effect by 
week 4. Furthermore, more than two-thirds of subjects on 
ustekinumab reached PASI 75 (half-standard 78.4%, stan-
dard 80.4%) and more than half attained PASI 90 (half- 
standard 54.1% and 61.1%) compared to placebo (10.8% 
and 5.4%, respectively; p < 0.001).

Therapeutic response was sustained during the course of 
the study period, with little change in the proportions of 
patients who achieved PGA0/1, PASI 75, or PASI 90 from 
week 12 to week 52. Beyond week 12, the clinical response 
in the standard dosing group was sustained better than in the 
half-standard dosing group.

Nine subjects (8.2%) discontinued study treatment 
because of poor clinical response (n = 5), adverse events 
(n = 3), or death (n = 1, car accident). There was no signifi-
cant difference between the groups in the number or types 
of adverse events, which were reported. Most were mild or 
moderate, with only six serious adverse events reported 
throughout the course of the study. The most common 
adverse events were infections, specifically nasopharyngi-
tis. There were no malignancies or active TB infections 
reported [28].

Like other biologics, the immunogenicity of ustekinumab 
may decrease its effectiveness with time. In the Landells 
et al. study, 8.2% of subjects tested positive for antibodies to 
ustekinumab at week 60. Most of these patients had minimal 
disease at this time point, further confirming that these are 
not neutralizing antibodies [28]. Studies in adults suggest 
that the durability of ustekinumab may be superior to that of 
the TNF inhibitors [29].

Ustekinumab is typically administered by subcutaneous 
injection. Dosing is weight-based. Individuals weighing less 
than 60 kilograms should be given 0.75 mg/kg, 60–100 kilo-
grams should be given 45 mg, and those weighing more than 
100 kilograms given 90 mg. Injections are given every 
12 weeks, with an additional loading dose given 4 weeks 
after the initial injection. As with the TNF inhibitors, there 
are currently no formal recommendations for baseline or 
monitoring laboratory testing. However, taking a baseline 
history, including of immunization history, performing a 
physical examination, and testing for tuberculosis are a 

 minimal expectation to identify those at increased risk for a 
serious infection on an immunomodulatory drug. TB testing 
should be repeated on an annual basis. Furthermore, as there 
is no data available on the transmission of infection from live 
vaccines while on ustekinumab, it is currently recommended 
that patients on ustekinumab avoid live vaccines. Vaccines 
should be updated prior to starting ustekinumab, and if a live 
vaccine needs to be administered, ustekinumab should be 
discontinued for 15 weeks prior to the vaccination. It can be 
restarted 2 weeks after the vaccine is given [27].

 Conclusions

While biologics are highly effective for treatment of psoriasis 
and well tolerated, access is limited by cost, lack of guidelines 
for pediatric use, and limited long-term safety data. The cost 
of 1 year of induction and maintenance treatment can exceed 
$50,000, with out-of-pocket costs for patients between $250 
and $350 each month. Because of these high costs, obtaining 
insurance coverage for these medications can be difficult, par-
ticularly in children, and treatment abandonment by patients is 
high [30]. Furthermore, there is no published consensus on the 
dosing and course length, or the baseline evaluation and opti-
mal monitoring required by these medications in pediatric 
psoriasis. As a result, treatment paradigms are extrapolated 
from experiences in adult dermatology or other pediatric dis-
ciplines. Also complicating the use of the medications is the 
theoretical decrease in therapeutic effect of biologics with 
time, which is problematic for children with a chronic disease 
that may require lifelong therapy. In one report in adults, the 
1-year drug survival rates for ustekinumab, adalimumab, and 
etanercept were 85%, 74%, and 68%, respectively, with over-
all 79% showing good quality of life [31]. Regarding safety, in 
addition to concerns about increased risk for malignancies and 
opportunistic infections, the effect of these immunomodula-
tory medications on the developing immune system is 
unknown. As these and other biological agents will increas-
ingly be used to treat children with psoriasis and other 
immune-mediated dermatologic conditions, collaborative 
research is important to optimize efficacy, safety, and access to 
these medications for children with psoriasis.

Case

KK is a 16-year-old girl with moderate plaque psoriasis 
whose course began at age 7 years when she developed gut-
tate psoriasis after streptococcal pharyngitis. During the sub-
sequent years, her guttate psoriasis evolved into plaque 
psoriasis. She was initially managed with topical corticoste-
roids and a topical vitamin D analog, but advanced to narrow- 
band UVB therapy because of suboptimal control, with 
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subsequent improvement. However, due to continued flares, 
she initiated weekly oral methotrexate and 6 days per week 
of folate (skipping on the day of the methotrexate). Although 
showing signs of improvement within the first 2 months of 
use, she was unable to tolerate the nausea, leading to discon-
tinuation. Physical examination showed psoriatic plaques on 
the scalp, trunk, upper and lower extremities, covering 
approximately 15% of the body surface area. She underwent 
tuberculosis testing (negative) and transitioned to adalim-
umab 40 mg administered subcutaneously every other week. 
She experienced excellent improvement within two months 
after initiation of the adalimumab. Other than discomfort at 
her injection site, she tolerates adalimumab well and contin-
ues to maintain control.
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Oral Systemic Agents in Pediatric 
Dermatology

Nancy Cheng and Wynnis L. Tom

Oral systemic agents are used in pediatric dermatology for a 
broad range of conditions including inflammatory disorders, 
vascular tumors and malformations, connective tissue dis-
eases, and immunobullous diseases, among others. They rep-
resent a vital component of the treatment spectrum and their 
utilization may be indicated after failure of standard 
 non-systemic therapies or in the setting of certain indicators 
of greater disease impact or severity. However, in contrast to 
their use in adults, the use of systemic agents in children 
remains limited in the United States due to the relative pau-
city of indications approved by the Food and Drug 
Administration (FDA). Availability of data informing their 
appropriate use remains subject to the inherent obstacles of 
conducting large-scale studies in pediatric patients including 
randomized controlled trials. As such the choice of agent, 
determination of optimal dosing and duration, and selection 
of monitoring parameters often rely heavily on well-informed 
clinical judgement that reconciles broader literature-based 
strategies with individual patient considerations and pro-
vider experience.

 Atopic Dermatitis

The chronic, pruritic, and multifactorial nature of atopic 
 dermatitis (AD) can pose a challenging therapeutic conun-
drum. Systemic treatment is generally warranted in cases that 
are severe, not responsive to topical therapies and/or photo-
therapy, and/or which carry a significant burden in quality of 
life for the patient or family. Various systemic agents have 
been used with success, though mainly off-label.

Systemic corticosteroids inhibit T-cell proliferation, 
 cytokine production (e.g., interleukin (IL)-1, IL-2, interferon- 

gamma), eosinophil activity, and mast cell mediator release, 
which can help alleviate the symptoms and signs of 
AD. Although short courses are effective in the immediate 
period, the potential benefits must be weighed against the 
well-known adverse effects that include hypertension, mood 
changes, sleep disturbance, and weight gain. Chronic treat-
ment can adversely affect linear growth in children and bone 
density, and may lead to cataract formation [1, 2]. A signifi-
cant rebound flare upon discontinuation of therapy is another 
major concern. Thus, in general, systemic corticosteroids 
should be reserved only for severe “crises” with intent to 
bridge to another systemic agent or to phototherapy for long- 
term control. The other main oral agents used for refractory 
atopic dermatitis in children are cyclosporine, methotrexate, 
azathioprine, and mycophenolate mofetil.

 Cyclosporine

Since its introduction as an anti-rejection immunosuppres-
sant for solid organ transplant recipients, the calcineurin 
inhibitor cyclosporine has seen its role greatly expanded to 
treat many dermatologic conditions. Its use for atopic derma-
titis is currently off-label in the US, although it is approved 
for this purpose in many other countries. In addition to the 
original formulation, a newer microemulsion offers more 
complete and more predictable bioavailability. Both are 
available as oral solutions and capsules.

In a recent survey of pediatric dermatologists, cyclospo-
rine was the most frequently chosen first-line systemic ther-
apy for atopic dermatitis [3]. The relatively rapid onset of 
action makes cyclosporine a favorable choice when acute 
control of disease is desired, with improvement reported as 
early as 2 weeks into treatment. This is especially seen in the 
microemulsion formulation, which has shown faster onset of 
improvement and greater initial efficacy [4]. Doses of 
3–6 mg/kg/day have been used with success (notably slightly 
higher than the standard adult dosing of 2.5–5 mg/kg/day), 
with some suggestion that higher doses can afford more 
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rapid control of symptoms. Cyclosporine may be used as a 
short- term intermittent therapy for 3–6 months or as a lon-
ger-term therapy for up to 12 months. As expected, more 
adverse effects are seen with longer durations of therapy.

The use of cyclosporine comes with a well-recognized set 
of potential adverse effects, most notably nephrotoxicity and 
hypertension, both of which are thought to be dose- and 
duration-dependent and generally reversible upon discon-
tinuation. Other characteristic side effects, including hyper-
lipidemia, hyperkalemia, gingival hyperplasia, and 
hypertrichosis, are relatively rare in children but should be 
monitored as well. Medication interactions are a significant 
concern with cyclosporine, which is a well-known substrate 
of cytochrome (CYP) 3A4. Careful consideration should be 
given to any concurrent medications sharing this metabolic 
pathway, as they can affect serum levels of cyclosporine, 
increase renal toxicity, or themselves be affected by 
 co-administration with cyclosporine.

 Methotrexate

Methotrexate is a versatile medication used off-label for 
numerous conditions in dermatology, including atopic der-
matitis. Its action as a folic acid antagonist is mediated by 
inhibition of dihydrofolate reductase, essentially blocking 
the pathway needed to synthesize key nucleotides for DNA 
and RNA. It also has anti-inflammatory effects via induction 
of adenosine production.

Even though data is limited on the effectiveness of metho-
trexate for atopic dermatitis, it is a commonly chosen first- 
line systemic treatment, second to cyclosporine in popularity 
according to one study [3]. Studies have shown it to be safe 
and well tolerated [5]. While oral administration is most 
common, some physicians prefer the subcutaneous formula-
tion, which provides more predictable absorption at doses 
greater than 15 mg and decreases the risk for gastrointestinal 
discomfort [6, 7]. Dosing is generally within the range of 
7.5–25 mg weekly, with most regimens starting on the lower 
end and increasing as needed for effect.

The most notable adverse effects tend to be hepatotoxic-
ity, gastrointestinal upset, stomatitis, teratogenicity, and 
uncommon but potentially serious pancytopenia. Most 
appear to be reversible upon discontinuation of the medica-
tion. The utility of folic acid supplementation is debated by 
some, given some reports showing reduced risk of pancyto-
penia and gastrointestinal symptoms but others suggesting 
decreased effectiveness of methotrexate. It remains generally 
accepted that folic acid should be recommended for all chil-
dren being treated with methotrexate for atopic dermatitis. 
This recommendation is supported by a systematic review 
and meta-analysis of adult patients showing that folic acid 
significantly reduced risk of any reported adverse events 

from methotrexate [7]. The review further showed that 
adverse events did not seem to be methotrexate dose- or 
duration-dependent, highlighting the need for careful moni-
toring across all patients [7]. Due to its action on the folate 
pathway, methotrexate should never be combined with the 
antibiotic trimethoprim-sulfamethoxazole, a highly noted 
drug interaction.

A 2009 consensus conference on the long-term use of 
methotrexate in psoriasis suggested liver biopsy to assess for 
hepatotoxicity may be done less frequently or avoided alto-
gether in patients deemed low risk [8]. Although there is a 
lack of specific data for atopic dermatitis, the risk would 
appear lower given decreased prevalence of fatty liver dis-
ease, obesity, and other relevant comorbidities compared to 
patients with psoriasis.

 Azathioprine

Azathioprine is purine analog that was originally synthe-
sized from 6-mercaptopurine. It is thought to inhibit purine 
metabolism, cell division, and the function of T-cells, B-cells, 
and antigen-presenting cells [9]. Its use in atopic dermatitis 
is off-label, but it has been demonstrated to be effective for 
refractory atopic dermatitis. One systematic review sug-
gested it may be less effective than cyclosporine for adult 
atopic dermatitis, although no direct comparative studies 
have been conducted [9]. Onset of effect is slower 
(8–12 weeks), but it can be used for longer durations than 
cyclosporine. Currently, the only available formulation of 
azathioprine in the United States is a tablet, requiring com-
pounding should a liquid suspension be necessary in the case 
of young children.

In children, azathioprine is often started at 2.5 mg/kg/day 
and increased as needed to a higher possible maximum of 
4 mg/kg/day [10], compared to 1–3 mg/kg/day in adults. A 
baseline level of the catabolic enzyme thiopurine-S- 
methyltransferase (TPMT) should be checked, as abnormally 
low levels may require lower dosing to avoid toxic accumula-
tion of the precursor metabolite. Interestingly, TPMT levels 
have been inversely correlated with response to therapy, with 
some patients showing inducible levels over the course of 
azathioprine treatment that corresponded to evolving effec-
tiveness of the medication [11]. As always, the minimum 
effective dose should be used, and systemic therapy should be 
tapered or discontinued once clearance is achieved.

Studies have found relatively mild adverse effects, with 
gastrointestinal upset being the most common. Other neg-
ative effects, such as hepatotoxicity and hematologic 
abnormalities, may vary in severity and uncommonly lead 
to discontinuation of azathioprine [12]. The associations 
with malignancy, infection, and myelosuppression have 
not been well established in children with atopic dermatitis 
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but should be noted and watched for during treatment. Of 
the relatively few drug interactions with azathioprine, cau-
tion should be used with concurrent administration of allo-
purinol, angiotension- converting enzyme inhibitors, and 
sulfasalazine, which all act on the same metabolic pathway 
and can increase the risk of various forms of toxicity.

 Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is an immunosuppressant 
whose active metabolite blocks inosine monophosphate 
dehydrogenase, the key enzyme in de novo purine synthesis, 
which in turn inhibits the major pathway for production of 
B- and T-cells. Its efficacy is variable compared to other sys-
temic medications discussed above, leading to its classifica-
tion as an alternative therapy for recalcitrant atopic dermatitis. 
However, in some cases, MMF can be a desirable first choice 
for its favorable side effect profile. Interestingly, when com-
pared to cyclosporine, its delayed effect but prolonged 
response after discontinuation suggests the utility of treating 
with faster-acting cyclosporine followed by longer-acting 
MMF [13]. Dosing is recommended to be based on body sur-
face area, 600–1200 mg/m2. It is available as a capsule, tab-
let, and oral solution.

Gastrointestinal discomfort is common but usually mild, 
and tolerability can be improved using the enteric-coated 
formulation. Increased risk of infections has been observed 
in solid organ transplant patients, but the relevance for chil-
dren with atopic dermatitis remains unknown. Other 
adverse effects, such as hematologic abnormalities, are 
generally mild, dose-dependent, and reversible upon dis-
continuation of the medication. The advantageous safety 
profile may facilitate longer durations of therapy, and cases 

of successful continued use for 24 months have been 
reported [10].

Dosing and considerations in monitoring for these agents 
is summarized in Table 28.1. Additional guidelines detailing 
their use in the management of atopic dermatitis has been 
published by a working group of the American Academy of 
Dermatology [10]. They note that the limited data precludes 
any definitive recommendations for a therapeutic ladder 
among these agents. Head-to-head pediatric data is limited to 
one single study comparing 12 weeks of treatment with low- 
dose cyclosporine compared to low-dose methotrexate, with 
cyclosporine having faster effect but also faster relapse dur-
ing the 12 week follow-up period [14]. An international ini-
tiative is underway to develop a uniform core set of items to 
be captured in patient registries, to improve the ability to 
compare efficacy, safety, and cost-effectiveness of treatment 
options with time [15].

Case Study
An 11-year-old female has had atopic dermatitis since 
infancy. Her mother is concerned as the disease is not 
improving with time, as she had been told, and it is not 
responding well to even high potency topical steroids. Many 
products sting on her skin, so she mainly applies petrolatum 
ointment as her emollient. The patient is distraught over her 
condition and it is affecting her social interactions at school. 
Her medical history is significant for asthma and she is aller-
gic to peanut, shellfish, and wheat. She has not yet had men-
arche. On exam, she has multiple pink, lichenified and 
crusted plaques scattered diffusely on the trunk and extremi-
ties (Fig. 28.1a), with some scaling on the scalp as well. Over 
60% of her body surface area is affected, and they report that 
many times her skin condition is even worse. The lesions do 
not appear to be infected.

Table 28.1 Typical pediatric dosing ranges and monitoring considerations for oral systemic agents for atopic dermatitis and psoriasis

Medication Dosing: atopic dermatitis Dosing: psoriasis
Special considerations in 
monitoring Pregnancy categorya

Cyclosporine 3–6 mg/kg/day 2.5–5 mg/kg/day Blood pressure, CBC, K, Cr, 
Mg, uric acid, LFTs, cytochrome 
p450 drug interactions

C

Methotrexate 7.5–25 mg qweek 7.5–25 mg qweek CBC, Cr, LFTs, cumulative 
dose, drugs acting on folate 
pathway

X

Azathioprine 2.5–4 mg/kg/day
(half dose for those with 
intermediate TPMT 
activity)

TPMT activity, CBC, LFTs, 
drugs acting on xanthine oxidase 
pathway

D

Mycophenolate mofetil 600–1200 mg/m2 (body 
surface area)

CBC, gastrointestinal discomfort D

Acitretin 0.5–1 mg/kg/day LFTs, fasting lipids, 
mucocutaneous dryness

X

CBC cell blood count, K potassium, Cr creatinine, Mg magnesium, LFTs liver function tests, TPMT thiopurine methyltransferase
aNegative baseline testing, proper counseling and initiation of contraception is necessary in females of childbearing age. Drugs in pregnancy cat-
egories D and X can cause birth defects or fetal death if taken during pregnancy
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Management
Given the prolonged course and severity of her atopic derma-
titis, escalation of therapy is appropriate. Narrow-band photo-
therapy was discussed, but the mother’s work schedule 
precluded bringing the patient in three times weekly. The 
main systemic treatment options considered were azathio-
prine, mycophenolate mofetil, and methotrexate, as it was not 
felt that cyclosporine would likely provide a sufficient course 
given her long-standing disease. Mycophenolate was started 
at 500 mg twice daily (860 mg/m2) and increased to 750 mg 
twice daily after 4 months (1200 mg/m2), while topical corti-
costeroids were continued. She had mild diarrhea the first few 
weeks that self-resolved and no major laboratory abnormali-
ties during her treatment. Her atopic dermatitis significantly 
improved (Fig. 28.1b is after 11 months of mycophenolate 
therapy) and the drug was tapered off for a total course of 
23 months. She now has mild disease with only occasional 
need for low and mid potency topical steroids.

 Psoriasis

Similar to their use in atopic dermatitis, oral systemic agents 
in psoriasis are commonly used off-label. Candidates for 
systemic therapy have typically failed topical steroids, with 

or without topical vitamin D derivatives, and/or photother-
apy. While access to biologic agents is increasing for affected 
children, this chapter will focus only on oral systemic agents 
including methotrexate, cyclosporine, and acitretin. All are 
considered appropriate first-line agents with reasonable 
safety and efficacy profiles. Literature suggests some sub-
types of psoriasis may respond better to certain agents (dis-
cussed below). It should be noted that generalized pustular 
psoriasis and erythrodermic psoriasis typically warrant 
direct-to-systemic treatment regardless of prior topical or 
phototherapy.

 Methotrexate

In terms of oral agents, methotrexate is considered the drug of 
choice for moderate to severe plaque psoriasis in children and 
has been found to be safe and effective for other types of pso-
riasis as well. Studies have shown an effect as early as 5 weeks, 
with clinical remission of disease lasting up to 3 years. The 
Child-CAPTURE study followed 25 children with plaque 
psoriasis treated with methotrexate over 48 weeks and found 
significant improvement in their Psoriasis Area and Severity 
Index (PASI) scores and quality of life, with relatively few and 
mild adverse effects [16, 17]. Dosing varies widely and has 

a b

Fig. 28.1 (a) 11-year-old female with long-standing severe atopic dermatitis, including the lower extremities. (b) Significant improvement in her 
lesions after 11 months of treatment with mycophenolate mofetil
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been generally based on adult dosing for psoriasis, ranging 
from 7.5 to 25 mg weekly, aiming to use the lowest effective 
dose. Treatment duration may be limited by cumulative dose, 
although expert consensus in pediatric psoriasis suggests liver 
biopsy at 1.5 grams of intake may not necessarily be required 
in children at relatively low risk of hepatotoxicity [8]. Although 
a more in-depth discussion of biologics is in Chap. 27, biolog-
ics have been found to be effective in combination with meth-
otrexate. Limited data suggests biologic agents can be a useful 
adjunct therapy when insufficient improvement is seen with 
methotrexate alone [18]. Etanercept is a common first biologic 
in these situations, with FDA approval based on the positive 
results of short- and long-term pediatric trials [19], followed 
by adalimumab and ustekinumab.

 Cyclosporine

Cyclosporine has been well established as a treatment for 
psoriasis in adults, and recent studies have shown it to be 
safe and effective in children as well. The relatively quick 
onset of improvement, with total clearance reported even at 
4 weeks, allows for a potentially shorter duration of treat-
ment [20]. Dosing commonly ranges from 2.5 to 5 mg/kg/
day. It is notable that the maximum recommended dose for 
psoriasis in adults is 4 mg/kg/day; however, children have 
been proposed to require higher doses due to their greater 
surface area to weight ratio and age-dependent differences in 
pharmacokinetics [21]. For this reason, in children with quite 
severe disease, one may consider starting more aggressively 
at 5 mg/kg/day and decreasing the dose once improved [22]. 
Recurrence of disease may be seen in some patients during 
the taper, when the dose is decreased to about 1 mg/kg/day, 
or in the several months after discontinuation. Some cases 
have been reported to improve again with resuming the origi-
nal dose, while others have required switching to another 
systemic agent such as methotrexate [20]. Infrequently, 
patients have had to discontinue treatment due to laboratory 
abnormalities or mild adverse effects such as hypertrichosis 
or flu-like symptoms [20, 23]. In total, treatment may con-
tinue for several months or longer but it is recommended not 
to exceed 1–2 years in order to avoid nephrotoxicity [22].

 Acitretin

Oral retinoids offer a non-immunosuppressive treatment option 
for children with psoriasis. Acitretin is thought to be most 
effective in guttate and pustular psoriasis and is a first-line 
choice for generalized pustular psoriasis. It is recommended 
not to exceed a dosing of 0.5 to 1 mg/kg/day to minimize the 
risk of toxicities, including mucocutaneous effects, which are 
dose-dependent and generally reversible [22]. Patients may 
note dryness of the skin and lips, thinning of the hair and nails, 

or epistaxis. Lower doses can lessen these adverse effects; 
however, in some patients doses low enough to render tolera-
bility may not be sufficient to produce adequate improvement 
in the skin. Elevated lipids and liver enzymes are not uncom-
mon, and it is advisable to check these at baseline and during 
treatment. One multicenter retrospective study found a mean 
duration of treatment of nearly two years to achieve satisfac-
tory and sustained improvement in PASI scores, and mucocu-
taneous effects in all patients were mild enough not to affect 
therapy [24]. As is the case with most literature in pediatric 
psoriasis, the sample sizes are too small to allow broader gen-
eralizability of data. Long-term use of acitretin is limited by the 
potential for skeletal anomalies (e.g., periosteal thickening, 
premature closure of the epiphyses, and ossification similar to 
that seen in diffuse idiopathic skeletal hyperostosis) and con-
tinuous administration, particularly at higher doses, is not 
advised. The known teratogenic effects can also limit its use in 
females of childbearing potential.

 Other Agents

Oral apremilast is a small molecule inhibitor of the phospho-
diesterase 4 enzyme, leading to increased cyclic adenosine 
monophosphate (cAMP) levels and decreased production of 
pro-inflammatory mediators like tumor necrosis factor 
(TNF)-α, interferon (IFN)-γ, IL-12/23p40, IL-23p19, and 
IL-22. It is approved for the treatment of moderate to severe 
plaque psoriasis in adults. The most commonly reported side 
effects are diarrhea, nausea, and headache, and some experi-
ence weight loss during treatment. Gradual titration of dose 
appears to lessen the risk of gastrointestinal symptoms. 
Pediatric trials are currently underway.

 Hemangiomas of Infancy

The use of oral beta-blockershas revolutionized the treat-
ment of complicated infantile hemangiomas. Whereas prior 
regimens resorted to medications with considerably greater 
risk, such as systemic corticosteroids or chemotherapy 
agents, the discovery of propranolol’s effectiveness in treat-
ment of this vascular tumor has truly transformed the land-
scape of available treatments. This chapter will focus on oral 
agents, but it should be noted that topical timolol offers a 
safe and effective topical alternative for suitable hemangio-
mas, typically those that are small, superficial, and without 
clinically concerning features.

 Propranolol

Infantile hemangiomas are vascular tumors that may require 
specialty evaluation for clinically concerning features or 
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questions of management, particularly during the rapid 
growth phase. Multiple studies have attested to propranolol’s 
excellent safety profile and demonstrated effectiveness for 
this particular lesion, and it is an exception to the rule with a 
large randomized, double-blind, placebo- controlled pediat-
ric study having been performed and published [25]. 
Propranolol is a nonselective beta-blocker widely used for 
hemangiomas that pose a risk of disfigurement, ulceration, 
bleeding, functional impairment (including visual impair-
ment), airway obstruction, or cardiovascular compromise. 
With few exceptions that will be described below, it is the 
first-line agent for hemangiomas requiring systemic treat-
ment. Adverse effects are uncommon and are most notable 
for hypotension and hypoglycemia. As such, routine moni-
toring includes baseline blood pressure and heart rate, which 
should be rechecked with each dosage increase, and propran-
olol should always be given with food and held during peri-
ods of decreased oral intake. Beta-blockade could exacerbate 
existing reactive airway disease, although a recent review of 
683 children found no increased risk of wheezing or respira-
tory episodes between cases and controls [26]. However, 
cases of congenital or persistent stridor including laryngo-
malacia were not included in this study. The utility of routine 
screening with a baseline electrocardiogram remains debat-
able, as very few cardiac conditions would preclude the use 
of propranolol. Expert consensus suggests screening be 
reserved for patients with a history of arrhythmia, below- 
normal heart rate for their age, or family history of arrhyth-
mias, congenital heart conditions, or connective tissue 
disease in the mother [27]. Dosing is typically started at 
1 mg/kg/day divided twice daily, with increase to 2 mg/kg/
day divided twice daily after the first week if vitals remain 
stable. Dosing can be increased to 3 mg/kg/day as needed.

Importantly, in lesions concerning for PHACE syndrome 
(Posterior fossa abnormalities, Hemangioma, Arterial 
lesions, Cardiac abnormalities, Eye abnormalities), propran-
olol should be avoided until workup is complete, as risk 
stratification of any cerebral vascular or cardiac anomalies is 
crucial in determining whether to use propranolol and at 
what dose. A 2014 consensus conference categorized high 
risk abnormalities as generally representing those involving 
significant (>25%) stenosis and located distal to the circle of 
Willis, while intermediate risk abnormalities generally rep-
resent those located proximal to the circle of Willis with no 
perceived hemodynamic risk [28]. It is recommended that 
any intermediate risk lesions be discussed with neurology or 
neurosurgery for consideration of treatment options. In some 
cases, it may be appropriate to start low-dose propranolol at 
around 0.5 mg/kg/day divided three times a day. The use of 
propranolol in high risk lesions remains controversial, in part 
due to the risk of stroke from cardiac steal; a drop in blood 
pressure could attenuate flow through narrowed or absent 

vessels. The risk remains very real even when propranolol is 
used in combination with systemic steroids, and acute isch-
emic stroke was reported in two patients with PHACE syn-
drome on this dual treatment regimen [28]. As such, careful 
weighing of risks and benefits remains essential in this 
scenario.

 Other Beta-Blockers

Other oral beta-blockers have been utilized for infantile hem-
angiomas. While acebutolol and atenolol are limited to only 
a few reported cases, oral nadolol has been used in over 50 
infants in the published literature [29, 30]. Head to head 
studies in comparison with propranolol remain to be per-
formed, but oral nadolol does not cross the blood brain bar-
rier and has been an effective alternative in some cases of 
sleep disturbance (e.g., agitation and nightmares) with pro-
pranolol administration [29].

Case Study
A 7-week-old female is brought into clinic for a lesion on the 
right side of the head that was becoming more red and “a 
little more bumpy” since it was first noticed at 2 weeks of age 
(Fig. 28.2a). No treatments have been tried. The infant is oth-
erwise healthy, with no history of heart murmur or wheezing. 
Physical exam is notable for a large 12 × 7 cm reddish-blue 
plaque extending from the right temporal scalp down to the 
ear, lateral cheek, and neck, within which are some scattered 
more palpable areas. There is no ulceration.

Management
Given the growth of a large facial hemangioma that could 
cause significant deformity, systemic treatment was indi-
cated. However, the segmental distribution indicated the pos-
sibility for the lesion to be a part of PHACE syndrome and 
airway hemangiomas have also been found in association 
with cutaneous hemangiomas located at the “beard area.” A 
workup was first initiated with magnetic resonance (MR) 
imaging and MR angiography of the head and neck, electro-
cardiogram, echocardiogram, bronchoscopy, and eye exami-
nation being performed. Absence of the A1 component of the 
right anterior cerebral artery and reconstitution of the A2 
component, likely from the left anterior cerebral artery, with 
a patent anterior communicating artery was noted on the 
MRA, with the remaining studies being negative for signifi-
cant findings. After conferring with neurology and neurosur-
gery, the child was deemed to have PHACE syndrome with 
low to moderate risk congenital vascular anomalies. Oral 
propranolol was started at 1 mg/kg/day and more conserva-
tively divided three times daily, with careful monitoring. No 
adverse effects were noted and over the following 8 weeks, 

N. Cheng and W.L. Tom



279

propranolol was increased in several steps to 2 mg/kg/day. 
The lesion became less red and thick over the next few 
months, with fewer palpable areas (Fig. 28.2b). Starting at 
11 months of age, propranolol was slowly weaned and no 
rebound growth was noted. The child continues to be fol-
lowed by neurology, and to date, no developmental anoma-
lies have been noted.
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Conventional Systemic Agents

Acitretin

Acitretin is a systemic retinoid that is commonly used in der-
matology for the treatment of psoriasis as well as various 
other diseases keratinization. It modulates the immune sys-
tem and lowers keratinocyte proliferation [1]. One of the 
largest advantages of acitretin when compared to other sys-
temic psoriasis treatments is that it is not immunosuppres-
sive. Acitretin’s largest drawback, its teratogenicity, is 
fortunately not an issue for elderly patients [2]. However, 
acitretin can take several weeks in order to reach peak effec-
tiveness and is often less effective than other systemic medi-
cations in reaching PASI 75 for plaque psoriasis [3, 4]. 
Response is generally considered dose dependent, however 
there have been some studies where this has not been seen [3, 
5]. In a double-blinded, randomized study that looked at dos-
ing, patients treated with 25, 35, and 50 mg per day saw 54, 
76, and 54% PASI score reductions after 12 weeks of therapy 
[3]. In another study that initially treated patients with 
10–25 mg/day before increasing it to 20–50 mg/day, after 3 
months the median PASI score was reduced from 19.25 to 
5.75 [6]. In a 12 week study that looked at psoriasis treat-
ments in the elderly, only 27% reached a PASI 75 when 
treated with a mean dose of 0.38 mg/kg [4]. The conclusion 
from these studies is that dosing will need to be tailored to 
the patient and individuals should be counseled to expect a 
relatively longer period of time before the maximum 
response to treatment is achieved.

The side effects from acitretin include a number of muco-
cutaneous irritations, increased serum triglycerides, and 
increased liver enzymes [4, 7]. The most common adverse 
effects include cheilitis, skin peeling, pruritus, rhinitis, dry 

skin, and alopecia [7]. All of these were found to be dose 
dependent, barring pruritus. A retrospective analysis of two 
24 week randomized double-blinded studies found that chei-
litis was present in 57% of patients at 25 mg/day which 
increased to 77% in patients on a 50 mg/day dose. Skin peel-
ing was the second most common side effect and was seen in 
25% of lower dose patients and 47% in higher dose patients. 
In total, 77 and 95% of patients on 25 mg/day and 50 mg/
day, respectively, developed adverse effects compared to 
48% that were on a placebo [7]. In a study of psoriasis in the 
elderly, of 62 patients treated with a mean dose of 0.38 mg/
kg, only four patients had skin xerosis and one developed 
alopecia [4]. However, this study duration was limited to 
only 12 weeks. Conjunctival inflammation is also common 
and patients with contact lenses should be encouraged to use 
glasses instead [8].

Hyperlipidemia that can develop as a result of acitretin 
treatment may put older persons with a history of elevated 
lipids at additional risk. During acitretin clinical trials, 66% 
of patients had an increase in their triglyceride levels of 
greater than 20 mg/dL when treated with 10–75 mg/day [2]. 
33% of patients had their cholesterol increase by more than 
100%. In a study of acitretin usage in the elderly, after 
12 week of treatment with 0.38 mg/kg, 6 of 62 patients had 
increased serum triglycerides [4]. Should a patient develop 
hypertriglyceridemia, terminating treatment is not always 
necessary and the European S3 guidelines recommend 
attempting dietary and lifestyle modifications before using 
lipid-modifying drugs should triglyceride become greater 
than 5 mmol/L [8].

Acitretin has also been associated with increases in serum 
liver enzyme levels in about one-third of patients [2]. These 
changes can be temporary and will often return to normal by 
reducing or removing treatment. Acitretin’s effects on the 
liver do not appear to be significant [9]. A study of 128 
patients who took acitretin for 2 years found that increases in 
serum liver enzyme levels did not result in significant 
changes in the patient’s liver biopsies. However, it is still rec-
ommended that physicians monitor serum liver enzyme 
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levels for significant changes, particularly for patients 
already at risk for liver damage [8]. Additionally during 
treatment, alcohol use should be prohibited, as it can cause 
conversion of acitretin to etretinate, which has been reported 
in association with chronic active hepatitis [2, 10, 11]. As a 
result of this side effect, elderly patients with hepatic dys-
function or alcoholism should be treated with caution when 
using acitretin [8].

Acitretin has fewer reported drug interactions than many 
of the other conventional, systematic treatments for psoria-
sis. Despite this, it is imperative to ensure elderly patients 
taking acitretin avoid overconsuming vitamin A through diet 
and supplements to prevent hypervitaminosis [12]. 
Tetracycline also needs to be avoided as it can cause an 
increase in photosensitivity and an increased risk of develop-
ing pseudotumor cerebri [2]. Combination therapy with 
methotrexate is discouraged due to an increased risk of hepa-
totoxicity. In addition, acitretin is strongly contraindicated in 
individuals with severe renal dysfunction [8].

Acitretin’s role as a non-immunosuppressant systemic 
psoriasis treatment uniquely positions it among other treat-
ments for the elderly who may already be immunosuppressed 
[13]. Lastly, acitretin may serve as chemoprevention for non-
melanoma skin cancer and therefore may be helpful in elderly 
patients with a history of numerous nonmelanoma skin can-
cers as a dual purpose when treating comorbid psoriasis [14]. 
While its efficacy in achieving PASI 75 may be lacking when 
compared to other systemic and newer biologic agents, it may 
provide relief to some patients who may otherwise go 
untreated due to drug interactions or comorbidities.

Methotrexate

Methotrexate is a  folate antagonist that acts as an immuno-
modulator [15, 16]. Its efficacy in reducing PASI scores, its 
relative safety, and its low cost have made it a mainstay of 
psoriasis treatment. It can be used for both induction and 
long-term treatment [8]. Methotrexate’s efficacy is roughly 
comparable to cyclosporine, with a study comparing the two 
finding that 26 of 43 and 30 of 42 reaching PASI 75 respec-
tively after 16 weeks [17]. Another study that looked at its 
use in 74 elderly patients found that after 12 weeks, 49% of 
patients had reached a PASI 75 on a mean dose of 11.7 mg/
week [4]. In addition, the rate of adverse effects was only 
0.12/patient year compared to 1.4/patient year with cyclo-
sporine. For the elderly, however, special consideration for 
dosing and for side effects must be considered before select-
ing it as a treatment.

Older patients may require a smaller dose of methotrexate 
in order to see the desired results [18]. This has been corre-
lated with decreasing creatinine excretion rates and increas-
ing age in patients over 50. The decline in renal function, 

often seen with age, is thought to be responsible for the need 
for dose reduction [19]. Renal impairment has also been 
associated with increased adverse effects [20]. As a result of 
these factors, it has been recommended that renal function is 
assessed before initiating and monitored throughout treat-
ment and that patients with kidney disease may need an alter-
native regimen [8, 19]. In addition, lower dosing is usually 
appropriate [8].

Two of the most significant adverse effects that can result 
from methotrexate are myelosuppression and hepatotoxicity. 
In addition to these side effects, methotrexate can also more 
commonly cause nasopharyngitis, nausea, and headache [17, 
21]. Changes in blood count can be a relatively common 
adverse effect, with one study reporting that these abnormal-
ities account for up to 27% of all adverse events seen within 
the first 90 days of beginning treatment with 7.5–40 mg 
methotrexate/week and 15 mg folate/week [22]. Of these 
hematologic changes, anemia was the most common, fol-
lowed by thrombocytopenia and leukopenia. Stemming from 
this, infections can pose a problem, particularly for the 
elderly who may already be immunosuppressed [23]. A clin-
ical trial comparing adalimumab with methotrexate found 
that 46 of 110 patients treated with 15–25 mg methotrexate/
week and 5 mg folate/week developed infections during the 
16 weeks they were treated [24]. Patients that are on metho-
trexate for longer have been observed to be at a greater risk 
for infections as they were significantly more frequent in a 
population of patients that had cumulatively received more 
than 2 g of methotrexate [22]. In order to monitor the myelo-
suppression, it is recommended that a blood count is done 
before treatment, after the first week, every 2 weeks for the 
first 2 months, and every 2–3 months subsequently [8]. As a 
result of these side effects, methotrexate is contraindicated 
for patients with severe infections, who are immunocompro-
mised, or who have baseline hematologic abnormalities.

The hepatotoxicity caused by methotrexate can be prob-
lematic for older patients who may have a reduced drug 
metabolism and decreased self-healing ability [19]. One 
study of 110 patients found that 1% of individuals had ele-
vated liver enzymes when treated with 15–25 mg methotrex-
ate/week for 4 weeks [24]. However another study observed 
45 cases of increased serum liver enzymes in 103 patients 
after 90 days when treated with doses ranging from 7.5 to 
40 mg/week methotrexate and 15 mg/week folate [22]. The 
implication of this is that individuals on methotrexate should 
have their serum liver enzymes monitored and those with 
potential risk factors for liver damage should utilize another 
medication. These include strong contraindications for 
patients with alcohol abuse and careful consideration before 
prescribing it for patients with a history of hepatitis [8].

For patients that have been on methotrexate for extended 
periods of time, there is still much debate as to the effects of 
chronic methotrexate exposure. A study that compared 
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patients who had been treated with greater than 2 g or less 
than 2 g total did not find a significant difference in the num-
ber of adverse effects over the same period of time [22]. 
There were also a comparable number of severe adverse 
effects. Another study looked at liver biopsies before treat-
ment and after cumulative doses ranging from 1 to 4 g among 
28 enrolled patients [25]. This study found that patients who 
had received 3–4 g of methotrexate tended to have “fibrosis 
formation, inflammation enhancement in the portal area, and 
fibrous septa.” They recommended doing liver biopsies every 
time a 1 g total had been administered in patients with no risk 
factors. Although due to the invasive nature of this test, these 
recommendations have been subject to a large amount of 
controversy in the field of dermatology and are not widely 
performed [26].

Given the efficacy and potential adverse effects, metho-
trexate is a viable treatment plan for many elderly patients 
once potential contraindications have been accounted for. 
However, liver and kidney function will need to be carefully 
followed to avoid hazardous side effects that older individu-
als may be particularly susceptible to. Drug interactions need 
to be taken into consideration to prevent amplification of side 
effects. NSAIDS, estimated to be the single most used drug 
in older adults, may lower methotrexate clearance rates in 
the kidney and increase the risk of bone marrow toxicity as 
well as the risk for gastrointestinal side effects [8, 19, 27]. 
Some antibiotics including penicillin and tetracycline should 
be avoided while concurrently on methotrexate [8, 28]. As 
previously mentioned, patients should be advised not to 
drink alcohol [8]. Ultimately, methotrexate should be con-
sidered as an oral agent for a subset of older psoriasis patients 
with special attention to coexistent risk factors for hepatic 
and hematologic toxicity.

Cyclosporine

Cyclosporine is  an immunosuppressive  agent that works by 
decreasing active T-cell populations [29]. In dermatology, it 
is most notably used to treat severe psoriasis in the acute set-
ting of a flare. It can be administered rarely as a long-term 
treatment, but is most strongly recommended as a short 
course and often used as a bridge to safer maintenance thera-
pies [30]. A major benefit of its use is the ability to allow for 
reductions in PASI relatively quickly. Reduction in PASI is 
dose dependent and treatment with 5 mg/kg/day has been 
reported to reduce PASI scores by 50% in 72% of patients 
after 10–12 weeks while a 50% reduction in PASI was 
reported in 66% of patients taking 2.5 mg/kg/day [29]. In a 
study focusing on treatment of psoriasis in the elderly, 46% 
of patients reached a 75% reduction in PASI by week 12 [4]. 
Although dosage varied in this study, the mean dose was 
3.5 mg/kg. In another study, patients saw a mean decrease in 

PASI score from 14.0 ± 6.6 to 3.8 ± 0.5 after 16 weeks on 
3 mg/kg cyclosporine for the first 4 weeks, followed by 
5 mg/kg cyclosporine [17]. These benefits must of course be 
weighed against the risk of serious adverse effects that can 
be seen in treatment with cyclosporine and may be of higher 
consequence in the elderly population.

Cyclosporine’s potential adverse effects are most notable 
for an increased risk of hypertension, renal insufficiency, 
malignancy, and infection. A 2001 meta-analysis of 3 ran-
domized, controlled trials found that systolic blood pressures 
increased to or above 160 mmHg in 1.9% of patients on 
1.25 mg/kg/day of cyclosporine, 1.1% of patients on 2.5 mg/
kg/day, and 3.4% of patients on 5 mg/kg/day [29]. Diastolic 
blood pressure was also affected with risk of developing a 
diastolic pressure of 95 mmHg or higher being 4.9%, 13.7%, 
and 8.6% for 1.25 mg/kg/day, 2.5 mg/kg/day, and 5 mg/kg/
day doses, respectively. Another study that looked at the 
safety of systemic treatments for psoriasis in the elderly 
reported that 11 of the 32 patients taking cyclosporine devel-
oped hypertension [4]. Demographic data was not given for 
individual treatment plans, but comorbidities were common 
(more than 90% of enrolled patients), with cardiovascular 
disease reported most frequently. The implication of these 
studies is to exercise extreme caution when using cyclospo-
rine in patients with preexisting hypertension, which is wide-
spread in the elderly and reported in up to 65% of the US 
population over the age of 60 [31]. Patients with poorly con-
trolled hypertension should not take cyclosporine [8]. This 
adverse effect should be monitored with regular blood pres-
sure checks.

Patients taking cyclosporine are also at risk for develop-
ing nephrotoxicity [32]. One meta-analysis found that serum 
creatinine increased more than 30% in 4.4% of patients 
(n = 756) receiving doses of 1.5–5 mg/kg/day for 10–12 weeks 
[29]. Serum creatinine elevations were also dose related with 
elevations of 1.9, 6.8, and 11.4% in patients taking 1.5, 2.5, 
and 5 mg/kg/day. Treatment with cyclosporine is thought to 
put elderly patients at an increased risk for nephrotoxicity 
due to age-related decreases in drug excretion rates [8, 19, 
33]. The European S3 guidelines advise adhering closely to 
lab monitoring recommendations for the elderly and gener-
ally recommend testing for several renal function markers 
throughout treatment for all patients [8]. These lab values 
include frequent serum creatinine levels, which should be 
tested before treatment and at weeks 2, 4, 8, 12, and 16 weeks. 
Full blood counts, liver function tests, and electrolytes can be 
evaluated at the same intervals to monitor for hematological 
alterations, hepatotoxicity, and blood potassium abnormali-
ties, respectively. Uric acid should be tested at least at base-
line to monitor kidney function. They also recommend 
checking urine status, magnesium, cholesterol, and triglycer-
ides before treatment and at weeks 4 and 16 for further 
observation of kidney function and alterations in lipid profile. 
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In addition to monitoring, the guidelines recommend a 
nephrology consult for extended periods of treatments. In a 
small study of elderly patients treated with cyclosporine, 5 of 
36 patients developed renal insufficiency [4]. They found the 
risk of developing renal insufficiency to be 0.35/patient year. 
Given the risk of renal toxicity, cyclosporine should be 
avoided if feasible in patients with baseline impaired renal 
function [8].

Cyclosporine also puts patients at an increased risk for skin 
malignancies, particularly if the individual has had UV treat-
ment in the past [34]. Patients treated with cyclosporine had an 
increased relative risk of developing nonmelanoma skin can-
cer. Individuals that have received past PUVA treatment or 
other immunosuppressants were reported to have a higher 
incidence of developing any type of malignancy. In addition to 
the development of skin malignancies, cyclosporine may also 
put patients at an increased risk for infection [8]. As a result of 
immunosuppression, live vaccines are contraindicated during 
treatment [35]. Administration of inactivated vaccines during 
treatment may lead to a reduced immune response that may 
lower efficacy. As a result of this immunosuppression, cyclo-
sporine should be avoided in elderly patients with a history of 
or current malignancy, who are undergoing PUVA therapy, or 
who have a serious infectious disease [8]. Individuals taking 
cyclosporine should also be carefully watched for the develop-
ment of skin malignancies.

Comorbidities should be carefully accounted for and 
evaluated prior to administration of cyclosporine. Due to the 
potential for drug interactions, it is also important to evaluate 
for medication interactions, particularly in regard to their 
effect on renal function. In the context of other available 
medications, the clinical use of cyclosporine must be care-
fully weighed against other traditional and biologic systemic 
treatments, particularly in the elderly population. Statins are 
one of the most commonly prescribed drugs for the elderly, 
but most are heavily contraindicated [27, 36, 37]. Potassium-
sparing diuretics and ACE inhibitors are also highly pre-
scribed but contraindicated medications [27, 37, 38]. 
Cyclosporine metabolism can be lowered by grapefruit juice 
so patients should be advised to avoid consuming it while on 
cyclosporine [39]. In summary, in light of these side effects, 
despite the relatively quick efficacy of cyclosporine, its use 
in the elderly should only be considered in severe cases of 
psoriasis that have been unsuccessfully treated with other 
first-line medications.

Mycophenolate Mofetil

Mycophenolate Mofetil (MMF) is often used in dermatology 
as a corticosteroid-sparing immunosuppressive agent in the 
treatment of numerous inflammatory skin conditions, espe-
cially immunobullous and connective tissue diseases. It 
functions as a pro-drug, which is converted in the plasma, 

liver, and kidneys to the active antimetabolite mycopheno-
late acid (MPA) [40]. This metabolite then inhibits the 
enzyme, inosine monophosphate dehydrogenase, involved in 
“de novo” purine nucleotide synthesis in activated lympho-
cytes. MPA is inactivated in the liver by enzymatic alteration 
to form a phenolic glucoronide of MPA (MPAG), which is 
excreted into bile. Subsequent enterohepatic circulation is 
important for maintaining serum concentrations at therapeu-
tic levels. The inactive MPAG is converted back to the active 
MPA by the enzyme beta-glucoronidase, which is found in 
high concentrations in both the skin and the gastrointestinal 
tract. This explains both the therapeutic effects in the skin as 
well as the commonly reported adverse side effects of diar-
rhea and abdominal pain [41]. It is important to note that 
although the kidneys excrete up to 90% of MPAG, MPA lev-
els are not significantly affected by renal disease and there-
fore no dose adjustment is required for renal impairment 
[42]. MPA and MPAG are mostly bound in the serum to albu-
min and therefore dose adjustments may be required in 
patients with low albumin and in those patients taking other 
medications that compete with protein binding sites.

As discussed above, the use of MMF in the elderly is 
often limited by abdominal symptoms such as diarrhea, 
vomiting, and abdominal pain. However, the elderly popula-
tion is at a significantly higher risk for serious complications 
of diarrhea, specifically dehydration and electrolytes abnor-
malities and should be monitored more closely for these 
symptoms to avoid adverse sequela. In general, the risk for 
hypoalbuminemia is higher in the elderly and can be second-
ary to various etiologies including malnutrition, gastrointes-
tinal loss, liver dysfunction, and kidney disease. This can 
result in increased levels of free MPA in the serum and a 
theoretically higher risk for hematologic toxicity and infec-
tion [43]. Hematologic toxicity is a serious adverse effect, 
especially in the elderly population, and should be monitored 
for along with liver function tests and serum creatinine every 
2–4 weeks after a dose escalation and every 2–3 months once 
the dose has stabilized [44]. As with all patients being treated 
with MMF, elderly patients should be monitored for devel-
opment of side effects and may actually require modifica-
tions to their dose or regimen more frequently compared to 
younger patients. Unfortunately data is limited on the rela-
tive risk of these side effects in elderly patients being treated 
for dermatologic conditions; however, in one report, up to 
60% of organ transplant recipients over 60 years of age being 
treated with MMF will eventually require an alternative anti-
metabolite-sparing regimen [45].

Also, the elderly population as a whole is at a higher risk 
for medication interactions, which can alter levels of the 
active metabolite MPA. Sub-therapeutic levels of MPA can 
develop in patients on a medication that interferes with 
enterohepatic circulation such as cholestyramine or a variety 
of systemic antibiotics including cephalosporins, penicillin, 
macrolides, sulfonamides, and flouroquinolones. Also, many 
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elderly patients who are on daily salicylates can develop 
increased free levels of MPA due to competition for protein 
binding sites in the serum. Phenytoin has been reported to 
have a similar effect and can also elevate free MPA levels. 
Caution should be using when co-prescribing antiviral medi-
cations such as acyclovir, valacyclovir, ganciclovir, valganci-
clovir with MMF as elevated levels of MPA may result and 
increased risk for neutropenia has been reported with valacy-
clovir [44]. Fortunately, phase 2 metabolism such as occurs 
in the activation of MMF to MPA does not appear to be 
inherently affected by the normal aging process.

A recent study of 69 patients with various dermatologic 
conditions who were treated with an average dose of 2 g 
daily of MMF revealed a complete response in 56, 53, 46, 
and 0% of patients with atopic dermatitis, immunobullous 
diseases, neutrophillic dermatoses, and psoriasis, respec-
tively [46]. The use of MMF in the treatment of psoriasis is 
usually considered a last resort given the overall lower effi-
cacy and higher risk of adverse side effects. However, its use 
may be attempted in patients with severe refractory psoriasis 
who may otherwise have contraindications to or who have 
not responded to multiple other first-line agents. When com-
pared to other conventional agents in a multicenter random-
ized open-label clinical trial evaluating mycophenolate 
mofetil and cyclosporine in 54 patients with plaque psoria-
sis, cyclosporine was found to have significantly superior 
efficacy and along with methotrexate would be the preferred 
first-line conventional systemic agents in elderly patients 
with moderate to severe plaque psoriasis [47]. In summary, 
mycophenolate mofetil’s use as a systemic agent for the 
treatment of psoriasis in the elderly is limited by its relatively 
lower efficacy weighed with the concern for immunosup-
pression and medication interactions but can be considered 
in patients with contraindications to other systemic agents or 
in patients with comorbidities that could be simultaneously 
targeted with this agent.

Biologic Agents

Tumor Necrosis Factor: Alpha Inhibitors

Etanercept
Etanercept isafullyhuman, dimeric fusion protein that binds 
to both soluble and membrane bound TNF-α and TNF-β, 
preventing further binding to cell membrane receptors [48]. 
When active, TNF-α not only stimulates the Th1 response 
but also plays a complex role in cross-activation of multiple 
other inflammatory mediators leading to enhanced produc-
tion of IL-23 by dendritic cells which is a well known activa-
tor of the Th17 response [49, 50]. IL-17 then acts 
synergistically with IL-22 to increase keratinocyte prolifera-
tion up to fivefold [51]. TNF-α can also act directly to stimu-
late neutrophils, which are important in the pathogenesis of 

psoriasis. Although etanercept has a much higher affinity for 
TNF-α than the other monoclonal antibodies, it releases the 
cytokine quickly with 90% released within 2–3 h. The mol-
ecule is absorbed slowly reaching peak levels at about 2 days 
with an absolute bioavailability of 58% [52]. The complex is 
thought to then be metabolized by proteolysis and excreted 
in urine, bile, or both [53].

Etanercept has long been a first-line biologic agent in the 
treatment of moderate to severe plaque psoriasis and appears 
to have equal efficacy in the elderly population. One recent 
study compared 1158 patients <65 years of age to 77 patients 
>65 years of age and found no statistically significant differ-
ence in the number of patients reaching at least a PASI 50 or 
75 between the two age groups. The same study also demon-
strated improved quality of life index scores in the elderly 
population with no significant difference between the two 
age groups studied [54].

Lastly, etanercept has not been shown to have an age-
related increase in toxicity when used to treat psoriasis in the 
elderly. One study comparing the rate of adverse events in 
187 psoriasis patients >65 years of age reported etanercept to 
have the lowest rate (0.11) when compared to numerous 
other conventional and biologic agents such as methotrexate 
(0.12), acitretin (0.32), cyclosporine (1.4), PUVA (0.5), 
adalimumab (0.35), infliximab (0.19), efalizumab (0.3), and 
ustekinumab (0.26) [4]. An analysis of 4322 patients 
>65 years of age who were treated with etanercept for vari-
ous rheumatologic diseases did not reveal any statistically 
significant increased risk for serious adverse events includ-
ing infection and malignancy when compared to the popula-
tion <65 years of age. Of note, demyelinating disease only 
occurred in patients <65 years of age [55]. Another impor-
tant factor for the elderly population is the concern for medi-
cation interactions. Due to the presumed proteolytic 
metabolism, etanercept is unlikely to interfere with the 
metabolism or excretion of most drugs but has been shown to 
increase the risk for serious infections when given simulta-
neously with anakinra [56].

Infliximab
Infliximab is a  chimeric IgG (25% mouse and 75% human)  
monoclonal antibody that binds soluble and membrane 
bound TNF-α [57]. The proposed mechanism of action in the 
treatment of psoriasis is therefore similar to that of other 
TNF-α inhibitors. It is uniquely administered by infusion 
and concentrations in the serum are directly correlated with 
dosing but do not appear to be affected by the normal aging 
process [58]. Infliximab is assumed to be metabolized by 
proteolysis and therefore metabolism is also not significantly 
affected by liver or kidney disease [59, 60].

Several major trials have been performed to evaluate the 
efficacy of infliximab in the treatment of plaque psoriasis, 
which have all shown promising results. One study of 249 
patients with moderate to severe plaque psoriasis showed a 
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PASI 75 of close to 80%, which was maintained for 
3–4 months after the last infusion [61]. Other studies have 
reported a PASI 75 as high as 93% at week 12 of treatment 
[4]. A retrospective, cohort study by Garber et al. [62] com-
pared 48 elderly (>65 years of age) psoriasis patients to 146 
adult (18–64 years of age) psoriasis patients and documented 
no statistically significant difference in simple-measure for 
assessing psoriasis activity (S-MAPA) between several bio-
logic agents including infliximab [62]. Infliximab’s efficacy 
in the treatment of psoriasis and rheumatoid arthritis was not 
significantly different between elderly patient and younger 
patients, according to infliximab’s package insert [63].

• The original sentence may be too similar to a sentence in 
Grozdev IS, Van Voorhees AS, Gottlieb AB, Hsu S, 
Lebwohl MG, Bebo BF Jr, et al. Psoriasis in the elderly: 
from the Medical Board of the National Psoriasis 
Foundation. J Am Acad Dermatol. 2011;65:537–45.

• No difference in the efficacy of infliximab has been seen 
in elderly patients compared with younger patients [63].

High dose infliximab is contraindicated in patients with 
congestive heart failure (CHF)as a significant increase in mor-
tality and hospitalizations was seen in patients receiving doses 
of 10 mg/kg. However, these side effects were not seen at the 
lower psoriasis dosing of ≤5 mg/kg. Therefore, smaller doses 
as are given in the treatment of psoriasis (3–5 mg/kg) may be 
considered in patients with CHF if indicated after cardiologic 
evaluation [64]. Overall, the incidence of total adverse events in 
the elderly population after a 1-year treatment with infliximab 
has been reported to be 0.19 per patient year. This same retro-
spective, observational study reported a 1-year infection rate of 
0.05 for elderly patients being treated with infliximab for pso-
riasis with only one serious infection requiring hospitalization 
[4]. A retrospective study also found no statistically significant 
difference in adverse events or infection rates between elderly 
and adult psoriasis patients treated with several biologic agents 
including infliximab. Furthermore, they found data to suggest 
that several biologic agents, including infliximab, may be safer 
options for elderly psoriasis patients when compared to con-
ventional systemic agents such as acitretin, methotrexate, and 
cyclosporine [62]. Unfortunately, no prospective studies cur-
rently exist to evaluate the safety of infliximabInfliximabsafety 
of for the treatment of psoriasis in the elderly.

Adalimumab
Adalimumab is a recombinant antibody to TNF-α that is fully 
human and works similarly to the other TNF-α inhibitors in its 
class by preventing binding to the TNFR. Like infliximab, it is 
also capable of lysing cells that express TNF-α. Unlike inflix-
imab, it is administered subcutaneously and reaches peak con-
centrations at 131 h with a bioavailability of 64% [65]. It is 
most likely metabolized by proteolysis and clearance does not 
seem to be effected by liver or renal disease.

Adalimumab has been used to treat moderate to severe 
plaque psoriasis and in phase III clinical trials, 71% of 
patients have been reported to achieve a PASI-75 at 
16 weeks of treatment [66]. However, in one recent study, 
65% of patients over the age of 65 were reported to achieve 
a PASI-75. The overall adverse event rate in the elderly 
population (age 65 and older) has been reported at 0.35, 
which trended slightly higher than the adverse event rates 
reported for other biologic agents including etanercept, 
infliximab, and ustekinumab. However, this difference was 
only found to be statistically significant when compared to 
etanercept, which had an adverse event rate of 0.11 in this 
same population. When compared to methotrexate in this 
same study, adalimumab was also noted to have a statisti-
cally higher increased risk for infection in the elderly pop-
ulation [4].

Due to the presumed proteolytic metabolism, adalim-
umab is unlikely to interfere with the metabolism or excre-
tion of most drugs. In general, medication interactions in the 
elderly population are rarely reported, although adalimumab, 
like etanercept, should also not be given to patients on 
anakinra due to the increased risk for infection. Also, metho-
trexate has been reported to reduce clearance of adalimumab 
by up to 44% although this does not appear to clinically alter 
efficacy [67]. Further discussion of the TNF-inhibitors as a 
group will be addressed below.

TNF-α Inhibitors
Concern for increased risk of malignancy in the elderly 
population is often cited as a reason for avoiding systemic 
treatments with hematologic malignancy being the most 
common concern. Unfortunately, data is limited with 
regard to lymphoma risk associated with TNF-α inhibitors 
as a class. Several clinical trials have suggested a slight 
increased risk of lymphoma compared to control patients; 
however, these studies were all limited by small sample 
size and short-term follow-up [68]. To confound the issue 
further, psoriasis patients have an estimated baseline 
increased relative risk of 2.95 for lymphoma when com-
pared to the general population [69]. Unfortunately, the 
majority of observational studies in the current literature 
have evaluated patients with rheumatoid arthritis (RA). 
These studies have questionable applicability to psoriasis 
patients, especially given the higher likelihood for RA 
patients to be treated with higher dose immunosuppres-
sants and simultaneously with more than one agent. In 
general, most studies suggest that all but very small 
increases in the risk for lymphoma in patients treated with 
monotherapy TNF-α inhibitors can be ruled out. However, 
an extremely rare and often fatal hepatosplenic T cell 
lymphoma has been reported in 18 patients receiving 
combination therapy with TNF-α inhibitors and either 
azathioprine or 6-mercaptopurine [70]. TNF-α inhibitors 
as a whole have been reported in some studies to carry an 
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increased risk for nonmelanoma skin cancer and a trend 
has been reported in two large registries toward an 
increased risk for malignant melanoma in RA patients 
specifically [71].

Although a causal relationship has not been firmly estab-
lished, worsening neurologic disease has been reported in 
three case series in association with all three TNF-α inhibi-
tors. This risk should be considered and a different medica-
tion selected, if feasible, when treating elderly psoriasis 
patients with comorbid multiple sclerosis, optic neuritis, 
Guillain-Barre syndrome, and other demyelinating disorders 
[72]. Current literature is lacking with regard to specific risks 
for demyelinating disorders in the elderly population 
specifically.

Another common concern of clinicians when prescribing 
TNF-α inhibitors to the elderly population is an increased 
risk for infection. Clinical trials have suggested a trend 
toward increased rates of serious infections in patients treated 
with both infliximab and adalimumab. In general, it is pru-
dent to screen elderly patients for signs of infection and to 
temporarily withdraw treatment with all TNF-α inhibitors 
during an active infection. The increased risk for primary 
infection and possible reactivation of latent tuberculosis is a 
concern in any age and should be screened for annually. 
Overall, the risk of tuberculosis has been reported to be 
higher in patients treated with infliximab and adalimumab 
compared to etanercept [73]. Invasive fungal infections have 
been reported more commonly in patients treated for RA 
with infliximab and etanercept although 98% of these cases 
were seen in patients on at least one other immunosuppres-
sive agent [74]. Reactivation of hepatitis B has been reported 
in association with all three TNF-α inhibitors and should be 
screened for prior to consideration for therapy [75]. Lastly, a 
recent study evaluating a cohort of patients treated for RA, 
psoriatic arthritis and inflammatory bowel disease, 20% of 
whom were 65 years or older, found no significant increased 
risk of herpes zoster infection associated with TNF-α inhibi-
tor therapy [76].

Congestive heart failure (CHF) is a common comorbidity 
in the elderly population and should be screened for in all 
psoriasis patients considering biologic therapy. Two large 
studies evaluating etanercept for the treatment of congestive 
heart failure were stopped prematurely due to failure to show 
any improvement compared to placebo and there is some 
evidence for a trend toward increased mortality in CHF 
patients treated with either etanercept or infliximab [64]. 
However, there is no good evidence that this class of medica-
tions increases the risk for new onset CHF [77]. It is the 
opinion of the authors that with careful patient selection as 
well as appropriate counseling and monitoring, TNF-α 
inhibitors can be an appropriate option for moderate to severe 
plaque psoriasis in the elderly with special consideration and 
avoidance when feasible in patients with comorbid CHF and/
or demyelinating neurologic disease.

Ustekinumab

Ustekinumab is a veryefficacious human monoclonal anti-
body against interleukin-12 and interleukin-23 and is used 
in the treatment of moderate to severe plaque psoriasis. 
Maintenance doses of ustekinumab are uniquely adminis-
tered every 12 weeks after completion of the loading dose, 
which may present a distinct advantage for a subset of 
elderly patients in which frequent self-injections are diffi-
cult or impractical. Furthermore, it benefits from a low rate 
of adverse effects, particularly in comparison with many of 
the conventional systemic treatments for psoriasis. In a 
meta-analysis of five studies exploring the efficacy of 
ustekinumab, after 24–28 weeks of 45 mg, patients were 
10.92 times more likely to reach a PASI 75 than in those not 
treated with ustekinumab [30]. Those on the 90 mg dose 
were 11.60 times more likely to reach a PASI 75 when 
compared to the placebo group. One of the phase III clini-
cal trials within this meta-analysis found that after 
12 weeks, 273/409 (66.7%) patients on 45 mg and 311/411 
(75.7%) on 90 mg reached a PASI 75 compared with only 
15/410 (3.7%) of the placebo group [78]. Another clinical 
trial that looked at responses over 5 years found that by 
week 52, 71.4% of patients on 45 mg reached a PASI 75 
compared with 78.9% of patients treated with the 90 mg 
dose [79]. This study was placebo controlled for 12 weeks 
and patients withdrawn secondary to adverse effects, usage 
of prohibited medications, or insufficient response were 
considered to be nonresponders for the remainder of the 
study. Additionally, after 12 weeks, patients who were pre-
viously on placebo were randomly assigned to either 45 mg 
or 90 mg per week. Of the 1212 patients on either dose ini-
tially enrolled, 7.31% had serious adverse events and 2.43% 
of patients had adverse events leading to discontinuation 
during the 264 weeks.

The most notable potential adverse effect associated with 
ustekinumab treatment is infection. In a study of 606 patients 
on 45 mg and 809 patients on 90 mg, 26.0% and 23.6% of 
patients developed infections requiring treatment after 5 
years of therapy [79]. Fortunately, only 1.08 and 0.88% of 
patients, respectively, developed serious infections. It should 
be noted that the age range in this study was relatively young, 
with the mean age being 46.2 ± 12.2 years. The literature 
regarding the extent of immunosuppression in elderly 
patients treated with ustekinumab is currently sparse. A 
small retrospective study of 22 elderly patients with a mean 
age of 70.3 had no reported serious infections after 2 years of 
treatment, suggesting ustekinumab’s immunosuppression 
may not be significantly worsened by immunosenescence 
[80]. A confirmatory observational study looking at 3474 
patients on ustekinumab from the PSOLAR registry did not 
find an increased risk of serious infection in patients treated 
with ustekinumab when compared with psoriasis patients 
treated with non-biologic therapies [81]. Conversely, another 
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study did suggest that age, diabetes mellitus, and a history of 
significant infections were associated with an increased risk 
of serious infection. As with all biologics, it is therefore rec-
ommended that patients be prescreened for tuberculosis, cur-
rent infection, and a history of frequent infections [8]. It 
would be prudent to check a complete blood count prior to 
initiating treatment and every 3–6 months thereafter. It is 
also recommended that patients do not receive live vaccina-
tions during treatment or for 12 weeks following discontinu-
ation of treatment [8]. Interestingly, one study exploring the 
efficacy of 23-valent pneumococcal and tetanus toxoid vac-
cines in patients taking ustekinumab found that both had 
responses similar to control patients [82].

In addition to an increased risk of infection, ustekinumab 
has also been associated with an increased risk for malig-
nancy. In a 5-year study of 606 patients on 45 mg and 809 
patients on 90 mg, 1.08% of patients on 45 mg and 1.07% on 
90 mg developed any form of malignancy [79]. However, this 
study was not placebo controlled and there was not a trend 
toward an increased rate of any specific form of malignancy. 
The same study also saw a small number of major adverse 
cardiac events (MACE) in the patient population. This study 
found that 0.56% of patients on 45 mg and 0.42% of patients 
on 90 mg experienced one cardiac event after 5 years of treat-
ment [79]. However, an analysis of data from 3308 patients 
enrolled in the PSOLAR trial from 2007 to 2013 did not find 
an association between ustekinumab use and an increased 
risk of MACE [83]. Other side effects of treatment include 
nasopharyngitis, upper respiratory infections, headache, 
arthralgia, diarrhea, back pain, injection-site erythema, and 
fatigue [84]. It is recommended that patients be screened for 
nonmelanoma skin cancer, lymphadenopathy, and cardiovas-
cular risk factors prior to starting treatment to assess if they 
may be at higher risk for developing these adverse events [8]. 
Although data is currently limited in the elderly population, it 
is the opinion of the authors that with careful patient selec-
tion, counseling, and monitoring, ustekinumab can be an 
appropriate option for moderate to severe plaque psoriasis in 
the elderly with special consideration that advanced age may 
be associated with an increased risk for infection.

Interleukin-17 Inhibitors

Secukinumab
Secukinumab is one Interleukin-17 inhibitors secukinumab 
Secukinumab biologic agents of the newest biologic agents in 
the management of plaque psoriasis and is a human monoclo-
nal antibody against interleukin-17A [85]. A phase III double-
blinded, randomized clinical trial of 177 patients receiving 150, 
300 mg, or a placebo found that by week 12, 69.5%, 75.9%, 
and 0% had reached a PASI 75, respectively. However, the 
average age of each group in this study was 45.1, 46.0, and 
46.5, respectively, with no patients older than 62 [86]. Although 

current data does not indicate an increased risk for adverse 
events specific to the elderly population, this conclusion is lim-
ited by the lack of time for post-marketing safety studies and a 
lack of investigation into its use in the elderly population.

The safety profile of secukinumab has been investigated in 
several clinical trials. One double-blinded, randomized clini-
cal trial of 177 patients receiving 150, 300 mg, or a placebo 
found that during the 12 weeks of treatment, 57.6, 50.8, and 
47.5% of patients, respectively, experienced an adverse event 
[86]. There were no serious adverse events in the 150 mg arm, 
3 in the 300 mg arm, and only 1 in the placebo arm. All arms 
of the study had 59 patients each. These events included acute 
myocardial infarction, cerebrovascular accident, and sciatica 
for the three patients taking 300 mg and exfoliative dermatitis 
in the patient taking the placebo. The study reported that the 
patients who had experienced MACE had multiple cardiovas-
cular risk factors. Diarrhea, nasopharyngitis, headache, 
pyrexia, back pain, bursitis, cough, depression, nausea, oro-
pharyngeal pain, and rhinitis were also reported. Another dou-
ble-blinded, randomized clinical trial including 61 patients 
receiving 150 mg, 60 patients on 300 mg, and 61 patients 
receiving placebo found that after 12 weeks, 63.9, 70.0, and 
54.1%, respectively, experienced an adverse event [87]. One 
patient that received the 150 mg secukinumab dose developed 
malignant melanoma in situ, although researchers did not con-
sider it to be related to the treatment [85].

Immunosuppression leading to an increased risk of infec-
tion and infestation is a concern for secukinumab, as with 
many biologics. A double blind, randomized clinical trial of 
secukinumab at 300 and 150 mg compared to 50 mg etaner-
cept or placebo found that after 12 weeks, 26.7% of patients 
on 300 mg of secukinumab, 30.9% of patients on 150 mg 
secukinumab, 24.5% of patients on etanercept, and 19.3% of 
patients on placebo had an infection or infestation [85]. 
Unfortunately, the degree to which this holds true in the 
elderly has yet to be investigated [23]. Phase III trials also 
found a dose dependent increased risk of mild to moderate 
candida infections with one study reporting 4.7% of patients 
on 300 mg developed an infection after 52 weeks, compared 
with 2.3% on 150 mg. Fortunately, these were all effectively 
managed with standard therapy and did not significantly 
impact the course of treatment or cause discontinuation of the 
study drug [85]. Although data is currently limited, it is the 
opinion of the authors that with careful patient selection as 
well as appropriate counseling and monitoring, secukinumab 
can be an appropriate option for moderate to severe plaque 
psoriasis in the elderly with special consideration for patients 
with concurrent inflammatory bowel disease.

Ixekizumab
Ixekizumab is  another recently FDA approved Il-17A mono-
clonal antibody used in the treatment of moderate to severe 
plaque psoriasis. Ixekizumab’s efficacy during induction and 
during maintenance was explored during the UNCOVER 
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phase 3 clinical trials. The trial consisted of 3 groups and the 
patient’s mean ages were 46 ± 13, 45 ± 12, and 46 ± 13 years 
old, respectively. After 12 weeks of treatment, 89.1% achieved 
a PASI 75, 70.9% achieved a PASI 90, and 35.3% achieved a 
PASI 100 [88]. Furthermore, UNCOVER-3 observed contin-
ued treatment through 60 weeks. These studies show a drug 
that is highly efficacious in the treatment of plaque psoriasis. 
A stratification of this population to specify those age 65 or 
older was not performed and therefore it is not known if there 
is a difference in the efficacy for this age group specifically.

The serious adverse events reported include neutropenia, 
candida infections, and inflammatory bowel disease [88]. 
Other more common adverse events included upper respira-
tory tract infections, nasopharyngitis, headache, and injec-
tion site reactions [88]. Infections were most often reported 
as nonserious, mild, or moderate upper respiratory infec-
tions. Candida infections were frequently diagnosed as vul-
vovaginal or oral candidiasis, which is consistent with the 
proposed role of IL-17 in host defense against extracellular 
organisms such as yeast. Cellulitis was the most commonly 
reported serious adverse event in patients treated with ixeki-
zumab. Importantly, there were no cases of active or clini-
cally reactivated tuberculosis reported. Furthermore, 
Ixekizumab use was not associated with an increased risk for 
major adverse cardiovascular events of cerebrovascular 
events (MACE) [89].

Excluding the risk for nonmelanoma skin cancer, the risk 
for malignancy was similar in comparison to etanercept 
treated patients. Unfortunately, this data is limited by the 
lack of long-term follow-up for these patients and will need 
to be further monitored for in ongoing safety trials. Moreover, 
the rates of nonmelanoma skin cancer as well as other malig-
nancies were comparable with the rates expected in patients 
with a history of psoriasis.

Current research suggests that ixekizumab is a relatively 
safe and highly efficacious systemic agent for the treatment 
of moderate to severe plaque psoriasis. Unfortunately, data 
specific to the elderly population is currently lacking and fur-
ther research needs to be done to determine if the current 
data can be extrapolated to the elderly population. Although 
data is currently limited, it is the opinion of the authors that 
with careful patient selection and appropriate counseling and 
monitoring, ixekizumab can be an appropriate option for 
moderate to severe plaque psoriasis in the elderly with spe-
cial consideration for patients with comorbid inflammatory 
bowel disease.

Small Molecule, Oral Agents

Apremilast

Apremilast is an oral agent that acts as an inhibitor of PDE4  
and has recently been approved for the treatment of moder-

ate to severe plaque psoriasis. It is the first small molecule 
inhibitor of its kind to be used in the treatment of patients 
with psoriasis and works by decreasing chronic inflamma-
tory pathways in macrophages, monocytes, mast cells, den-
dritic cells, eosinophils, and T cells. The mechanism of 
action involves blocking degradation of cAMP and stimulat-
ing downstream production of anti-inflammatory cytokines 
such as IL-6 and IL-10 [90].

In the phase III ESTEEM trial, 28.8% of patients treated 
with apremilast achieved a PASI 75 and 55.5% of patients 
achieved a PASI 50 after 16 weeks of treatment [91]. In 
addition, it appears to be efficacious in the treatment of 
both nail and scalp psoriasis and therefore may serve a 
unique role in the management of significant but localized 
disease at these sites [92]. The oral administration is a 
unique advantage for apremilast and is desirable for a sub-
set of patients as an alternative to injections. Of note, renal 
dose adjustment suggests a modified regimen for patients 
with a creatinine clearance <30 and therefore baseline renal 
function should be evaluated before starting therapy [91]. 
This is especially pertinent for elderly patients with a his-
tory of renal disease. Although drug interactions are rare, 
avoidance of concomitant use of potent cytochrome 450 
enzyme inducers is recommended as administration with 
rifampin has been shown to decrease systemic exposure to 
apremilast [93].

Furthermore, apremilast thus far does not appear to be 
associated with an increased risk for infection other than 
nasopharyngitis and upper respiratory tract infections and 
large studies have reported no increased risk for reactiva-
tion of tuberculosis. This may be a distinct advantage 
when selecting an agent for elderly patients with psoriasis. 
The decrease in required laboratory monitoring may also 
be helpful for elderly patients who find frequent visits to 
be challenging. The most commonly reported side effects 
include diarrhea and headache and these were most often 
reported as mild to moderate in severity. Weight loss was 
reported in patients on apremilast more frequently than 
placebo which although may be advantageous for some, 
could be considered undesirable in a subset of elderly 
patients with difficulty maintaining an optimal weight 
[87]. According to the manufacturer, geriatric patients 
≥65 years of age experienced no overall difference in the 
safety or efficacy profile compared to younger adult 
patients <65 years of age in the clinical studies. However, 
due to the limited data available in very elderly patients 
(≥75 years of age), apremilast should be used with caution 
in this patient population [94]. In summary, apremilast’s 
favorable overall safety profile and adequate efficacy mak-
ing it an appropriate oral treatment option for a subset of 
elderly patients with moderate to severe plaque psoriasis 
with special consideration for renal status, medication 
interactions, and risk factors for depression [90] 
(Table 29.1).
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Table 29.1 Advantages and disadvantages of systemic agents for the treatment of psoriasis in the elderly population

Medications Advantages Disadvantages

Acitretin Lack of immunosuppression or increased malignancy risk, 
decreased risk of nonmelanoma skin cancer, oral option

Delay in onset by several weeks, 
mucocutaneous irritation/xerosis, 
hyperlipidemia, transaminitis 
(especially in the setting of alcohol 
intake), contraindicated in severe 
renal or hepatic dysfunction

Methotrexate Low cost, oral/intramuscular/subcutaneous options Dose modification with decreased 
renal function, nausea, 
myelosuppression, hepatotoxicity 
(increased in the setting of alcohol 
intake), medication interactions (e.g., 
NSAIDs, antibiotics)

Cyclosporine Rapid onset, oral option Immunosuppression, hypertension, 
renal insufficiency, electrolyte 
abnormalities, increased risk for skin 
malignancies, medication interactions 
(e.g., statins, ACE inhibitors, and 
potassium-sparing diuretics)

Mycophenolate Mofetil No dose adjustment in renal disease, oral option Hematologic toxicity, diarrhea/ 
abdominal pain, dose adjustment in 
hypoalbuminemia, medication 
interactions (e.g., phenytoin, 
salicylates, antiviral medications)

Etanercept No age-dependent increase in adverse events, minimal 
medication interactions, good long-term safety data

Worsened CHF, immunosuppression, 
reactivation of tuberculosis and 
hepatitis B, possible increase in 
lymphoproliferative diseases, 
demyelinating disorders

Infliximab Minimal medication interactions Worsened CHF, immunosuppression, 
reactivation of tuberculosis and 
hepatitis B, possible increase in 
lymphoproliferative diseases, 
demyelinating disorders, infusion 
reactions, logistics of infusions

Adalimumab Minimal medication interactions Worsened CHF, immunosuppression, 
reactivation of tuberculosis and 
hepatitis B, possible increase in 
lymphoproliferative diseases, 
demyelinating disorders

Ustekinumab Minimal medication interactions, decreased frequency of 
injections

Less long-term safety data than 
TNF-inhibitors, immunosuppression, 
rate of serious infections directly 
related to age and diabetes, 
controversial trend toward increased 
risk for MACE

Secukinumab Minimal medication interactions Limited long-term safety data, 
immunosuppression, increased risk 
for candida infections, worsened IBD

Ixekizumab Minimal medication interactions Limited long-term safety data, 
immunosuppression, 
myelosuppression, increased risk for 
candida infections, worsened IBD

Apremilast Lower infection risk, no lab monitoring except if baseline 
renal status unknown, weight loss, oral option

Limited long-term safety data, dose 
adjustments for creatinine clearance, 
possible drug interactions with C450 
enzyme inducers (e.g., Rifampin), 
diarrhea, weight loss, depression/
suicidal ideation
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Cases

Case 1
A 72-year-old white male developed psoriatic plaques on his 
elbows and knees 4 years ago, which was originally man-
aged successfully with topical corticosteroids, but now 
reports decreased efficacy. His psoriasis acutely worsened 
6 months ago after his wife passed away. The patient had 
undergone phototherapy for a few months but had minimal 
response. He also had difficulty arranging frequent transpor-
tation for treatments, as he is unable to drive his car due to 
macular degeneration. He complains of severe itching and 
burning due to his psoriasis. There is no family history of 
psoriasis. He does not endorse symptoms of psoriatic arthri-
tis although does have a history of osteoarthritis in his hands 
and does not feel comfortable with self-injections at home.

Past Medical History
• Obesity (BMI – 35)
• Macular Degeneration
• Osteoarthritis

Social History
• Drinks a few glasses of wine each night
• Smokes 1 pack per day
• Retired engineer

Previous Therapies
• Topical steroids
• Narrow band UVB

Physical Exam
• Psoriatic plaques on the scalp, trunk, upper, and lower 

extremities covering 18% of the body surface area
• No features of psoriatic arthritis (dactylitis, enthesitis, 

tender and swollen joints, etc.)

Management
Because of the severity of his psoriasis, the biologic agent 
ustekinumab was chosen. Methotrexate was not considered 
because he was a drinker and obese which are both risk fac-
tors for liver toxicity. The quantiferon gold assay test was 
negative and he had negative hepatitis B serologies. Other 
baseline laboratory monitoring was normal including com-
pete blood count, liver function tests, and his HIV status was 
negative. Due to anticipated difficulty with self-injections and 
transportation concerns, ustekinumab was chosen as injec-
tions could be administered in the office every 12 weeks after 
the loading dose was complete. The higher weight-based 
dose of ustekinumab was used starting at 90 mg on week 0 
and 4 and then every 12 weeks after that. Within 3 months, his 
body surface area decreased to 1% and his itching and burn-

ing had disappeared. The patient has remained on ustekinumab 
for 2 years and is satisfied with the treatment.

Case 2
A 65-year-old white female with history of mild psoriasis 
Mild psoriasis developed widespread psoriatic plaques on 
her scalp, trunk and extremities after a recent hospitalization 
for pneumonia. She reports that this was her third hospital-
ization for pneumonia this year. She is a current smoker and 
also has a history of numerous nonmelanoma skin cancers. 
She has previously been responsive to topical corticosteroids 
but now reports difficulty with application to widespread 
plaques. She complains of significant itching due to her pso-
riasis. She reports her father also had psoriasis. She does not 
endorse symptoms of psoriatic arthritis.

Past Medical History
• Basal Cell Carcinoma
• Squamous Cell Carcinoma
• Recurrent Pneumonia

Social History
• Does not drink alcohol
• Smokes 2 packs per day
• Retired teacher

Previous Therapies
• Topical steroids

Physical Exam
• Psoriatic plaques on the scalp, trunk, upper, and lower 

extremities covering 10% of the body surface area
• No features of psoriatic arthritis (dactylitis, enthesitis, 

tender and swollen joints, etc.)

Management
Because of the widespread involvement of her psoriasis, a 
systemic agent was chosen and the patient was started on 
acitretin. Several of the other systemic agents were not 
chosen due to the concern for immunosuppression in the 
setting of recurrent pneumonia. AcitretinAcitretinbiologic 
agents also has the added benefit of decreasing her risk for 
future nonmelanoma skin cancers. Her baseline labs 
included creatinine, liver function tests and a fasting lipid 
panel that were within normal limits. She was originally 
started on 10 mg acitretin daily in biologic agents conjunc-
tion with higher potency topical corticosteroids for the 
thickest plaques. Within 3 months, her body surface area 
decreased to 2% and her itching had significantly 
improved. The patient has remained on acitretin for 
3 years and has had a decreased burden of skin cancer 
over this time as well.
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Miscellaneous Uses of Biologic 
and Systemic Agents in Other 
Dermatologic Conditions

Grace W. Kimmel, John K. Nia, Peter W. Hashim, 
and Mark G. Lebwohl

 Introduction

Biologics and related systemic agents were originally devel-
oped for use in a variety of rheumatologic and dermatologic 
conditions, including plaque psoriasis, psoriatic arthritis, and 
rheumatoid arthritis. These medications have dramatically 
changed the treatment and course of such diseases. Given 
their remarkable success in the treatment of the diseases for 
which they were originally tested, many have been used off- 
label in other conditions also thought to be characterized by 
autoimmune and inflammatory pathways. There are many 
reports of off-label uses of these drugs in the treatment of a 
range of dermatologic diseases, which we will explore here.

 Erythrodermic Psoriasis

Erythrodermic psoriasis (EP) is a severe variation of psoria-
sis characterized by the presence of diffuse erythema, des-
quamation, and possible systemic symptoms. It often occurs 
in patients with preexisting plaque psoriasis, with potential 
triggers including infections, trauma to the skin, emotional 
stress, and withdrawal of anti-psoriatic treatment. In acute 
and rapidly progressing forms, EP can be life-threatening; 
such patients may present in septic shock. Treatment of this 
condition can be difficult, as there is little high-quality, 
evidence- based data to support the use of one specific medi-
cation over another [1]. The Medical Board of the National 
Psoriasis Foundation consensus guidelines published in 
2010 recommend the use of cyclosporine or infliximab for 
severe, acute cases, as these are typically the most rapidly 
acting agents. Acitretin and methotrexate are also recom-

mended as first-line therapies, although these are less rapidly 
acting. Etanercept or combination therapies are often second- 
line treatment options [2].

Notably, the traditional agents used in EP treatment, 
including acitretin, cyclosporine, and methotrexate, can be 
limited by treatment failure, inconvenience, or the occur-
rence of complications [1, 3, 4]. In recent years, as reflected 
in the treatment guidelines mentioned above, the biologics 
have shown promise as possible treatment alternatives. 
Although no large, randomized controlled trials have been 
performed in EP, as such patients are often excluded from the 
clinical trials for psoriasis, several case reports and small 
case studies have been published.

Infliximab, a chimeric mouse-human antitumor necrosis 
factor alpha (TNF-α) monoclonal antibody, is the most fre-
quently reported biologic agent used in the treatment of EP 
[1]. Several case studies/small case series have been reported 
in the literature citing successful treatment with infliximab 
[5, 6]. In additional to these case reports, Poulalhon et al. [7] 
reported an open-label, uncontrolled clinical trial of five 
cases of EP treated with infliximab; after 14 weeks of treat-
ment, results of Psoriasis Area and Severity Index (PASI) 90, 
PASI 75, and PASI 50 were seen in 40%, 60%, and 60% of 
cases, respectively.

Etanercept, a fully human recombinant fusion protein that 
binds to and inhibits TNF, has also been reported in the treat-
ment of EP. Esposito et al. [4] published a 24-week open- 
label, uncontrolled clinical trial of 10 EP patients treated 
with etanercept; week 12 results of PASI 50 and PASI 75 
were seen in 80% and 50% of cases, respectively. At week 
24, all of the responders showed maintenance of at least 
PASI 50 response, with 75% remaining at or achieving PASI 
75. Treatment was well tolerated. In addition, one case report 
of refractory EP in a pediatric patient treated with etanercept 
demonstrated an excellent treatment response without note 
of adverse effects [8].

Adalimumab is a fully human IgG1 monoclonal antibody 
against TNF-α used in the treatment of plaque psoriasis, 
among other conditions. Richetta et al. [9] reported a hepatitis 
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C virus (HCV)-positive patient who developed resistant EP 
after anti-HCV therapy; treatment with adalimumab resulted 
in remission by week 3 of treatment with no reported adverse 
effects.

Ustekinumab is a fully human monoclonal antibody 
against the p40 subunit of interleukin (IL)-12 and IL-23, 
used in the treatment of plaque psoriasis. Several case stud-
ies and small case series have supported its use in the treat-
ment of EP. One case series by Wang et al. [10] of 8 Chinese 
patients with EP treated with ustekinumab showed week 12 
responses of PASI 50, PASI 75, and PASI 90 of 62.5%, 50%, 
and 12.5%, respectively. Week 28 results were even more 
impressive, with PASI 50, PASI 75, and PASI 90 responses 
of 75%, 50%, and 37.5%, respectively. A multicenter, retro-
spective study performed in Italy by Pescitelli et al. [11] 
evaluated 22 patients with EP treated with ustekinumab. At 
week 4, >50% of patients had at least a PASI 50 response, 
and at week 16, about two-thirds of patients achieved PASI 
75. By week 28, 68.2% reached PASI 90, and 90.9% of 
patients achieved PASI 50. Long-term treatment success up 
to week 60 was observed, with only two patients withdraw-
ing due to treatment failure. Additionally, there are reports of 
refractory EP patients who have failed treatment with TNF 
inhibitors who have responded successfully to ustekinumab 
[12, 13].

Although there has been little comparison between the 
difference biologic agents in the treatment of EP, one multi-
center, retrospective study performed in France by Viguier 
et al. [14] evaluated 28 EP patients with a total of 42 flares 
who were treated with either infliximab (n = 24), adalim-
umab (n = 7), etanercept (n = 6), ustekinumab (n = 3), or 
efalizumab (n = 2). A successful result, defined by ≥75% 
improvement in body surface area (BSA) or Psoriasis Area 
and Severity Index (PASI) after 12–14 weeks of treatment, 
was found in 48% of flares treated with infliximab, 50% of 
flares treated with adalimumab, and 40% of flares treated 
with etanercept. Efalizumab showed no clinical benefit. Of 
the three patients treated with ustekinumab, one patient 
showed 50% improvement. Notably, despite this short-term 
efficacy, only one-third of patients remained on the same 
treatment at the 1-year time mark, as treatment switches due 
to treatment failure or side effects were common. The most 
significant safety concern was for serious infections. This 
study highlights the need for larger, long-term studies to fur-
ther evaluate long-term efficacy and side effect profiles of 
biologic agents in the treatment of EP.

 Pustular Psoriasis

Pustular psoriasis is another rare variation of psoriasis that 
may also be challenging to treat. Presenting clinically with 
many small pustules on a background of erythema, pustular 

psoriasis can be localized or generalized. Generalized forms 
may be severe and even life-threatening. In similarity with 
erythrodermic psoriasis, there are few high-quality, evidence- 
based studies on which to base management. Conventional 
agents including acitretin, methotrexate, and cyclosporine 
have been used in treatment of this condition; but again side 
effects and lack of efficacy may limit their usage. Biologic 
agents have been used in the treatment of pustular psoriasis 
patients in recent years, although to date no large clinical tri-
als have been performed [15].

There are multiple reports of successful treatment of gen-
eralized pustular psoriasis (GPP) with infliximab (3–5 mg/
kg2) [16–18]. In one, patients had resolution of lesions as 
soon as within 48–72 h of infliximab infusion. No serious 
adverse effects were noted [16]. Given its fast onset of action, 
it was proposed as a first-line treatment for severe, acute 
cases of GPP by the Medical Board of the National Psoriasis 
Foundation in 2012 [15].

Adalimumab has also been reported in the treatment of 
pustular psoriasis. Adalimumab has been used successfully 
after secondary failure of infliximab therapy in several GPP 
patients [19]. It has also has been used in the treatment of 
pediatric GPP patients, including those who have failed 
treatment with conventional therapies and other biologics, 
with good efficacy [20, 21].

Case reports of successful treatment of generalized pustu-
lar psoriasis with ustekinumab have additionally been 
reported in recent years. In one, an elderly female who failed 
or could not tolerate methotrexate, acitretin, cyclosporine, 
and adalimumab had rapid clearing of her pustular psoriasis 
with ustekinumab, and maintained clear skin on maintenance 
dosing of the drug [22]. Another case report also detailed a 
recalcitrant GPP patient who had both short- and long-term 
success with ustekinumab treatment [22]. Localized palmo-
plantar pustular psoriasis has additionally been treated suc-
cessfully with ustekinumab; one small case series of nine 
patients showed an average improvement in palmoplantar 
PASI scores of 71.6% after 24 weeks of treatment, with no 
major adverse effects [23].

Etanercept is another biologic that has shown utility in 
pustular psoriasis treatment. In one case of generalized annu-
lar pustular psoriasis, reported by Lo Shiavo et al. [24], the 
patient experienced complete clearance of pustular lesions 
within the first week of therapy with etanercept. Maintenance 
therapy was continued successfully. Fialova et al. [25] also 
described successful treatment of a pediatric GPP patient 
with etanercept, resulting in complete skin clearance at 6 
months of therapy. In addition, etanercept showed good 
long-term efficacy in the treatment of a pediatric patient with 
palmoplantar pustular psoriasis. Although the response to 
treatment in this case was somewhat slow, it was progressive, 
with significant and sustained improvement over the course 
of months [26].
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Secukinumab, an anti-IL-17A human monoclonal anti-
body approved for the treatment of plaque psoriasis, has 
been reported in the successful treatment of pustular psoria-
sis in a few cases [27, 28]. Polesie et al. [27] reported a 
patient with refractory disease who had clearing of lesions 
within 3 weeks of treatment initiation, and experienced 
maintained remission with continued dosing.

Despite the success of biologic agents in treating pustular 
psoriasis as reported in these case reports, it is notable that 
there are also multiple reports in the literature of pustular 
psoriasis being triggered by biologic agents. New-onset pso-
riasis, particularly pustular psoriasis, has been described as a 
paradoxical phenomenon in some patients started on TNF-α 
inhibitors including infliximab, etanercept, and adalimumab 
[29]. Ustekinumab has also been reported in some cases to 
induce flares of pustular psoriasis [30, 31]. The etiology of 
these responses remains unclear.

 Hidradenitis Suppurativa

Hidradenitis supportive (HS) is a chronic, relapsing, inflam-
matory skin disease affecting the hair follicles. It is charac-
terized by inflammatory skin nodules and abscesses in the 
apocrine gland-bearing areas of skin. Rupture of these 
lesions is common, leading to scarring and sinus tract forma-
tion. HS is notoriously difficult to treat. Adalimumab is cur-
rently the only approved treatment for moderate-to-severe 
HS. In the phase III trials (PIONEER I and II), patients 
receiving adalimumab had significantly better clinical 
response rates (defines as ≥50% reduction in abscess and 
inflammatory nodule count, and no increase in abscess and 
draining fistula count) at week 12 than those on placebo; 
41.8% vs. 26% in PIONEER I and 58.9% vs. 27.6% in 
PIONEER II. Treatment was well tolerated, with adverse 
event rates similar to the placebo groups [32]. However, it is 
notable that there have also been case reports of HS para-
doxically induced by adalimumab. Delobeau et al. [33] pub-
lished a case series consisting of 4 patients with adalimumab 
paradoxically induced HS; time from adalimumab initiation 
to HS onset or exacerbation ranged from weeks to years. The 
pathogenesis behind such responses is unknown.

Other biologics have also been tried off-label in the treat-
ment of HS. Successful use of infliximab has been described 
in case studies [34, 35]. In addition, a randomized, double- 
blind, placebo-controlled trial of infliximab in 38 moderate- 
to- severe HS patients was performed by Grant et al. [36]; 
26% of patients in the treatment group experienced a ≥ 50% 
improvement in disease severity, as compared to only 5% of 
patients in the placebo group.

A systematic review by van Rappard et al. [37] reviewed 
65 studies including 459 HS patients; four studies were ran-
domized controlled trials whereas the rest were case reports 

or series. Overall, moderate-to-good responses were seen 
with infliximab (82%), adalimumab (76%), and etanercept 
(68%). Based on this evidence, the authors suggested that 
TNF-α inhibitors be tried in cases where conventional thera-
pies have failed, with a preference for infliximab given that it 
has shown the most promising results thus far. Conversely, 
etanercept use was discouraged. Similarly, a randomized, 
double-blind, placebo-controlled clinical trial consisting of 
20 moderate-to-severe HS patients failed to show benefit for 
treatment with etanercept 50 mg SC twice weekly, when 
compared to placebo at week 12 [38]. Another review by 
Haslund et al. [39] reported a positive treatment outcome for 
many patients treated with TNF-α inhibitors, but few patients 
(15/105) had long-term remission (≥3 months) after end of 
treatment. This again highlights the need for longer-term 
larger studies of these agents for use in HS.

In addition to TNF-α inhibitors, ustekinumab has also 
been used in a small number of cases for the treatment of 
HS. Gulliver et al. [40] described a case series of three patients 
with moderate-to-severe HS treated with 3–45 mg subcutane-
ous injections of ustekinumab at months 0, 1, and 4. One 
patient experienced complete disease remission; one patient 
saw some improvement (25–49%); and the third patient had 
no improvement. There are a few additional case reports in 
the literature citing successful treatment of HS with 
ustekinumab; however, improvement has been noted to take 
place slowly, over the period of several months [41–43].

 Toxic Epidermal Necrolysis

Toxic epidermal necrolysis (TEN) is a severe adverse drug 
reaction resulting in full thickness epidermal necrosis with 
blistering and sloughing of the skin. TEN can be life- 
threatening. Treatment of this condition is often challenging, 
as there is no standardized treatment regimen, and little data 
is available to recommend one therapy over another. 
Although the pathogenesis underlying TEN remains unclear, 
high levels of TNF have been found in TEN-affected skin 
[44]. Therefore, biologic agents, particularly TNF-α inhibi-
tors, have been tried off-label in the treatment of TEN.

Paradisi et al. [45] described a case series of 10 TEN 
patients treated with a single 50 mg subcutaneous dose of 
etanercept. All patients in this series responded quickly to 
treatment, and had complete reepithelialization with a mean 
healing time of 8.5 days. No adverse reactions were reported. 
Another case report of a patient who developed TEN after 
rituximab infusion also describes disease improvement and 
eventual clearance following etanercept treatment [46].

The similarly appearing condition toxic epidermal 
necrolysis- like acute cutaneous lupus erythematosus, which 
does not occur due to a drug exposure but rather to  underlying 
autoimmune disease, has also been treated successfully with 
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etanercept in a case series of three patients. Rapid clearance 
of the skin was seen following a single dose [47].

Successful use of infliximab in the treatment of TEN has 
also been described. Fischer et al. [48] reported a case of TEN 
in an adult patient following antibiotic exposure, which was 
treated with a single dose of infliximab. The progression of 
disease ceased after injection, and blisters/erythema resolved 
completely with only residual post-inflammatory pigmentary 
changes. A case series of four adult patients with TEN and 
extensive skin detachment also showed success with single 
dose infliximab treatment (300 mg); all four patients had 
complete reepithelialization. Although three patients devel-
oped bacteremia, none progressed to sepsis or septic shock, 
and mortality rate was 0% [49]. Infliximab has also been used 
with good results in a pediatric patient; Scott- Lang et al. [50] 
successfully treated a 7-year-old patient with TEN refractory 
to intravenous immunoglobulin therapy with infliximab. 
Rapid and marked improvement was also noted in this case.

 Alopecia Areata

Alopecia areata (AA) is a relatively common immune- 
mediated disease, characterized by damage to the hair folli-
cles resulting in hair loss. Some AA patients may have 
spontaneous regrowth, but others have rapidly progressive 
and severe disease. AA can progress to cause complete hair 
loss on the scalp (alopecia totalis, AT) or the entire body 
(alopecia universalis, AU). No FDA-approved treatment 
exists; common treatment options include topical, injected, 
or oral steroids, topical immunotherapy, phototherapy, and 
laser treatments [51]. However, AA may be refractory to 
these therapies and therefore biologic and other systemic 
agents have been tried as potential novel therapy options.

Janus kinase (JAK) inhibitors block numerous cytokine 
signaling pathways related to inflammation and have been 
trialed in the treatment of a variety of dermatologic condi-
tions, including AA. In one case series, three patients with 
moderate-to-severe AA were treated with oral ruxolitinib 
(20 mg PO BID), which inhibits JAK1 and JAK2. All three 
experienced almost full hair regrowth within 3–5 months of 
treatment [52]. An open-label clinical trial of 12 patients 
treated with ruxolitinib for 3–6 months also showed success, 
with 9/12 patients showing significant (≥50%) improvement 
[53]. Tofacitinib, an inhibitor of JAK1 and JAK3, has also 
shown promising results. A patient coexisting alopecia uni-
versalis and psoriasis treated with tofacitinib experienced 
complete regrowth of scalp hair at 5 months, with significant 
regrowth noted in other areas. No adverse effects were noted 
[54]. A retrospective case study of adult patients with at least 
40% scalp hair loss treated with tofacitinib was recently per-
formed by Liu et al. [55], and found that of 65 potential 
responders, 77% had a clinical response to treatment and 

58% had ≥50% improvement over 4–18 months of treat-
ment. AA patients were noted to have greater improvement 
than AT/AU patients (81.8% vs. 59%). No serious adverse 
effects were reported. Additionally, the JAK1 and JAK2 
inhibitor baricitinib has also been used successfully in AA; a 
17-year-old patient described by Jabbari et al. [56] had com-
plete hair regrowth on the scalp within 9 months of treatment 
initiation. These and other small studies show the promise of 
JAK inhibitors that will hopefully become even more appar-
ent in future larger scale trials.

Ustekinumab has also been studied in the treatment of a 
small number of AA patients. Guttman-Yassky et al. [57] 
reported a case series consisting of 3 AA patients treated 
with ustekinumab 90 mg subcutaneously at weeks 0, 4, and 
16. All three patients had hair regrowth at week 20, to vary-
ing degrees. At week 20, one patient with a 2-year history of 
alopecia universalis experienced regrowth of all eyebrows 
and body hair and 85% of scalp hair; full scalp regrowth was 
noted by week 49. The other two patients, who each pre-
sented with ~40% scalp involvement, also had improvement 
but to a somewhat lesser degree than the AU patient. Of these 
two, the patient with the shorter disease history had superior 
results. No adverse effects were reported.

It is also notable that AA may be triggered by treatment with 
some biologic agents. Alopecia has been described to occur as a 
rare adverse event in some patients treated with TNF-α inhibi-
tors, particularly infliximab [58, 59]. One patient with psoriasis 
who developed alopecia after infliximab was then successfully 
treated for both conditions with ustekinumab [60].

 Multicentric Reticulohistiocytosis

Multicentric reticulohistiocytosis (MRH) is a rare systemic 
disease characterized by tissue infiltration with histiocytes 
and multicentric giant cells. Patients frequently present with 
skin and joint involvement, and malignancies are also com-
mon in these patients. Skin findings frequently include wide-
spread red-brown papulo-nodules that may coalesce into 
plaques. Although the disease often has spontaneous resolu-
tion after several years, early treatment is important, espe-
cially in preventing bone deformities. However, no treatment 
guidelines for MRH exist [61].

Given that histiocytes and TNF-α are found in the inflam-
matory infiltrate seen in MRH, TNF-α inhibitors have been 
tried in the treatment of MRH [61]. Infliximab is the most 
commonly used TNF inhibitor in MRH, typically dosed at 3 
or 5 mg/kg at weeks 0, 2, 6 then every 8 weeks [61]. Reported 
treatment results vary. In one case report, the patient’s joint 
symptoms significantly improved, without much change in 
skin lesions [62]. In other cases, skin disease improves, with-
out effect on joint symptoms [63]. Other patients had 
improvement in skin disease and arthritis, but persistence of 
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joint deformities and intermittent arthralgias [61, 64]. 
Adalimumab, dosed at 40 mg every other week, has also 
been used in the treatment of MRH. Again, results are vari-
able. In one case, joint symptoms improved, but skin disease 
remained [65]. In another, skin disease was improved, but 
arthalgias persisted [66]. Etanercept 25 mg twice weekly has 
shown good results for both skin and joint manifestations in 
some patients [67, 68]. However, there are also reports of 
patients who failed treatment with etanercept [63, 64].

 Cicatricial Pemphigoid

Cicatricial pemphigoid (mucus membrane pemphigoid) is a 
group of diseases characterized by chronic, relapsing blister-
ing of the mucous membranes. Disease may be severe and 
result in scarring. Treatment of this condition can be diffi-
cult, as some patients fail or cannot tolerate conventional 
therapies such as steroids or other systemic anti- inflammatory 
or immunosuppressive medications.

Etanercept has been studied for use in the treatment of cica-
tricial pemphigoid. Canizares et al. [69] described a case series 
of three patients, all of whom had mucous membrane involve-
ment and one of whom also had ocular involvement, treated 
with etanercept 25 mg subcutaneously twice weekly. All 
patients had improvement in oral lesions, and the patient with 
ocular disease experienced stabilization of disease. Other case 
reports also cite similar success with etanercept, including 
long-term remission, up to 18 months in one case [70, 71]. 
Rituxumab, a monoclonal antibody against the CD20 antigen 
of B-cells, has also been reported to have utility in treatment of 
cicatricial pemphigoid. One trial of 49 patients comparing the 
addition of rituximab to conventional immunosuppression 
versus conventional immunosuppression alone found that 
more patients who had the addition of rituximab achieved dis-
ease control (100% vs. 40%, respectively) [72].

 Vitiligo

Vitiligo is a condition characterized by depigmented patches 
of skin, occurring secondary to destruction of melanocytes. 
The exact pathophysiology underlying the disease is unclear, 
but is thought to involve the immune system and inflamma-
tory cytokines. It has been found that levels of TNF are 
increased in areas of skin affected by vitiligo, and directly 
associate with progressive depigmentation [73]. Therefore, 
TNF-α inhibitors have been tried as possible treatment for 
this disease, which can be difficult to treat and/or refractory 
to currently available therapies.

One clinical pilot study by Alghamdi et al. [74] evaluated 
six patients with widespread vitiligo treated with TNF-α 
inhibitors including infliximab, etanercept, and adalimumab, 

administered according to the psoriasis treatment guidelines. 
One patient had disease progression, but 83% of the patients 
experienced stabilization of disease without progression for 
6 months after completion of treatment. Other small case 
series have reported similar results of disease stabilization. 
Notably, this is not always followed by repigmentation [75].

Despite the reports of success in disease stabilization, 
there are also case reports documenting the paradoxical reac-
tion of induction of vitiligo with TNF-α inhibitors. One case 
series of 10 patients reported new-onset nonsegmental vitil-
igo occurring in patients undergoing treatment with adalim-
umab (7 patients), infliximab (1 patient), ustekinumab (1 
patient), and secukinumab (1 patient) for non-vitiligo indica-
tions. Mean time from medication initiation to onset of vit-
iligo lesions was quite long, at 17.4 ± 15.8 months [76]. A 
2015 review by Webb et al. [75] found that of the 5928 
patients reported in several case reports and observational 
studies of patients treated with TNF-α inhibitors for non- 
vitiligo conditions, only 18 developed de novo vitiligo while 
on therapy. Despite this reaction being relatively rare, these 
reports may limit more frequent use of TNF-α inhibitors in 
the treatment of vitiligo until more data is available.

 Systemic Autoimmune Diseases

Biologic and systemic agents have been trialed off-label as 
treatment options in a number of systemic autoimmune dis-
eases with dermatologic manifestations, including Behçet’s 
disease, sarcoidosis, and others.

Behçet’s disease (BD) is a systemic inflammatory vasculi-
tis characterized clinically by recurrent oral and genital ulcers, 
cutaneous lesions, and uveitis. The presence of uveitis and/or 
central nervous system (CNS) involvement can lead to high 
morbidity, and overall mortality in this condition has been 
reported at 5% over a median of 7.7 years [77]. Treatment may 
involve colchicine, NSAIDs, topical agents, and immunosup-
pression for more severe manifestations. However, some 
patients may be refractory to these treatments and risk the 
development of irreversible organ damage [78]. TNF-α inhibi-
tors have been used off-label successfully in the treatment of 
BD. A multicenter study performed by Vallet et al. [78] evalu-
ated the outcomes of TNF-α inhibitors in 124 BD patients 
with severe and/or refractory disease manifestations. 
Treatment mainly consisted of infliximab (62%) and adalim-
umab (30%). Complete or partial response to treatment was 
seen in 90.4% of patients. Response rates for severe and/or 
refractory ocular, mucocutaneous, joint, gastrointestinal, CNS, 
and cardiovascular manifestations were reported at 96.3%, 
88%, 70%, 77.8%, 92.3%, and 66.7%, respectively. Number 
of flares per year was also significantly lower during the 
TNF-α inhibitor treatment period than before, and patients 
were also able to significantly lower their prednisone dosages. 

30 Miscellaneous Uses of Biologic and Systemic Agents in Other Dermatologic Conditions



300

Arida et al. [79] reviewed available data on a total of 369 
patients treated with TNF-α inhibitors for BD. In terms of the 
mucocutaneous manifestations of BD, the majority of patients 
treated with infliximab, etanercept, or adalimumab experi-
enced improvement. Infliximab was the most commonly used 
agent. Rapid remission was induced in 91% of cases of oral 
ulcers, 96% of genital ulcers, 81% of erythema nodosum 
lesions, and 77% of other skin lesions. Twenty-one percent of 
patients in prospective studies evaluating repeated infliximab 
injections had sustained remission of mucocutaneous lesion at 
a median follow-up of 12.9 months, and 69% had partial 
response. Although the majority of data thus far has come 
from case reports or uncontrolled studies, these results suggest 
that TNF-α inhibitors may have a promising role in the treat-
ment of BD.

Sarcoidosis is another systemic disease in which biologic 
agents have been used off-label. Sarcoidosis is characterized 
by noncaseating granulomas which may occur in a variety of 
tissues, particularly the lungs, lymph nodes, skin, and eyes. 
The etiology is unknown. Steroids and other immunosup-
pressants are often used in treatment, but some patients may 
be refractory or intolerant to such therapies. Biologic agents, 
in particular TNF-α inhibitors, have shown promise in 
 sarcoidosis treatment. TNF-targeted treatments were the first 
biologics to be used in sarcoidosis, given that TNF-α is an 
important mediator in the development of sarcoid granulo-
mas, and is secreted by macrophages in active sarcoidosis 
patients [80, 81]. Thielen et al. [82] reported a case of refrac-
tory chronic cutaneous sarcoidosis that was unresponsive to 
standard dosages of TNF-α inhibitors, but became respon-
sive with dose escalation. High-dose infliximab (at 7.5 mg/
kg every other month) and high-dose adalimumab (at 80 mg 
every other week) showed greater efficacy in this case than 
high-dose etanercept. Other studies have also found etaner-
cept to be less efficacious in the treatment of sarcoid, possi-
bly because it is a TNF-receptor antagonist and may be less 
effective than the monoclonal anti-TNF antibodies in pre-
venting the formation of granulomas [81]. Baughman et al. 
[83] performed a double-blind randomized clinical trial of 
infliximab for chronic pulmonary sarcoidosis, which 
included a subset analysis of 26 patients with cutaneous sar-
coidosis. They found a significant improvement with inflix-
imab versus placebo for desquamation and induration at 
week 24, but no significant change in erythema, percentage 
of area involved, or evaluation of paired photographs. 
Infliximab has also improved lung function in studies of 
 pulmonary sarcoidosis, with improvement in vital capacity 
in patients refractory to steroid therapy [84]. A systematic 
review published in 2008 by Ramos-Casals et al. [85] of bio-
logic use in systemic autoimmune diseases reported that 
overall, 99% of sarcoid patients improved on infliximab ther-
apy. Another TNF-α inhibitor, adalimumab, has also been 
used successfully in the treatment of sarcoidosis patients 

with refractory chronic uveitis and refractory pulmonary sar-
coidosis [86, 87]. A double-blind, randomized, placebo- 
controlled trial of adalimumab in the treatment of 16 patients 
with cutaneous sarcoidosis found that there was significant 
improvement in target lesion area, target lesion volume, and 
Dermatology Life Quality Index score with adalimumab 
treatment. However, at 8 weeks after treatment cessation, 
there was some disease regression [88].

Notably, there are also case reports of paradoxical sarcoid-
osis development during treatment with TNF-α inhibitors for 
non-sarcoid conditions. Burns et al. [89] reported a case of 
cutaneous and pulmonary sarcoidosis development during 
etanercept therapy for rheumatoid arthritis, both of which were 
successfully treated with a switch to adalimumab. Cathcart 
et al. [90] described a case of sarcoidosis development in a 
patient on etanercept therapy, and also performed a literature 
review of similar cases, published in 2012. They found a total 
of 34 described cases, including their own. The lung and nearby 
lymph nodes were the most common site of sarcoidosis, and 
symptoms started an average of 22 months after initiation 
TNF-α inhibitors. With the exception of one patient, all had 
resolution of sarcoidosis symptoms upon cessation of TNF-α 
inhibitor treatment, at an average of 5.2 months.

The systematic review mentioned above by Ramos-Casals 
et al. [85] also reported high therapeutic response rates with 
biologic agents in other autoimmune conditions, including 
rituximab for systemic lupus erythematosus (SLE; 90% 
improvement), Sjogren syndrome (91% improvement), 
antiphospholipid syndrome (92%), and cryoglobulinemia 
(87%). Infliximab had high reported success in sarcoid (99%), 
adult-onset Still disease (90%), and polychondritis (86%). 
Etanercept also had high success rates in the treatment of 
Behçet’s disease, with 96% of patients experiencing a thera-
peutic response, but did not show efficacy for sarcoidosis. Most 
of this data came from uncontrolled, observational studies.

 Pityriasis Rubra Pilaris

Pityriasis rubra pilaris (PRP) is a chronic papulosquamous 
disease characterized by orange-pink, scaly plaques with 
islands of sparing, follicular hyperkeratosis, and palmoplan-
tar keratoderma. There are six types of PRP, with type 1 
(classical, adult form) being the most common [91]. Topical 
agents, retinoids, methotrexate, and UV light therapy may be 
used in treatment, but patients can be refractory to these 
 therapies. Upregulation of TNF has been found to occur in 
lesional PRP skin [92]. Therefore, TNF blockade has been 
trialed in the condition, and there are case reports of success-
ful treatment of PRP with adalimumab, infliximab, and etan-
ercept [93–96]. Petrof et al. [91] performed a systematic 
review of TNF-α inhibitors in the treatment of PRP type 1, 
including 15 evaluable cases. They found that 12 of these 
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cases showed a complete response (defined as ≥80%), with a 
mean time of 5 months to maximal response.

 Balanitis Xerotica Obliterans

Balanitis xerotica obliterans is a variant of lichen planus 
affecting the penis. Scarring as well as urinary and sexual 
morbidities can occur and often have significant impact on 
patients’ quality of life. The pathogenesis is not fully under-
stood, but is thought to involve autoimmune and inflamma-
tory pathways. Treatment of balanitis xerotica obliterans is 
difficult. Topical steroids are often used a first-line treatment, 
but may not be effective, especially in preventing scarring 
[97]. Lowenstein et al. [98] described a case of balanitis 
xerotica obliterans treated with intralesional adalimumab at 
40 mg every other week. Dramatic improvement was noted 
by week 2, with near-clearing of disease by week 4. 
Treatment was continued, biweekly for 3 months and every 
6 weeks thereafter. He remained nearly clear for 8 months, at 
which point he had a relapse that occurred after he did not 
receive an injection for 10 weeks. However, this relapse was 
successfully treated with resumed adalimumab.

 Cutaneous Crohn’s Disease

Cutaneous Crohn’s disease (CDC) is a rare variant of Crohn’s 
disease, in which patients have mucocutaneous noncaseating 
granulomatous lesions without gastrointestinal involvement. 
Patients may present with ulcers, nodules, or erosions in 
flexural areas. Stingeni et al. [99] described a case of CDC 
resistant to steroid therapy that was successfully treated with 
adalimumab, which is often used in cases of gastrointestinal 
Crohn’s disease. The patient had noted improvement after 
2 weeks and near complete clearing of lesions by week 4. 
Remission was sustained with continued treatment. There 
are additional reports of successful treatment of vulvar 
Crohn’s disease with TNF-α inhibitors [100].

 Dissecting Cellulitis of the Scalp

Dissecting cellulitis of the scalp is a chronic inflammatory 
disease characterized clinically by nodules and abscesses on 
the scalp, often with sinus tract formation. Disease may 
progress to cause scarring alopecia. Treatment of dissecting 
cellulitis is notoriously difficult. There are case reports of 
successful treatment of the condition with adalimumab, 
including a case series of three patients who had rapid 
improvement of disease along with histopathologic improve-
ment in inflammation. Notably, disease did relapse upon ces-
sation of treatment [101].

 Atopic Dermatitis

At present, the treatment for moderate-to-severe atopic der-
matitis (AD) centers on systemic immunosuppressive agents, 
such as cyclosporine, methotrexate, mycophenolate mofetil, 
or prednisone. Given the unfavorable side effect profile of 
these therapies, research continues into biologics as a means 
to provide safe and effective treatment options.

Several case reports have reported successful use of 
ustekinumab in patients with severe AD [102–104]. Only a 
single randomized, placebo-controlled trial has been con-
ducted to date. Khattri et al. [105] randomized 33 patients to 
receive either placebo or ustekinumab at weeks 0, 4, and 16 
(according to psoriasis dosing protocol). Results showed 
higher SCORAD50 responses (a marker of 50% clinical 
improvement) in the ustekinumab group at weeks 12, 16, and 
20 versus placebo, but the difference between groups was not 
statistically significant.

 Aphthous Stomatitis

Severe recurrent aphthous stomatitis is associated with ody-
nophagia and significant eating difficulties. Although effec-
tive treatment options are limited, growing evidence has 
emerged for the use of TNF-α inhibitors.

In a case series by Sand et al. [106], 18 patients were 
treated with either adalimumab, etanercept, infliximab, or 
golimumab. All patients had previously failed systemic ther-
apies, such as colchicine, thalidomide, prednisone, azathio-
prine, or dapsone. Overall, 89% of patients treated with 
TNF-α inhibitors achieved complete or almost complete 
clearance, with 50% requiring transition to another TNF-α 
inhibitor before obtaining adequate response.

O’Neill [107] reviewed 16 cases, gathered from individual 
reports or small series, that showed successful treatment with 
TNF-α inhibitors. Previously failed therapies included colchi-
cine, thalidomide, dapsone, or methotrexate. Three of the 16 
patients were affected by isolated recurrent aphthous stomati-
tis, while the remainder exhibited aphthous stomatitis as a fea-
ture of Behçet’s disease or Crohn’s disease. The majority of 
patients obtained complete or almost complete clearance 
within four weeks. Notably, 5 of the 16 patients remained on 
adjunctive systemic treatment, most commonly methotrexate.

 Granuloma Annulare

Whereas localized granuloma annulare (GA) is often self- 
resolving in nature, generalized GA is typically a chronic 
condition. Systemic therapy can be considered in general-
ized GA, although patients classically show poor responses.
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Recently, off-label use of TNF-α inhibitors has gained 
popularity in the treatment of generalized GA. The major-
ity of evidence lies with adalimumab, though select 
authors have reported success with infliximab or etaner-
cept [108–111].

In the largest series to date, Min and Lebwohl [112] per-
formed a single-center observational study of seven patients 
with generalized GA. All patients had previously failed topi-
cal or intralesional corticosteroids, with 57% having also 
failed phototherapy. Patients were treated with adalimumab 
80 mg, followed by 40 mg 1 week later, and 40 mg every 
other week thereafter. Patients demonstrated significant 
improvements in erythema (average reduction of 88%), indu-
ration (average reduction of 95%), and affected body surface 
area (average reduction of 87%). Notably, two patients 
required an increase to weekly dosing, which lead to enhanced 
results. Additional case reports have supported the successful 
use of adalimumab in generalized GA [113–116].

 Systemic Sclerosis/Morphea

Systemic sclerosis is characterized by progressive fibrosis of 
the skin as well as the internal organs. Given the limited 
number of effective treatment options, clinicians have 
recently investigated the possible utility of TNF-α inhibitors 
in this patient population.

Omair et al. [117] performed a longitudinal cohort study 
of 10 patients with systemic sclerosis and inflammatory 
arthritis who were treated with a TNF-α inhibitor (inflix-
imab, etanercept, or adalimumab). Subjects were monitored 
for improvements in arthritis, skin fibrosis, and lung function 
(if interstitial lung disease was present). At 6 months, no 
improvements were found in the subjects’ skin scores or pul-
monary function tests, although arthritis symptoms did 
improve over 12 months of treatment. A systematic review 
similarly found efficacy with the use of TNF-α inhibitors in 
systemic sclerosis-related inflammatory arthritis, but there 
were no clear benefits identified in skin disease [118].

Rarely, morphea has been reported as an adverse event of 
TNF-α inhibitors [119–121]. Ramirez et al. [121] described 
the development of morphea in a patient treated with adalim-
umab for ankylosing spondylitis. The patient’s lesions mani-
fested 12 months after the initiation of therapy and resolved 
within 18 months of treatment discontinuation.

 Pyoderma Gangrenosum

Pyoderma gangrenosum (PG) is a neutrophilic dermatosis 
characterized by painful cutaneous ulcers with a necrotic 
base [122]. Local and systemic corticosteroids, antibiot-
ics, colchicine, methotrexate, and other agents are often 

used in treatment; however biologics have recently proven 
to be a useful tool in the treatment of PG [123].

In multiple case reports, infliximab has been shown to 
be efficacious in treating PG [123–129]. Tan et al. [123] 
reported two patients with Crohn’s disease and concurrent 
PG refractory to standard treatments. Both patients saw 
rapid, dramatic improvement after receiving 5 mg/kg infu-
sion of infliximab. Of note, the signs of PG returned several 
months after cessation of infliximab, with similar resolu-
tion after reinitiating infliximab therapy. In 2006, Regueiro 
et al. [129] found infliximab to be safe and effective for the 
treatment of PG by examining thirteen patients with mod-
erate-to-severe PG refractory to medical therapy. All 
patients demonstrated complete healing of the skin lesions; 
three patients responded to induction infliximab therapy 
only, while the remaining 10 patients maintained clearance 
with infusions every 4–12 weeks. The dose of infliximab 
for PG varies across the different case reports. While some 
clinicians choose to use infliximab as a bridge to another 
therapy, many use infliximab as maintenance therapy. One 
study supports using infliximab at the same dose and sched-
ule as the one approved for plaque psoriasis—an induction 
dose of 5 mg/kg at weeks 0, 2, 6 and a maintenance dose of 
5 mg/kg every 8 weeks thereafter [124].

Adalimumab has demonstrated effectiveness in treating 
PG. Fonder et al. [130] described a patient with PG and inflam-
matory bowel disease refractory to azathioprine and infliximab 
that responded completely to adalimumab 80 mg every other 
week. There are other reports of the effectiveness of adalim-
umab monotherapy as well as in combination with other sys-
temic immunosuppressant medications for PG. [130–132]

Etanercept has also shown to be efficacious for PG 
[133, 134]. Further, there are reports of certolizumab in 
combination with systemic steroids for treating PG. 
[135, 136]

Ustekinumab has been used to treat PG. Guenova et al. 
[137] were able to identify significant expression of IL23 
A in a PG lesion. In an effort to suppress IL 23 expres-
sion, investigators initiated treatment with ustekinumab, 
a monoclonal antibody against the p40 subunit of IL 12 
and 23. The patient saw complete clearance of her PG 
lesion fourteen weeks after commencing ustekinumab 
and maintained clearance 6 months after her final dose of 
ustekinumab.

 Lichen Planus

Lichen planus (LP) has often been associated with medica-
tions, viruses, infections, and contact allergens [122]. While 
approximately 66% of patients see spontaneous resolution of 
their symptoms, many require treatment. Identifying and 
removing a potential causative agent is paramount. Topical, 
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intralesional, and systemic corticosteroids are widely used in 
treatment, as well as phototherapy and systemic agents in 
more widespread disease. While there are reports that describe 
the efficacy of adalimumab in treating lichen planus [138, 
139], there are reports that point to adalimumab as causing 
lichen planus [140, 141]. Infliximab has also been associated 
with inducing lichen planus in some cases [142, 143].

 Sweet’s Syndrome

Sweet’s syndrome, also known as acute febrile neutrophilic der-
matosis, is characterized by painful erythematous papules or 
plaques, fever, and leukocytosis. While the exact cause is 
unknown, many cases are associated with an underlying inflam-
matory process or malignancy [122]. Typically, lesions resolve 
on their own, however they return in roughly 30% of patients. 
Treatment is targeted at identifying and treating a potential caus-
ative agent. Prednisone has long been the standard of care in 
treating Sweet’s syndrome. Subcutaneous Sweet’s syndrome 
(SSS), a rare variant of Sweet’s syndrome characterized by sub-
cutaneous neutrophilic lesions, is notoriously difficult to treat. 
One case reported a patient with SSS refractory to treatment 
with oral prednisone that resolved completely with adalimumab 
monotherapy [144]. However, adalimumab has also been impli-
cated in triggering Sweet’s syndrome [145].

 Necrobiosis Lipoidica

Necrobiosis lipoidica (NL) is characterized by an atrophic 
plaque typically found on the anterior surface of lower 
extremities, and is commonly associated with diabetes mel-
litus. Lesions generally begin as painful yellow patches that 
can progress to form an atrophic plaque with telangiectasias 
[122]. In addition to glycemic control, topical, systemic, and 
intralesional corticosteroids have been effective in treating 
NL. Zeichner et al. [146] described one case in which a 
35-year-old female with NL, refractory to topical steroid and 
pulsed dye laser, responded to intralesional etanercept. Once 
weekly injections of etanercept 25 mg were given into the 
dermis at 1-cm intervals throughout the surface area of the 
lesion. Improvement was seen after the first month of treat-
ment and continued over the next 8 months. In addition to 
intralesional etanercept, subcutaneous etanercept and adali-
mumab have been reported to improve NL lesions [147].

 Dermatomyositis/Polymyositis

Dermatomyositis frequently occurs with other immune- 
mediated connective tissue disorders and, in adults, is often 
associated with an occult malignancy [122]. Long-term 

prednisone tapers have been an effective treatment for der-
matomyositis, but some patients may be refractory or intol-
erant to this treatment. Riley et al. [148] treated five patients 
with juvenile dermatomyositis with infliximab. All five 
patients saw improvement in their symptoms. In one case of 
dermatomyositis refractory to conventional treatment as 
well as etanercept and infliximab, adalimumab was found to 
be successful [149]. However, there also have been case 
reports that associate TNF inhibitor use with the develop-
ment or exacerbation of dermatomyositis and polymyositis 
[150, 151].

 SAPHO Syndrome

Synovitis, acne, pustulosis, hyperostosis, and osteitis syn-
drome (SAPHO) is a neutrophilic dermatosis associated with 
osteoarticular lesions [122]. The increased expression of 
TNF-α in samples taken from bone led investigators to 
explore TNF inhibitors as a treatment option [152]. In mul-
tiple case reports, infliximab was shown to improve bone, 
joint, and cutaneous manifestations of SAPHO [152–155]. 
In a case series of six patients treated with different TNF 
inhibitors, Abdelghani et al. [156] found TNF inhibitors to 
be a viable treatment option for refractory cases of SAPHO; 
however 2 of the 3 patients treated with infliximab saw wors-
ening cutaneous lesions after a promising initial response. 
Etanercept has also been found to provide rapid and lasting 
responses in patients with SAPHO, with symptoms returning 
after discontinuing therapy [156, 157]. Adalimumab has 
demonstrated efficacy in several case reports [156, 158–161]. 
Palmoplantar pustulosis and hidradenitis suppurativa were 
reported to occur in patients treated with different TNF 
inhibitors, although they have also been associated with 
SAPHO syndrome [156, 158, 160].

 Conclusion

Biologic agents show great promise for the treatment of a 
variety of dermatologic conditions which to date have 
been difficult to treat. However, the majority of the data 
thus far has come from small numbers of case reports and 
case series, as highlighted in the above sections. The need 
for further studies, especially in the form of randomized, 
controlled clinical trials, will be of key importance to 
fully evaluate their efficacy and side effect profiles in 
these conditions. Hopefully, future research will continue 
to reveal success with novel treatment options for affected 
patients.

Case Report: Granuloma Annulare
A 67-year-old female was referred to our dermatology clinic in 
January 2014 with a 6–8 month history of generalized granuloma 
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annulare, which had been refractory to intralesional and topical 
corticosteroid treatments. At initial presentation, she had exten-
sive disease, with numerous skin-colored and erythematous 
papules and plaques present on the trunk, upper extremities, 
and lower extremities (Fig. 30.1). Biopsy findings were consis-
tent with the diagnosis of granuloma annulare. Treatment with 
adalimumab was initiated with 80 mg subcutaneously, fol-
lowed by 40 mg every other week starting 1 week after initia-
tion. After 2 months of therapy, she saw >90% improvement, 
with only a few isolated papules remaining on the elbows. 
After 6 months of therapy, she had complete clearance, and 
adalimumab was then  discontinued (Fig. 30.2). The patient had 
relapse of disease 3 months after treatment discontinuation, at 
which point she was restarted on adalimumab. She again had 
disease improvement, with nearly complete clearance after 
6 months of therapy. She continued treatment for 1 year with 
sustained disease remission, at which point adalimumab was 
discontinued. Lesions recurred within 3 months of treatment 
discontinuation, and the patient was again restarted on adali-
mumab. At 6 month follow-up in November 2016, the patient 
was completely clear. She has continued treatment with ada-
liumumab 40 mg every other week since that time, with no 
adverse events or disease relapse noted.
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Biologics for the Treatment of Atopic 
Dermatitis

Tamar Hajar, Emma Hill, and Eric Simpson

 Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin con-
dition affecting up to 20% of children and 10% of adults in 
industrialized countries [1, 2]. Clinical features of AD 
include xerosis, erythema, oozing, crusting, and lichenifica-
tion. Pruritus is the hallmark symptom of the disease and is 
responsible for much of the well-documented disease burden 
for patients and their families [3].

AD pathogenesis has not been clearly elucidated; how-
ever, skin barrier dysfunction and dysregulated immune 
responses are two known key drivers of the disease [4]. Both 
genetic and environmental factors influence the risk of devel-
oping the disease and the prevalence of AD appears to be 
increasing in many parts of the globe, especially in urban 
areas [5].

As a result of various genetic and environmental factors, 
AD displays significant heterogeneity in regard to age of 
onset, remission rates, disease phenotype, comorbidity pro-
file, disease severity, and response to treatment. Several phe-
notypes and corresponding endotypes have been proposed 
for the disease [6]. Despite our improved understanding of 
the molecular pathways in AD, most traditional therapies are 
not based on scientific mechanistic understanding.

 Severity-Based Therapy Overview

The treatment strategy of AD relies heavily on the underly-
ing disease severity. The skin barrier appears to play an 
important role in disease initiation. Emollient therapy has 
been studied for preventing the onset of AD (primary preven-
tion) and can treat mild disease when combined with gentle 
skin care and reduction in disease triggers [7–9]. More mod-
erate disease requires topical anti-inflammatory therapy with 

either intermittent topical corticosteroids (TCS) or topical 
calcineurin inhibitors (TCI). As the disease becomes more 
severe, skin barrier approaches or topical therapy alone pro-
vide only limited benefit. Targeting inflammation with sys-
temic immunomodulating therapy or phototherapy becomes 
necessary.

No one parameter or scoring system determines the need 
for systemic therapy in AD. Choosing whether a patient 
should start systemic treatment requires integrating several 
factors and balancing the patient’s quality of life, patient 
preferences, skin severity, disease extent and location, adher-
ence, and comorbidities with the benefits and risks of avail-
able systemic therapy.

Current guidelines recommend the use of traditional 
immunosuppressant medications including cyclosporine, 
methotrexate (MTX), mycophenolate mofetil (MMF), and 
azathioprine (AZA) in patients who fail conventional topical 
therapy or phototherapy [10]. The management of AD with 
systemic corticosteroids, although used frequently and 
shown to temporarily suppress disease activity, should gen-
erally be avoided because of an overall unfavorable risk-ben-
efit profile. Additionally, short courses of oral corticosteroids 
may actually worsen the disease after discontinuation due to 
atopic flares [10]. A study by Schmitt and colleagues was 
terminated prematurely due to excessive AD flares in the 
corticosteroid group as compared to the continuous cyclo-
sporine-treated group [11].

While traditional immunosuppressive therapies show 
some effectiveness in AD, their routine use is limited by 
inadequate disease responses (<50% improvement in most 
studies) and by end-organ toxicity [12, 13]. Thus treatment 
of moderate-to-severe atopic dermatitis is often frustrating in 
clinical practice for both patients and providers [14].

Biologic therapy holds promise for providing patients 
with moderate-to-severe AD a long-term effective option for 
disease control by virtue of their targeted effects on the dys-
regulated immune responses that underpin moderate- 
to-severe disease. As our specific understanding of the com-
plex pathogenesis of AD improves, including immune and 
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 molecular pathways, a variety of experimental biologics are 
targeting these pathways with the hope of less toxicity and 
greater efficacy.

 Identifying Extracellular Targets in AD

Complex immunobiological dysfunction including both 
innate and adaptive immune responses drives the cutaneous 
inflammatory response in AD. Alterations in T-cell number 
and function have been the focus of study, although altered 
function of various immune cell subtypes have been observed 
in AD such as mast cells, eosinophils, innate lymphoid 
cells, and dendritic cells [15]. Enhanced PDE4 activity 
has been observed in AD monocytes and represents an attrac-
tive explanation for the wide variety of immune cell 
 hyper-reactivity [16].

For many years, textbooks often described a biphasic 
immune pathobiology in AD where acute skin lesions of AD 
were thought to be initiated by Th2 cytokines (IL-4,5,13) 
and chronic lesions were thought to be Th1 dominant (IFN-
gamma) [17]. This Th1/Th2 paradigm was reinforced by the 
findings of an atopy patch test study [18, 19]. Atopy patch 
testing involves assessing skin reactions to topically applied 
proteins- a testing procedure not endorsed by current AD 
guidelines because of a lack of evidence of clinical relevance 
in AD [20]. Recent whole transcriptome analyses paint a 
more complex picture of AD inflammation that identifies a 
central role for type 2 cytokines in both acute and chronic 
AD with increased expression of Th1 and Th22 cytokines 
with more chronic disease [21]. Recently, the Asian AD phe-
notype appears to have important elevations in Th17 cyto-
kine pathways [22]. Thus, the immune pathways in AD, like 
the AD phenotype, are complex and heterogeneous and pro-
vide many opportunities for therapeutic intervention. What 
follows is a narrative review highlighting both early and 
more recent studies of biologic therapy in AD organized by 
immunological target. Our search strategy included search-
ing the English literature using PUBMED for the use of bio-
logics in AD. We primarily reviewed trials and reports that 
were the highest-level evidence available.

 T-Cell Inhibition

Efalizumab is a monoclonal antibody targeting CD11a. 
There are multiple case reports and case series suggesting 
efalizumab’s effectiveness in AD [23–27]. In some case 
series and case reports, patients experienced an approxi-
mately 50% improvement in EASI and IGA scores as well 
as improvement in quality of life (QoL). Efalizumab was 
taken off the market in 2009 due to its side effects that 
include bacterial sepsis, viral meningitis, invasive fungal 

disease, and progressive multifocal leukoencephalopathy. 
Although it is currently off the market, these studies pro-
vided  proof-of-concept that targeting T-cell functions 
could be of clinical benefit to patients with AD.

 Anti-IgE Therapy

Omalizumab is a humanized IgG1κ monoclonal antibody 
that selectively binds with high affinity to free IgE, prevent-
ing allergen-specific IgE from attaching to of the  high-affinity 
IgE-binding site (FcεRI). Additionally, it reduces the expres-
sion of the IgE receptor on mast cells and basophils [28–31]. 
The Food and Drug Administration (FDA) approved omali-
zumab in 2003 to treat patients 12 years and older with mod-
erate-to-severe persistent asthma and with chronic idiopathic 
urticaria (CIU) who are not adequately controlled with con-
ventional therapy [30–34]. The role of IgE in the pathogen-
esis of AD is not clear, but most experts view elevated IgE 
levels in AD as an epi-phenomenon possibly reflecting trans-
cutaneous sensitization through a defective barrier or a 
marker of Th2 dysfunction [35]. Nevertheless, because IgE 
is present in 80% of patients with AD, and generally associ-
ated with a personal or family history of atopy, anti-IgE ther-
apy has been tested in AD in several studies.

Initial case reports and case series reported promising 
results with an average response close to 50% as well as 
improvement in some QoL measures [36–39]. Randomized 
controlled trials (RCTs), however, failed to confirm these 
effects. Iyengar SR and colleagues reported an RCT that 
evaluated eight children between 4 and 22 years old with 
severe, refractory AD. Patients received omalizumab (150–
375 mg SC) every 2–4 weeks for 24 weeks or placebo. At 
24 weeks, SCORAD reductions of approximately 20–50% 
and 45–80% were observed in the omalizumab and placebo 
groups, respectively. [40] The second RCT was reported by 
Heil M and colleagues that evaluated 20 patients that were 
treated with placebo vs 0.016 mg/kg/IgE (IU/mL) omali-
zumab SC every 4 weeks. Changes in IGA and EASI scores 
from baseline were not different between groups. [41] Most 
recently, a randomized controlled trial of ligelizumab, a 
high-affinity anti-IgE antibody failed to show significant 
improvement in a phase II RCT [42]. Overall, despite the 
presence of elevated IgE in many cases of AD, IgE-targeted 
therapy is unlikely to provide benefit for AD.

 Anti-CD20: Rituximab

Rituximab is a chimeric monoclonal IgG1 anti-CD20 anti-
body that induces cell-mediated/antibody-dependent cyto-
toxicity, apoptosis, and complement-mediated cytotoxicity 
of B-cells. It has shown promise in the treatment of several 
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autoimmune skin diseases such as pemphigus, bullous pem-
phigoid, and epidermolysis bullosa aquisita.

In contrast to autoimmune diseases, the role of B-cells, 
however, is not clear in AD pathogenesis; however, activated 
B-cells are clearly present [43].

CD20 is expressed by pre-B-cells and mature B-cells, but 
not plasma cells. Rituximab likely exerts various immuno-
logic effects primarily through B-lymphocyte depletion and 
secondarily through the loss of the antigen-presenting and 
immunomodulatory functions of B-cells [44].

Simon and colleagues were the first group to report on the 
use of rituximab in patients with AD—a case series of six 
patients receiving two doses of IV rituximab 1000 mg 
2 weeks apart. All patients had significant improvement of 
their disease within 4–8 weeks of treatment, with an initial 
EASI score mean of 29 and a reduction to mean EASI score 
of 10 (data approximated from tables). They also noted that 
all patients reduced the amount of TCS applications (average 
frequency of application before treatment: 6 times per week, 
to 3 times per week at week 8). Effects of the drug appeared 
to be long-lasting with reductions in disease severity con-
tinuing up to 22 weeks after the last injection [45]. Ponte and 
colleagues reported a case of a pregnant patient that had a 
good response with a single dose of rituximab during her 
first trimester of pregnancy with a baseline BSA 80% that 
improved to 5% BSA after the first infusion with no addi-
tional flares [46].

In contrast to these positive case reports, McDonald and 
colleagues reported a case series of three adult patients that 
received rituximab and none of the patients experienced clin-
ical improvement of their disease [47]. Sediva and colleagues 
[48] reported two patients that received rituximab and found 
that SCORAD improved slightly initially; however, this par-
tial improvement only lasted until the 10th week, at which 
point both patients experienced worsening of their disease. 
Thus responses to the B-cell depletion therapy rituximab are 
conflicting and larger controlled studies will be needed to 
better understand the safety and efficacy of rituximab in this 
patient population. Given the safety of novel emerging thera-
pies, the feasibility and need of such a trial becomes 
questionable.

 Interferon-Gamma

Interferon-gamma (IFN-gamma), thought to suppress Th2 
activity represents the first engineered biologic studied for the 
treatment of AD. IFN-gamma has shown somewhat mixed 
results in the treatment of severe AD. Several studies (includ-
ing two randomized trials) demonstrated improvement with 
IFN-gamma therapy. Hanifin and colleagues reported that 
45% of the treatment group and 21% of the patients in the pla-
cebo group achieved at least 50% improvement in physicians’ 

overall response evaluations (p = 0.016). They also measured 
the response assessed by patients and found a significant 
improvement in the IFN-gamma group versus the placebo 
group (53 vs 21% p = 0.002) [49]. Another paper published 
by Schneider and colleagues showed similar results with a 
baseline mean total body surface area involvement of 61.6% 
that decreased to 18.5% at 24 months (p < 0.001) [50]. 
Response rates were low in an open-label study [51]. 
Potential side effects with interferon-gamma include granu-
locytopenia, fever/chills, myalgias, headache, and pain at the 
injection site. Most side effects in AD trials were mild head-
aches, myalgias, or chills that were effectively prevented by 
pretreatment with acetaminophen and by dosing at bedtime. 
Unpublished data, however, suggests that IFN-gamma may 
have only a limited role in the treatment of severe AD. In 
1997, a press release available online describes the results of 
a phase 3 trial of IFN-gamma for AD that included 555 
patients. The press release stated that analysis of the study 
did not show an acceptable therapeutic response with respect 
to the primary clinical endpoint [52]. It is possible that a sub-
set of patients with AD, such as those with recurring eczema 
herpeticum or genetic deficiencies in IFN signaling, may 
benefit from this therapy. The authors experience confirms 
that some patients do appear to benefit from IFN-g therapy 
when other treatments have failed.

 Type 2 Cytokine Inhibition

 Anti-IL-4 and -IL-13 (Dupilumab)
Dupilumab is a fully human, monoclonal antibody targeting 
the alpha subunit of the IL-4 receptor that blocks down-
stream signaling of both IL-4 and IL-13. IL-4Rα is a shared 
subunit of the IL-4 and IL-13 receptor. Early phase I and II 
studies in adults with AD found dupilumab provides dose-
dependent improvement in the signs and symptoms of AD 
[53–55].

More in-depth studies of lesional and non-lesional skin 
during Dupilumab therapy found that modulating IL-4/IL-13 
signaling through IL-4Rα antagonism in patients with AD 
has statistically significant and dose-dependent improvement 
in the AD transcriptome after 4 weeks of treatment with dupi-
lumab compared with placebo. The authors also demon-
strated that dupilumab was able to suppress mRNA expression 
in lesional skin of genes related to activation of T-cells, DCs, 
eosinophils, inflammatory pathways, and type 2 cytokines. 
Furthermore, by using microarrays and qRT-PCR they dem-
onstrated that genes responsible for epidermal hyperplasia 
(S100A and K16 genes) were also downregulated by dupil-
umab. The authors speculated that blocking IL-4/IL-13 may 
not only improve inflammation in AD but also may restore 
skin barrier function as a result of significant increases in 
claudin and lipid product levels and a trend of  dose-dependent 
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increases in expression of LOR and FLG that were not found 
in the placebo group. These results show promising new 
insights into the role of type 2 cytokines in AD and suggest 
that inhibition of IL4/IL13 has the potential to reverse multi-
ple molecular defects in patients with AD.

Most recently Simpson and colleagues confirmed the find-
ings of early stage studies in two-identically designed phase 
III randomized controlled studies named SOLO 1 and SOLO 
2. (Table 31.1) [56] The population under study were adult 
patients with long-standing (>3 years)  moderate-to-severe 
AD (IGA 3 or 4) who had failed topical treatment or for 
whom topical treatment was contraindicated. Over 1350 
patients were enrolled. Concomitant topical corticosteroids 
(TCS) were not allowed during this 16-week study. The 
authors found statistically significant differences compared to 
placebo in all efficacy endpoints. The primary endpoint was 
the proportion of patients with Investigators Global 
Assessment (IGA) score of 0 or 1 (clear or almost clear). The 
proportion of patients achieving clear or almost clear skin by 
IGA ranged between 36 and 37% in the 300 mg SQ weekly 
group and 36–38% in the 300 mg qoweek, all doses showing 
significant improvement over placebo groups. EASI score 
reductions of 70–75% were seen in dupilumab-treated groups. 
Patient-reported symptoms of AD (including effect on sleep, 
anxiety, depression, quality of life) were significantly 
decreased in dupilumab cohorts compared with placebo with 
all effect sizes providing clinically meaningful effects taking 
into account the known minimal clinically important differ-
ence. The rates of rescue treatment were lower in all dupil-
umab groups compared with placebo. More recently, data 
from a 1-year controlled trial with TCS named CHRONOS 
were presented showing sustained improvement with a favor-
able safety profile with longer-term use [57].

The adverse events of note that were increased over placebo 
rates reported in the SOLO trials were injection-site reactions 
and conjunctivitis. Approximately 14% of patients experienced 
conjunctivitis in the CHRONOS 1 year study at the every other 
week dosing. Topical ophthalmic anti-inflammatory medica-
tions are at times necessary to control eye symptoms in the 
authors’ experience. Some cases may be long-lasting and some 
may spontaneously resolve. Further studies regarding the etiol-
ogy of the conjunctivitis and natural course are needed.

The Food and Drug Administration granted Breakthrough 
Therapy designation to dupilumab for the treatment of adults 

with moderate-to-severe AD who are not adequately con-
trolled with topical prescription therapies or for whom these 
treatments are not appropriate. A biologics license applica-
tion (BLA) for the drug was submitted on 26 September 
2016, and dupilumab was FDA approved in April [58].

Other inhibitors of IL-4 and IL4Rα are currently being 
studied in patients with asthma such as pascolizumab, 
pitrakinra, and altrakincept. There are no ongoing clinical 
trials to evaluate their use in AD. Overall dupilumab repre-
sents a long-awaited major breakthrough for patients with 
moderate-to-severe disease and points to the importance of 
type 2 signaling in AD pathophysiology.

 Anti-IL-13 (Lebrikizumab/Tralokinumab)
IL-13 is overproduced in the skin of AD patients and has 
been shown to play an important role in the pathogenesis of 
the disease. IL-13 reduces epidermal integrity through a 
decrease in gene expression of loricrin and involucrin [59]. 
Further, polymorphisms in the gene encoding IL-13 have 
been associated with AD [60–62].

According to data that was presented at the 2016 European 
Academy of Dermatology and Venereology (EADV) con-
gress [42], the authors released the results of a RCT that 
assessed the efficacy and safety of lebrikizumab in patients 
with AD. Four dosing regimens were evaluated, a single 
dose of 125 mg + TCS, a single dose of 250 mg of lebriki-
zumab + TCS BID, 125 mg of lebrikizumab every 4 weeks + 
TCS BID and placebo. The primary endpoint was to assess 
the percent of patients achieving EASI-50 at week 12. EASI-
50 was achieved by 82.4% of patients in the q4 week dosing 
group compared to 62.3% of the patients on placebo, 
p = 0.03. Adverse event rates were generally similar between 
treatment groups and most were mild or moderate in sever-
ity. The investigators concluded that that blocking IL-13 
with lebrikizumab in moderate-to-severe AD provides sig-
nificant improvements in a number of severity outcomes. 
Dosing every 4 weeks appeared to provide benefit over the 
single dose groups and markedly improved the percentage of 
patients achieving the primary and secondary endpoints. It is 
important to note that these improvements were seen on top 
of intensive TCS application explaining the very high pla-
cebo response rates.

Tralokinumab is a human monoclonal antibody also tar-
geting IL-13. A poster presentation at the American Academy 

Table 31.1 Dupilumab efficacy endpoints at 16 weeks.

IGA 0/1
SOLO 1 P** EASI 75 P**

IGA 0/1
SOLO 2 P** EASI 75 P**

300 mg QW 37% p < 0.001 52% p < 0.001 36% p < 0.001 48% p < 0.001

300 mg QOW 38% p < 0.001 51% p < 0.001 36% p < 0.001 44% p < 0.001

Placebo 10% 15% 8% 12%

^EASI 75 at week 16
**P value compared to placebo
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of Dermatology in 2017 showed some improvement at higher 
dose, but large improvements in the placebo groups, similar 
to the lebrikizumab trials, likely blunted the statistical 
significance.

In sum, blockade of IL-13 alone appears to have an effect 
but interpreting the results of trials of lebrikizumab and 
tralokinumab are obscured by the heavy background use of 
TCS. It is unknown whether the effect size of blocking IL-13 
alone will be similar to IL-4/IL-13 dual blockade until fur-
ther studies are performed.

 Anti-IL-5 (Mepolizumab)
IL-5 is another cytokine produced by Th2 cells and 
Langerhans cells and is important for eosinophil differentia-
tion, growth, activation, mobilization, survival and induces 
eosinophil release into the peripheral circulation [63]. 
Eosinophils have been thought to be important mediators of 
the inflammatory process in AD, thus blocking this cytokine 
was hypothesized to be effective in the treatment of patients 
with AD. Oldhoff and colleagues performed a randomized 
double-blind, placebo-controlled, parallel group study based 
at six centers in Europe evaluating mepolizumab, a monoclo-
nal antibody targeting IL-5, in adults with AD [64]. The 
authors evaluated the efficacy of two single doses of 750 mg 
mepolizumab intravenously, given 1 week apart, versus pla-
cebo in patients with moderate-to-severe AD. The primary 
endpoint was the percentage of patients who achieved 
marked improvement of their PGA score on Day 14. 
Secondary endpoints included SCORAD, pruritus scoring, 
number of blood eosinophils and serum thymus and 
 activation-regulated chemokine (TARC) values. The authors 
found a statistically significant reduction in blood eosino-
phils compared with placebo (p < 0.05) although no correla-
tion with the clinical findings was shown. There was no 
statistical significance for the primary or the other secondary 
endpoints between the treatment group and the placebo. The 
authors concluded that this dose was not effective in treating 
patients with moderate-to-severe AD, although dosing and 
endpoint measurement (2 weeks after initial dose) may not 
have been optimal for observing an effect.

 Anti-IL-31 (Nemolizumab)
IL-31 is a cytokine produced by Th2 cells that is believed to 
be a major pruritogenic inflammatory cytokine [65]. It also 
amplifies proinflammatory cytokine secretion, disrupts epi-
dermal barrier function by affecting epidermal terminal dif-
ferentiation and lipid constituents [66], and recently has 
found to activate signal transduction cascades, such as the 
Janus kinase-STAT (JAK-STAT) pathway. Hence it was 
hypothesized that blocking IL-31 or its receptor would be 
effective in the treatment of patients with AD.

Nemolizumab is a humanized anti-human-IL-31-re-
ceptor-A (IL-31RA) monoclonal antibody and was stud-

ied in a phase II controlled trial [67]. This study evaluated 
the efficacy and safety of nemolizumab in 264 patients 
with moderate-to-severe AD. The primary endpoint was 
the improvement in the percent change in pruritus VAS 
from baseline at week 12 compared with placebo. 
Concomitant TCS were not allowed. Secondary efficacy 
outcomes at week 12 included improvement from baseline 
in the EASI, SCORAD, IGA, body surface area, pruritus 
verbal rating scale, and sleep disturbance VAS. At 
12 weeks, there was a significant, dose-dependent reduc-
tion in the mean percentage from baseline in the pruritus 
VAS compared with placebo. In the two highest dosing 
groups, participants experienced 59–63% improvements 
in sleep disturbance on the VAS. The signs of the disease 
also reduced, although the reductions in the signs of the 
disease were not as robust as the reductions in pruritus 
with a mean EASI reduction of 40.9–42.3% in the 2 high-
est dosing groups. Overall nemolizumab was well-toler-
ated; important adverse effects were AD exacerbations, 
even in treatment groups, and peripheral edema of 
unknown cause. Targeting IL-31R appears to provide sig-
nificant itch relief in patients with AD in a dose-depen-
dent manner. Further studies are warranted to better 
clarify the effects on skin inflammatory lesions and to fur-
ther understand the side effect profile.

 Targeting Th17/IL12/IL-23 Pathway

Ustekinumab blocks both IL-12 and IL-23 by targeting the 
common p40 subunit shared by these cytokines, thereby 
inhibiting Th1 and Th17, respectively. Ustekinumab is 
currently approved for the treatment of psoriasis and pso-
riatic arthritis and has been studied in AD. Studies have 
shown higher expression of both IL-17 and IL-22 in the 
lesional skin of AD compared to non-lesional and normal 
controls [68]. A few case series and case reports demon-
strated positive results when using ustekinumab for AD, 
including improvement in VAS, EASI, and SCORAD mea-
sures [69–71]. However, one report documents flaring of 
AD with ustekinumab [72]. Another case series that 
described 2 patients did not find it effective for the treat-
ment of AD [73].

A recent phase II, double-blind, placebo-controlled study 
evaluated 33 patients with moderate-to-severe AD that were 
randomly assigned to either ustekinumab or placebo, with 
subsequent crossover at 16 weeks, and last dose occurring at 
32 weeks. The authors concluded that there was no statisti-
cal significance between groups suggesting ustekinumab 
may not be beneficial for patients with AD [74]. Given the 
trend toward improvement in the study however, further 
studies may be warranted in subtypes of patients where 
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IL-17 may play a more important role, such as in Japanese 
populations.[22].

 Anti-IL-6R

Tocilizumab is an IL-6 receptor antagonist, FDA approved in 
2008 for the treatment of rheumatoid arthritis. Recent reports 
of off-label usage included other systemic inflammatory dis-
orders, such as psoriasis, psoriatic arthritis, Behçet’s disease, 
systemic lupus erythematous, systemic sclerosis, relapsing 
polychondritis, vasculitis, and AD [75]. IL-6 is produced by 
eosinophils, mast cells, T- and B-cells, monocytes, and fibro-
blasts. It has been found to have induced T-cell activation 
and induction of immunoglobulin secretion. A case series by 
Navarini and colleagues reported three AD patients who 
were resistant to phototherapy, topical steroids, calcineurin 
inhibitors, and oral cyclosporine (two patients) and had more 
than 50% improvement measured by EASI score within 
3 months of treatment with tocilizumab (8 mg/kg SQ 
monthly) [76]. However, two of them developed coloniza-
tion with Staphylococcus aureus and one developed bursitis 
of the left heel with a hemolytic streptococcus Group G. The 
authors concluded that even though anti-IL6 may play a role 
in the treatment of AD, further studies are needed to evaluate 
the safety of this drug and the risk of infection in patients 
with AD.

 Anti-Tumor Necrosis Factor Alpha (TNF-α) 
Agents

Anti-TNF biologics are well-established safe and effective 
therapies for moderate-to-severe psoriasis. The role of 
TNF-α is well-established in psoriasis, but its role in AD is 
unclear. In the pathogenesis of AD, tumor necrosis factor-α 
(TNF-α) is thought to be released by infiltrating mast cells 
and T-helper lymphocytes as well as epidermal keratino-
cytes. TNF-α is involved in the upregulation of proinflamma-
tory cytokines, such as interleukins (ILs)-1, -6, -8, and helps 
facilitate the migration and adhesion of inflammatory cells in 
the epidermis. Patients with AD have significantly elevated 
serum and tissue concentrations of TNF-α and, thus, may be 
responsive to treatment with TNF-α-inhibitors [77].

Some case series and case reports did not find anti-TNF 
approaches effective [78, 79], although one case series did 
show improvement of pruritus scores and QoL [78]. There 
have been several reports of eczema occurring as an adverse 
event during treatment of psoriasis and other Th1-mediated 
diseases such as inflammatory arthritis and inflammatory 
bowel disease. Nakamura and colleagues reported a litera-

ture search that reviewed 15 total publications describing 
eczema during anti-TNFα therapy. The studies and case 
reports described new onset or exacerbation of preexisting 
AD, “psoriasiform eczema,” and “eczematiform lesions” in 
varying proportions ranging from 5.4 to 20.6% of patients 
on a biologic agent. Overall, TNF antagonism does not 
appear effective for AD and may promote eczematous 
lesions [80].

 Conclusions

The future of targeted biologic therapy is bright for 
AD. Blockade of the type 2 cytokine pathways appears to 
provide the most benefit thus far, but other novel pathways 
are being revealed and targeted in this complex disease. In 
reality, biologic therapy for AD is still in its infancy, much 
like the treatment for psoriasis was over a decade ago. The 
intricacies of study design, endpoints, and the confounding 
role of concomitant TCS are still being worked out and need 
to be standardized.

Case Report
34-year-old male with a lifelong history of very severe and 
recalcitrant atopic dermatitis, recurrent methicillin-resistant 
S. aureus skin infections who experienced severe symptoms 
of itch (rated 10/10), difficulty sleeping (sleep disturbance 
scale 10/10), and widespread and intense skin lesions 
(Eczema Area and Severity Index (EASI) of 66 and total 
body surface area of over 90% (Fig. 31.1). His disease had a 
severe impact of his quality of life (DLQI 23/25).

Past Medical History
 – Asthma

Previous Therapies
He did not respond consistently to conventional therapy such 
as topical corticosteroids, phototherapy, methotrexate, and 
cyclosporine and thus he had to be treated with frequent 
cycles of systemic prednisone, oral antibiotics, and was 
using daily topical steroids with minimal improvement.

Management
He underwent a clinical trial with dupilumab and thus quali-
fied for the long-term extension and received dupilumab 
300 mg every week for 2 years. After 6 months of therapy 
his skin was almost clear per his Investigator Global 
Assessment. After 6 months, his body surface area of 
involvement ranged from 3 to 5% (Fig. 31.2), his EASI 
score ranged from 3 to 7, and his quality of life improved 
significantly (DLQI 3/25).
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Abbreviations

AD Atopic dermatitis
AZA Azathioprine
CRTH2  Chemoattractant receptor-homologous molecule 

expressed on T-helper type 2 cells
CsA Cyclosporine
DGLA Dihomo-gamma-linolenic acid
EASI Eczema Area and Severity Index
EC-MPS Enteric-coated mycophenolate sodium
FDA U.S. Food and Drug Administration
H4R Histamine H4 receptor
HTN Hypertension
IGA Investigator’s Global Assessment
IL Interleukin
JAK Janus kinase
MMF Mycophenolate mofetil
MPS Mycophenolate sodium
MTX Methotrexate
NK-1R Neurokinin 1 receptor
OGCs Oral glucocorticoids
PDE4 Phosphodiesterase-4
PGD1 Prostaglandin D1
PGD2 Prostaglandin D2
SASSAD Six area six sign atopic dermatitis
SCORAD Scoring for atopic dermatitis
TPMT Thiopurine methyltransferase
VAS Visual analog scale

 Introduction

Atopic dermatitis (AD) is a chronic, pruritic inflammatory 
skin disease due to a defective skin barrier and aberrant 
immune responses that results in a reduced quality of life for 
those affected. Patients with moderate-to-severe AD may 
require treatment beyond topical therapy [1]. It has been 
shown that in certain populations, over 10% of patients with 
AD require more intensive therapy than topical treatment 
alone [2]. There are many oral immunosuppressive agents 
currently used off-label for the treatment of AD, since only 
cyclosporine is approved for use in AD in Europe and Japan 
[3, 4]. In addition to cyclosporine, azathioprine, methotrex-
ate, mycophenolate mofetil, and systemic corticosteroids are 
also used for the treatment of AD [1, 5]. A systematic review 
on systemic therapy for AD reviewed 34 RCTs on a total of 
1653 patients [1]. Based on the best available evidence, 
cyclosporine was recommended first line, azathioprine sec-
ond line, and methotrexate third line. Although these agents 
have demonstrated efficacy in the treatment of moderate-to- 
severe AD in both the adult and pediatric population, they 
have a narrow margin of safety and their use is limited by 
toxicity. There still exists a need for therapies with a favor-
able risk-to-benefit ratio. Targeted biologic therapies have 
shown promise in the treatment of AD and will be reviewed 
in a separate chapter. As new targets are identified while we 
learn more about the pathophysiology of AD, new oral 
agents are also under investigation for the treatment of AD 
with both promising and disappointing results.

 Cyclosporine

 Mechanism of Action

Cyclosporine (CsA) is a calcineurin inhibitor that functions 
by inhibiting T-lymphocyte-driven immune responses and 
production of interleukin (IL)-2, which ultimately blunts 
immunoreactivity [5, 6].
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 Clinical Efficacy

CsA is the best-studied systemic agent for the treatment of 
AD with multiple placebo-controlled randomized controlled 
trials published [1, 6]. It has been recommended to be the 
first-line systemic agent used for short-term therapy [1]. 
Numerous clinical trials have shown CsA to be highly effec-
tive in treating AD with an average 50% reduction in disease 
severity after 6–8 weeks of treatment, as well as a marked 
improvement in patient quality of life [7–19]. CsA demon-
strates dose-related treatment improvements in AD severity. 
Specifically, two weeks into treatment, patients receiving 
low-dose therapy (≤3 mg/kg) showed a mean decrease in 
disease severity of 22%, whereas patients on higher dose 
therapy (≤4 mg/kg) showed a 40% reduction in disease 
severity [7]. Cyclosporine is unique for its rapid onset of 
action compared to other systemic AD treatments [5]. It has 
been shown to be equally effective in children as in adults, 
with children possibly exhibiting better tolerability of CsA 
[7]. Unfortunately, AD relapse rates are quite high after stop-
ping CsA, with 50% of patients relapsing after 2 weeks and 
80% by 2 months [20].

 Dosage

With respect to dosing, CsA is administered twice daily [21] 
and is often started at a dose of 3 mg/kg/day and titrated 
upward as necessary for control [1]. Although higher dosing 
of CsA, such as 5 mg/kg/day, has been shown to be more 
effective in treating AD, most CsA side effects are dose 
related, and therefore dosing is often reduced to the lowest 
effective dose [1]. In general, the consensus regarding safe 
pediatric and adult dosing of CsA is 3–6 mg/kg/day, such 
that the lowest effective dose required to achieve the desired 
clinical result is given [22]. A 6-month, open-label, random-
ized trial in patients with moderate-to-severe AD treated 
with CsA showed a benefit of concomitant topical therapy 
over CsA monotherapy [23]. Data on long-term use (over 
12 months) of CsA is not available, so it is recommended 
patients taper and eventually discontinue the drug once their 
disease is in remission [22].

 Adverse Events and Drug Monitoring

Adverse events generally related to increased systemic CsA 
exposure, either through high dosage [6] or long-term treat-
ment [24], include infection, nephrotoxicity, hypertension, gin-
gival hyperplasia, tremor, hypertrichosis, headache, and 
increased risk of cancer and lymphoma [6, 22]. Reversible side 
effects that may be resolved by decreasing CsA dosage include 
increased blood pressure, decreased renal function, gastrointes-
tinal symptoms, infections, headache, and paresthesia [20]. 

Consequently, therapy with CsA requires baseline blood pres-
sure reading and laboratory testing, including hepatic and renal 
function, as well as regular monitoring of these parameters 
[22]. CsA also may exhibit drug interactions with other sys-
temic medications, so consulting up-to- date product informa-
tion and drug reference resources is imperative for patients 
prescribed CsA or when adding other medications in conjunc-
tion with CsA [22].

 Treatment Duration

With respect to treatment duration, CsA is useful for short 
course treatment or courses of 12 weeks with intermission 
periods [7]. Long-term safety of CsA cannot be concluded 
from clinical trials [1] and it is recommended that CsA use is 
limited to 1 or 2 years [25]. In the pediatric population, CsA 
has been shown to be well tolerated over a one year period 
[12].

 Overall Recommendation

Overall, CsA is recommended as first-line systemic therapy 
for AD for short-term use [1]. With the exception of Europe 
and Japan, where CsA is approved for use in AD, it is used 
off-label in other jurisdictions [3, 4].

 Azathioprine

 Mechanism of Action

Azathioprine (AZA) is a purine analog that inhibits DNA 
proliferation [22]. AZA is converted into 6-mercaptopurine, 
which produces metabolites that incorporate into DNA [26]. 
Consequently, this preferentially affects cells with high pro-
liferation rates, such as B- and T-cells in inflammatory states. 
Initially developed in the 1960s to prevent organ transplant 
rejection, it has also been used to treat other immunologic 
conditions such as pemphigus vulgaris, rheumatoid arthritis, 
and inflammatory bowel disease [24]. AZA can be used off- 
label to treat other inflammatory and cutaneous disorders, 
including AD [22].

 Clinical Efficacy

A review of 8 studies of AD treatment in adults with AZA 
found clinical improvement in the majority of patients in 7 of 
the 8 trials [27–34]. A subsequent publication of a placebo- 
controlled clinical trial in 37 adult patients also showed that 
AZA is effective and useful for the treatment of severe AD 
[35]. In patients treated with AZA, their six area six sign 
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atopic dermatitis (SASSAD) sign score decreased by 26% 
during their treatment course, compared to a 3% decrease in 
patients treated with placebo. Furthermore, pruritus, sleep 
disturbance, and disruption of work/daytime activity 
improved significantly on active treatment with AZA, but not 
on placebo. With respect to adverse effects, 14 patients 
treated with AZA experienced gastrointestinal disturbances, 
with four patients withdrawing from the study due to these 
side effects. Overall, however, in patients who tolerated 
AZA, it offered a reasonably safe and effective therapy in the 
treatment of severe AD [35].

Another clinical trial in adult patients with AD showed a 
37% improvement in mean disease activity at week 12 in 
patients treated with AZA, compared to a 20% improvement 
with placebo. Also, patients treated with AZA exhibited sig-
nificant improvements in patient-reported itch, area of 
involvement, global assessment, and quality of life [36].

AZA takes several weeks to reach a steady state in the 
bloodstream and therefore is relatively slow to take effect 
compared to CsA. Once patients are established on AZA 
treatment, it is generally well tolerated and can be continued 
for a longer treatment course than CsA [5].

 Adverse Events and Dosage

Common side effects of AZA treatment include nausea, 
vomiting, and other gastrointestinal symptoms (bloating, 
anorexia, cramping). Other reported side effects include 
headache, hypersensitivity reactions, and elevated liver 
enzymes [22, 37]. A study that examined the outcomes of 
nearly 200 children treated with AZA revealed no fatal 
adverse events and various mild side effects, such as cutane-
ous viral infections, nausea, lethargy, indigestion, and mildly 
elevated hepatic transaminases [38].

The most common serious adverse events with AZA 
treatment are dose-dependent myelotoxicity and hepatotox-
icity. Myelotoxicity has been shown to correlate with the 
activity of thiopurine methyltransferase (TPMT), an enzyme 
required for the metabolism of azathioprine. Homozygous 
deficiency of TPMT, found in 0.33% of the population, can 
often result in profound myelosuppression with AZA treat-
ment. Roughly 10% of the population is heterozygous at the 
TPMT locus and demonstrates intermediate TPMT activity. 
These patients can also be at risk for myelosuppression 
when treated with AZA [27]. One clinical trial dosed het-
erozygous TPMT patients with 1.0 mg/kg per day for AD 
treatment, while patients with normal TPMT activity 
received 2.5 mg/kg per day. Patients with heterozygous 
TPMT activity responded to azathioprine in similar propor-
tion to other participants, without developing bone-marrow 
toxicity. Overall, it was found that TPMT-based dosing 
appeared to reduce predicted toxicity while maintaining 
drug efficacy [36]. Consequently, it is recommended that 

AZA dosing is determined based on patient TPMT activity 
in order to prevent myelosuppression [1]. In adults, this can 
range from 1 to 3 mg/kg/day and in pediatrics it may range 
from 1 to 4 mg/kg/day [22]. Graduated dosing to maximize 
clinical benefit and minimize adverse events is ideal [36].

Long-term immunosuppressive therapy with AZA in 
transplant patients has shown increased incidence of squa-
mous cell carcinoma and non-Hodgkin’s lymphoma [26], 
however, short and medium course treatment with AZA has 
not demonstrated this increased risk of carcinogenicity [27].

 Drug Monitoring and Treatment Duration

It has also been recommended that patients treated with AZA 
have their full blood count monitored weekly for the first 
8 weeks of treatment. Liver enzymes should be monitored at 
2, 4, and 8 weeks of treatment, followed by every 2 months 
thereafter [35]. There is no concrete recommendation regard-
ing maximum treatment duration; however, it is recom-
mended that once the patient is clear or almost clear and this 
is maintained, AZA should be tapered or discontinued, main-
taining remission with emollients and topical agents [22].

 Overall Recommendation

Currently, AZA is recommended as a second-line treatment 
option for short-term induction treatment and long-term treat-
ment up to 24 weeks. The indirect comparison suggests that 
AZA is less efficacious than CsA for the treatment of AD [1].

 Methotrexate

 Mechanism of Action

Methotrexate (MTX) is widely known and approved by the 
U.S. Food and Drug Administration (FDA) for the treatment 
of various dermatologic conditions, including advanced 
mycosis fungoides and psoriasis [22]. However, treatment of 
AD with MTX is currently off-label [6]. MTX is a dihydro-
folate reductase inhibitor used for the treatment of many 
oncologic and autoimmune disorders, as it suppresses DNA 
and RNA synthesis and T-cell function [6].

 Clinical Efficacy

The true clinical efficacy of MTX in the treatment of refrac-
tory AD is unknown, due to a lack of consistency between 
clinical trials concerning methods, dosing, and duration of 
therapy [22]. Consequently, what is known about the treat-
ment of moderate-to-severe AD with MTX can only be 
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extrapolated from some clinical trials. In a retrospective 
review of 31 children and adolescents with a variable treat-
ment duration (2–38 months), 75% of patients found low- 
dose MTX to be an effective or very effective treatment for 
AD, while 25% found MTX to be ineffective. Overall, it was 
found that low-dose MTX appeared to be effective for AD 
treatment in children and adolescents and exhibited a good 
safety/tolerability profile in this population [39]. With 
respect to the adult population, a small prospective open- 
label clinical trial of MTX for the treatment of moderate-to- 
severe AD in twelve adults showed that MTX was an 
effective and well-tolerated treatment during a 24-week 
treatment period. On average, patient disease activity 
improved 52% from baseline, along with significant improve-
ment in quality of life, body surface area involved and loss of 
sleep and itch scores. Importantly, 8 out of 9 patients experi-
enced persistent improvement 12 weeks after stopping 
MTX. In addition, it appeared that response to MTX com-
pared favorably with other second-line therapies [40].

Another study of 20 adult patients with refractory AD 
demonstrated clinical improvement in disease severity in 
75% of patients after 3 months of treatment with MTX. In 
addition, the first signs of improvement occurred between 
weeks 4 and 8 after treatment initiation [41]. Further com-
parative study to determine the actual clinical efficacy of 
MTX for the treatment of AD is required.

In the treatment of severe pediatric AD, there was no sta-
tistically significant difference in the reduction of severity 
scoring for atopic dermatitis (SCORAD) scores between 
patients treated with CsA and those treated with MTX [42]. 
Interestingly, CsA showed a more rapid response than MTX, 
while MTX had a longer lasting treatment effect. Nonetheless, 
overall it was found that both MTX and CsA in low doses are 
clinically effective, relatively safe and well tolerated for 
severe AD in children [42]. A separate trial compared the 
efficacy of MTX to that of AZA in the treatment of severe 
AD in adults. At week 12 of the study, it was demonstrated 
that both the patients in the MTX treatment group and those 
in the AZA group experienced statistically significant reduc-
tions in their mean SCORAD scores, 42% and 39%, respec-
tively. Furthermore, no statistically significant differences 
were found in the number and severity of adverse events in 
the two groups, nor did any serious adverse events occur 
[43]. It appears that MTX may be of similar efficacy as AZA 
in the treatment of severe AD; however, this necessitates fur-
ther investigation.

 Dosage

MTX is usually given as a single weekly dose and can be 
administered as a subcutaneous injection or in oral tablet 
form [22]. Dosing of MTX for AD has been extrapolated 
from what is known about MTX for the treatment of psoriasis 

and is between 7.5 mg and 25 mg weekly for adults [25]. As 
is the case with other systemic therapies, dosing should be 
tailored to each patient’s unique situation, such that adequate 
disease control is achieved and maintained while minimizing 
the occurrence of dose-related adverse events [22]. In patients 
unresponsive to MTX, studies have shown that there is no 
improved clinical efficacy observed after 12–16 weeks of 
treatment with further dose escalation. The average time 
maximum effect of MTX on AD treatment is ten weeks [22].

 Adverse Events

Possible adverse events caused by treatment with MTX 
include nausea, elevated liver enzymes, and more rarely, pan-
cytopenia, hepatotoxicity, and pulmonary toxicity. These side 
effects can be mitigated with proper dosage titration [6, 26]. 
In psoriasis patients, the cumulative dose of MTX received is 
recorded to monitor for hepatic toxicity. This has not yet been 
proven necessary in AD treatment with MTX [6, 22]. It is 
recommended that all patients taking MTX for the treatment 
of AD be supplemented with folic acid, to reduce the likeli-
hood of hematologic and gastrointestinal toxicities. The con-
sensus among experts suggests 1 mg/day of folic acid, but 
depending on the patient’s individual needs this may increase 
up to 5 mg/day. On the day of MTX ingestion, patients should 
not take their folic acid supplementation [22].

 Current Recommendations

Current recommendations suggest MTX as a third-line sys-
temic treatment option for short-term induction treatment 
and long-term treatment up to 24 weeks [1]. This recommen-
dation is primarily based on a clinical trial that found MTX 
to be of similar efficacy as AZA for the treatment of severe 
AD [43].

 Mycophenolate Mofetil

 Mechanism of Action

Mycophenolate mofetil (MMF) is a selective reversible 
inhibitor of inosine monophosphate dehydrogenase, an 
enzyme required for the de novo synthesis of purines. 
Lymphocytes lack the salvage pathway found in other 
inflammatory cells and consequently are solely dependent on 
the de novo synthesis pathway. Thus, inosine monophos-
phate dehydrogenase inhibition by MMF results in selective 
suppression of lymphocytes, namely B- and T-cells [6, 26]. 
Recently, another form of MMF has emerged called myco-
phenolate sodium (MPS), which is available in an enteric- 
coated form (EC-MPS). The latter formulation has been 
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designed to minimize the gastrointestinal side effects caused 
by mycophenolic acid [5].

 Clinical Efficacy

In adults with AD, studies have shown that MMF can be 
effective in treating moderate-to-severe AD resistant to 
conventional therapy. In particular, a retrospective chart 
review of 20 patients found that 17 patients improved with 
MMF therapy within 4 weeks of treatment initiation. 
Furthermore, 10 patients experienced disease remission 
and were able to taper and subsequently discontinue treat-
ment. Generally, MMF was well tolerated by the patients, 
as the most common side effects included mild headache, 
gastrointestinal complaints, and fatigue. Four patients 
developed herpes zoster, one developed herpes simplex, 
and two developed cutaneous infections with Staphylococcus 
aureus. It was determined that MMF had a better safety 
profile than cyclosporine and oral systemic steroids for 
long-term treatment [44].

In the pediatric population, a retrospective analysis of 14 
patients with severe, recalcitrant AD was conducted. It found 
that 13 out of the 14 patients exhibited clinical improvement of 
their AD with MMF treatment, with only one patient who 
failed to respond. Initial responses to therapy occurred within 
8 weeks of treatment (with a mean time of 4 weeks), and maxi-
mal effects at 8–12 weeks of treatment (with a mean of 
9 weeks). All patients tolerated MMF therapy well, with no 
complaints of infection, nor any development of leukopenia, 
anemia, thrombocytopenia, or elevated aminotransferases [45].

Nonetheless, further prospective controlled studies are 
required in both the pediatric and adult population to assess 
the true benefit of MMF treatment for recalcitrant AD.

The efficacy of MMF compared to other more established 
AD treatments is limited to a few clinical trials and retrospec-
tive studies. Specifically, a clinical trial in adults with AD 
comparing EC-MPS to CsA found that EC-MPS was equally 
as effective as CsA as maintenance therapy in patients with 
AD. It was also found that clinical improvement with 
EC-MPS was delayed in comparison with CsA. However, 
clinical remission after stopping EC-MPS lasted longer com-
pared with CsA [46]. When comparing the clinical efficacy of 
MMF and AZA, a retrospective case series found that 61% of 
pediatric patients treated with AZA experienced significant 
clinical improvement in their AD, compared to 66% of pedi-
atric patients treated with MMF [47].

 Dosage

In young children, recommended dosing of MMF is 
40–50 mg/kg/day and in adolescents, 30–40 mg/kg/day [6]. 
In adults, MMF is administered twice daily, and dosing may 

range from 0.5 to 3.0 g/day [44]. Currently, there is insuffi-
cient data for recommendations on optimal dosing of MMF 
for AD treatment in adults [22].

 Adverse Events

With respect to adverse effects related to MMF treatment, 
common side effects reported in the pediatric population 
include nausea, vomiting, and abdominal cramping. As of 
yet, there are no established long-term side effects in chil-
dren treated with MMF [22]. In adults, MMF is also well 
tolerated, with nausea, vomiting, and abdominal cramping 
also being the most common side effects of treatment. 
Gastrointestinal symptoms, headache, and fatigue are not 
correlated with dosage increase and tend not to affect patient 
compliance significantly. In rare instances, hematologic and 
genitourinary symptoms have been reported with MMF 
treatment. Based on findings in transplant patients, MMF has 
a theoretical risk of increasing susceptibility to infections, 
bacterial and viral; however, how this translates to AD 
patients is unknown at this time [22].

 Current Recommendations

Currently, recommendations for AD treatment with EC-MPS 
are as follows; due to a lack of controlled trials, only a very 
weak recommendation is possible for EC-MPS as a mainte-
nance treatment for severe AD after induction of remission 
by CsA for long-term use up to 30 weeks [1]. MMF/EC-MPS 
is also used off-label for the treatment of AD.

 Systemic Corticosteroids

 Mechanism of Action

Oral glucocorticoids (OGCs) affect the transcription of 
numerous mediators involved in the pathogenesis of AD, 
which include chemokines, cytokines, and adhesion mole-
cules. The binding of regulatory elements of various genes 
via their receptors results in the inhibition of cell prolifera-
tion, vasoconstriction, and resolution of inflammation [48]. 
However, these immunomodulatory effects also contribute to 
many unique toxicities associated with OGC use.

 Clinical Efficacy

Although OGCs are quickly effective as short-term therapy 
for the interruption of acute flare-ups in patients with severe 
atopic dermatitis, they are associated with a high risk of 
relapse upon discontinuation [22, 49]. In adults with severe 
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AD, a clinical trial comparing the treatment efficacy of pred-
nisolone versus CsA found that stable remission was 
achieved in only 1 of 21 patients receiving prednisolone, 
compared to 6 of 17 patients treated with CsA [50]. A high 
rate of relapse was observed in this study, where 10 out of 21 
patients treated with prednisolone and 5 out of 17 treated 
with CsA experienced significant exacerbations of eczema 
after termination of active treatment, and therefore the study 
was terminated early by an independent safety board [50].

Two small clinical trials have studied the use of systemic 
corticosteroids in children with moderate-to-severe and 
severe AD. Children with moderate-to-severe AD were given 
4 weeks of treatment with combined oral plus nasal beclo-
methasone diproprionate which led to significant improve-
ment of their AD compared to placebo; however, this was 
based on non-validated outcome measures. No adverse 
events were observed in the treatment group, except for 
slight reductions in the 24-h urinary cortisol excretion com-
pared to the placebo group [51]. Another trial compared sys-
temic flunisolide to placebo and found that after 2 weeks of 
flunisolide treatment, total clinical severity scores indicated 
a significant improvement in symptoms compared to the pla-
cebo group. This study was also based on non-validated out-
come measures. Furthermore, after the completion of 
flunisolide treatment, no worsening of symptoms or AD 
relapse occurred, and no adverse events were observed [52].

 Dosage

An initial prednisone dosage of 0.75–1 mg/kg per day should 
be tapered in 7–10 days, to minimize the risk of severe AD 
relapse [48]. However, dosages may vary depending on the 
type of corticosteroid, patient comorbidities, and AD sever-
ity [49]. Nonetheless, regardless of the taper schedule, an 
AD flare may still be expected. Commonly used OGC for-
mulations include prednisone and prednisolone. 
Triamcinolone acetonide is administered as an intramuscular 
injection and is also used as a systemic corticosteroid [22].

 Adverse Events and Drug Monitoring

OGCs have numerous side effects associated with their 
administration that more typically arise with long-term use, 
which includes diabetes, hypertension, gastric ulcers, osteo-
porosis, glaucoma, and Cushing’s syndrome [49]. Patients 
requiring long-term treatment are more susceptible to oppor-
tunistic infections [22]. Unique to the pediatric population is 
the possibility of decreased linear growth while being treated 

with OGCs [53]. Long-term treatment with OGCs may 
require blood pressure monitoring, ophthalmologic exami-
nation, hypothalamic-pituitary-adrenal axis suppression test-
ing, bone density evaluation in adults, and growth velocity 
measurement in children [22]. Laboratory monitoring of 
blood counts and blood sugar levels should also be consid-
ered [49].

 Treatment Duration

Although treatment of AD with OGCs is not recommended, 
when used, treatment may last from 3 days to 3 weeks 
depending on the severity of the flare-up episode. Long-term 
treatment with OGCs is not recommended because of numer-
ous well-described side effects including risk of relapse [49].

 Overall Recommendation

OGCs have a mostly unfavorable risk-to-benefit ratio for 
the treatment of adult AD. Specifically, long-term treatment 
of adult AD with OGCs is not recommended, while short-
term treatment (preferably up to 1 week duration) can be 
considered as salvage therapy for an acute flare in extraor-
dinary and severe cases [49]. With respect to the pediatric 
population, small studies have demonstrated the potential 
benefit of short-term OGC treatment of moderate and 
severe AD. However, overall OGCs are not recommended 
for the pediatric population unless used to treat comorbid 
conditions, such as asthma exacerbations, or as part of a 
short-term transition protocol to a steroid-sparing systemic 
immunomodulatory agent [22].

 Alitretinoin

Currently, alitretinoin is recognized as an effective and safe 
treatment modality for chronic hand dermatitis in both con-
trolled clinical trials and the real-world setting [54–56]. Not 
only is hand dermatitis more common in patients with AD 
[57], there is some speculation that alitretinoin may also be 
of benefit in extra-palmar AD [5]. In a small clinical trial of 
6 patients, alitretinoin led to a substantial clinical 
 improvement of both palmar and extra-palmar lesions and 
was well tolerated [58]. Further study to confirm the clinical 
efficacy of extra-palmar AD treatment with alitretinoin is 
required. This agent may be of benefit to AD patients who 
suffer from the burden of hand dermatitis and can be used 
with concomitant topical therapy and phototherapy.
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 New Agents in Development: Promising 
and Not

 Phosphodiesterase-4 (PDE4) Inhibitors

PDE4 regulates the inflammatory response by degrading 
cyclic adenosine

3′,5′-monophosphate (cAMP), an intracellular second 
messenger. Inhibition of PDE4 increases the level of cAMP, 
which results in decreased production of inflammatory medi-
ators and an increase in anti-inflammatory mediators [59]. It 
has been shown that PDE4 inhibition is an effective means of 
reducing inflammation associated with atopic dermatitis 
[60]. PDE4 inhibitors are under investigation for the treat-
ment of AD with both promising and disappointing results 
reported from phase 2 clinical development thus far [61, 62]. 
The recent approval of a topical boron-based PDE4 inhibitor, 
crisaborole (Eucrisa, Pfizer), for mild-to-moderate AD also 
highlights the benefit of blocking PDE4 in the treatment of 
AD. A small open label pilot study of 16 adults with 
moderate- to-severe AD showed the oral PDE4 inhibitor, 
apremilast, at 20–30 mg BID provided an improvement in 
the clinical signs of AD as measured by Eczema Area and 
Severity Index (EASI) score, as well as improvement in pru-
ritus and quality of life [61]. A second proof of concept trial 
on 10 patients with either AD or allergic contact dermatitis 
over 12 weeks showed only minimal benefit; however, the 
lower dose of 20 mg BID was provided [62]. A randomized 
placebo-controlled phase 2 trial investigating the use of apre-
milast, 30 mg or 40 mg PO BID, in moderate-to-severe 
atopic dermatitis is now complete with disappointing results 
posted (NCT02087943, ClinicalTrials.gov) [63]. The pri-
mary endpoint of percent reduction in EASI score was sig-
nificant for apremilast 40 mg PO BID vs. placebo (p = 0.03) 
but was not significant at the 30 mg PO BID dose. The sec-
ondary endpoints, the percentage of patients reaching 
Investigator’s Global Assessment (IGA) score 0/1 and EASI 
50, were not met with either the 30 mg or 40 mg BID dosing 
groups (NCT02087943, ClinicalTrials.gov) [63].

 Janus Kinase (JAK) Inhibitors

The JAK-STAT pathway is essential for the inflammatory sig-
naling pathways of AD [64]. It has been shown that applica-
tion of topical JAK inhibitors improves the signs and 
symptoms of atopic dermatitis [65, 66]. Furthermore, a small 
case series of six patients with recalcitrant AD treated with 
oral tofacitinib 5 mg OD – BID had a 66% reduction in 
SCORAD after 8–29 weeks of therapy [67]. Systemic JAK 

inhibition is now formally being investigated in the manage-
ment of moderate-to-severe AD. A Phase 2b randomized trial 
is investigating the JAK 1 inhibitor, PF 04965842, given once 
daily in four doses (10, 30, 100, 200 mg) compared to placebo 
over 12 weeks in subjects with moderate-to-severe AD. This 
study is designed to assess the efficacy of PF 04965842 as 
measured by the IGA and EASI scores, as well as to monitor 
safety (NCT02780167, ClinicalTrials.gov) [68].

 Other Novel Agents

Fevipiprant (QAW039), an oral antagonist of the receptor for 
prostaglandin D2 (PGD2), also called the chemoattractant 
receptor-homologous molecule expressed on T-helper type 2 
cells (CRTh2), is being investigated in the management of 
allergic diseases including asthma and AD [69]. The CRTh2 
receptor is a G-protein coupled receptor whose ligand, 
PGD2, induces inflammatory cytokine release from the Th2 
cell. Phase 3 trials are currently ongoing in severe asthma. 
Phase 2 trials in AD reported discouraging results with no 
difference noted between fevipiprant 450 mg PO OD and 
placebo in the change from baseline in EASI score after 
12 weeks (NCT01785602, ClinicalTrials.gov) [70].

As pruritus is a significant symptom associated with the 
burden of atopic dermatitis, targeting the neuronal pathways 
responsible for pruritus in AD has been approached via both 
topical and oral routes. The topical application of CT327, 
which targets tropomyosin receptor kinase A, in a proof of 
concept trial showed significant benefit [71]. Another target 
is the neurokinin 1 receptor (NK-1R) and its ligand, sub-
stance P. The NK-1R antagonist, tradipitant (VLY-686, 
LY686017), is being investigated in a randomized placebo- 
controlled trial in the control of pruritus as measured by the 
visual analog scale (VAS) as the primary endpoint 
(NCT02651714, ClinicalTrials.gov) [72].

A phase 2a randomized placebo-controlled clinical trial 
investigating the oral histamine selective H4 receptor (H4R) 
antagonist, ZPL-3893787 (ZPL-389), for the treatment of 
moderate-to-severe AD in adults (N = 98) has been com-
pleted. Following 8 weeks of therapy, a 50% reduction in the 
EASI score was noted compared to 27% (p = 0.01) for ZPL- 
389 at 30 mg PO OD vs. placebo, respectively [73]. A previ-
ous trial for another H4R antagonist, JNJ-39758979, was 
terminated early due to cases of neutropenia, although it 
showed numerical improvement in AD scores [74]. 
Neutropenia was not noted in the phase 2a trial with ZPL- 
389 [73].

Another approach being trialed is treatment with dihomo- 
γ- linolenic acid (DGLA, DS107) which was shown to be 
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beneficial as oral therapy in AD in a Phase 2 trial 
((NCT02864498) press release) [75], through the regulation 
of prostaglandin D1 (PGD1) [76]. DGLA is also currently 
being investigated in mild-to-moderate AD in a trial with a 
topical formulation, DS107E cream (NCT02925793, 
ClinicalTrials.gov) [77].

 Conclusions

It is clear that there exists some evidence for the effective 
treatment of recalcitrant or severe AD with CsA in both 
pediatric and adult populations [7]. CsA is generally well 
tolerated, and its rapid onset of action makes it an attrac-
tive first-line treatment option for patients with recalci-
trant AD [5]. CsA has a well-established side effect profile 
[22], which allows for vigilant monitoring for dose adjust-
ments in AD patients treated with CsA [6]. Nonetheless, 
there remains a lack of long-term effectiveness and safety 
data regarding patients requiring long-term treatment 
with CsA. Further data collection from long-term regis-
tries would be beneficial [7]. Currently, CsA is recom-
mended for first-line short-term therapy [1].

Other systemic agents, such as AZA, MTX, and MMF, 
have also shown clinical efficacy with acceptable safety 
 profiles; however, the margin is narrow [1]. There is lit-
erature supporting the use of these agents to treat refrac-

tory AD; however, their use remains off-label [22]. 
Recommended second-line therapy is with AZA, and 
third-line with methotrexate based on the best available 
evidence [1]. Though effective, treatment of AD with 
OGCs is not recommended due to their unfavorable risk-
to-benefit ratio [49]. A comprehensive summary of tradi-
tional oral systemic therapies for AD treatment is included 
in Table 32.1. Not all patients will respond to these immu-
nosuppressive agents, so new therapies are needed to pro-
vide patients with higher treatment efficacy and fewer 
safety concerns [78]. Some promising agents, including 
the PDE-4 inhibitor, apremilast, and the PGD2 receptor 
antagonist, fevipiprant, showed discouraging results as 
key primary and secondary endpoints were not met in 
phase 2 trials. It is unclear at this point whether further 
studies are planned. Other novel agents, including those 
targeting the neuronal pathways of pruritus, are also 
undergoing investigation. An overview of new and 
upcoming oral systemic therapies for AD is included in 
Table 32.2. Most promising at this point are the biologic 
agents targeting cytokines and this will be covered in a 
separate chapter. Further study of these agents, their long-
term efficacy in treating AD, their role in AD mainte-
nance, and their long-term safety is necessary for concrete 
treatment recommendations.

Table 32.1 Summary of recommendations for adult and pediatric atopic dermatitis treatment with systemic therapy

Treatment Population Dosing Duration of treatment Side effects Overall recommendation

Cyclosporine Adult and 
pediatric

Twice daily dosing [21]: 
3–6 mg/kg/day, such that 
the lowest effective dose 
is given [22]

Maximum: 1–2 years 
[25]
Minimum: has shown 
clinical improvement as 
early as 2 weeks into 
treatment [7]

Nausea, headache, 
paresthesia, renal 
impairment, HTN, 
sequelae of chronic 
immunosuppression

First-line short-term 
treatment for moderate-to-
severe AD because of 
moderate- and high-quality 
studies based on the 
GRADE approach and the 
efficacy and safety shown 
for short-term use, 
including large patient 
numbers [1]

Azathioprine Adult and 
pediatric

Ideally based on TPMT 
activity level [1].
Can range from 1–3 mg/
kg/day [22], with 
graduated dosing [36].

Maximum: there is no 
official recommendation. 
However, when disease 
clearance is achieved, 
AZA should be tapered 
and discontinued if 
possible [22]
Minimum: clinical 
improvement can take a 
minimum 12 weeks of 
treatment, or more [36]

Common: nausea, 
vomiting, 
gastrointestinal 
symptoms (bloating, 
anorexia, cramping) 
[22]
Less common: 
headache, 
hypersensitivity, 
reactions and elevated 
liver enzymes [22]

Second-line treatment for 
moderate-to- severe AD 
because of a moderate-
quality study based on the 
GRADE approach and the 
efficacy and safety shown 
for short- and long-term 
use
(24 weeks), including large 
patient numbers [1]

Methotrexate Adult Single weekly dose:
7.5–25 mg/week [22]
Folic acid 
supplementation: 1 mg/
day [22]

Minimum: clinical 
improvement has been 
shown as early as 
4 weeks after treatment 
initiation [41]

Nausea, elevated liver
enzymes, 
pancytopenia, 
pulmonary toxicity

Third-line treatment for 
adults because of a 
moderate quality study 
based on the GRADE 
approach and the efficacy 
and safety shown for 
short- and long-term use 
(24 weeks), including large 
patient numbers [1]

Pediatric Single weekly dose: 
0.2–0.7 mg/kg/week [6]
Folic acid supplementation: 
1 mg/day [6]
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Case Report
A 42-year-old white male presents with a lifelong history of 
“eczema,” which has flared over the past few years. He was 
previously managed with topical agents but these have not 
been working for him lately. He complains of severe itching, 
which interrupts his sleep. Given the night shift at work, he 
finds it difficult to sleep during the day with ongoing itch and 
has been having difficulty coping. He notes he has been 
“short” and “moody” with his family and attributes this to 
lack of sleep. There is a family history of atopic dermatitis in 
his daughter as well.

Past Medical History
• Hypertension
• Anxiety
• Asthma

Social History
• Drinks socially
• Married, 2 children
• Floor manager at a distribution plant, working shift work, 

mainly night shifts

Previous Therapies
• Topical steroids

Physical Exam
• Erythematous excoriated lichenified plaques on the 

wrists, antecubital and popliteal fossae; facial erythema 
and scaling with Dennie-Morgan folds noted

Management
Due to the severity of his atopic dermatitis flare and his dif-
ficulty coping, systemic therapy with cyclosporine was initi-
ated at 150 mg PO BID. He is also managed with topical 
tacrolimus 0.1% ointment BID for the face/body and beta-
methasone valerate 0.1% ointment for the body flares prn. 
He has good control of his skin with improved sleep while 
taking cyclosporine but because of his hypertension, his dose 
is reduced to 100 mg PO BID when possible. To manage 
flares in symptoms he intermittently increases back to 
150 mg PO BID with close monitoring.
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Cutaneous T-Cell Lymphoma

Catherine G. Chung, Brian Poligone, and Peter W. Heald

 Introduction

Mycosis fungoides and Sézary syndrome (MF/SS) represent 
the most common types of cutaneous T-cell lymphomas 
(CTCL). The typically indolent nature of MF/SS makes the 
disease a chronic illness and one of the consistent clinical 
observations is that of immunologic failure with the leading 
cause of death due to infections and secondary malignancies. 
Indeed in one series, the most common cause of mortality was 
second malignancy [1]. Second malignancies, including other 
lymphomas, are more common in MF/SS patients [1, 2]. In 
addition, viral and bacterial infections appear to be more 
severe in MF/SS patients and represent another common cause 
of mortality [3]. Defective adaptive immunity was even noted 
in Sézary’s initial report of his syndrome with the affected 
patients dying from infection [4]. While our understanding of 
all of the immune defects observed in MF/SS remains incom-
plete, the immune dysregulation and immunodeficiency asso-
ciated with the disease are clinically significant.

Compromise of adaptive immunity is particularly prob-
lematic in MF/SS patients since the T-cell compartment is 
responsible for the antitumor response. The disease appears 
to have the ability to disarm the immune response responsible 
for controlling CTCL. The importance of an intact immunity 
in MF/SS patients has been emphasized by the progression of 
disease brought on by adaptive immunity suppression, when 
cyclosporine is administered to MF/SS patients [5]. Moreover 

the shifting observed between T helper and T cytotoxic 
milieus during cancer progression further highlights the effect 
of MF/SS on the adaptive immunity [6].

The immune dysregulation associated with MF/SS type 
CTCL is an evolving story that has been largely dependent 
on the technologies available to visualize the anomalies. The 
first insight into the magnitude of immunocompromise came 
from clone-specific antibody testing of peripheral blood 
lymphocytes. These antibodies could enumerate malignant 
T-cells in the peripheral blood of select patients. This then 
allowed the numbers of nonmalignant T-cells to be deter-
mined by subtraction of the malignant T-cell number from 
the total T-cell pool. Using this methodology, in six patients 
with advanced MF/SS, it was observed that the nonmalig-
nant T-cell population was decreased in some patients to the 
same level as that seen with advanced HIV patients [7]. Even 
though antibodies that recognize all CTCL clones do not 
exist, the normal T-cell population can also be estimated by 
measurement of the CD8+ population. Increases in the CD4/
CD8 ratio and decreases in the numbers of CD8+ T-cells are 
readily assessed by flow cytometry as measures of the immu-
nocompetence of the patient. Assessing lymphocyte subsets 
by flow cytometry is a rapid and reproducible staging tech-
nique that lends insight into the immune status of the patient.

Another technique that furthered our understanding of 
MF/SS was the RNAse protection assay. This assay measures 
the messenger RNA for different T-cell receptors in periph-
eral blood lymphocytes. In normal controls, the presence of 
messenger RNA for the diverse T-cell receptor components 
are represented by multiple bands for the different subunits 
of the T-cell receptor (Fig. 33.1). In contrast, the loss of T-cell 
diversity in patients with advanced MF/SS is demonstrated 
with the loss of the multiple bands with a single band repre-
senting the malignant clone (monoclonal banding). The dis-
appearance of this RNA represents a loss of nonmalignant 
T-cells and the rise of a singular malignant clone. More 
recently this loss of diversity was shown with high throughput 
sequencing (HTS) of polymerase chain reaction products. 
This most sensitive and specific method for detecting and 
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monitoring unique T-cell receptor clonal rearrangements 
demonstrates not only the dominance of the malignant clone 
but the loss of diversity of the other nonmalignant T-cells. The 
loss of adaptive immunity becomes an accelerating factor in 
the progression of the disease and a risk factor for mortality 
from malignancy and infection.

Therefore, a patient’s immunocompetence is an important 
consideration in the treatment of MF/SS. The choice of ther-
apeutics, which may affect the immune system and may 
cause or correct the marked immune dysregulation that char-
acterizes MF/SS type CTCL is more important than ever 
considering the wide array of biologic therapies available in 
MF/SS (see Table 33.1). In this chapter we will highlight 
current and emerging therapies that can promote a patient’s 
immunocompetence or can target the malignant T-cells with-
out destroying healthy T-cells.

 Bexarotene

 Background

The retinoids are a group of natural and synthetic compounds 
structurally and functionally derived from vitamin A (reti-
nol) [8]. Retinoids bind to two groups of nuclear receptors, 
the retinoic acid receptors (RARs) and retinoic X receptors 
(RXRs), subsequently affecting gene transcription that 
results in terminal differentiation of malignant cells [8–11]. 
Bexarotene is a third-generation synthetic retinoid with 
selective binding to the RXRs, and therefore is often referred 
to as a rexinoid. Bexarotene was approved by the Food and 
Drug Administration (FDA) for treatment of CTCL in 1999. 
Discussion of other retinoids utilized in dermatologic ther-
apy is covered elsewhere in this book (see Retinoids).

Fig. 33.1 :  Example of the RNase 
protection assay for assessing 
clonality. The level of expression 
of the variable region of the T-cell 
receptor beta gene (TCRBV) from 
peripheral mononuclear cells was 
assayed using three RNase 
multi-probe sets.  The first two 
lanes show healthy volunteers.  
The numbers (e.g. 2.1, 5.1, etc.) 
shown in other lanes identify 
over-represented TCRBV due to 
CD4+ clonal expansion in patients 
with Sézary Syndrome. Cβ 
identifies the loading control for 
the gel electrophoresis, which is 
the expression of the constant 
region of the T cell receptor beta 
gene (TCRBC)

Table 33.1 Summary of biologic therapies in the treatment of MF/SS

Therapy Drug class Mechanism of action in MF/SS

Bexarotene Retinoid/rexinoid •  Terminal differentiation of malignant cells
•  Arrest of cell cycle
•  Activation of apoptotic pathway

Vorinostat, Romidepsin, Panobinostat Histone deacetylase (HDAC) inhibitors •  Modification of gene transcription → cell death, 
inhibition of cell growth

Denileukin Diftitox, E7777 CD25-Diphtheria fusion immunotoxin •  Apoptosis of activated Treg cells

Alemtuzumab Anti-CD52 monoclonal antibody •  Antibody-dependent cell-mediated cytotoxicity

Brentuximab Anti-CD30 monoclonal antibody •  Antibody-dependent cell-mediated cytotoxicity

Mogamulizumab Anti-CCR4 monoclonal antibody •  Antibody-dependent cell-mediated cytotoxicity
•  Depletion of Treg cells

Ipilimumab, Nivolumab, Pembrolizumab Checkpoint inhibitor therapy •  Promotion of cytotoxic antitumor response
•  Inhibition of immune tolerance

Interferons •  Activation of innate immunity

Imiquimod, Resiquimod, CPG ODN Toll-like receptor agonists •  Activation of innate and adaptive immunity

Photopheresis •  Dendritic cell (DC) activation
•  Apoptosis of malignant T-cells

Allogeneic stem cell transplant •  Graft-versus-lymphoma
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 Mechanisms of Action

In addition to inducing terminal differentiation of malignant 
cells, bexarotene may exert its antitumoral effects through 
other mechanisms. Activation of the RXR receptor is associ-
ated with activation of the tumor suppressor p53, promoting 
arrest of the cell cycle. Bexarotene also exerts influence on 
the apoptotic pathway, including regulation of Bcl-2 and bax 
proteins and activation of the pathway through actions on 
caspase-3 [12, 13]. Other downstream antitumor effects may 
also include inhibition of tumor cell migration and invasion 
through inhibition of growth factors [14].

 Use and Efficacy in CTCL

Approval of bexarotene for its use in CTCL was based on 
two phase II–III trials [15, 16]. Clinical responses in these 
trials were dose dependent. Bexarotene is administered as 
oral 75 mg capsules. Initial starting dose is often 3–4 cap-
sules daily, with titration upwards as tolerance allows. The 
use of bexarotene in combination with interferons, photo-
therapy, extracorporeal photopheresis (ECP), and other 
agents used in the treatment of CTCL has been investigated 
in small studies with varying results [17–20]; nonetheless, it 
is frequently employed in combination with other systemic 
or skin-directed therapies due to potential synergism given 
its unique mechanism of action [8]. Adverse side effects 
(ASEs) of bexarotene include central hypothyroidism, 
hypertriglyceridemia and dyslipidemia, hepatotoxicity, 
headache, photosensitivity, and leukopenia [8, 21].

 Histone Deacetylase Inhibitors: Vorinostat, 
Romidepsin, and Panobinostat

 Background

Nucleosomes are units consisting of chromatin wrapped 
around histone octamers; modification of the nucleosome is 
controlled in large part by the actions of histone acetyltrans-
ferases and deacetylases [22]. In general, histone deacety-
lation results in compaction of chromatin around histones, 
with subsequent decrease in gene expression [23]. The his-
tone deacetyl transferase (HDAC) inhibitors are a class of 
drugs that prevent histone deacetylation, thus allowing chro-
matin to maintain and open configuration with activation of 
gene transcription, including those involved in apoptosis and 
inhibition of cell growth [24, 25]. There are several classes 
of histone deacetylases, including zinc-dependent enzymes 
(class I, II, and IV) and class III enzymes, which are zinc 
independent and not currently targeted by any of the avail-
able HDAC inhibitors [25–28].

 Mechanisms of Action

As mentioned above, the HDAC inhibitors function through 
modification of gene transcription and resultant cell death as 
well as inhibition of cell growth. The vast mechanisms by 
which this occurs are still being elucidated, and are summa-
rized in detail by Bose et al. [22] and include inhibition of 
DNA repair, increased expression of pro-apoptotic proteins 
and decreased expression of anti-apoptotic proteins, elevation 
in DNA damage and generation of reactive oxygen species, 
cell-cycle checkpoint disruption, diminished chaperone pro-
tein function, and induction of autophagy among others. More 
specifically, HDAC inhibitors inhibit cell-cycle progression 
through upregulation of p21, p27, and p16 proteins, which 
lead to G1 arrest [29, 30]. HDAC inhibitors may also prevent 
cell-cycle progression through S phase through inhibition of 
the DNA synthesis enzymes cytidine triphosphate synthase 
and thymidylate synthetase [31]. With regard to apoptosis, 
HDAC inhibitors upregulate expression of pro- apoptotic pro-
teins such as BH3 while downregulating anti- apoptotic pro-
teins, including Bcl-2, Bcl-XL, and Mcl-1 [30]. In addition to 
its regulatory actions on the cell cycle and programmed cell 
death, HDAC inhibitors may exert some of its efficacy in 
CTCL through immunoregulatory mechanisms. For example, 
the STAT family of transcription factors (STAT- 3, -4, -5, -6) 
are believed to play a principal role in T-cell pathogenicity, 
with change in STAT expressions contributing to phenotype 
switching of aberrant T-cells from a type 1 T-helper (TH1) phe-
notype to a type 2 T-helper (TH2) phenotype in disease progres-
sion. HDAC inhibitors may influence STAT expression in a 
beneficial manner in patients with CTCL [29, 32, 33].

 Use and Efficacy in CTCL

Vorinostat, an oral suberoylanilide hydroxamic acid deriva-
tive class I/II HDAC inhibitor [25, 34, 35] was the first HDAC 
inhibitor approved by the FDA in 2006 for the treatment of 
CTCL. Its approval was based on the response observed in 
two phase II single-arm clinical trials of patients with refrac-
tory MF/SS of various stages in which the overall response 
rates (ORR) were 24% and 29%, respectively [29, 35, 36]. 
Romidepsin, a class I HDAC inhibitor with a unique bicyclic 
structure is administered intravenously typically at a dose of 
14 mg/m2 on days 1, 8, and 15 of a 28-day cycle. It was 
approved in 2009 for CTCL in patients who have failed at 
least one prior systemic therapy. Romidepsin also received 
FDA approval for treatment of refractory or relapsed periph-
eral T-cell lymphoma (PTCL) in 2011. In addition to its effi-
cacy in CTCL, Kim et al. observed that a significant number 
of patients treated with romidepsin experienced a clinically 
meaningful reduction in pruritus severity, including in some 
individuals who did not achieve any objective clinical 
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response of their skin disease [37]. Panobinostat is a broad 
spectrum hydroxamic acid HDAC inhibitor with activity 
against all class I, II, and IV HDAC enzymes [29, 38, 39] that 
is administered orally in 3 weekly doses of 20 mg. Panobinostat 
is FDA approved for the treatment of multiple myeloma; it is 
however undergoing evaluation in the setting of CTCL. A 
2013 phase II trial of 79 MF/SS patients demonstrated ORR 
17%, with 15% of bexarotene-exposed patients demonstrat-
ing a clinical response and 20% of bexarotene- naïve patients 
showing improvement [38]. The HDAC inhibitors demon-
strate similar adverse side effect profiles, including fatigue, 
thrombocytopenia, nausea, vomiting, and diarrhea. Vorinostat 
may also be associated with dysgeusia [29].

 Immunotoxins: Denileukin Diftitox 
and E7777

Denileukin diftitox is a fusion protein that was approved by 
the FDA, under the name Ontak, for the treatment of refrac-
tory CTCL in 1999. Ontak was placed in a clinical hold by 
the FDA in 2011 due to impurities identified from the pro-
duction in E. coli. An improved purity Ontak was devised 
and phase 3 testing of the new product, entitled E7777, are 
ongoing as of mid-2017. Therefore denileukin diftitox will 
likely return to the market.

Denileukin diftitox is a 58 kD recombinant fusion protein 
of the CD25 subunit of the interleukin-2 (IL-2) protein and 
the diphtheria toxin. The high affinity IL-2 receptor is mainly 
expressed on activated T-cells, and binding of IL-2 leads to 
internalization. When the IL-2 receptor is bound by denileu-
kin, internalization leads to introduction of the diphtheria 
toxin intracellularly. The toxin causes inhibition of protein 
synthesis and cell death via apoptosis.

The pivotal phase III study for Ontak established that 
response rates were dose dependent with an overall response 
rate of 38% for advanced staged patient with MF/SS at 18 mcg/
kg/day and 10% at 9 mcg/kg/day [40]. The median time to first 
response was 6 weeks, although some first responses did not 
occur until later cycles, some at cycle 8. Another phase III study, 
which only examined patients with Stage I–III (no SS), was also 
placebo controlled. This study identified the relative risk, which 
is not available for most CTCL therapies. 18 mcg/kg/d of Ontak 
results in a 73% reduction in relative risk of disease progression 
or death compared to placebo, while 9 mcg/kg/day reduced risk 
by 58% [41]. A caveat is that no Stage IV patients were included 
in this trial. Similar to efficacy, the most common adverse 
events, which were fever, nausea, and rigors, were also dose 
dependent. More serious adverse events, including capillary 
leak syndrome, infusion reactions, and loss of visual acuity 
occurred in 11%, 8%, and 4%, respectively. Introduction of pre-
treatment with acetaminophen and diphenhydramine has likely 
decreased the incidence of fevers, rigors, and infusion reactions. 
Liver function test abnormalities and bone marrow suppression 
were also noted, although these typically do not interfere with 

therapy. It remains to be seen if the E7777 fusion protein, which 
has the same amino acid sequence of Ontak only a better purity 
and therefore better bioavailability, will have similar efficacy 
and safety profile. An early phase I study has shown the maxi-
mum tolerated dose was 9 mcg/kg/day with an overall response 
rate in 1 of 3 patients with CTCL [42].

 Monoclonal Antibodies: Alemtuzumab, 
Brentuximab, Mogamulizumab, 
and Checkpoint Inhibitors

 Background

A variety of monoclonal antibodies have been engineered to 
target a broad range of cellular targets in hematologic and 
solid tumors, with promising results. Currently, most 
approved monoclonal antibodies exert antitumor effects 
through complement-dependent or antibody-dependent cell- 
mediated cytotoxicity [43]. The monoclonal antibodies uti-
lized in CTCL are discussed below.

 Anti-CD52: Alemtuzumab

Alemtuzumab is a humanized IgG1 anti-CD52 monoclonal 
antibody that is FDA-approved for the treatment of B-cell 
chronic lymphocytic leukemia (CLL) as well as relapsing 
multiple sclerosis (MS). Its use in CTCL is currently off- 
label. CD52 is a glycoprotein expressed by both B and T 
lymphocytes as well as monocytes and macrophages [43]. 
Alemtuzumab causes cell lysis via antibody-dependent cell- 
mediated cytotoxicity (ADCC); since this leads to depletion 
of both B and T lymphocytes, alemtuzumab is associated 
with profound immunosuppression [43]. In a 2003 phase II 
study for the treatment of MF/SS with alemtuzumab, the 
investigators observed better responses in erythrodermic SS 
patients compared to those with plaque or tumor MF [44]. 
Clark and colleagues elucidated the mechanisms behind this 
phenomenon, namely that alemtuzumab acts on circulating 
central memory T-cells (TCM) but not skin-homing effector 
memory T-cells (TEM), supporting that SS and MF are 
 diseases of different T-cell subsets, and therefore separate 
entities altogether [45, 46]. While alemtuzumab is typically 
administered three times weekly, intravenously for CLL and 
MS, alternate routes and dosing schedules have been investi-
gated in its use in CTCL to combat immunosuppressive side 
effects and infectious complications. Multiple studies have 
demonstrated efficacy of 10 mg subcutaneous administration 
three times per week in MF/SS, without significant increased 
risk in infectious complications [45, 47, 48]. In general, side 
effects of alemtuzumab include lymphopenia, infections, 
acute coronary syndrome, ischemic colitis, deep venous 
thrombosis, serum sickness-like reaction, and infusion site 
reactions [25].
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 Anti-CD30: Brentuximab

CD30 is a transmembrane cell surface leukocyte activation 
protein belonging to the tumor necrosis factor receptor 
superfamily. It is expressed on activated B and T lympho-
cytes as well as various malignant hematopoietic cells in 
Hodgkin lymphoma, systemic and primary cutaneous ana-
plastic large cell lymphoma (ALCL), lymphomatoid papulo-
sis (LyP), and MF with large cell transformation (LCT) [43, 
49]. Brentuximab vedotin is a chimeric anti-CD30 monoclo-
nal antibody conjugated to mono-methyl auristatin E (vedo-
tin), which increases brentuximab’s antitumoral activity 
[43]. In two recent phase II trials of brentuximab vedotin in 
MF/SS [50] and CD30-positive lymphoproliferative disorder 
or MF/SS [51], brentuximab demonstrated efficacy of ORR 
70 and 73%, respectively. Of note, not all patients who 
responded in the trial in MF/SS were characterized by CD30- 
positive disease, although those with less than 5% CD30 
expression had a lower likelihood of response than those 
with greater than 5% CD30 expression. The investigators 
observed that there were abundant CD163-positive tumor- 
associated macrophages in responders, suggesting that bren-
tuximab may target these cells in addition to CD30-expressing 
T lymphocytes [50, 52]. Adverse side effects of brentuximab 
include cytopenia, hyperkalemia, fatigue, nausea and vomit-
ing, upper respiratory infection, diarrhea, fever, skin erup-
tion, and cough. Additionally, progressive and possibly 
irreversible neuropathy may occur [43, 52]. One death due to 
progressive multifocal leukoencephalopathy has been 
reported [53].

 Future Directions: Mogamulizumab, 
Checkpoint Inhibitor Therapy

Mogamulizumab is a humanized IgG1 monoclonal antibody 
that targets CC chemokine receptor 4 (CCR4). It is approved 
for the treatment of CCR4-positive adult T-cell leukemia 
(ATLL), peripheral T-cell lymphoma (PTCL) and CTCL in 
Japan. CCR4 is expressed by malignant CD4+ cells in 
CTCL and thus presents an attractive therapeutic target 
through ADCC [54]. CCR4 is also expressed by Treg cells; 
therefore, in addition to ADCC, mogamulizumab may 
improve host antitumor responses through depletion of Treg 
cells [55]. Results of a phase III study of mogamulizumab 
for the treatment of refractory CTCL in the US are currently 
awaited.

Malignant cells express immune checkpoint molecules on 
their surfaces that allow them to mimic healthy cells and 
evade antitumor host immune responses. Checkpoint inhibi-
tor therapy leads to downregulation of checkpoint proteins 
with resultant enhanced antitumor responses; recently, 
checkpoint inhibitor therapy has gained wide attention in the 
treatment of metastatic melanoma. Ipilimumab, a fully 
humanized monoclonal antibody to cytotoxic T-lymphocyte 

antigen 4 (CTLA-4), was the first checkpoint inhibitor FDA- 
approved for treatment of metastatic melanoma. CTLA-4 is 
expressed by T lymphocytes; activation of CTLA-4 by 
antigen- presenting cells inhibits the cytotoxic antitumor 
response and promotes immune tolerance. CTLA-4 has been 
shown to be overexpressed by malignant T-cells in CTCL, 
making it an attractive therapeutic target in MF/SS [56]. 
Sekulic and colleagues [57] recently identified an SS patient 
with a novel CTLA-CD28 gene fusion within malignant cells 
who responded to treatment with ipilimumab, suggesting 
additional therapeutic roles of anti-CTLA therapy in MF/
SS. Additional checkpoint inhibitor targets include the pro-
grammed death-1 (PD-1) pathway (nivolumab, pembroli-
zumab). A phase II clinical trial evaluating the efficacy of 
pembrolizumab in MF/SS was recently reported in the 
United States [52].

 Interferons

 Background

The interferons, so-named for their ability to interfere with 
viral replication [58, 59], are naturally occurring polypep-
tides produced by human cells as part of the innate immune 
response [60]. Interferon alfa (IFNα) is produced by leu-
kocytes and lymphoblastoid cells in response to viruses, 
B-cell mitogens, foreign cells, and tumor cells [58, 61], 
while interferon gamma (IFNγ) is produced by T lympho-
cytes and natural killer (NK) cells in response to the T-cell 
mitogen, interleukin-2, and other antigens. Interferon beta 
is produced by fibroblasts in response to viruses and for-
eign DNA [62].

 Use and Efficacy in CTCL

Interferon alfa (IFNα) is available in the United States as 
recombinant IFN alfa-2b (Intron) and in pegylated forms 
IFN alfa-2a and IFN alfa-2b. The pegylated forms are more 
resistant to breakdown by proteolytic enzymes, and there-
fore have longer elimination half-lives compared to non-
pegylated forms [58]. Malignant T-cells in MF/SS typically 
exhibit a TH2 phenotype [63–66], which results in increased 
production in TH2 cytokines IL-4, IL-5, and IL-10. These 
may suppress the TH1-mediated immune response [63–67]. 
Observations that patients with MF/SS have decreased pro-
duction of the TH1 cytokines IFNα, IFNγ, and IL-12 offer 
further support for this pathomechanism [63, 68, 69]. The 
administration of IFNα suppresses the TH2 imbalance 
observed in MF/SS through its activation of CD8 T lym-
phocytes and NK cells [58, 70–72]. While dosing and regi-
mens of IFNα in MF/SS is widely varied in the literature, 
standard dosing is typically 1.5–6 million units daily, three 
times weekly [73, 74]. It has also been used successfully 
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intralesionally, possibly with diminished systemic absorp-
tion [58]. IFNα has been evaluated in combination with 
PUVA, oral retinoids, ECP, and total skin electron beam 
therapy (TSEBT) with varying results [20, 58, 75, 76]; 

nonetheless, it continues to be used as a mainstay in the 
treatment of MF/SS, both as monotherapy (see Fig. 33.2) 
and in combination with other systemic and/or skin-
directed treatments [74].

a

b

Fig. 33.2 (a) Plaque-stage folliculotropic mycosis fungoides with infiltrated plaques on the face and alopecic plaque of the forearm. (b) Same 
patient six months after subcutaneous IFNα therapy
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Interferon gamma (IFNγ) is available in the United 
States as recombinant IFN gamma-1b (Actimmune). It is 
FDA-approved for the treatment of chronic granulomatous 
disease and osteoporosis [58, 59]. Similar to IFNα, IFNγ 
functions in the host immune response, improving CD8- and 
NK-mediated cytotoxicity, reducing TH2 immune activity 
and enhancing the TH1 response [58, 77]. Additional actions 
of IFNγ include stimulation of antigen-presenting cells and 
inhibition of tumor cell proliferation; some authors have 
argued that this particular function of IFNγ may lend it to 
greater synergism with PUVA, ECP, and TSEBT (therapies 
that induce apoptosis) over IFNα [58].

The most common side effects of the interferons include 
flu-like symptoms (fever, malaise, myalgias, arthralgias, 
and headache), which often diminishes after a few weeks of 
therapy; gradually increasing the dose is recommended to 
ameliorate these effects. Chronic side effects most com-
monly include fatigue, and decreased appetite with subse-
quent weight loss [59]. These adverse effects are also 
dose-related and tend to improve over time. Cytopenia, 
depressed mood, thyroid dysfunction, dygeusia, diarrhea, 
hepatotoxicity, and cardiotoxicity are additional reported 
side effects that should be monitored. Severe peripheral 
neuropathy as well as exacerbation of autoimmune disease 
may also occur. IFNγ appears to have a slightly more favor-
able side effect profile compared to IFNα, with less risk of 
mood changes, autoimmune exacerbation, and peripheral 
neuropathy [58].

 Toll-Like Receptor Agonists

Toll-like receptor (TLR) agonists such as imiquimod and 
resiquimod have the potential of overcoming some of the 
immune dysregulation in patients with CTCL (Fig. 33.1). 
Unmethylated oligodeoxynucleotide CPG is a potent 
TLR-9 agonist that can stimulate dendritic cells (DC) and 
T-cells. CPG oligodeoxynucleotide (CPG ODN) is a syn-
thetic, nuclease-resistant, TLR9-activating oligodeoxy-
nucleotide that mimics unmethylated CPG. With activating 
effects on both innate and adaptive immunity, there is the 
potential to facilitate the host antitumor response against 
CTCL. By triggering TLR9, there is maturation and 
enhancement of DC to present antigens and to increase 
the number of antigen- presenting cells. In response to 
CPG ODN the DC upregulate costimulatory molecules 
CD80 and CD86, which enhance the capacity of these 
cells to present antigens [78]. In the pilot study of weekly 
CPG ODN injections, the most common adverse events 
were flu-like symptoms (fatigue, rigors, myalgia, and 
pyrexia), and injection-site reactions (pain, erythema, 
edema, and induration). In that initial study of 28 patients 
with refractory MF type CTCL, there were three complete 

responses and six partial responses [79]. As has been 
observed with other immunotherapies, febrile and flu- like 
responses were often seen in responders. The most com-
monly reported  treatment-related hematologic toxicities 
were lymphopenia, leukopenia, neutropenia, anemia, and 
thrombocytopenia. Given the ability of TLR-9 stimulation 
to facilitate antigen presentation and the generation of 
adaptive immune cells to fight the CTCL cells, this modal-
ity would theoretically synergize with radiotherapy. There 
has been one preliminary study of using adjunctive radia-
tion that should provide abundant antigens from dying 
cells to be presented via dendritic cells activated by CPG 
ODN. Indeed in that small series the authors noted the 
disappearance of lesions not impacted directly by radio-
therapy [80].

Currently CPG ODN is not being developed for clinical 
use by Pfizer so it remains an academic interest, even though 
it does have potential to completely clear the disease in select 
patients and has the potential to synergize with other immune 
modulating therapies for CTCL (Fig. 33.3).

Fig. 33.3 Treatment of patch stage mycosis fungoides on the hip with 
imiquimod. (a) before therapy; (b) inflammation with erosion, crusting, 
and erythema during therapy, indicating activation of the host immune 
response

a

b
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 Photopheresis

Photopheresis is a three-step procedure. First a leukapheresis 
is performed to collect approximately 1010 peripheral blood 
mononuclear cells. These cells are dosed with 
8- methoxypsoralen and exposed to 1–2 J of ultraviolet A 
light extracorporeally. The final step is a gradual reinfusion 
of the treated material. In the end, there is no true “pheresis” 
(removal from the patient) since everything is reinfused. A 
treatment session lasts approximately 3 h and is performed 
twice every 4 weeks, typically on consecutive days and 
sometimes at 2-week intervals. The major toxicity associated 
with photopheresis is from the addition of saline a patient 
receives during the leukapheresis. There have not been signs 
of immunosuppression such as zoster infection, opportunis-
tic infections, or opportunistic malignancies.

Psoralen in the presence of UVA light has phototoxic 
effects on cells in the leukapheresis sample. Perhaps the 
most important observation that supports this modality as an 
immunotherapy is that only a small portion of the circulating 
malignant lymphocyte population is treated yet widespread 
systemic improvement may ensue. In addition to inducing 
malignant T-cell apoptosis, photopheresis also induces 
monocytes to differentiate into DCs capable of phagocytos-
ing and processing the apoptotic tumor cell antigens.

A shift in the profile of cytokine production and the bal-
ance of T-helper type 1 and type 2 responses after photo-
pheresis may also facilitate a more effective antitumor 
response [63, 64]. While evaluating the immune regulatory 
events induced by photopheresis, several studies have 
observed an increase in T regulatory (Tregs) cells and their 
function [81, 82]. Since the erythrodermic form of CTCL is 
known to be associated with a reduction of Tregs [83], it 
appears that these cells can be upregulated to suppress the 
malignant lymphocytes of CTCL. In one series, the increase 
in Tregs paralleled both the clinical response and the diminu-
tion of the circulating malignant cells [84].

Photopheresis has been found to be reliably palliative 
for all forms of erythrodermic CTCL including Sézary syn-
drome. Response rates in erythrodermic patients range 
from 31 to 86% [85]. Photopheresis, however, is also effec-
tive in early stage mycosis fungoides [86]. While mono-
therapy trials were needed to document efficacy initially, 
the current usage of photopheresis is almost always as a 
component of a multimodality regimen [87]. As with the 
toll receptor agonists, dendritic cell activating therapies 
like photopheresis should synergize with radiotherapy and 
there have been preliminary studies suggesting this [88]. 
The immune activating effects of interferon should also 
theoretically synergize with photopheresis and this is often 
incorporated with the non- immunosuppressing oral bexaro-

tene for a multimodality regimen that has been described as 
moderately successful in a small series [89]. The future 
development of photopheresis will involve utilization of 
immune modulators to improve responses and to extend 
therapeutic responses into patients with plaque and tumor 
phases of the disease.

 Hematopoietic Stem Cell Transplantation

A discussion on systemic and biologic therapies in MF/SS 
would not be complete without mention of stem cell trans-
plantation (SCT), the “ultimate” biologic therapy, via an 
immune-mediated graft-versus-lymphoma effect on the 
patient. While autologous SCT confers the advantage of 
diminished transplant-associated risk of death [90, 91], it is 
associated with higher rates of disease relapse. Unfortunately, 
responses to autologous SCT in patients with MF/SS are 
generally discouraging, with progression-free survival (PFS) 
typically <6 months [92–95]. Although limited, there is some 
data that supports allogeneic SCT in select patients with MF/
SS [90]. A recent prospective study of 47 MF/SS patients 
demonstrated overall survival (OS) and PFS at 4 years of 51 
and 26%, respectively [92]. Patients with SS without large 
cell transformation responded significantly better, with 
4-year PFS of 73%. Of note, many patients who experienced 
relapse following allogeneic SCT responded to immuno-
modulatory therapy, including photopheresis, topical ther-
apy, localized radiation, donor lymphocyte infusion, and/or 
chemotherapy.

 Summary

The broad spectrum of immune dysregulation in MF/SS has 
provided a broad target for biologic therapies that have been 
developed for topical, oral, subcutaneous, intramuscular, and 
intravenous administration. Often the improvement in the 
immune response is dramatic with increased inflammation, 
redness, and discomfort of lesions as has been reported with 
all of the TLR agonists, interferon, photopheresis, and 
 denileukin diftitox. Those agents that modulate the malig-
nant phenotype tend to work more slowly with gradual 
improvement and signs and symptoms over months. The 
improved outcomes being observed have two possible ori-
gins. In many patients the improvement in their skin and 
immune system can only help with preventing some of the 
infectious complications that are often their demise. The 
other improvement is in interrupting the natural progression 
of the disease. Currently, durable remissions are the best evi-
dence for therapy having had this type of significant impact. 
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The future of these modalities and understanding their com-
binations will be defined by their ability to achieve that goal.

Case Report
A 62-year-old Caucasian male diagnosed with patch-plaque 
mycosis fungoides (see Fig. 33.2) 2 years prior has been 
undergoing treatment with psoralen-UVA (PUVA) therapy 
three times weekly for 4 months. He has had improvement of 
patches, but recalcitrant plaques on the buttocks, abdomen, 
back, and lower extremities. He complains of an 8 out of 10 
pruritus on a visual analog scale (VAS). His review of sys-
tems is otherwise negative.

Past Medical History
• Hyperlipidemia
• Hypertension

Social History
• Nonsmoker
• Drinks socially, 5–8 beers per week
• Married
• High school principal

Previous Therapies
• High-potency topical steroids
• PUVA

Physical Exam
• Red-brown plaques with overlying fine scale on the but-

tocks, abdomen, back and lower extremities, involving 
15% of the body surface area

• No cervical, axillary, or inguinal lymphadenopathy
• No hepatosplenomegaly
• Stage T2b N0 M0 B0 = Stage IB

Management
Because of recalcitrant plaques, IFNα was added to his regi-
men. His initial dosing was 1.5 million units (mU) three days 
per week, and titrated to 3 mU three days per week. He was 
unable to tolerate higher doses due to flu-like symptoms and 
fatigue. Baseline and periodic laboratory monitoring included 
complete blood count, liver function tests, and thyroid func-
tion tests. A baseline electrocardiogram was  unremarkable. 
Oral bexarotene was considered, but chosen for next-line 
therapy given his history of hyperlipidemia. Given his report 
of severe pruritus, HDAC inhibitor therapy is also a future 
consideration for this patient should he fail to respond com-
bination therapy with PUVA and IFNα. Additional options 
could be identified in the National Comprehensive Cancer 
Network guidelines for mycosis fungoides in Category A 
Systemic Therapies (SYST-CAT A) (Fig. 33.4).
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Abbreviations

ADCC Antibody-dependent cellular cytotoxicity
APRIL A proliferation-inducing ligand
BAFF B-cell activating factor of the tumor necrosis 

factor family
BAFF-R BAFF receptor
BCMA B-cell maturation antigen
BP Bullous pemphigoid
CDC Complement-dependent cytotoxicity
EBA Epidermolysis bullosa acquisita
HACA Human anti-chimeric antibodies
IV Intravenous
IVIG High-dose intravenous immunoglobulin
mAb Monoclonal antibody
MMP Mucous membrane pemphigoid
PAIA Protein A immunoadsorption
PV Pemphigus vulgaris
RA Rheumatoid arthritis
SLE Systemic lupus erythematosus
SLO Secondary lymphoid organ
TACI Transmembrane activator and calcium modula-

tor ligand interactor
TNF Tumor necrosis factor
TReg Regulatory T cells

 Anti-CD20 Therapy in Pemphigus Vulgaris

Autoimmune blistering diseases are an immunopathologically 
and clinically heterogenous group of disorders characterized by 
autoantibodies to intercellular adhesion proteins within the epi-
dermis and dermo-epidermal junction. In the pemphigus group, 
antibodies are made to desmosome components, while in sub-
epidermal blistering diseases like bullous pemphigoid (BP), 
antibodies are made to hemidesmosome components [1, 2]. 
The first-line approach to pemphigus vulgaris (PV) varies, but 
often includes some combination of systemic corticosteroid, 
mycophenolate mofetil, rituximab, or intravenous immuno-
globulin (IVIG). Second-line agents include azathioprine, 
methotrexate, cyclophosphamide, plasmapheresis, and more 
recently, protein A immunoadsorption (PAIA) [1].

B cell-specific biologics have been increasingly used in 
the past decade to treat autoimmune diseases. There are 
many populations of B cells in the human body, and the site 
and properties of the B cells differ according to their stage of 
development. B cells originate from hematopoietic stem 
cells in the bone marrow and develop into immature B cells, 
each stage marked by changes in cell surface markers and 
immunoglobulin heavy and light chains. The immature B 
cells migrate to the secondary lymphoid organs (SLOs), such 
as the spleen and lymph nodes, to complete its development. 
Major populations in the SLOs are the transitional B cells, 
follicular B cells, and the marginal zone B cells, while 
peripheral blood is home to the activated B cells, such as 
memory B cells and antibody-secreting B cells, which are 
categorized into short-lived, proliferating plasmablasts and 
long-lived, non-proliferating plasma cells. The most impor-
tant cell surface marker in this discussion, CD20, is found in 
Pre-B cells up to memory B cells, and is targeted by current 
anti-B cell biologics. Another important marker, CD19, is 
found in earlier in Pro-B cells up to memory B cells, but is 
not a current target of biologics.

Rituximab (Rituxan®/Mabthera®) is a potent B cell- 
depleting, chimeric monoclonal antibody (mAb) to CD20, a 
transmembrane glycoprotein expressed on the surface of 
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most B lymphocytes, from late pro-B cell to memory B cell, 
and is lost upon plasma cell differentiation [3]. Rituximab 
only affects CD20-bearing B cells, which include pro-B, 
pre-B cells, and immature B cells in the bone marrow, B cells 
in the SLOs, and memory B cells in the peripheral blood. 
However, as only a small fraction of differentiated plasma 
cells express CD20, the effect of rituximab on immune func-
tion is minimal [4]. For instance, immunity to diseases, such 
as influenza, after vaccine administration has been shown to 
be preserved in rituximab-treated rheumatoid arthritis 
patients and comparable to controls [5].

Rituximab was first approved in 1997 for the treatment of 
relapsed or refractory low-grade follicular B-cell lymphoma, 
but has since expanded to become a major treatment modal-
ity of B cell neoplasms and refractory rheumatoid arthritis. 
In addition, it is increasingly used off-label in the treatment 
of a variety of autoimmune diseases, including PV.

PV is characterized by autoantibodies to desmoglein 1 
and desmoglein 3, causing intraepidermal acantholysis. 
Mucocutaneous lesions and extensive flaccid blisters of PV 
lead to severe pain and infections and can be difficult to treat. 
Rituximab therapy has been well studied in PV and has dem-
onstrated efficacy in five independent, nonrandomized stud-
ies, where, in the majority of patients, rituximab was 
administered as adjuvant with immunosuppressive therapies 
[6–10]. A 2015 analysis showed a remission rate of 90–95% 
of patients in less than 6 weeks and complete resolution 
within 3–4 months [11]. Although relapse requiring retreat-
ment was common, rituximab has shown success in inducing 
remission when conventional immunosuppressive therapies 
have failed.

 Rituximab Mechanism of Action 
and Resistance

Upon binding of rituximab to B cells, the B cells are 
destroyed by a combination of mechanisms, including 
antibody- dependent cellular cytotoxicity (ADCC), 
complement- dependent cytotoxicity (CDC), and direct apop-
tosis. In ADCC, natural killer cell CD16, or FcγRIII, recog-
nizes and binds the Fc region on rituximab, triggering the 
release of lytic enzymes that kill the attached B cell. In CDC, 
C1q, a complement protein, attaches to the Fc region of 
rituximab, triggering activation of the classical complement 
pathway. As CD20 is highly expressed in B cells and does 
not become internalized or shed from the cell membrane, 
rituximab exerts a long-lasting depleting effect after infu-
sion, frequently lasting more than 6 months [3]. Rituximab 
interrupts the generation of plasmablasts from memory B 
cells and interfere with the survival of long-lived, CD20+ 
plasma cells in SLOs [12, 13].

Rituximab also has an effect on autoreactive T cells, as dem-
onstrated by one study that showed a significant decrease in 
autoreactive T cell function in a PV patient treated with ritux-
imab [9]. This effect is likely due to a disruption of T-cell-B-cell 
costimulatory signals through a significant reduction of CD40 
and CD80 expression on B cells and other costimulatory ligands 
on CD4+ T cells, as well as induction of regulatory T cells (TReg) 
[14]. Pathogenic B cell lineages are profoundly depleted from 
circulation for 6–12 months [2, 15], enabling a shift to a normal, 
polyclonal B cell repertoire starting at the early pro-B cell and 
leading to repopulation occurring 5–13 months post-infusion 
[16]. The repopulated cells will contain novel light and heavy 
chains that will ideally eliminate the remaining autoreactive B 
cells. However, rituximab does not target CD20-, antibody-
secreting plasma cells. Relapse and resistance after treatment 
with rituximab may be due to presence of long-lived plasma 
cells, which can persist for many years.

Variable response to rituximab has been attributed to sev-
eral host factors, including (1) incomplete B cell depletion in 
bone marrow, spleen, and lymph nodes, (2) long-lived 
plasma cells that continue to generate autoantibodies, (3) 
autoreactive CD4+ Th cells, (4) generation of antibodies to 
rituximab, or human anti-chimeric antibodies (HACA), that 
interfere with rituximab binding [17], (5) changes in ritux-
imab pharmacokinetics due to dose and schedule, and (6) 
FcγRIIIα polymorphisms and lipid raft signaling alterations 
that lead to rituximab-mediated ADCC resistance [18]. 
HACA have been associated with poor clinical outcome and 
infusion adverse events in PV patients treated with rituximab 
[17]. Relapse can be confirmed clinically or through mea-
surement of anti-desmoglein 3 antibody titers in patients.

 Rituximab Therapeutic Regimens 
in Pemphigus

Although no definitive treatment protocol of rituximab exists 
for pemphigus vulgaris, rituximab has most often been 
administered as four weekly infusions of 375 mg/m2 on days 
1, 8, 15, and 22, which is the recommended dose and sched-
ule for non-Hodgkin’s lymphoma [16]. However, a lower 
dose is approved for use in rheumatoid arthritis (two 1000 mg 
IV infusions separated by 2 weeks) and has successfully 
been used in patients with pemphigus [19–21]. An even 
lower dose has been shown to be effective and safe, in one 
recent prospective open case series, at a single course of two 
500 mg infusions of rituximab at an interval of 2 weeks [22]. 
Currently, there are no dose-optimization or cost- 
effectiveness studies of rituximab therapy in pemphigus. 
Rituximab may be combined with other adjuvant therapies, 
such as immunoadsorption, high-dose IVIG (2 g/kg per 
course), or immunosuppressive therapies.
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According to manufacturer’s instructions, administration 
of rituximab requires diluting 375 mg/m2 rituximab in 
500 mL of 0.9% sodium chloride (final concentration: 
1–4 mg/mL) and infused intravenously (IV) over 4–5 h [23, 
24]. This is administered on days 1, 8, 15, and 22. For the 
first infusion, rituximab is administered at 50 mg/h and esca-
lated by 50 mg/h at 30-min intervals to a maximum of 
400 mg/h (an infusion rate of 500 mL/h). To prevent adverse 
infusion reactions, it is advisable to provide prophylactic 
treatment with an antipyretic, antihistamine, and 100 mg IV 
methylprednisolone about 30 min prior to each infusion. In 
subsequent infusions, infusions are initiated at 100 mg/h, 
with a 30-min escalation of 100 mg/h to a maximum infusion 
rate of 400 mg/h.

Other immunomodulators, such as IVIG, are also used to 
supplement rituximab therapy. The use of IVIG for pemphi-
gus has been previously described, although for some time, 
there has been no consensus on how to optimize immuno-
modulation: should IVIG be administered to keep levels high 
for an extended period of time, or should IVIG be adminis-
tered intermittently in high-dose spikes [25]? A 2003 con-
sensus statement on the use of IVIG in blistering disease 
recommended a dose of 2 g/kg/cycle, given monthly until 
clinical control, with a subsequent increase in the time 
between cycles to 6, 8, 10, 12, and 14 weeks [26]. However, 
these guidelines did not address differences in commercial 
preparation, management of partial responders, and differ-
ences in concomitant therapies. Currently, clinicians are 
using various strategies in IVIG supplementation.

Autoimmune blistering diseases are rare in the pediatric 
population, but can be potentially fatal conditions. Although 
treatment regimens of rituximab for autoimmune blistering 
diseases have been well characterized in adult patients, treat-
ment regimens for pediatric patients have, thus far, consisted 
of anecdotal evidence and case reports. Most case reports of 
pediatric PV treated with rituximab described refractory 
cases managed with at least one concomitant drug and the 
administration of rituximab using the lymphoma protocol 
(375 mg/m2 weekly for 4 weeks) [27–30]. One recent study 
examined the efficacy and safety of rituximab as monother-
apy in pediatric PV [30]. In most cases, a positive, robust 
response was observed, following addition of rituximab.

 Rituximab in Other Autoimmune Blistering 
Diseases

Rituximab has been used off-label in a variety of autoimmune 
blistering diseases. Multiple case reports and retrospective 
studies have documented clinical efficacy of rituximab ther-
apy in bullous pemphigoid, epidermolysis bullosa acquisita, 
mucous membrane pemphigoid, paraneoplastic pemphigus, 

pemphigus foliaceous, and pemphigus erythematosus. 
However, due to the rarity of these conditions, data is limited 
to case reports and small prospective or retrospective studies. 
Significant variations in clinical response rates and durations 
may be due to variable rituximab administration regimens 
and doses and different adjunctive immunosuppressive agents 
applied in these studies.

 Bullous Pemphigoid

Bullous pemphigoid is characterized by autoantibodies to 
BPAG1 and BPAG2, components of hemidesmosomes in the 
dermo-epidermal junction, and the development of tense 
blisters in the skin. A recent retrospective case-control study 
evaluated rituximab (four weekly infusions of 500 mg) as a 
first-line therapy in combination with corticosteroids for 
severe bullous pemphigoid (BP) [31]. Complete remission 
was achieved in more than 90% of patients, with no estab-
lished or new lesions for at least 2 months. Relapse rate was 
low and reported to be mild and easily controlled. Other ret-
rospective studies have also demonstrated significant reduc-
tion in disease activity and low to negative autoantibody 
titers in recalcitrant BP [32, 33]. Two case reports have dem-
onstrated successful treatment of severe, intractable BP in 
infants [34, 35].

 Epidermolysis Bullosa Acquisita

Epidermolysis bullosa acquisita (EBA) is a rare chronic, 
severe subepidermal blistering disease of the skin and 
mucous membranes, most commonly characterized by auto-
antibodies to type VII collagen and tense blisters at sites of 
trauma. Many case reports have documented good clinical 
response of rituximab in recalcitrant EBA, in combination 
with immunosuppressant or immunoadsorption [36–43]. In 
most cases, patients exhibited a dramatic decrease in lesions 
within a few weeks, and complete to near-complete resolu-
tion of the disease at 10–12 month follow-ups.

 Mucous Membrane Pemphigoid

Mucous membrane pemphigoid (MMP), or cicatricial pem-
phigoid, is a rare, chronic subepithelial blistering disease 
characterized by blistering lesions affecting the mucous 
membranes. As with previous autoimmune blistering skin 
diseases, MMP presents a major therapeutic challenge, due 
to possible life-threatening ocular, laryngeal, pharyngeal, or 
esophageal complications, and severe post-inflammatory 
scarring [44]. In the largest prospective study of rituximab in 
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refractory MMP, rituximab appeared to have rapid and 
 dramatic efficacy at an 88% complete response rate [45]. 
Other case reports and retrospective studies have shown sim-
ilar clinical response, but one study noted that rituximab did 
not appear to induce long-term remission in all patients with 
MMP, though it was useful in stabilizing the disease and pre-
venting progression [46–48]. However, relapse continues to 
be a problem in rituximab therapy across all autoimmune 
blistering diseases.

 Rituximab Adverse Effects in Autoimmune 
Blistering Disease

Rituximab is generally well tolerated and serious side 
effects are rare. However, adverse effects, including infec-
tion and infusion reaction can be life-threatening. In a recent 
comprehensive review of PV treated with rituximab, infec-
tion and septicemia were observed in 4.8% and 2.1% of 
patients treated with the lymphoma protocol and rheuma-
toid arthritis protocol, respectively [11]. In a meta-analysis 
of 153 PV patients treated with rituximab, 7% developed 
serious infections, with two reported deaths (1.3%) [49]. 
Fatal bacterial sepsis, fatal Pneumocystis jirovecii pneumo-
nia, pulmonary embolism, persistent hypogammaglobu-
linemia, bacterial arthritis, Varicella zoster infection, and 
Listeria monocytogenes sepsis were observed in autoim-
mune blistering disease patients treated with rituximab [2, 
50]. The rate of serious adverse events reported in ritux-
imab-treated autoimmune blistering disease patients was 
higher (22%) than that of patients with rheumatoid arthritis 
(RA) (12%), systemic lupus erythematosus (SLE) (17%), 
and dermatomyositis (0%).

As with any biologic therapy, risk of tuberculosis reacti-
vation is of concern, especially since many patients on bio-
logic therapy are concurrently on other immunosuppressive 
agents. A 2014 meta-analysis noted that there have been no 
reports of tuberculosis in rituximab-treated patients, although 
most of the reports of tuberculosis reactivation were linked 
to TNF inhibitor therapy [51]. Only one report described 
knee tuberculosis in a rituximab-treated patient [52]. There 
is currently not enough evidence to support tuberculosis 
screening in rituximab monotherapy. In addition, hepatitis C 
reactivation is also a concern with rituximab therapy. Though 
most literature on hepatitis C reactivation are from oncology 
studies [53] using the R-CHOP protocol (rituximab, cyclo-
phosphamide, vincristine, doxorubicin, and glucocorticoids), 
which itself is hepatotoxic, a few cases of hepatitis C reacti-
vation has been described in rheumatology literature [54]. 
However, rituximab has been safely used in three patients 
with pemphigus and coexisting hepatitis B and C [55]. Thus, 
risk of infection remains a serious consideration when treat-
ing an autoimmune blistering disease patient with rituximab. 

Future studies are needed to compare conventional immuno-
suppressive therapies to various rituximab protocols in the 
treatment of autoimmune blistering diseases.

Infusion-related reactions, including anaphylaxis, hypo-
tension, dyspnea, fever, chills, nausea, dizziness, and urti-
caria, can also occur, but can be prevented with slow infusions 
and administration of antihistamines, corticosteroids, and 
antipyretics prior to rituximab infusion. Onset of symptoms 
is usually within 2 h of first infusion, but immediate reac-
tions must be controlled with medications and stopping the 
infusion [23]. Arrhythmia, including atrial fibrillation, has 
been associated with rituximab use as well (personal obser-
vation in two cases).

 Other Therapeutics Targets

Autoimmunity requires a complex interplay of genes, cyto-
kines, and effector cells, all of which are potential targets in 
the treatment of autoimmune bullous diseases. Two B cell 
mediators, B-cell activating factor of the tumor necrosis fac-
tor family (BAFF) and a proliferation-inducing ligand 
(APRIL), are promising targets in the treatment of autoim-
mune blistering diseases. BAFF is a protein mainly produced 
by antigen-presenting cells that acts as an essential B cell 
maturation and survival factor and co-stimulator of immuno-
globulin production. It binds to three receptors, transmem-
brane activator and calcium modulator ligand interactor 
(TACI), B cell maturation antigen (BCMA), and BAFF 
receptor (BAFF-R) [56]. APRIL binds only to TACI and 
BCMA. BAFF and APRIL have been shown to be elevated 
in patients with SLE, RA, Sjögren’s syndrome, and bullous 
pemphigoid. In patients with bullous pemphigoid, elevated 
serum BAFF/APRIL levels have been demonstrated to 
decrease quickly in response to treatment [56, 57]. In PV, 
treatment with immunosuppressants does not affect serum 
levels of BAFF/APRIL; conversely, rituximab therapy 
induces a strong elevation of BAFF, but not of APRIL, likely 
due to dramatic B cell depletion [58].

Selective inhibitors of BAFF and APRIL are currently 
under investigation for autoimmune diseases, including beli-
mumab, a fully human anti-BAFF antibody that binds solu-
ble BAFF, and atacicept, a recombinant fusion protein that 
blocks both BAFF and APRIL. Anti-BAFF and APRIL bio-
logics have demonstrated mixed responses from current clin-
ical trials. Tabalumab, another anti-BAFF antibody, has been 
discontinued for failing to show statistical improvement in 
SLE and RA [59]. Belimumab, however, was successful in 
two large Phase III trials in SLE [60]. Further studies are 
required to elucidate anti-BAFF dosing and administration 
regimens. A combination of rituximab and BAFF antago-
nists may be helpful in preventing relapse and ensuring long- 
term clinical remission.
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TNF-α, an inflammatory cytokine, is another therapeutic 
target that has been studied in the treatment of pemphigus. 
Although not as extensively studied as rituximab, TNF-α 
inhibitors, such as infliximab, etanercept, and adalimumab, 
have indicated clinical efficacy in pemphigus patients in sev-
eral case reports. Infliximab, a chimeric mAb with high bind-
ing specificity to TNF-α, has shown good clinical response 
in two case reports [61, 62]. Etanercept was successful in 
two reports of cicatricial pemphigoid and pemphigus folia-
ceous [63, 64], though a limited, double-blinded, random-
ized, placebo-controlled trial for PV showed mixed results 
[65]. Non-biologic, nonselective TNFα inhibitors, sulfasala-
zine and pentoxifylline, have recently been studied as adju-
vants with immunosuppressants in a prospective, controlled, 
double-blinded study for PV, and were shown to be well tol-
erated and clinically effective [66].

Other anti-CD20 biologics, such as veltuzumab, ofatu-
mumab, ocrelizumab, and obinutuzumab, are possible treat-
ments for autoimmune blistering diseases. Anti-CD20 
antibodies are diverse and possess different pharmacologic 
properties, and possibly, different clinical responses. Type I 
anti-CD20 mAbs (rituximab, ofatumumab, veltuzumab, 
ocrelizumab) have a more potent CDC response and 
increased B cell binding than Type II mAbs (obinutuzumab/
GA101), while Type II mAbs exhibit stronger induction of 
apoptosis [67, 68]. One randomized, placebo-controlled 
clinical trial is currently active in evaluating the efficacy and 
safety of subcutaneous ofatumumab in the treatment of PV 
(NCT01920477).

Subcutaneous injection is a suitable alternative to infu-
sion in the administration of biologics, preventing infusion 
reactions and potentially decreasing the cost of administra-
tion. Subcutaneous veltuzumab has been shown to be effec-
tive in one PV patient, with complete remission after two 
administrations [69]. A subcutaneous formulation of ritux-
imab is also currently available in Europe for the treatment 
of chronic lymphocytic leukemia.

Case Report: Bullous Disorder Treated with a Biologic 
Agent
A 50-year-old African-American male presented with an 
eruption of blisters over his chest that had worsened dramati-
cally over the previous week. He was initially diagnosed 
with pemphigus foliaceus 4 years prior to presentation and 
was receiving monthly IV immunoglobulin infusions. The 
lesions were causing the patient moderate itch and signifi-
cant emotional stress. Family history was notable for hyper-
tension and hyperlipidemia but negative for dermatologic or 
autoimmune disease.

Past Medical History:
• Pemphigus vulgaris
• Vitamin D deficiency

Social History:
• Social alcohol use (1 day per month)
• Former smoker (5 pack-years)
• Married
• Warehouse manager

Previous Therapies and Most Recent Dose:
• Prednisone 5 mg daily
• Mycophenolate mofetil 1 g by mouth twice daily
• IV immunoglobulin 2 g/kg monthly

Physical Exam:
• Erosions and flaccid bullae of the chest accompanied by 

hyperpigmented patches of the scalp, face, trunk, and 
extremities

Management
Because of the severity of the patient’s lesions and history of 
failure on oral steroids, IV immunoglobulin, and mycophe-
nolate mofetil, the biologic agent rituximab was chosen for 
the next line of therapy. Labs drawn prior to treatment 
included a complete blood count, complete metabolic panel, 
CD19, desmoglein 1 and 3 antibodies, hepatitis B and C 
serologies, and interferon-gamma release assay for 
TB. Results were significant for desmoglein 1 antibody level 
of 136 (normal range < 20). All other labs were within nor-
mal limits. The patient received an IV infusion of rituximab 
1 mg at week 0 and week 2. At a follow-up visit 2 months 
after the second infusion, the patient was clear of bullae and 
no longer complained of itch.
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Oral Systemic Agents 
for Immunobullous Disorders

Timothy Patton and Neil J. Korman

 Introduction

The immunobullous diseases are a group of cutaneous auto-
immune conditions in which antibodies produced by the 
immune system are directed against proteins present in the 
skin and/or mucous membranes. The immunobullous dis-
eases are divided into the intraepidermal group of diseases 
(variants of pemphigus), in which the antibodies are directed 
against proteins present in the epidermis (or mucosal epithe-
lium), and the subepidermal group of diseases (which includes 
variants of pemphigoid, as well as other conditions), in which 
antibodies are directed against proteins present at the dermal-
epidermal (or mucosal-submucosal) junction. Options for 
systemic therapy include systemic corticosteroids, anti-
inflammatory agents, and immunosuppressive medications, 
either as monotherapy or in combination with one another. In 
the first section of the chapter, each of the medications used in 
the treatment of immunobullous diseases will be reviewed in 
terms of their mechanism of action, potential side effects, and 
recommendations for long-term monitoring. The second sec-
tion of the chapter will discuss each of the immunobullous 
diseases separately and review the evidence available for each 
of the oral agents used in disease management.

In the last decade, rituximab has emerged as an extremely 
effective therapy in many autoimmune blistering diseases 
and should be considered as either first- or second-line ther-
apy for any patient with severe autoimmune bullous disease. 
The focus of this chapter is on oral agents used in autoim-
mune blistering diseases, and therefore rituximab will not be 
discussed in detail.

 The Medications

 Systemic Corticosteroids

Systemic corticosteroids (CS) act as transcription factors 
which upregulate and downregulate a number of different 
proteins that are involved in diverse functions in the body. 
CS bind to glucocorticoid receptors in the cell, and the 
glucocorticoid/glucocorticoid receptor complex binds to 
glucocorticoid response elements present on DNA, affect-
ing the transcription of downstream proteins [1]. The 
effects of CS are the result of upregulation or downregula-
tion of varying proteins involved in autoimmunity and 
inflammation. In addition to their effects as direct tran-
scription factors, systemic CS have additional anti-inflam-
matory and immunosuppressive effects by acting on other 
transcription factors such as NF-kB and AP-1 [2, 3]. CS 
remain the first-line therapy for many immunobullous dis-
eases due to their consistent efficacy in both establishing 
control of disease progression and reduction of disease 
activity.

Different formulations of systemic corticosteroids exist, 
each with differing glucocorticoid and mineralocorticoid 
activity (Table 35.1). The most commonly studied sys-
temic CS in the treatment of immunobullous diseases are 
prednisone/prednisolone, usually administered as an oral 
daily dose. Dexamethasone, a more potent and longer-act-
ing CS, has been studied in the management of immuno-
bullous diseases as well, particularly in pulse steroid 
regimens [4].

The extensive potential side effects of corticosteroids 
preclude their long-term use at moderate to high doses, 
and working closely with the patient’s primary care pro-
viders to manage CS toxicities is essential in the care of 
these patients. The potential side effects and monitoring 
recommendations for corticosteroids are reviewed in 
Table 35.2 [5–7].
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 Anti-inflammatory Treatments

 Tetracycline Group Antibiotics

The tetracycline group of antibiotics includes tetracycline, 
doxycycline, and minocycline, and all of these medications 
have been reported to be effective therapy for the management 
of the immunobullous diseases, most likely due to the anti-
inflammatory activity that these antibiotics possess through 
their inhibition of chemotaxis and certain proteases [8].

The tetracyclines can be attractive options in the manage-
ment of immunobullous diseases due to their lack of any 
immunosuppressive effects. Side effects of these medica-
tions include less serious reactions such as gastrointestinal 
upset, photosensitivity, cutaneous hyperpigmentation, and 
vertigo [9]. More serious side effects such as drug reaction 
with eosinophilia and systemic symptoms (DRESS) can 
occur rarely in patients taking minocycline [10, 11]. No spe-
cific monitoring is required for patients taking the tetracy-
cline group of medications.

 Nicotinamide

Nicotinamide or niacinamide is the amide ester of niacin, 
also known as vitamin B3. Nicotinamide is believed to pos-
sess anti-inflammatory activity through a number of different 
physiologic pathways [12]. Nicotinamide has been studied in 
some of the immunobullous diseases, typically in combina-
tion with the tetracycline group of antibiotics. Similar to the 
tetracycline group of antibiotics, nicotinamide is non- 
immunosuppressive and specific monitoring is not required 
in patients taking this agent.

 Dapsone

Dapsone was originally found to be efficacious in treating lep-
rosy because it is a sulfonamide antibiotic, but it also has anti-
inflammatory effects as well. The exact mechanism by which 
dapsone exerts its anti-inflammatory activity is not completely 
understood, but in certain experimental conditions, it has been 

Table 35.2 Systemic corticosteroid side effects and management recommendations

Glucocorticoid side effect Recommendations for management

Glucocorticoid- induced 
osteoporosis

Baseline DEXA

Minimize risk factors (smoking, excessive EtOH)

Calcium and vitamin D supplementation

Bisphosphonates in appropriate settings

Peptic ulcer disease (PUD) Proton pump inhibitors

  • Initiate in patients taking NSAIDS

  • Consider in patients with other risk factors (previous PUD, smokers, excessive EtOH)

Hyperglycemia Baseline and routine glucose monitoring

PCP or endocrinology referral where appropriate

Adrenal insufficiency For patients on >20 mg/day for >3 weeks

  • Gradual taper of steroids

  • Consider AM cortisol prior to discontinuing steroids to assess for adrenal function

Pneumocystis pneumonia Consider prophylaxis in select patients

  •  Patients on >20 mg and another risk factor (interstitial lung disease, additional immunosuppression, 
hematologic malignancy)

Tuberculosis (TB) 
reactivation

Baseline TB testing (interferon gamma release assays such as QuantiFERON Gold or tuberculin skin testing)

Treatment with isoniazid if latent disease is detected

Hepatitis B and C reactivation Baseline testing and appropriate referral if positive

Table 35.1 Systemic corticosteroid comparisons

Corticosteroid Biologic half-life (h) Equivalent dose (mg) Relevant glucocorticoid potency Relevant mineralocorticoid potency

Hydrocortisone 8–12 20 1 1

Prednisone/prednisolone 20–30 5 4 0.8

Methylprednisolone 20–30 4 5 0.5

Dexamethasone 35–50 0.75 25 0
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shown to have activity against reactive oxygen species, leuko-
cyte adhesion, neutrophil chemotaxis, and inflammatory pro-
teins [13, 14]. Dapsone is a very effective medication in the 
IgA-mediated immunobullous diseases, particularly dermati-
tis herpetiformis (DH) [15] and linear IgA bullous disease 
(LABD) [16].

Dapsone has some potential serious side effects. 
Agranulocytosis is a rare side effect of dapsone and can hap-
pen early in the course of therapy [17, 18]. Red blood cell 
hemolysis occurs in almost all patients to varying degrees 
secondary to the effect that some dapsone metabolites have 
on erythrocytes [19]. Patients with a glucose-6-phosphate 
dehydrogenase (G-6-PD) deficiency are more prone to this 
side effect [20]. Because of the potential adverse effects that 
dapsone can have on the peripheral blood, it is recommended 
to screen all patients for G-6-PD deficiency prior to the ini-
tiation of dapsone and to closely monitor blood counts while 
patients are taking dapsone. Methemoglobulinemia also 
occurs to varying degrees in many patients [21]. Typically, 
the degree of methemoglobulinemia is not sufficient to cause 
symptoms, although if patients taking dapsone develop 
symptoms of methemoglobulinemia including chest pain or 
shortness of breath, this level should be checked and treated 
appropriately if significantly elevated [22]. Dapsone can also 
cause serious side effects such as DRESS and Stevens- 
Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) 
[23, 24].

 Methotrexate

Methotrexate was initially used for its antimetabolite activity 
due to its inhibitory effect on the enzyme dihydrofolate 
reductase. At lower doses, methotrexate was noted to have 
mostly anti-inflammatory activity and has been shown to be 
effective in a number of inflammatory and autoimmune con-
ditions [25]. While the exact anti-inflammatory mechanism 
of methotrexate is unknown, many studies suggest that 
increased adenosine levels induced by methotrexate are the 
main pathway by which it exerts its anti-inflammatory effects 
[26, 27].

Methotrexate is typically administered as a once-weekly 
dose ranging from 5 mg up to 25 mg. Common side effects 
include nausea and gastrointestinal upset. Side effects related 
to folate antagonism such as marrow suppression or mucosi-
tis may be alleviated by the concurrent administration of 
folate on days that the patient does not take the methotrexate 
[28]. Long-term potential serious side effects include liver 
fibrosis. Patients who are overweight or who have a history 
of high alcohol intake or diabetes are at higher risk for liver 

fibrosis and should be counseled accordingly [29]. Baseline 
blood counts, liver enzymes, and kidney function should be 
checked prior to the initiation of therapy and should be fol-
lowed regularly during therapy. The gold standard for the 
measurement of hepatic fibrosis is a liver biopsy and should 
be considered in patients who have reached a cumulative 
methotrexate dose of 1.5–4.0 g of methotrexate, depending 
on their individual risk factors [30]. Less invasive tests exist 
which may accurately determine the degree of hepatic fibro-
sis [31, 32], but a consensus regarding these has not been 
established in terms of monitoring for methotrexate 
hepatotoxicity.

 Colchicine

Colchicine is FDA approved for the treatment of acute gout 
and familial Mediterranean fever. It seems to exert its anti- 
inflammatory effects via its action on cellular microtubules, 
which appear to play a role in multiple inflammatory path-
ways of the immune response [33].

Colchicine is typically taken twice a day, and the most 
common reasons for discontinuation are gastrointestinal side 
effects such as diarrhea, abdominal pain, or nausea.

 Immunosuppressive Therapy

Patients who do not respond to less aggressive anti- 
inflammatory medications or who have severe disease may 
require immunosuppressive agents in order to control their 
disease. Patients taking immunosuppressive therapy may be 
at higher risk of infections and should have appropriate 
screening for infectious diseases such as hepatitis B and C, 
as well as tuberculosis testing prior to initiating therapy with 
this group of medications. Ideally, patients should receive 
up-to-date vaccinations prior to initiation of immunosup-
pressive therapy and should avoid receiving any live vac-
cines while taking these medications. Should patients 
develop serious infections while taking these medications, it 
is reasonable to hold therapy until the infection is completely 
resolved.

In addition to the increased risk of infection, there is also a 
potential increased risk of malignancy in patients being treated 
with immunosuppressive agents. Much of the data on malig-
nancy and immunosuppression is in solid organ transplant 
recipients [34], but nonetheless an increased risk of developing 
malignancy has been demonstrated in patients taking immuno-
suppressive agents for immunobullous diseases as well [35]. 
The degree of immunosuppression in immunobullous diseases 

35 Oral Systemic Agents for Immunobullous Disorders



354

is much lower than what is seen in patients with solid organ 
transplants, and as such the overall risk of malignancy in 
patients with immunobullous disease is likely to be low, similar 
to what is seen in other autoimmune conditions where single-
agent immunosuppression is common [36–38]. Individual risk 
factors for the development of malignancy need to be carefully 
considered and weighed against the risks of inadequately con-
trolled immunobullous disease.

 Azathioprine

Azathioprine is a purine analog that can be used as a steroid- 
sparing agent in many of the immunobullous diseases [39]. 
Azathioprine is nonenzymatically converted to 6- mercaptopurine 
(6-MP), which is further broken down into active and inactive 
metabolites. The active metabolite thiopurine interferes with 
cellular DNA, inhibiting purine synthesis. Because lympho-
cytes lack a salvage pathway for purine synthesis, T cells and B 
cells are preferentially inhibited by azathioprine, leading to 
immunosuppression [40]. One of the enzymes which metabo-
lizes 6-MP is thiopurine methyltransferase (TPMT), and 
patients with a decreased TPMT activity may be at higher risk 
for azathioprine side effects [41].

Azathioprine is taken as a daily dose ranging from 1 to 
3 mg/kg/day. In patients with low TPMT activity, azathioprine 
should not be prescribed. Lower doses should be used for 
patients with intermediate TPMT activity, while higher doses 
can be considered in patients with normal TPMT activity [42]. 
Less serious side effects include fatigue and nausea, while 
more serious side effects include cytopenias [43], Sweet’s syn-
drome [44], or hypersensitivity reactions such as DRESS [45]. 
Patients with lower TPMT levels may be more at risk for the 
former. In addition to TPMT activity, screening for patients 
who are being considered for azathioprine therapy should 
include baseline complete blood count with differential and 
comprehensive metabolic panel. Complete blood counts should 
be performed frequently during the first few months of therapy 
and less frequently once the patient has been on a stable dose.

 Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is another inhibitor of purine 
synthesis through its action on the enzyme inosine mono-
phosphate dehydrogenase type II [46]. Similar to azathio-
prine, mycophenolate has a preferential immunosuppressive 
effect on T cells and B cells. Mycophenolate is typically 
dosed at 40 mg/kg with an upper limit of 4 g daily. 
Gastrointestinal upset is a relatively common early side 
effect, while cytopenias occur less commonly. Baseline com-
plete blood count with differential and comprehensive meta-
bolic panel should be obtained prior to therapy, and monthly 
monitoring is recommended initially, followed by monitor-
ing every 3 months once patients are on a stable dose.

 Cyclophosphamide

Cyclophosphamide is an alkaloid chemotherapeutic agent 
that, when used in lower doses, has potent immunosuppres-
sive effects. The oral daily dose of cyclophosphamide is usu-
ally between 1 and 2 mg/kg/day. Cytopenias and bladder 
toxicity in the form of hemorrhagic cystitis can occur in 
patients taking cyclophosphamide [47]. Patients should be 
encouraged to drink generous amounts of water while taking 
the medication and complete blood count with differential, 
and urinalysis (including microscopic exam looking for the 
presence of red blood cells) should be performed weekly 
during the first 8 weeks of therapy. Cyclophosphamide 
should be used with caution in younger patients because of 
the possibility of azoospermia or anovulation [48].

 Cyclosporine

Cyclosporine is a calcineurin inhibitor that has been studied 
in some of the immunobullous diseases. By inhibiting calci-
neurin, cyclosporine prevents the dephosphorylation of 
nuclear factor of activated T cells (NFAT), which in turn 
downregulates the formation of several proinflammatory 
molecules [49]. Cyclosporine is not generally used in most 
of the immunobullous diseases, although it appears to have 
some efficacy in the treatment of epidermolysis bullosa 
acquisita [50].

Cyclosporine is administered as a daily dose ranging from 
3 to 5 mg/kg/day. Potential side effects include hypertricho-
sis and gingival enlargement. With long-term use, patients 
on cyclosporine are at increased risk for the development of 
renal toxicity [51]. Creatinine and blood pressure need to be 
monitored closely during therapy, and reductions in dose are 
necessary when creatinine becomes elevated or hypertension 
develops. The use of cyclosporine should be limited to no 
more than 1 year due to the risk of nephrotoxicity with long- 
term use.

 The Immunobullous Diseases

 Pemphigus Subtype

There are two main subtypes of pemphigus, pemphigus vul-
garis and pemphigus foliaceus.

 Pemphigus Vulgaris
Pemphigus vulgaris (PV) is an autoimmune bullous disease in 
which antibodies are directed against proteins present in the 
epidermis and mucosal epithelium. The target antigens, des-
mogleins 1 and 3, are components of desmosomes, proteins 
that are involved in keratinocyte adhesion. In PV, patients usu-
ally have antibodies directed against desmoglein 3 alone or 
both desmogleins 1 and 3 and can present with erosions and 
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flaccid bullae on the skin and/or mucous membranes [52] 
(Fig. 35.1). In severe disease, widespread erosions can 
develop, placing the patient at risk for developing sepsis 
(Fig. 35.2). Prior to the advent of systemic corticosteroids, PV 
was almost universally fatal; however, with the judicious use 
of systemic corticosteroids in combination with other medica-
tions, both IV and oral, mortality has improved significantly.

The mainstay of therapy for PV is systemic corticoste-
roids. Doses of 1 mg/kg/day are prescribed initially, followed 
by a slow taper over several months [53]. In patients that are 

primarily treated with corticosteroids, the taper should be 
gradual, with reductions of 10–20 mg every 2 weeks early in 
the course of therapy, followed by reductions of 10 mg every 
month when disease control is maintained on lower doses of 
corticosteroids (≤20 mg daily). Corticosteroid tapers may be 
performed more rapidly in patients receiving adjuvant ther-
apy. While pulse doses of dexamethasone have been studied, 
their addition to a standard regimen of steroids did not seem 
to have significant effects on remission [4].

Immunosuppressive agents are frequently added to the 
corticosteroid regimen in order to decrease or eliminate the 
dose of corticosteroids used to place patients into a remis-
sion. Comparative studies of mycophenolate, azathioprine, 
and cyclophosphamide have not demonstrated consistent 
superiority of one agent compared to another in terms of 
their steroid-sparing ability or adverse effects [54]. 
Azathioprine at doses of 2–3 mg/kg/day and mycophenolate 
mofetil at doses of 2–3 g/day are commonly used as first-line 
adjuvant immunosuppressive therapy. Cyclophosphamide, 
due to its more immunosuppressive activity, is usually 
reserved as oral adjuvant therapy for only the most resistant 
cases. Some physicians advocate the addition of adjuvant 
immunosuppression at the same time that corticosteroids are 
initiated for the treatment of pemphigus vulgaris, while oth-
ers advocate waiting to add adjuvant immunosuppression 
only if the patient doesn’t respond to high-dose corticoste-
roids or if the dose of corticosteroids to maintain adequate 
control of disease is too high to be safely administered for a 
long term [55]. Placebo-controlled studies have demon-
strated that the addition of mycophenolate to a standard cor-
ticosteroid regimen did not lead to a higher percentage of 
patients responding to treatment, although faster and longer- 
lasting responses to initial therapy seemed to be higher in the 
mycophenolate group [56]. In patients that are unable to tol-
erate either mycophenolate or azathioprine, or in patients 
who are not able to taper the corticosteroid dose to an accept-
able long-term level, the addition cyclophosphamide as adju-
vant therapy can be considered.

While there is some limited evidence for more conserva-
tive therapies in the treatment of pemphigus vulgaris, given 
the potential morbidity and mortality of poorly managed dis-
ease, less aggressive therapies are generally not favored as 
initial therapy. Tetracycline group antibiotics with or without 
the addition of nicotinamide [57], methotrexate [58, 59], and 
dapsone [60, 61] have demonstrated limited efficacy as 
steroid- sparing agents and are generally not favored for the 
management of pemphigus vulgaris over more proven 
therapies.

 Pemphigus Foliaceous
Classically, patients with pemphigus foliaceous produce 
antibodies against only one of the desmoglein proteins—
desmoglein 1, which leads to the development of superficial 
erosions on the skin. Mucous membranes are not involved. 
The lesions of PF tend to be superficial crusted erosions and 

Fig. 35.1 Pemphigus vulgaris. Flaccid bullae, erosions, and hemor-
rhagic crusts on the lower abdomen

Fig. 35.2 Pemphigus vulgaris. Widespread epidermal sloughing in 
severe disease
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blisters are typically absent (Fig. 35.3). Because of the super-
ficial nature of the erosions in PF, patients tend to be at less 
risk for sepsis and are therefore often managed less aggres-
sively when compared to patients with PV.

Treatment for PF, especially more severe cases (Fig. 35.4), 
is similar to the treatment for PV—systemic corticosteroids 
in moderate to high doses, followed by a gradual taper over 
several months, with the addition of steroid-sparing adjuvant 
therapy as needed. In localized disease, clinicians may try a 
less aggressive approach such as dapsone [61, 62] or tetracy-
cline antibiotics with nicotinamide [63].

 Less Common Pemphigus Subtypes
Paraneoplastic pemphigus (PNP) can be associated with 
severe mucositis, widespread cutaneous erosions, lung 
involvement, and a high fatality rate [64]. PNP is most 
commonly associated with lymphoproliferative malignan-
cies [65], a clinical setting in which immunosuppressant 
medications such as azathioprine or mycophenolate 
mofetil would be somewhat contraindicated. The disease 
can be recalcitrant to systemic corticosteroids, even in 
high doses. The use of IV rituximab may be associated 
with improved mortality for what was an almost univer-
sally fatal disease [66].

IgA pemphigus is associated with the production of IgA 
antibodies to epidermal proteins desmocollins 1 and 3. 
Patients usually do not have oral disease and can present 
with vesiculopustules (Fig. 35.5). Dapsone is considered to 
be first-line therapy in these patients [67].

Pemphigus vegetans is a form of pemphigus vulgaris and 
if widespread (Neumann subtype) is managed similarly to 
patients with pemphigus vulgaris. A localized form of pem-
phigus vegetans (the Hallopeau subtype) sometimes can be 
managed more conservatively.

Fig. 35.3 Crusted erosions present on the anterior trunk of a patient 
with pemphigus foliaceous

Fig. 35.4 Widespread cutaneous erosions on the posterior trunk in a 
pemphigus foliaceous patient

Fig. 35.5 Vesiculopustules, erosions, and hemorrhagic crusting on the 
posterior trunk of an IgA pemphigus patient
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 Pemphigoid Group

 Bullous Pemphigoid
Bullous pemphigoid (BP) is the most common immunobul-
lous disease. Antibodies are directed against proteins in the 
hemidesmosome, a transmembrane protein present at the 
dermoepidermal junction that plays a role in anchoring the 
epidermis to the basement membrane zone [68, 69]. 
Following the binding of antibodies BPAg-1 and/or BPAg-2, 
subsequent inflammation leads to urticarial-like plaques, 
tense bullae, and erosions (Fig. 35.6).

The first-line therapy for BP depends on the severity of 
disease. The most consistent responses are seen with sys-
temic corticosteroids, and for severe diseases, they remain 
the mainstay of therapy. Doses of 0.5–0.75 mg/kg/day—
lower than what is typically used for pemphigus patients—
can be used initially, followed by a slow taper of 10 mg every 
2–4 weeks to control disease [70]. Addition of adjuvant 
immunosuppressive therapy with either azathioprine or 
mycophenolate mofetil can be added as needed, although the 
steroid-sparing effect of these therapies has not been conclu-
sively demonstrated [71]. BP often requires less aggressive 
therapy to control disease when compared to pemphigus, and 
for this reason, cyclophosphamide is not commonly used. If 
a patient fails to tolerate azathioprine or mycophenolate as 

steroid-sparing agents, it is reasonable to attempt more con-
servative therapies prior to initiating cyclophosphamide.

Methotrexate has been demonstrated to be an effective 
therapy for BP in small case series, particularly elderly 
patients that may not tolerate more aggressive immunosup-
pression [72]. The anti-inflammatory activity of methotrex-
ate is enough to control mild to moderate cases of BP and is 
a good option in some instances. In patients with overlap of 
BP and psoriasis, methotrexate is a particularly good option 
because of the activity that it has in treating both diseases 
[73, 74].

The combination of tetracycline and nicotinamide was 
found to be as effective as prednisone in one study [75], 
although for more aggressive disease, tetracycline and nico-
tinamide may not be effective enough to adequately control 
blistering. In elderly patients, especially with localized or 
milder disease, this combination may be a reasonable option 
to try in place of more aggressive therapies.

Dapsone has been studied in BP, both as a first- and 
second- line agent. In a small study, dapsone was used as a 
first-line agent and was effective in controlling disease in 
44% of patients [76]. In practice, dapsone is not commonly 
used in the management of BP, but could be considered in 
instances where more proven therapies (corticosteroids +/− 
adjuvant immunosuppressive medications) are contraindi-
cated or have failed to maintain adequate control of disease.

 Mucous Membrane Pemphigoid
When compared to the other immunobullous diseases, 
mucous membrane pemphigoid demonstrates the most het-
erogeneity in terms of antigenic targets and clinical presenta-
tion [77, 78]. Patients with certain variants of mucous 
membrane pemphigoid can develop scarring of critical muco-
sal surfaces including the conjunctiva, larynx, and esophagus 
(Fig. 35.7). Because of the possible sequelae of scarring in 
these areas (e.g., blindness, complete laryngeal or esophageal 
closure), more aggressive therapy is warranted. Patients with 
MMP that have scarring in these areas should be treated with 
combination therapy, particularly prednisone at doses of 
1 mg/kg/day combined with an aggressive immunosuppres-
sive agent, preferably cyclophosphamide 1–2 mg/kg/day 
[79]. Azathioprine at higher doses (2–3 mg/kg/day) can be 
used in some instances in place of cyclophosphamide [79].

Milder forms of mucous membrane pemphigoid exist in 
which patients do not present with scarring, but instead 
develop vesicles, erosions, and sloughing of the mucous 
membranes, mostly in the oral mucosa (Fig. 35.8). For these 
less aggressive forms of MMP, topical therapy may suffice in 
controlling symptoms [80]. When topical therapy fails to 
control symptoms, oral systemic therapy can be considered, 
but less aggressive measures such as the tetracycline group 
antibiotics [81, 82], dapsone [83], or colchicine [84] may be 
more reasonable first-line systemic agents in these cases. 

Fig. 35.6 Bullous pemphigoid. Tense vesicles and bullae on an ery-
thematous base
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Should patients fail to improve on these less aggressive ther-
apies, other, more aggressive therapies can be initiated, with 
the understanding that risk of immunosuppressive therapies 
may outweigh the risk of not treating the disease as aggres-
sively as possible.

 Epidermolysis Bullosa Acquisita
Patients with epidermolysis bullosa acquisita (EBA) pro-
duce antibodies directed against type VII collagen, a pro-
tein present in the sublamina densa [85]. The two main 
subtypes of EBA are the non-inflammatory and inflamma-

tory subtypes. Patients with the inflammatory subtype of 
EBA can present in a similar fashion to other immunobul-
lous diseases such as bullous pemphigoid, MMP, or linear 
IgA disease [86]. In patients with these subtypes of EBA, it 
is reasonable to treat them as one would treat the clinical 
disease they most closely resemble. For instance, in patients 
whose EBA clinically resembles BP (the most common 
inflammatory subtype of EBA), it is reasonable to treat 
those patients with moderate doses of systemic corticoste-
roids in combination with immunosuppressive adjuvant 
therapy, if needed [87]. Scarring EBA involving critical 
areas such as the conjunctiva, larynx, and esophagus should 
be treated aggressively with combination systemic cortico-
steroids and cyclophosphamide, as one would treat a scar-
ring form of MMP.

The non-inflammatory form of EBA, also known as the 
mechanobullous form of EBA, is more resistant to conven-
tional therapy [86]. Patients with mechanobullous form of 
EBA present with bulla and erosions on areas of the skin 
prone to trauma, such as the elbows, knees, and volar aspects 
of the palms and soles (Fig. 35.9). Resistance to conventional 
therapy such as systemic corticosteroids, azathioprine, and 
mycophenolate mofetil is common in these patients, and 
rituximab has been used with some success in these patients 
[88, 89]. Two therapies not commonly used in other immu-
nobullous diseases deserve mention: cyclosporine and 
colchicine.

Cyclosporine at high doses has been reported as an effec-
tive therapy in patients with mechanobullous EBA [90], 

a b

Fig. 35.7 Mucous membrane pemphigoid patients with scarring present in the (a) conjunctiva and (b) esophagus

Fig. 35.8 Erosions of the lower gingiva in a patient with mucous 
membrane pemphigoid
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although nephrotoxicity at these doses is expected. 
Colchicine has also been reported as an effective therapy and 
should be considered before proceeding to more aggressive 
options [91].

 Linear IgA Disease
Patients with linear IgA disease (LAD) can present with blis-
ters having the distinct clinical finding of smaller vesicles 
around the periphery of the lesion which coalesce to form a 
“string of pearls” morphology (Fig. 35.10). Antibodies are of 
the IgA subtype and commonly directed against a cleaved 
portion of bullous pemphigoid antigen-1 (BPAg-1) [92]. 
Linear IgA disease can present in children and is known as 

chronic bullous disease of childhood (CBDC). Drug-induced 
LAD can be induced by exposure to vancomycin, [93].

The first-line therapy for patients with LAD is dapsone 
[94]. In cases resistant to dapsone, LAD can be managed 
similar to other immunobullous diseases—moderate doses 
of systemic corticosteroids in combination with adjuvant 
immunosuppressive therapy, if needed [95].

 Pemphigoid Gestationis
Pemphigoid gestationis shares histologic and immunofluo-
rescent characteristics with BP but occurs in pregnant women. 
Patients produce antibodies against BPAg-1 and present with 
urticarial plaques and bullae (Fig. 35.11). Prednisone is the 
first-line therapy for patients with moderate to severe disease 
[96]. Doses vary but can range from 0.5 mg to 1 mg/kg/day. 
The pregnancy classes of the other immunosuppressive 
agents limit their use in treating gestational pemphigoid while 
the pregnancy is still active. Once the pregnancy is over, 
patients can be treated similar to patients with BP.

 Bullous Lupus
Bullous lupus is usually seen in patients with uncontrolled 
systemic lupus [97]. Antibodies are directed against type VII 
collagen, and patients can present with tense bullae on an 
erythematous base [98] (Fig. 35.12). Because bullous lupus 
sometimes occurs in patients that are undergoing a flare of 
systemic lupus, therapy is often directed against the systemic 
manifestations of their disease. In addition to these therapies, 
dapsone has been reported as an extremely effective therapy 
for skin disease that does not respond to the therapies 
employed for the systemic disease [97].

a b

Fig. 35.9 Mechanobullous EBA. (a) Multiple bullae present on the palms (b) erosions, erythema, and hemorrhagic crusts on the bilateral knees

Fig. 35.10 Linear IgA disease with the “string of pearls” distribution 
of vesicles along the periphery of the lesion
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 Other Immunobullous Diseases

 Dermatitis Herpetiformis
Dermatitis herpetiformis (DH) is the cutaneous manifesta-
tion of gluten-sensitive enteropathy (GSE) [99]. Antibodies 
in DH are directed against both gluten and the enzyme trans-
glutaminase [100]. Circulating IgA antibody-antigen com-
plexes become deposited in the vessels of the dermal papillae, 
leading to predominant neutrophilic inflammation within the 
dermal papillae [101]. Patients present with severe pruritus 

and small, superficial vesicles on the elbows, knees, lower 
back, and scalp (Fig. 35.13). Because of the superficial 
nature of the vesicles and the extreme pruritus, often times 
only excoriations are visible on exam.

A gluten-free diet can provide long-term resolution of the 
skin lesions in patients with DH in those patients who are 
able to successfully follow this restrictive diet [102, 103]. 
Even with a strict gluten-free diet, it may take several months 
for patients to see the effect. Dapsone is an extremely effec-
tive therapy for DH, and the majority of patients are man-
aged with dapsone.

Case Report
A 66-year-old male was referred to our practice for the man-
agement of a 6-month dermatitis. The patient had a history of 
blisters and pruritus on his hands that progressed to involve 
the trunk and more proximal extremities. A biopsy was per-
formed prior to referral which demonstrated a subepidermal 
blister with predominant eosinophilic infiltrate. Direct 
immunofluorescence was positive for IgG and C3 in a linear 
pattern along the dermoepidermal junction, indirect immu-
nofluorescence (IIF) studies revealed circulating IgG anti-
bodies binding to the roof of salt-split skin, and ELISA 
studies were positive for the presence of BP180 and BP230 
antibodies. In all three of these studies, a diagnosis of bullous 

Fig. 35.11 Annular, urticarial-like plaques on the trunk of a patient 
with gestational pemphigoid

Fig. 35.12 Acral bullae in a patient with systemic lupus erythemato-
sus. A subepidermal blister with predominantly neutrophils was seen 
on histology

Fig. 35.13 Excoriations, erythematous papules, and vesicles on the 
elbow of a patient with dermatitis herpetiformis
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pemphigoid was made. The patient had consistent improve-
ment with higher doses of prednisone (50–60 mg) but would 
flare when the dose of prednisone was decreased. Doxycycline 
and nicotinamide was added to his regimen, but the patient 
would still develop blisters when the prednisone dose was 
tapered to less than 50 mg.

Past Medical History
• Hypertension

Social History
• Drinks socially (5 beers per week)
• Smokes ½ ppd
• Works as an X-ray repair technician
• Married

Previous Therapies
• Prednisone
• Doxycycline and nicotinamide

Medications
• Furosemide 20 mg daily (has been taking for years prior to 

the development of the rash)
• Prednisone 40 mg qAM

Physical Exam
• Scattered on the extensor and flexural aspects of bilateral 

upper and lower extremities, the patient had numerous 
tense 2–5 cm bullae, erosions, and hemorrhagic crusts. On 
the trunk there were several 3–5 cm urticarial plaques.

Management
The patient continued to have active disease despite a moder-
ate dose of systemic corticosteroids. A more conservative 
approach with doxycycline and nicotinamide did not permit 
a lowering of the systemic corticosteroid dose. A hepatitis 
panel and QuantiFERON Gold test were negative. Baseline 
CBC and CMP were within acceptable limits. Mycophenolate 
mofetil, 500 mg BID, was initiated and titrated up to a dose 
of 1500 mg bid (based upon patient’s weight of 75 kg and a 
desired dose of approximately 40 mg/kg), and CBC and 
CMP were monitored on a monthly basis. The patient was 
placed on calcium and vitamin D supplement, and a baseline 
DEXA scan was ordered with the results to be reviewed by 
the patient’s primary care physician. Over the next few 
months, the prednisone was gradually tapered by 10 mg a 
month to 20 mg daily and then slowly tapered by 5 mg a 
month until the prednisone was able to be discontinued com-
pletely, while the mycophenolate was continued at a dose of 
1500 mg BID. Throughout this time, the patient remained 
completely lesion-free. After 6 months of mycophenolate 
mofetil 1500 mg BID and no signs of active disease, the 
mycophenolate was tapered down in 500 mg increments 
every 3 months until he reached 500 mg daily and he contin-
ued to remain lesion-free. At this time, repeat DIF of normal 

skin, IIF on salt-split skin, and BP ELISA studies were all 
repeated and were all totally negative. Based upon the find-
ings of both clinical and immunologic remission, the myco-
phenolate mofetil was discontinued and the patient was 
considered to be in remission.
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Biologic and Systemic Agents 
in Hidradenitis Suppurativa

Martin M. Okun

Abbreviations

HiSCR Hidradenitis suppurativa clinical response
HS Hidradenitis suppurativa
HSS Hidradenitis suppurativa score
STEEP Skin-tissue-saving excision with electrosurgical 

peeling

 Introduction

Hidradenitis suppurativa (HS) is a chronic inflammatory dis-
ease, typically localizing to the axilla, groin, or inframam-
mary regions, characterized by recurrent nodules or 
abscesses, carrying the risk of scarring or sinus tract forma-
tion [1]. Despite the pain and potentially severe impact on 
quality of life from HS, and despite the fact that it is not rare, 
with a recent population-based survey reporting a prevalence 
of 2.10% in Denmark [2], HS has not attracted the same level 
of investigational attention as other dermatologic diseases 
such as acne or psoriasis. Consequently, a limited under-
standing exists about basic questions concerning HS patho-
genesis, epidemiology, natural history, comorbidities, and 
effectiveness and safety of treatments. The latter limitation 
frequently obliges clinicians caring for HS patients to choose 
therapies that lack a robust evidence base; though more than 
50 types of HS treatment have been described, there are few 
randomized controlled studies in HS providing high-quality 
evidence [3, 4]. This chapter evaluates the evidence for the 
efficacy and safety of commonly used and promising new 
systemic therapies for HS. It is intended to be more compre-
hensive than a meta-analysis of randomized controlled trials 
in HS [3], because so many commonly used therapies have 

not been studied in randomized controlled trials. It is not 
intended to be a compendium of every described HS therapy, 
because many such therapies have only been described in 
case reports or very small case series that serve better to gen-
erate scientific hypotheses than to influence treatment 
decisions.

A rational evaluation of the systemic therapies for HS 
must begin by considering what is known or hypothesized 
about the pathogenesis of the disease, followed by consider-
ing the scientific rationale for the therapeutic options, and 
then evaluating the quality and quantity of evidence support-
ing the use of that therapy. The pathogenic trigger of the dis-
ease is hypothesized to be occlusion of the infundibulum by 
follicular keratinocytes, followed by rupture of the hair folli-
cle wall. Leakage of the pilosebaceous unit contents, includ-
ing commensal bacteria, into the dermis then initiates an 
intense foreign body-like reaction mediated by resident der-
mal immune cells secreting pro-inflammatory cytokines and 
chemokines, which help recruit and activate other arms of the 
immune system [5]. Blocking the different steps of this dis-
ease—via modifying keratinocyte maturation (retinoids) or 
sebaceous gland activity (retinoids or antiandrogens), via 
anti-inflammatory effects (antibiotics or immunosuppres-
sants), or via direct alteration of the HS microbiome (antibiot-
ics)—is the rationale for including these medication types in 
the HS therapeutic armamentarium.

Limitations in the quality of clinical evidence interfere 
with our ability to reliably assess the efficacy and safety of 
many therapies. Interpretation of uncontrolled studies is 
problematic because the few placebo-controlled trials in HS 
have revealed that approximately 25% of moderate to severe 
placebo-treated HS patients experience clinically relevant 
spontaneous improvement in their disease [6], and the pla-
cebo response for patients with mild HS is likely higher. 
This may be due to a true placebo response or due to selec-
tion bias: disease activity of many HS patients is volatile, per-
haps more than in other dermatologic diseases, and HS patients 
may be more willing to enroll in clinical trials or start new 
investigational therapies when their disease activity is peaking. 
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As a result, patients’ improvement from their “baseline” dis-
ease activity, assessed at the time of initiation of an investi-
gational therapy, may represent random fluctuation back 
toward their typical disease activity. In studies or case series 
without a placebo group, it is not possible to determine reli-
ably how much improvement is due to therapy and how 
much is due to spontaneous improvement, but a reasonable 
heuristic would be to judge a therapy effective if substan-
tially more than 25% of patients with moderate to severe HS 
experience clinically relevant improvement. In studies using 
an unvalidated endpoint (i.e., an endpoint lacking evidence 
of reliability and of clinical relevance), the reported 
improvement may not be reproducible in clinical practice or 
may not be meaningful to patients. From studies with few 
subjects or with limited follow-up, it is not possible to reli-
ably determine the incidence of serious but low probability 
or long- term adverse events.

The first attempt to categorize HS disease stage within 
each involved anatomic region was proposed by Hurley [7] 
(Table 36.1). By convention, a patient’s overall Hurley 
stage corresponds to the Hurley stage of his or her most 
advanced anatomic region: if a patient has at least one ana-
tomic region with Hurley stage III disease, he or she is a 
Hurley stage III patient. The Hurley staging system was 
originally intended to help physicians classify patients as 
candidates for medical therapy (Hurley stage I), limited 
surgical intervention (e.g., excision of a sinus tract) 
(Hurley stage II), or more extensive surgical intervention 
(e.g., en bloc excision of an entire anatomic region) 
(Hurley stage III). It is not practical to use Hurley staging 
to classify disease severity, which is determined by a con-
stellation of factors in addition to sinus tract formation or 
scarring, such as number and severity of inflammatory 
lesions, pain, and impact of the disease on quality of life. 
Hurley stage I patients may have severe disease, and 
Hurley stage III patients with no active inflammation may 
have mild disease. It is also not practical to use Hurley 
staging to assess the efficacy of a systemic therapy because 
it is insufficiently dynamic: the presence and extent of 
scars and sinus tracts differentiate among the Hurley 

stages, but once scars or sinus tracts are formed, no sys-
temic medical therapy can reasonably be expected to 
reverse or downgrade the Hurley stage.

Two HS-specific objective endpoints have been validated 
and are therefore potentially useful tools for evaluating sys-
temic therapy efficacy: the hidradenitis suppurativa score 
(HSS) or Sartorius score, which has undergone modifica-
tions from its original iteration [8], and the hidradenitis sup-
purativa clinical response (HiSCR) [6]. The modified 
Sartorius score is a composite score comprising the number 
of involved anatomic regions, the numbers and types of 
lesions for each region, and the extent and severity of involve-
ment within each region. Reproducibility and inter-rater reli-
ability of the modified Sartorius score have been established. 
The modified Sartorius score suffers from a lack of definition 
of what constitutes clinically meaningful improvement and 
contains disparate elements that reflect disease activity (e.g., 
nodules) and also disease damage (e.g., Hurley stage). As 
medical therapies can be expected to reduce disease activity 
but not affect disease damage, change in the modified 
Sartorius score may not be optimally sensitive to detect clini-
cally relevant improvement. HiSCR response is defined as at 
least a 50% reduction in total abscess and/or inflammatory 
nodule count, so long as the abscess count is not increased 
and the draining fistula count is not increased. Reproducibility 
and inter-rater reliability of HiSCR have also been estab-
lished, and achievement of HiSCR response has been dem-
onstrated to be clinically meaningful for patients [9]. US and 
European regulatory authorities recognize HiSCR as a valid 
endpoint, as it has been used successfully in phase III clinical 
trials to achieve regulatory approval of adalimumab for treat-
ment of moderate to severe HS. HiSCR exclusively focuses 
on disease activity, with no assessment of disease damage 
included in the measure. In addition to these HS-specific 
objective endpoints, treatment response can be evaluated 
using subjective health-related quality of life measures, 
including validated dermatology-specific measures such as 
the dermatology life quality index (DLQI) and/or pain VAS 
scores.

 Immunosuppressants

Overexpression of tumor necrosis factor alpha (TNF-α) and 
interleukin-1 beta (IL-1β) in HS lesional tissue [10] provides 
the scientific rationale for targeting these pro-inflammatory 
cytokines. The cellular sources of TNF-α and IL-1β in 
lesional tissue are uncertain but may include monocytes and 
macrophages, which are abundantly present in HS lesions 
and may be activated by pro-inflammatory signals from kera-
tins released followed follicular unit rupture, or from com-
mensal bacteria.

Table 36.1 Hurley stage classification for HS patients

Stage I Abscess formation, single or multiple, without sinus 
tracts or scarring

Stage II Recurrent abscesses with sinus tract formation or scarring

Single or multiple, widely separated lesions

Stage III Diffuse or near-diffuse involvement or multiple 
interconnected sinus tracts and abscesses across entire 
anatomic region

Modified from: Hurley H. Axillary hyperhidrosis, apocrine bromhidro-
sis, hidradenitis suppurativa, and familial benign pemphigus. In: 
Roenigk RK and Roenigk HH Jr., editors. Dermatologic Surgery: 
Principles and Practice. New York: Marcel Dekker; 1989. pg. 631–643
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 TNF Antagonists

Numerous case reports and series describe the successful use 
of adalimumab, etanercept, and infliximab for treatment of 
HS, but an uncontrolled prospective open-label trial of etan-
ercept at a dose of 50 mg weekly demonstrating a clinical 
response in 3 of 15 patients [11] led to etanercept falling into 
disfavor relative to other TNF antagonists.

 Adalimumab

Adalimumab is a self-injectable monoclonal antibody spe-
cific for TNF-α. A phase II dose ranging trial [12] and two 
confirmatory phase III placebo-controlled trials [6] demon-
strated that adalimumab was significantly effective for treat-
ment of HS. The outcomes from these studies resulted in the 
approval of adalimumab for treatment of moderate to severe 
HS in the USA, Canada, and the EU, with a dosing regimen 
of 160 mg at week 0, 80 mg at week 2, and 40 mg weekly 
starting at week 4. Figure 36.1a, b depicts an affected crural 

fold before and after 6 months of therapy with adalimumab 
40 mg weekly dosing.

The two phase III trials, dubbed PIONEER I and II, ran-
domized 633 patients to adalimumab or placebo. To enter 
these trials, patients were required to have failed oral antibi-
otic therapy, have Hurley stage II or III disease in at least one 
anatomic region, and have at least three abscesses or inflam-
matory nodules. PIONEER I patients were not allowed con-
comitant oral medications for treatment of HS; PIONEER II 
patients who were concomitantly taking a stable dose of 
minocycline or doxycycline for HS were permitted to con-
tinue these oral antibiotics but no other systemic HS thera-
pies. Patients were randomized 1:1 in a double-blind manner 
either to adalimumab at the above dosing regimen or to pla-
cebo, with the validated HiSCR response rate measured at 
week 12 serving as the primary efficacy endpoint. At week 
12, patients who had originally been randomized to adalim-
umab were rerandomized to continue adalimumab 40 mg 
weekly, or to receive adalimumab 40 mg every other week 
dosing, or to receive placebo, with the studies concluding at 
week 36.

In PIONEER I and II, week 12 HiSCR response rate was 
41.8 and 58.9% for adalimumab-treated subjects versus 26.0 
and 27.6% for placebo-treated subjects, corresponding to a 
significant treatment effect [difference in response between 
adalimumab- and placebo-treated subjects] of 15.8–31.3%. 
Compared to the treatment effect observed with adalimumab 
40 mg every other week dosing in moderate to severe psoria-
sis patients, the treatment effect of adalimumab 40 mg 
weekly dosing in moderate to severe HS patients was smaller. 
The higher treatment effect noted in PIONEER II compared 
to PIONEER I was partially a consequence of the higher 
treatment effect in the stratum of patients receiving concomi-
tant oral antibiotics (in PIONEER II, the treatment effect 
among patients receiving concomitant oral antibiotics for HS 
was 42.6% vs. 28.6% for patients not on concomitant oral 
antibiotics) and partially a consequence of milder baseline 
disease state in PIONEER II. In PIONEER I and II, mean 
improvements from baseline to week 12 in DLQI scores for 
adalimumab-treated patients (5.4, 5.1) exceeded the minimal 
clinically important difference in inflammatory skin diseases 
for DLQI of 4 [13] and were significantly better versus 
placebo- treated patients (2.9, 2.3) [p < 0.001 in both studies]. 
While the studies were inadequately powered to test statisti-
cal significance of the different dosing regimens from weeks 
12 to 36, the numerical trend favored the weekly dosing 
treatment arm, corroborating the results from the adalim-
umab phase II dose ranging trial which demonstrated that 
40 mg every other week dosing did not result in meaningful 
improvement above what was observed in placebo patients. 
The adalimumab safety profile across the phase II and III tri-
als was consistent with what has been observed for 
 adalimumab in clinical trials in other disease states, with no 

a

b

Fig. 36.1 Clinical photographs of the left groin of a patient with severe 
HS before (a) and after (b) six months of adalimumab 40 mg weekly 
dosing therapy. Clinical photographs are courtesy of Dr. Marc Bourcier, 
Moncton, New Brunswick, Canada
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notable increase in the frequency of serious infections among 
adalimumab- treated versus placebo-treated patients.

 Infliximab

Infliximab is a monoclonal antibody specific for TNF-α 
administered by intravenous infusion. A double-blind phase 
II trial randomized 15 patients to receive infliximab at a dose 
of 5 mg per kg at weeks 0, 2, and 6 or 23 patients to placebo 
[14]. The primary efficacy endpoint was the percentage of 
patients achieving at least 50% improvement in the hidrade-
nitis suppurativa severity index (HSSI), an unvalidated end-
point, at week 8. There was no significant difference in the 
primary efficacy endpoint between the infliximab and pla-
cebo arms. Post hoc analysis demonstrated that 60% of 
infliximab- treated patients achieved between 25 and 50% 
improvement in HSSI compared to 5.6% of placebo patients 
(p < 0.001). Mean change in DLQI for infliximab-treated 
patients was 10.0, compared with 1.6 for placebo-treated 
patients (p = 0.003). The observed adverse event profile was 
consistent with what would be expected in a population 
receiving infliximab infusions for other indications.

 Anakinra

Anakinra is an antagonist to the interleukin-1 receptor, capa-
ble of binding to and blocking the biological activity of 
IL-1α and IL-1β. In a placebo-controlled double-blind trial 
of 20 subjects with Hurley stage II or III disease, subjects 
were randomized 1:1 in a double-blind manner to anakinra 
100 mg administered subcutaneously or to placebo [15]. 
Anakinra therapy was associated with a significantly higher 
proportion of patients experiencing reduction from baseline 
in their disease activity score (determined by the size and 
degree of inflammation of the two largest lesions in each 
involved anatomic region) and a significantly higher HiSCR 
response rate (78% of anakinra-treated patients vs. 30% of 
placebo-treated patients). Adverse events reported in the 
anakinra group included diarrhea and vaginal candidiasis.

 Ustekinumab

Ustekinumab is a monoclonal antibody approved for treat-
ment of psoriasis that binds the p40 subunit common to il-12 
and il-23. Based on evidence that the il-23 pathway is acti-
vated in HS, an open-label prospective trial in which 17 HS 
patients were treated with ustekinumab at the dosing regi-
men approved for psoriasis [16]. The week 40 HiSCR 
response was 47% (8 of 17 patients), and 41% of patients 
experienced a reduction in DLQI of at least 5 points. The 

HiSCR response rate was intermediate between reported 
from adalimumab treatment groups in PIONEER I (41.8%) 
and PIONEER II (58.9%) trials, but results from these trials 
cannot be compared directly because of notable differences 
in baseline demographics, with patients in the ustekinumab 
trial having substantially lower body mass index than patients 
in the PIONEER trials.

 Antibiotics

 Clindamycin and Rifampicin

The scientific rationale for treating HS with clindamycin and 
rifampin derives from their direct antimicrobial activity 
against S. aureus, coagulase-negative staphylococci, and 
anaerobic bacteria, which are occasionally cultured from HS 
lesions [17]. Using these antibiotics in combination reduces 
the risk of selecting for resistant organisms. Their mecha-
nism of action in HS may not depend strictly upon their anti-
microbial properties, as clindamycin modulates oxidative 
activity of mononuclear cells in a mouse model [18] and 
rifampin inhibits human neutrophil activity [19].

Three retrospective case series [20–22] and one prospec-
tive case series [23], which together report on the experi-
ences of 141 patients, describe the efficacy and safety of 
combination clindamycin and rifampin in HS. The most 
commonly employed treatment regimen was a 10-week 
course of oral rifampin at a dose of 300 mg twice daily and 
oral clindamycin at a dose of 300 mg twice daily. Efficacy 
outcomes among the studies were variable, possibly related 
to differences in patient baseline characteristics or efficacy 
endpoints across the study populations, but between 56.5% 
and 85% of patients experienced clinically relevant improve-
ment. Mendonça and Griffiths performed their retrospective 
analysis of 14 patients, 10 of whom entered “clinical remis-
sion” (not defined) after a 10-week treatment course, with 
remission duration of 1–4 years. All ten patients who experi-
enced remission had disease in the perineal area at baseline, 
with some of these patients having disease in additional 
areas. Six patients could not tolerate clindamycin therapy 
due to the GI side effects of diarrhea: four discontinued the 
treatment regimen and two were switched to minocycline 
100 mg per day. Van der Zee et al. performed their retrospec-
tive analysis on 34 patients, 23 of whom received clindamy-
cin 300 mg po bid and rifampicin 300 mg po bid for different 
treatment durations. A physician’s global assessment (PGA) 
was utilized to evaluate disease severity. Total remission was 
defined as more than 75% improvement in PGA relative to 
baseline. Most patients had Hurley stage II or III disease at 
baseline. Slightly more than half of patients (56.5%) treated 
with this regimen experienced total remission, and  prolonging 
treatment duration beyond 10 weeks was not associated with 
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a meaningfully higher likelihood of remission. Total remis-
sion rates were higher for patients with Hurley stage II dis-
ease at baseline (60%) compared to patients with Hurley 
stage III disease at baseline (29%). Two-thirds of patients 
with total remission experienced relapse (not defined), with 
5.0 months being the mean time to relapse for the relapsers. 
Approximately one-quarter (26%) of patients discontinued 
therapy due to side effects. In Gener et al.’s retrospective 
report on 116 HS patients treated for 10 weeks with 
clindamycin (300 mg po bid) and rifampin (600 mg po bid), 
for whom follow-up data on 70 patients were available, sta-
tistically significant improvement in Sartorius scores was 
noted, with median Sartorius score decreasing 50% (from 29 
to 14.5). Pain and frequency of purulent drainage decreased 
significantly, and 66% of patients self-rated the result of 
treatment as “very good.” Unfortunately, week 10 data was 
missing for 40% of the treated patients. Among the patients 
with available week 10 data, the discontinuation rate was 
11.4%, mostly due to GI symptoms. The 23 HS patients 
treated prospectively by Bettoli et al. with combination 
clindamycin-rifampicin experienced a mean reduction in 
Sartorius score from 132.05 at baseline to 71.50 at week 10, 
corresponding to a mean decrease of 45.85%. The authors 
arbitrarily chose 25% improvement in Sartorius score as 
clinically meaningful; by this criterion, 85% of patients 
experienced clinically meaningful improvement. Three of 23 
patients discontinued treatment, and 3 of 23 patients noted 
GI side effects. Shortcomings of these studies include 
absence of a placebo group, variable availability of follow-
 up data (with incomplete and limited follow-up for patients 
who experienced remission), and the use of endpoints that 
were either unvalidated or, in the case of Sartorius score, 
lacking a validated threshold for clinically meaningful 
improvement.

 Other Antibiotics

Oral tetracycline (500 mg twice daily) was compared with 
topical clindamycin (1% lotion twice daily) in a double- 
blind, double-dummy 3-month randomized control trial of 
46 Hurley stage I and II patients [24]. Compared to baseline, 
both treatment arms experienced significant improvement in 
a variety of efficacy measures. No significant differences 
were noted between the treatment arms, but the study did not 
provide power calculations, making it possible that the study 
lacked power to detect a significant difference. Based on the 
available data, it is not possible to determine the percentage 
of subjects who experienced clinically relevant improve-
ment. At baseline, subjects had less than three abscesses and 
less than five nodules. In both treatment groups, median 
abscess count and nodule count were approximately halved 
after 3 months of treatment.

Based on a smaller case series describing successful 
treatment of HS with dapsone [25], outcomes from 24 HS 
patients treated with dapsone, at doses ranging from 50 to 
200 mg per day for up to 48 months, were reported [26]. 
With 100% ascertainment at follow-up, “clinically signifi-
cant improvement” (defined as “drastic relief and major 
clinical improvement”) was observed in six patients (25%). 
One patient with clinically significant improvement experi-
enced disease recurrence rapidly after treatment discontinu-
ation, but responded again to dapsone when it was 
reinstituted, suggesting that the improvement observed with 
dapsone therapy was not coincidental. Two of 24 patients 
discontinued due to dapsone-related adverse events. The 
principal strength of this series is the complete ascertain-
ment of treatment outcomes; weaknesses include absence of 
a placebo control group and lack of a validated endpoint. 
Interestingly, the reported rate of clinically significant 
improvement was not notably different from the placebo 
HiSCR response rate in adalimumab clinical trials (25.0–
26.7%), suggesting that at least some of the patients experi-
encing clinically significant improvement may instead have 
been undergoing spontaneous, random fluctuation in dis-
ease activity.

In a retrospective study, 28 HS patients were treated with 
a combination of rifampin (10 mg per kg per day), moxi-
floxacin (400 mg per day), and metronidazole (500 mg tid), 
sometimes preceded by a 2-week course of intravenous cef-
triaxone (1 g per day) and oral metronidazole (500 mg tid) 
[27]. Metronidazole was administered for 6 weeks, but 
rifampin and moxifloxacin were continued until disease 
remitted (i.e., inflammatory lesions were absent at two con-
secutive visits). Complete remission was achieved by 16 
patients (57%), though most Hurley stage III patients failed 
to remit. Patients achieving complete remission were main-
tained on trimethoprim-sulfamethoxazole (400 mg/80 mg 
daily) or doxycycline (100 mg daily). Among the 14 patients 
who entered remission and had long-term follow-up, 7 expe-
rienced relapse. Nausea and diarrhea affected the majority of 
patients, and four experienced moxifloxacin-associated ten-
dinitis necessitating treatment discontinuation.

In an improved treatment algorithm, 30 patients were 
treated with intravenous ertapenem (1 g daily) for 6 weeks, 
followed by the rifampin/moxifloxacin/metronidazole com-
bination described above until disease remitted [28]. Sixteen 
patients adhered to this treatment regimen; their median 
Sartorius score decreased from 50.5 at baseline to 12.0 at 
month 6. Patient remission rates were not provided; remis-
sion rates by body region were 100% for Hurley stage I, 96% 
for Hurley stage II, and 27% for Hurley stage III. Most of the 
patients required repeat treatment to maintain disease con-
trol. During the ertapenem induction, oral and/or vaginal 
candidiasis was reported for 27% of ertapenem-treated 
patients, and one patient experienced lymphangitis.

36 Biologic and Systemic Agents in Hidradenitis Suppurativa



370

 Other Therapies

 Zinc

Because zinc salts have been hypothesized to have anti- 
inflammatory properties and because efficacy with zinc glu-
conate in treatment of mild to moderate acne has been 
described, a pilot open-label study of zinc gluconate to treat 
predominantly Hurley stage I and II patients was conducted 
[29]. Subjects received 90 mg zinc gluconate per day, which 
was decreased by 15 mg every 2 months once complete 
remission (defined as resolution of inflammatory lesions or 
no new lesions for at least 6 months), or once partial remis-
sion (defined as at least 50% reduction in inflammatory 
lesions or a shorter duration for inflammatory lesions), had 
been achieved. Eight of 22 patients (36%) achieved complete 
remission, with the remaining patients achieving partial 
remission. Treatment was not remittive following dose 
reduction. One patient discontinued due to nausea and vom-
iting. Shortcomings of this study include absence of a pla-
cebo group, few subjects (one subject with Hurley stage III 
disease), ambiguity about follow-up duration and endpoint 
definition, and lack of information about efficacy for differ-
ent Hurley stages. A subsequent open-label study of 66 
patients treated with oral zinc gluconate combined with topi-
cal 2% triclosan reported improvements in median Sartorius 
and DLQI scores [30].

 Hormonal Therapy

Clues pointing to a hormonal influence on HS pathogenesis 
include female preponderance, onset typically after puberty, 
rarity among postmenopausal women, reports of HS exacer-
bations associated with menses, and possible association 
with the hyperandrogenic state of polycystic ovary syndrome 
[31]. However, no consistent evidence of abnormal serum 
levels of sex hormones exists, though this does not preclude 
abnormalities in sex hormone metabolism peripherally, in 
hair follicles or sebaceous glands.

If hyperandrogenism can trigger HS, then antiandrogens 
are rational treatment options. Lee and Fischer [32] reported 
an uncontrolled retrospective analysis of 20 female patients 
treated with spironolactone 100 mg per day, using an unvali-
dated PGA scale modified from Kimball et al. [12] that clas-
sifies patients into grades of clear, mild, moderate, or severe 
based on counts of abscesses, draining fistulas, and inflam-
matory nodules. Response rate was 85% (17 of 20 patients 
experiencing at least 1 grade improvement relative to base-
line); if more stringent response criteria are employed to 
assess outcomes (i.e., improvement by more than 1 grade 
relative to baseline), 7 of 12 moderate patients became clear 
and 1 of 3 severe patients became mild, for a response rate of 

53% (8 of 15). Response was typically observed by month 5 
or 6. No information was provided about whether any of 
these patients had clinical or biochemical evidence of hyper-
androgenism prior to starting spironolactone. One patient 
discontinued treatment due to altered mood and dizziness. 
Shortcomings of this study include its retrospective nature, 
absence of a placebo control, and concomitant use of poten-
tially beneficial medications (five patients were on concomi-
tant minocycline and seven patients were on concomitant 
oral contraceptives). The antiandrogen cyproterone acetate 
(unavailable in the USA) combined with ethinyl estradiol 
was compared with norgestrel and ethinyl estradiol in a 
double- blind crossover trial of 24 female HS patients [33]. 
Both treatment regimens reduced disease activity compara-
bly. Seven of 24 patients experienced disease clearance as 
assessed by physicians; by patient self-assessment, approxi-
mately twice as many patients experienced improvement 
compared to worsening with one of the regimens. The small 
number of enrolled patients, the high dropout rate (25%), 
and the absence of a placebo control limit the study’s gener-
alizability. Interestingly, in a case series of 29 patients treated 
with different types of antiandrogens, evidence of biochemi-
cal androgenism was not a factor predictive for responsive-
ness [31]. Finasteride was tested in seven male and female 
HS patients who had failed oral antibiotics [34], based on the 
hypothesis that hair follicle-mediated conversion of testos-
terone to dihydrotestosterone by type II 5α reductase drives 
HS pathogenesis. Three patients experienced no new lesions 
within 2–8 weeks of treatment initiation, and three had fewer 
or smaller lesions. The small size of this study limits its 
generalizability.

 Metformin

Metformin is typically used for treatment of type II diabe-
tes and polycystic ovary syndrome and reduces plasma glu-
cose levels through a variety of mechanisms including 
reduced glucose production from hepatocytes, reduced 
intestinal absorption of glucose, and heightened insulin 
sensitivity. Its precise mechanism of action is unknown. As 
type II diabetes and polycystic ovary syndrome are com-
mon comorbidities in HS patients, Verdolini et al. [35] con-
ducted an uncontrolled case series of 25 HS patients treated 
with metformin for 24 weeks. At doses up to 500 mg tid, 18 
patients experienced an improvement in the Sartorius score 
relative to baseline, with 7 of these patients (28%) experi-
encing at least a 50% improvement in Sartorius score rela-
tive to baseline. If it is assumed, based on how the Sartorius 
score is derived, that a 50% improvement in Sartorius scale 
is the threshold for clinically meaningful improvement, 
then the 28% response rate is not markedly higher than the 
HiSCR placebo response rate of 25–27% reported by 
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Kimball et al. [6]. Assessment of plasma glucose levels was 
not performed in these patients, so it is unknown whether 
those patients with a clinically relevant response had ele-
vated glucose levels prior to starting metformin or a marked 
reduction in their levels after starting metformin. Minor GI 
disturbances at the beginning of treatment were the only 
recorded side effects.

 Systemic Retinoids

Systemic retinoids reduce epithelial proliferation, normalize 
differentiation, and are anti-inflammatory. Isotretinoin was 
first tested for efficacy in HS by Boer and van Gemert [36], 
who published retrospective results from 68 patients treated 
for 4–6 months with isotretinoin (mean daily dose of 0.56 mg 
per kg). Sixteen patients (23.5%) were “virtually clear” at 
the end of treatment, all of whom had mild or moderate HS 
at baseline. The authors concluded that isotretinoin had “lim-
ited value” in HS management. This study was followed by 
a retrospective series of 12 patients with Hurley stage II or III 
disease treated with acitretin at a mean dose of 0.59 mg per 
kg for 9–12 months [37]. Nine patients entered total remis-
sion, defined as at least 75% improvement in inflammation 
as measured with a physician’s global assessment scale. All 
but one of the patients experienced clinically meaningful 
reduction in pain severity. Remission duration lasted between 
6 and 45 months. The side effect profile was similar to what 
is seen for acitretin in psoriasis patients. Marked objective 
improvement observed in the majority of patients, coupled 
with substantial improvement in pain, must be tempered by 
the considerations that this was an uncontrolled retrospective 
study without a validated objective endpoint, and that acitre-
tin is not practical to use in women of childbearing potential, 
who comprise the majority of HS patients.

 Surgery

Surgical intervention is a complementary approach to man-
aging HS, with potential advantages and disadvantages rela-
tive to medical therapy. Because sinus tracts are not expected 
to resolve with medical therapy, surgery is the only possible 
means by which these lesions can be definitively eliminated. 
Successful surgery may, by permanently removing skin 
prone to abscesses or inflammatory nodules, obviate the 
need for chronic medical therapy. Disadvantages of surgery 
are the postoperative morbidity, the risk of complications 
(e.g., wound infections or dehiscence, bleeding, and scarring 
limiting the range of motion), and the risk of recurrence 
(which is less acceptable than recurrence for patients who 
discontinue medical therapy because medical therapy is gen-
erally more tolerable). Surgical outcomes reported in case 

series or trials cannot be comprehensively evaluated unless 
the degree of postoperative morbidity; the risk, duration, and 
severity of surgical complications; and the risk of recurrence 
are included in the evaluation, and the risk of recurrence may 
be underestimated if follow-up duration is short.

Excision is the most commonly reported surgical tech-
nique employed to manage HS. After excision, surgical 
wounds may be closed primarily if they are relatively small 
or may be left to heal via secondary intention, flaps, or grafts 
if relatively large. Based on case series in which these dif-
ferent closure methods were employed, wounds that under-
went primary closure had a higher recurrence risk, 
presumably because excisions small enough to undergo pri-
mary closure were too small to excise all diseased tissue 
(but to prove this presumption would require a study exam-
ining recurrence risk after mandating that methods other 
than primary closure be used for small wounds, which 
would be ethically ambiguous). Mandal and Watson [38] 
noted that among 100 of their patients treated with excision 
and primary closure, 70% had recurrences requiring addi-
tional surgery, but among 43 patients treated with excision 
and flap or graft, none experienced recurrence [38]. Median 
follow-up was 4 years; no information about the degree of 
postoperative pain or duration of postoperative recovery 
was provided. In a separate series of 31 patients treated with 
drainage, limited excision, or “radical wide excision” 
(defined as “all hair-bearing skin (with or without signs of 
HS) of the affected region with a clear margin of at least 1 
cm”), recurrence rates requiring repeat surgery were 100%, 
42.8%, and 27%, respectively (with a mean follow-up of 
72 months) [39]. Further evidence about the potentially high 
risk of recurrence in HS wounds undergoing primary clo-
sure comes from a 200-patient placebo- controlled trial eval-
uating the efficacy and safety of placing a collagen matrix 
containing gentamicin (or placebo) in the wound bed of HS 
lesions excised and closed with primary intention healing 
[40]. Three-month recurrence rates were 40% in the genta-
micin group and 42% in the control group. van Rappard 
et al.’s [41] recurrence rate following excision and primary 
closure was 23% (after a mean follow- up of 10 months). 
With recurrence rates following local excision and primary 
closure ranging from 23 to 70%, local cure with this 
approach is possible but unpredictable.

Larger-scale excisions can result in low recurrence rates, 
so long as diseased tissue is adequately removed and the sur-
geon and patient have the capability to manage wounds too 
large to undergo primary closure, and can manage and toler-
ate postoperative complications. Rompel and Petres [42] 
analyzed data from 106 of their HS patients who underwent 
excision after identification of all communicating branches 
of sinus tracts via intraoperative injection of methyl violet 
solution. Excision with this technique typically reached deep 
subcutaneous tissue or fascia. The different methods used for 
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closure (primary closure, secondary intention, flaps, or 
grafts) did not influence the risk of complications, which 
were low (e.g., wound infections were observed in 3.7% of 
patients). The recurrence rate across the different closure 
methods was also low at 2.5%, with a median follow-up of 
36 months. No information was provided about the extent or 
duration of postoperative morbidity such as time to wound 
healing, nor was recurrence defined. Similarly, among 
another set of 57 HS patients who underwent excision, fol-
lowed either by primary closure, secondary intention heal-
ing, or skin grafting, no local recurrences were noted after a 
follow-up of 8.4–21.2 months [43]. Postoperative morbidity 
was not reported. Bohn and Svensson [44] summarized their 
experiences with 116 HS patients who received excisions 
extending down to fascia and out to 2 cm beyond the margin 
of clinically involved skin. Most patients needed split skin 
grafting. With an 8-year median postoperative follow-up, no 
patient experienced a relapse in the grafted sites. Anesthesia 
or paresthesia lasting longer than 3 months was common, 
and seven patients had limited range of motion of their shoul-
der persisting up to 5 months. Not all surgical series report-
ing on excisions replicated such good outcomes: complete 
clearance was noted in only 59.7% of 57 HS patients who 
underwent excision in one series [45] and Ritz et al.’s 27% 
recurrence risk with “radical wide excision” is noted above. 
Other than closure type (functioning as a proxy for wound 
size), factors reported to affect recurrence risk include loca-
tion (axillary and perianal HS less likely to recur compared 
to inguinal or genital HS) [39] and female gender [46].

Surgical techniques other than scalpel excision have also 
been described. The STEEP technique (“skin-tissue-saving 
excision with electrosurgical peeling”) is a series of tan-
gential passes designed to progressively remove exclu-
sively diseased tissue with electrosurgery. Blok et al. [46] 
report a recurrence rate of 29.2% and a wound infection 
rate of 1.8% after 482 operations and a median follow-up of 
43 months [46].

For isolated, chronic lesions in patients with Hurley stage 
I or II disease, deroofing is a tissue-saving alternative to radi-
cal wide excision, as reported by van der Zee et al. [47]. 
Under local anesthesia, sinus tracts were delineated with a 
blunt probe, and the skin overlying the sinus tracts was 
removed with scalpel or electrosurgery. Debris within the 
sinus tracts was curetted, and the defect was allowed to heal 
via secondary intention. No recurrence was noted in 83% of 
the 88 treated lesions, with a median follow-up of 34 months. 
Mean healing time was 14 days.

The long-pulsed 1064 nm Nd:YAG laser has demon-
strated significant efficacy in a prospective trial of patients 
with multiple involved anatomic regions, who had 4 monthly 
laser or control treatments randomized to different regions 
within the same patient [48]. Its mechanism of action in HS 
is unknown. For regions receiving laser therapy, the entire 

anatomic region was treated with a single pulse and inflam-
matory lesions received double pulses. One month after the 
last laser treatment, percentage improvement in modified 
Sartorius score among laser-treated regions was 63.6%, 
compared to 5.3% for control regions (p < 0.001). Seventeen 
of 22 patients (77%) completed all 4 treatments, and treated 
inflammatory lesions healed within 2–7 days. Recurrence 
rate after laser therapy completion was not studied.

Ablation of diseased tissue with a CO2 laser is a relatively 
bloodless and tissue-sparing alternative to scalpel excision 
[49]. In this case series, ablation was performed in stages on 
24 Hurley stage II patients, with the procedure repeated until 
all tissue not identified as normal subcutaneous fat was 
removed. Recurrence rate was 8% (2 of 24 treated sites) over 
a mean follow-up period of 24 months. Despite generating 
wound areas of 6–40 cm2, postoperative pain requiring anal-
gesics lasted no more than 4 days and most patients could 
resume daily activities within 3 weeks. The same group later 
improved upon this technique by using a scanner-assisted 
CO2 laser, which automatically varies the direction of the 
laser beam and thereby makes the ablation less operator- 
dependent than the prior “freehand” method [50]. For more 
severely affected patients (Hurley stage III), CO2 laser ther-
apy to excise diseased tissue in cutting mode has been 
described in a retrospective case series of nine patients with 
1-year follow-up [51]. Depending upon defect size, wounds 
underwent primary closure or secondary intention healing. 
One patient developed a local recurrence, and one developed 
postoperative wound dehiscence. A subsequent 61-patient 
series also reported low incidence of recurrence (with 2 
patients experiencing recurrence at the edges of laser-treated 
areas) and low incidence of complications (3 postoperative 
cellulitis cases). Wounds averaged approximately 2 months 
to heal by secondary intention. Compared to scalpel exci-
sions, CO2 laser therapy is relatively bloodless, making it 
technically easier to visualize and eradicate subcutaneous 
sinus tracts. While these reports are promising, small patient 
numbers and follow-up limit inferences about long-term 
effectiveness and safety, and few surgeons have the equip-
ment, expertise, or interest to perform CO2 laser surgery on 
HS lesions.

 Conclusions

Gulliver et al. have proposed an evidence-based approach 
to HS management (Fig. 36.2) [52]. Recommended first-
line therapy for mild disease is twice daily topical 
clindamycin 1% lotion. For more widespread or severe 
disease, oral  therapy is advised: tetracycline 500 mg 
twice daily for at least 4 months or, in case of more 
severe or recalcitrant disease, a 10-week course of 
clindamycin 300 mg twice daily and rifampin 600 mg 
once daily. For patients with an inadequate response to 
oral antibiotics, adalimumab at the HS-approved dose 
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(160 mg at week 0, 80 mg at week 2, 40 mg weekly 
starting at week 4) is recommended. Surgical interven-
tions personalized to the extent and severity of scarring 
or sinus tract formation, including options such as radi-
cal excision, deroofing, CO2 laser, and Nd:YAG laser, 
are recommended to address those disease aspects not 
expected to respond to medical therapy.

The two therapeutic classes for which evidence is best 
are oral antibiotics and TNF monoclonal antibodies. The 
proportion of patients experiencing improvement with 
antimicrobial therapy are far higher than the proportion of 
patients with evidence from bacteriologic cultures of the 
presence of pathogenic bacteria. Because the reports on 
use of antimicrobial therapy are not placebo-controlled, it 
is possible that many of those patients who experienced 
improvement in their HS while receiving antimicrobial 
therapy may really be experiencing spontaneous waning 
in their disease severity that is unrelated to their antimi-

crobial therapy. Alternatively, the antimicrobial therapy 
may be exerting an anti- inflammatory effect or may be 
altering the proportions of commensal bacteria that are 
triggering inflammation in HS lesions, bacteria that are 
not easily cultured with routine bacteriological methods. 
Placebo-controlled trials of antimicrobial therapy in HS, 
preferably coupled with assessments of the cutaneous 
microbiomes before and after antimicrobial therapy, are 
needed to resolve this question. Antimicrobial therapy 
use in HS differs from use with true infectious dermatoses 
such as furunculosis because routine cultures are not war-
ranted and should not be used to guide antimicrobial 
choice. The antibiotic therapy with the largest available 
efficacy and safety dataset in HS is combination clindamy-
cin and rifampicin, which is typically administered for no 
more than 10 weeks because of the risk of inducing C. 
difficile colitis. Therapy with antibiotics in the tetracy-
cline class or zinc gluconate is recommended to maintain 
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disease control after completion of the 10-week clindamy-
cin-rifampicin treatment regimen [20]. TNF monoclonal 
antibody therapy, particularly adalimumab, has the largest 
evidence base supporting efficacy and safety for treat-
ment of HS. In the absence of head-to-head trials, it is not 
possible to use the adalimumab and other biologic trial 
outcomes to infer comparative efficacy and safety: there 
are confounding differences in the baseline population, in 
the primary efficacy measure, and in the endpoint. Among 
therapies other than oral antibiotics and TNF monoclonal 
antibodies, retrospective series for zinc gluconate and 
acitretin report efficacy results that are higher than what 
would be expected to occur with placebo.

Limited surgical interventions may complement medi-
cal therapies to remove isolated, intermittently inflamed 
sinus tracts, with the surgery expected to be technically 
easier after inflammation is better controlled. The benefits 
and risks of larger-scale excision and of Nd:YAG or CO2 
laser surgery are uncertain because of variability in the 
recurrence risk and insufficient information about their 
postoperative morbidity.

Given the many limitations in the evidence base for HS 
treatments, and the real-world constraints dictated by 
payors about which treatments can be used, clinicians 
may be obliged to utilize a treatment algorithm without 
having confidence that all the choices in the algorithm are 
effective. It is reasonable to engage in empiric trials of 
unproven medical therapies, so long as the clinician and 
patient have the discipline to abandon therapies that are 
not resulting in clinically relevant improvement, or, if 
response is partial, to supplement with additional thera-
pies expected to act through different mechanisms (e.g., 
oral antibiotics and TNF monoclonal antibodies). The 
absence of evidence of toxicity from combining these two 
classes in the PIONEER II trial further supports this treat-
ment tactic. Two practical means of assessing if clinically 
relevant improvement is occurring are to collect at base-
line and at each follow-up visit abscess plus inflammatory 
nodule counts and DLQI scores, neither of which are bur-
densome to collect. Clinically relevant improvement cor-
responds to at least 50% reduction in abscess plus 
inflammatory nodule count relative to baseline and/or a 
decrease from baseline in DLQI scores of at least 4. The 
severe quality of life impairment resulting from HS, and 
the risk of disease progression in patients whose inflam-
matory disease is inadequately controlled, should spur 
clinicians to change therapies for patients who are lan-
guishing on suboptimal therapy.

Case Report
A 45-year-old white female presents with a history of inflam-
matory lesions in the perianal area and medial thighs that 
have been present since she was a teenager. Some of the 

lesions drain fluid. Once to twice per month, she develops 
severely painful abscesses which persist for approximately a 
week. The abscesses are more likely to appear during the last 
week of her menses. Past treatment with doxycycline 100 mg 
twice daily helped reduce the pain and drainage but failed to 
resolve the lesions. She denies arthritis, abdominal pain, or 
diarrhea.

Past medical history: Noncontributory

Social History
• Drinks socially (a few glasses of wine per week)
• Nonsmoker
• Single
• Office worker
Previous therapies: Oral doxycycline

Physical Exam
• Axilla and inframammary folds are clear
• Three draining fistulas on bilateral medial buttock cheeks
• Hypertrophic bridging scars, bilateral medial thighs
• DLQI score of 11

Management
Doxycycline 100 mg po twice daily was continued, and 
twice daily clindamycin lotion to affected areas was pre-
scribed. Because of the history of flaring during menses, the 
patient was started on spironolactone 25 mg po bid, which 
was ultimately increased to a dose of 100 mg po bid. These 
interventions further reduced her drainage, but because she 
complained of persistent flares of her abscesses, adalimumab 
was initiated. The QuantiFERON Gold assay test was nega-
tive and she had negative hepatitis B serologies. Adalimumab 
dosing was 160 mg at week 0, 80 mg at week 2, and then 
40 mg weekly starting at week 4. The patient noted pain 
reduction within the first week of therapy and has remained 
on topical clindamycin, doxycycline, spironolactone, and 
adalimumab for several months.
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Systemic and Biologic Agents for Lupus 
Erythematosus

Daniel J. Wallace

 Introduction

Lupus erythematosus is an autoimmune, pleomorphic disor-
der that afflicts over 500,000 individuals in the United States. 
Approximately half meet established criteria for a systemic 
disorder or SLE (systemic lupus erythematosus). Most of the 
remainder have variations of cutaneous lupus [1]. Table 37.1 
lists the types of lupus. This chapter will restrict itself to sys-
temic and biologic agents used in the management of 
LE. Clinical descriptions of subsets of LE are outside of the 
scope of this review.
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Table 37.1 Lupus erythematosus

1.  Lupus affecting the skin (prevalence in the United States about 
300,000)

  (a) Chronic cutaneous lupus erythematosus (CCLE)

    •  Classic discoid lupus erythematosus (DLE)—localized 
and generalized

    • Hypertrophic/verrucous DLE

    •  Lupus panniculitis/profundus (dermal rather than 
epidermal)

    •  Mucous membrane involvement (oral cavity, nasal, 
genital, conjunctival)

    • Tumid/papulomucinous lupus

    • Chilblain lupus

    • Lichenoid DLE (LE-lichen planus overlap)

  (b) Subacute cutaneous lupus erythematosus (SCLE)

    • Annular SCLE

    • Papulosquamous/psoriasiform

    • Vesiculobullous annular SCLE

    • Toxic dermal necrolysis-like SCLE

  (c)  Acute cutaneous lupus erythematosus (ACLE)—nearly all 
have SLE

    • Localized (malar rash)

    • Generalized (morbilliform)

    • Bullous LE

    • Toxic epidermal necrolysis-like ACLE

  (d) Lupus nonspecific skin disease

    • Photosensitivity

    • Alopecia

    •  Vasculitis—urticarial, purpuric, subcutaneous nodules, 
small vessel

    • Vasculopathy

     –  Ischemic/vasomotor—Raynaud’s, erythromelalgia, 
telangiectasias, dysautonomic

     –  Thromboembolic—related to antiphospholipid 
antibodies, cryoglobulins, calciphylaxis, or 
cholesterol crystals

    • Miscellaneous—calcinosis, nail changes

2.  Systemic lupus erythematosus <SLE> (US prevalence, 
approximately 250,000)

  (a) Non-organ threatening

    • Skin (see above)

    • Musculoskeletal

    • Constitutional (e.g., fatigue, fevers, weight loss)

    • Serositis (pleural, pericardial, peritoneal)

  (b) Organ threatening

    • Cardiopulmonary

    • Renal

    • Central nervous system

    • Hepatic/mesenteric vasculitis involvement

    •  Hematologic (e.g., hemolytic anemia, 
thrombocytopenia)

    • Ophthalmic (e.g., retinal vasculitis)

3.  Drug-induced lupus (15,000 new cases a year; 90% due to five 
drugs)

  (a)  Cases that disappear after withdrawal of offending agent 
(e.g., anti-TNFs, antiarrhythmics)

  (b)  Cases that can be long lasting (e.g., minocycline, DRESS 
syndrome)

(continued)
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 General Concepts of Managing Lupus 
Without Prescribing Anti-inflammatory 
Medication

A newly diagnosed lupus patient should have an educational 
session with their rheumatologist/primary caregiver that 
explains the complicated process [2]. It includes a review of 
physical and lifestyle measures, sun avoidance, distribution 
of written materials, and/or how to obtain access to respon-
sible online information. The importance of adherence and 
compliance to treatment regimens should be emphasized. 
The discussion includes a review of the causes of fatigue 
(e.g., inflammatory, metabolic, medication, psychological) 
and how to deal with it, the role of exercise, and condition-
ing. Patients should be caused regarding tobacco avoidance, 
using alcohol in moderation, cold avoidance, and protective 
measures to manage Raynaud’s. The role of a well-balanced 
diet is important, but there is no “anti-inflammatory” diet per 
se. Fifty percent with SLE use complementary and alterna-
tive medicine approaches. Only those that affect the sympa-
thetic nervous system (e.g., stress reduction, meditation) 
have been shown to have any ameliorative effect [3].

Several preventive strategies have been shown to improve 
outcome in controlled studies. This includes sunscreens, 
being properly vaccinated, and regular health maintenance 
including screening for hypertension, diabetes, hyperlipid-
emia, and osteoporosis.

 Topical Management for Cutaneous Lupus

The best-documented preventive interventions include sun 
avoidance and sun protection measures. Commercially avail-
able sunscreens consist of ultraviolet light-absorbing chemi-
cal agents in cream, oil, lotion, alcohol, gel, or foam vehicles 
that can block UVA, UVB, or both. An agent with a sun pro-
tection factor (SPF) of 15 blocks 93% of UVB rays, and a 
sunscreen with a UVB of 50 blocks only 5% more. Sun 
exposure is greatest midday and at higher altitudes. Up to 
80% of UV rays penetrate cloud cover and can be reflected 
from water, concrete, sand, snow, tile, and reflective glass in 

buildings. Clothing provides more sun protection if it is 
loose fitting, lightweight in dark clothing, and accompanied 
by sunglasses and broad-brimmed hats [4].

Topical corticosteroids can be fluorinated or non- 
fluorinated and are sold in differing potencies in a variety of 
vehicles as ointments, gels, creams, adhesives, and lotions. 
Fifty years of experience have guided practitioners to the fol-
lowing regimen: (a) non-fluorinated (over the counter) creams 
are weak but safe for long-term use, especially for facial 
lesions, (b) fluorinated steroids are quite effective but should 
be used with caution for longer than 2 weeks on a facial lesion 
(possibly leading to cutaneous atrophy or telangiectasias), 
and (c) ointments are 80% absorbed and creams 20% and 
other vehicles fall in between. Creams are better tolerated but 
are drying; ointments are moisturizing. (d) Intralesional injec-
tions or occlusive dressings ameliorate focal areas of inflam-
mation [5]. There has been surprisingly little evidence-based 
investigation in this area. For example, the Cochrane Database 
review for discoid lupus in 2009 could only find two trials for 
inclusion [6]. The development of the CLASI (Cutaneous 
Lupus Disease Area and Severity Index) in 2005 should 
change this outlook over the next few years [7]. Available 
topical steroid preparations in the United States are summa-
rized below. The Food and Drug Administration (FDA) has 
seven levels of potency; agents can be in more than one level 
based on their concentration and vehicle. See Table 37.2.

Table 37.1 (continued)

Table 37.2 Examples of topical agents used for managing cutaneous 
lupus

1.  Calcinuerin inhibitors:  pimecrolimus cream, tacrolimus 
ointment

2.  Corticosteroids (available as creams, ointments, gels, foams, 
lotions, sprays)

  (a)  Class I (superhigh potency) betamethasone dipropionate, 
clobetasol propionate, halobetasol propionate

  (b)  Class II (high potency): amcinonide, betamethasone 
dipropionate, desoximetasone, diflorasone diacetate, 
fluocinonide, halcinonide, mometasone furoate, 
triamcinolone acetonide

  (c)  Class III (medium-high potency): amcinonide, 
betamethasone dipropionate, betamethasone valerate, 
desoximetasone, diflorasone diacetate, fluocinonide 
emollient, fluticasone propionate, triamcinolone acetonide, 
triamcinolone acetonide

  (d)  Class IV (medium potency): betamethasone valerate, 
fluocinolone acetonide, hydrocortisone valerate, 
mometasone furoate, triamcinolone acetonide

  (e)  Class V (medium-low potency): betamethasone 
dipropionate, betamethasone valerate, desonide, 
fluocinolone, flurandrenolide, fluticasone

  (f)  Class VI (medium-low potency): hydrocortisone butyrate, 
hydrocortisone valerate, prednicarbate, triamcinolone 
acetonide

  (g)  Class VII (low potency): alclometasone dipropionate, 
betamethasone valerate, clocortolone, desonide, 
fluocinolone, triamcinolone acetonide, hydrocortisone

4.  Neonatal lupus (transient if no congenital heart block, <1000 
cases a year, patients do not fulfill criteria for SLE)

5. Overlap syndromes

  (a)  Mixed connective tissue disease—must have antibodies to 
ribonucleoprotein (RNP); approximately 10,000 cases in 
the United States

  (b)  Patients fulfilling criteria for lupus and scleroderma, 
rheumatoid arthritis, inflammatory myositis without anti 
RNP—prevalence not known

  (c) Lupus with Sjogren’s syndrome (20% of SLE cases)
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Several calcineurin inhibitors have been studied for cuta-
neous lupus: tacrolimus ointment and pimecrolimus cream. 
Working by inhibiting T cells, these agents are widely avail-
able for eczema and are utilized for resistant lesions when 
steroids are not advisable.

 Management of Systemic Lupus

 Nonsteroidal Anti-inflammatory Agents 
(NSAIDs)

NSAIDs are used by 70–80% of all lupus patients, on at 
least an intermittent basis. Many do not realize that these 
over-the- counter agents (e.g., naproxen, ibuprofen) war-
rant additional scrutiny. None of these drugs are Food and 
Drug Administration approved for lupus, and there are 
only a handful of evidence-based studies that document 
their effectiveness. NSAIDs are not disease modifying and 
can be a bridge therapy until other agents are on board [8]. 
Patients with nephritis and other forms of organ involve-
ment should be very careful with NSAIDs and limit their 
use to topical applications for joint discomfort (diclofenac 
gel is only 6% systemically absorbed) or short-term use 
for specific circumstances (less than a week for acute 
gout). There does not appear to be any adverse issues to 
taking an occasional ibuprofen for a headache and men-
strual cramp, for example, if considered on a case-by-case 
basis.

A landmark National Institutes of Health study docu-
mented that ibuprofen and aspirin help fever associated with 
SLE, and lupus patients report amelioration of headache, 
fever, adenopathy, serositis, and musculoskeletal complaints 
[9]. Patients with non-organ-threatening disease who take 
NSAIDs on a regular basis should be monitored at least three 
to four times a year with blood pressure monitoring, a com-
plete blood count, and chemistry panel. Aseptic meningitis 
has rarely been reported in lupus patients taking ibuprofen.

 Antimalarials for Lupus

Antimalarials are a cornerstone in the management of lupus. 
Approximately 80% of all patients with systemic or cutane-
ous lupus have been prescribed one of these agents in the 
course of their disease. Over 95% of prescriptions are for 
hydroxychloroquine (HC), and the remainder for chloro-
quine and quinacrine. The latter is only available from com-
pounding pharmacists.

 Pharmacology
Chloroquine and HC are weakly basic 4-aminoquinoloine 
compounds, the latter differing by an –OH group attached 

to a side chain. Quinacrine is an acridine compound that 
differs from chloroquine by the presence of an extra ben-
zene ring. Chloroquine is two to three times more potent 
than HC and more retinotoxic. Approximately 50% of HC 
contains the S-enantiomer, which has greater bioavailabil-
ity, is eliminated more quickly, and is less toxic to the 
eyes. HC is nearly entirely absorbed by the gastrointesti-
nal tract, 50% in 2–10 h and 50% bound by serum pro-
teins. Some is conjugated with glucuronide and excreted 
in the bile, but 30–60% is biotransformed in the liver. HC 
is broken down to desethylchloroquine, desethyl hydroxy-
chloroquine, and bidesthylchloroquine in two stages: a 
rapid one with a half- life of 3 days and a slower one with 
a half-life of 40 days. 45% is renally excreted, 3% by the 
skin, and 20% fecally. 21–47% of the drug is excreted 
without being metabolized. It takes 6 months to reach a 
96% steady state. Much of HC is deposited into tissues 
and can be detected for up to 5 years after drug cessation. 
The dose of HC should be modestly reduced in patients 
with kidney failure, but patients on dialysis are more sus-
ceptible to ocular toxicity. Overdosage is not always ame-
liorated by dialysis as the drug is extensively sequestered 
into tissues. HC can interact with digoxin and salicylates 
and may have a quinidine-like effect. Blood concentra-
tions of HC roughly correlate with response to therapy but 
are primarily most useful in assessing adherence and 
compliance [10, 11].

Mechanisms of Action
The effectiveness of antimalarials in lupus stems from a 
remarkable set of seemingly unrelated pathways, and the two 
most important are elaborated upon below [12].

Interference with lysosomal function: HC and chloro-
quine are weak bases with affinity for lysosomes. In order to 
function, intracellular toll-like receptors require an acidic 
pH. Antimalarials can prevent the functional transformation 
of intracellular toll-like receptors, which inhibit their activa-
tion. They can also accumulate in lysosomal structures, 
which decrease surface receptor areas available for cell sig-
naling (especially with IL-6 with monocyte/macrophage-T 
cell activation) and hence have an anti-inflammatory effect.

Toll-like receptor (TLR)-associated mechanisms: 
Ineffective clearance of apoptotic cellular material provokes 
an inflammatory response. TLRs 3, 7, 8, and 9 can sense 
nucleic acids in intracellular compartments. Plasmacytic 
dendritic cells have a unique ability to couple the signaling 
pathways of TLR-7 and TLR-9 which leads to the produc-
tion of large quantities of type I interferons and substantially 
increases transcription of type I interferon genes. HC can 
block the activation of TLRs, and thus this agent plays a 
major role in the innate immune process.

Table 37.3 summarizes these and other mechanisms of 
action relevant to antimalarials.
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 Clinical Effects in Lupus
In seven controlled studies enrolling over 3000 patients, HC 
has been shown to demonstrate sustained beneficial effects 
on overall survival in a time-dependent manner, disease-free 
survival, and damage accrual [12, 13]. This includes a pro-
tective effect against renal damage and major infections. 
Further, antimalarials may delay the onset of SLE and 
reduces the number of and severity of clinical flares. The 
early use of HC maximizes the above benefits. All three anti-
malarials have lipid-lowering properties that are especially 
apparent in patients taking corticosteroids and can be benefi-
cial on glycemic status (which increases with duration of 
use). Tobacco smoking reduces the efficacy of antimalarial 
doses, and HC appears safe with pregnancy and lactation.

In the cutaneous lupus literature, HC is the initial agent of 
choice, and more than 50% of patients respond to HC alone. 
If HC monotherapy fails, the addition of quinacrine can be 
beneficial. Infrequently, a combination of chloroquine and 
quinacrine improves the CLASI score and is steroid sparing. 
More than 70% of lupus patients with non-organ-threatening 
disease have a favorable response to HC. Usually, patients 
are started on 5 mg/kg/day dosing for a 12–16-week trial. 
Sometimes, flares or refractory cases respond to 7 mg/kg 
dosing for no more than 3 months’ use [14]. See Fig. 37.1.

Table 37.3 Actions of antimalarials relevant to lupus

1. Shown in well-designed studies to be clinically important

  (a)  Effect of raising cellular pH on cell signaling and 
inflammatory pathways

  (b) Blocking activation of TLRs

  (c) Inhibition of ultraviolet light absorption

  (d)  Ability to lower lipid levels via its lysosomotropic  
actions

  (e) Antithrombotic effects

  (f) Decreases serum glucose

  (g) Quinidine-like cardiac actions

  (h) Antimicrobial effects

2. Theoretic mechanisms in at least pharmacologic doses

  (a)  Anti-angiogenic effects (blocks vascular endothelial 
growth factor)

  (b)  Matrix metalloproteinases and tissue inhibitors of 
metalloproteinases modulation

  (c)  Inhibition of phospholipase A2, phospholipase C, and 
BLyS (B lymphocyte stimulation factor)

  (d) Decreases production of estrogen

  (e) Blockade of graft versus host reactions

  (f) Antiproliferative actions

  (g) Dissolution of circulating immune complexes

  (h) Antioxidant actions; blocks superoxide release

  (i) Induces apoptosis

Summary of TLR-independent mechanisms of AMs

UV Protection Antilipidemic Antiangiogenic Antithrombotic MMP-TIMP
Modulation

PLA2 Inhibition BLyS Inhibition

Local anti-
inflammatory 
effects 
(CQ>HCQ) 
upregulation of 
the protective c-
jun gene. (CQ, 
HCQ).

Control of
photosensitivity
and cutaneous
lupus.

A reduction in 
serum levels of
TGs, LDL and 
cholesterol 
(HCQ); with an
increase inHDL
(CQ). 

Antagonize the
dyslipidemic
effects of
steroids and
inflammation.

Reduced 
epidermal 
expression of
VEGF (CQ).

In-vitro 
antiproliferative
and apoptotic 
effects (CQ)

Possible mode
of action in 
discoid lupus.

Inhibition of platelet
aggregation (HCQ, 
QC). Block 
interaction between 
platelets and 
coagulation factors 
(HCQ). Possible role
for primary 
thromboprophylaxis 
in APLA syndrome 
with SLE.

Inhibition of 
MMP-1, 2, 8, 9
expression 
(CQ, QC) 
Regulation of 
extracellular 
matrix (ECM) 
homeostasis. 
Inhibition of 
excess ECM 
breakdown.

Cell membrane
stabilization. 
Inhibition of 
arachidonic 
acid pathway 
and 
downstream 
synthesis of 
inflammatory 
mediators. (CQ
& QC, and to a 
lesser extent, 
HCQ).

Reduced 
maturation 
and survival of 
B-lymphocytes-
including 
autoreactive B 
cells (QC). (One
report showed 
that HCQ use 
resulted in 
reduced BLyS 
levels in tears 
of patients 
with primary 
Sjogren’s 
syndrome.)*

Fig. 37.1
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 Adverse Reactions
From 1 to 10% of lupus patients prescribed hydroxychlo-
roquine experience skin (dryness, pigment, pruritus, urti-
carial, rashes, or hair loss) or gastrointestinal (anorexia, 
distention, cramping, nausea, vomiting, diarrhea, weight 
loss) complications. Non-retinal eye changes can be 
related to corneal edema or visual changes. Rare but 
important side effects include mental status alterations, 
cardiomyopathy, and cytopenias. Toxicity tends to be dose 
and duration and related to hepatic and renal function. 
Improved drug tolerance is associated with splitting or 
lowering the dose [15].

Corneal edema with light sensitivity is a common but 
easily reversible finding that normalizes within days of drug 
withdrawal and may occur on rechallenge. New and 
improved imaging techniques, especially the SD OCT 
(spectral domain optical coherence tomography), have 
changed the way antimalarials should be monitored for reti-
nal eye toxicity. At recommended doses (using no more than 
5 mg/kg/day), the risk of toxicity up to 5 years is less than 
1%, under 2% at 10 years, but up to 20% after 20 years. 
Most damage to the retinal is parafoveal but infrequently 
can be extramacular. After 10 years, the alterations are often 
irreversible [16]. In 2016, the American Academy of 
Ophthalmology published monitoring guidelines. In the 
absence of significant renal impairment, screening should 
involve the SD OCT, multifocal electroretinogram, and fun-
dus autofluorescence during the first year of therapy, at 
5 years and annually thereafter. Chloroquine is more toxic 
than hydroxychloroquine and quinacrine rarely if ever 
affects the eyes [17].

 Corticosteroids

Corticosteroid therapy is the cornerstone for managing 
SLE, with up to 80% of patients having taken the drug 
during the course of their disease. Although available as 
dexamethasone (sometimes used for central nervous sys-
tem disease), prednisolone (especially in children), and 
hydrocortisone (for adrenal insufficiency, refractory 
fevers or for rapid onset in emergency settings), predni-
sone accounts for over 90% of steroid prescriptions. For 
lupus patients with organ- threatening disease (heart, lung, 
kidney, liver, central nervous system, bone marrow), the 
usual dose is 0.5–1 mg/kg/day for 4–12 weeks at induc-
tion, followed by tapering by up to 10% a week once a 
response is achieved. In some cases, a steroid sparing 
agent, either an immune suppressive or a targeted therapy 

is added to the regimen in the first 1–2 months [18]. 
Interestingly, there had only been a handful of studies in 
the last 40 years documenting the efficacy of corticoste-
roids until targeted therapy trials used steroid sparing as a 
secondary outcome measure [19, 20].

Half with SLE have manifestations including fatigue, 
fever, arthritis, serositis, rash, oral ulcers, and adenopathy. 
These individuals who do not have organ involvement 
respond to prednisone therapy in doses ranging from 5 to 
20 mg daily in the majority of cases. Each person with lupus 
has a different set of individual circumstances that warrant 
specialized consideration of what the optimal dose should be. 
Evidence has shown that the long-term complications of cor-
ticosteroids in lupus (e.g., cataracts, glaucoma, bone demin-
eralization, bloating, weight gain, mood changes) occur 
infrequently if prednisone dosing is kept below  adrenal 
replacement levels (6 mg of prednisone daily or less). Inability 
to do this is an indication for introduction of an immune sup-
pressive or targeted therapy. Patients who tolerate steroids 
poorly due to concomitant diabetes, metabolic syndrome, and 
propensity for developing avascular necrosis should be more 
aggressively managed to minimize their use [21].

Mild lupus flares can be managed with steroid injections 
(e.g., triamcinolone or methylprednisolone 40–120 mg IM) 
or with intraarticular use. Serious systemic flares may be 
ameliorated by pharmacologic dosing, or “pulse medrol,” 
where patients are infused with 1G of methylprednisolone 
for at least one and up to 5 days [22, 23].

Corticosteroids work within hours to days and are very 
effective in the short term, but long-term studies suggest that 
over time they accelerate renal scarring in nephritis patients, 
promote accelerated atherogenesis, and raise the lupus dam-
age index [24]. Table 37.4 summarizes the actions and use of 
glucocorticoids in SLE.

Table 37.4 Glucocorticoids for systemic lupus erythematosus

1.  Important anti-inflammatory and immune suppressive effects 
on cell types

  (a)  Neutrophils: Inhibits adhesion to endothelial cells and 
migration to tissues, mobilization from bone marrow and 
neutrophilia, inhibits apoptosis and leukoagglutination

  (b)  Eosinophils: Apoptosis and eosinopenia

  (c)  Basophils and mast cells: Inhibits mast cell degranulation 
and cytokine production

  (d)  Monocytes and macrophages: Decreases activation, 
cytokine, and destructive enzyme secretion. Blocks type I 
interferon signaling, phagocytosis of apoptotic 
neutrophils, acts as antioxidant, monocytopenia, migration 
of anti-inflammatory macrophages to sites of 
inflammation

(continued)
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 Immune-Suppressive Therapies Used in Lupus 
Patients

Although methotrexate has been available since 1948, and 
azathioprine and cyclophosphamide since the 1960s, no 
immune suppressives are approved for use in SLE. However, 
they are highly effective and steroid sparing in many lupus 

clinical settings. Interestingly, over any given year in the 
United States, only 5–10% of all lupus patients are taking an 
immune-suppressive therapy, as opposed to 30–50% being 
on nonsteroidal anti-inflammatory agents, corticosteroids, or 
antimalarials [25].

 Cyclophosphamide
Cyclophosphamide (Cytoxan) contributes alkyl groups to 
DNA, forming covalent linkages. Metabolized to 
4- hydroxycyclophosphamide and aldophosphamide by liver 
cytochrome P450 enzyme, this alkylating agent is a powerful 
agent that depletes T and B cells, alters macrophage produc-
tion as well as gene transcription, and suppresses antibody 
production [26]. A predecessor prodrug drug, nitrogen mus-
tard, became available in 1947 and was initially used to man-
age cutaneous lupus. Cyclophosphamide became available 
in 1965. The drug is almost always used intravenously but 
was widely administered orally until about 1990 until this 
method of administration was found to be less safe. There 
are still parts of the world, especially Asia, where it used 
orally as the parenteral forms are either not available or pro-
hibitively expensive. Twenty percent of cyclophosphamide is 
excreted by the kidney, and 80% is processed in the liver. It 
has a half-life of 6 h, and favorable responses are noted 
within several weeks.

Cyclophosphamide is used in the clinic in low dosages 
(Eurolupus regimen or 500 mg every 2 weeks for 6 cycles), 
high dosages (National Institutes of Health regimen of 
750 mg/M2 for 6 months with an option of every 2–3 months 
for 2–3 years), or ablative regimens (e.g., 50 mg/kg/day for 4 
days for stem cell induction) [27–29]. It can be employed as 
monotherapy or in combination with corticosteroids and 
other agents. The most common uses in SLE are nephritis, 
alveolitis, generalized systemic vasculitis, central nervous 
system vasculitis, and hematologic complications such as 
hemolytic anemia, thrombocytopenia, and thrombotic 
thrombocytopenic purpura [30]. The nadir of blood counts is 
between day 7 and 14, and there increased infection risk dur-
ing this time.

The most common side effects are nausea, vomiting, 
hair thinning, and reversible alopecia. Less commonly seen 
are mucosal ulcerations, gynecologic dysplasias, hepato-
toxicity, and significant bone marrow suppression. Patients 
receiving cyclophosphamide must be well hydrated, and 
the oral form is associated with an increased risk for hem-
orrhagic cystitis and ultimately bladder cancer if this pre-
caution is not undertaken [31]. Antiemetics such as 
ondansetron often are helpful, and 2-mercaptoethane intra-
venous administration is used if hematuria is present to 
protect the bladder. There is evidence that the administra-
tion of leuprolide acetate (3.75 mg subcutaneously q 
4 weeks) decreases the risk of premature ovarian failure 
(estimated to occur in at least 80% in females over the age 
of 30 receiving the drug) [32].

  (e)  Dendritic cells and plasmacytic dendritic cells: Apoptosis, 
blocks migration to lymph nodes, inhibition of 
plasmacytic cell differentiation, induction of tolerance

  (f)  Lymphocytes: Lymphopenia especially at CD4 T cells, 
T-cell apoptosis, blockade of T-cell receptor signaling, less 
T-cell migration to tissues, suppression of Th1 and to a 
lesser extent Th2 cells and Th17 and IL-17, increase in 
T-reg cell development

2. Usual regimens of systemic glucocorticoid therapy

  (a)  Pulse glucocorticoid regimen: >250 mg 
methylprednisolone for 1–5 days parenterally for life- or 
organ-threatening indications (e.g., myelopathy, vasculitis, 
alveolar hemorrhage)

  (b)  Very-high-dose glucocorticoid: 100–249 mg 
methylprednisolone or prednisone daily IV or oral for 
life- or organ-threatening disease (e.g., hemolytic anemia, 
optic neuritis, severe nephritis)

  (c)  High-dose glucocorticoid: 30–100 mg daily 
methylprednisolone or prednisone for < 6–8 weeks (e.g., 
acute lupus pneumonitis, thrombocytopenia)

  (d)  Moderate-dose glucocorticoids: 7.5–30 mg of prednisone 
equivalent orally used for example for myositis, pleuritis, 
thrombocytopenia

  (e)  Low-dose glucocorticoids: <7.5 mg prednisone daily 
orally for maintenance therapy, arthritis, mild 
constitutional symptoms especially if underresponsive to 
analgesics, nonsteroidals, and antimalarials

  (f)  Alternate-day glucocorticoids: Used during tapering or 
complications of lupus when patient has no symptoms 
(e.g., nephritis) to preserve hypothalamic pituitary axis

  (g)  Lupus flare bursts: Oral methylprednisolone dosepak or 
injection of triamcinolone/methylprednisolone/
betamethasone for mild flares

3. Examples of side effects of glucocorticoids in different systems

  (a)  Fluid/electrolyte: Sodium retention, edema, increased 
potassium excretion

  (b)  Gastrointestinal: Nausea/vomiting, weight gain, 
distension, pancreatitis, ulceration, gastritis

  (c)  Endocrine: Adrenal insufficiency, altered menses, glucose 
intolerance, hyperlipidemia, metabolic syndrome

  (d)  Cardiovascular: Hypertension, accelerated atherogenesis

  (e)  Hematologic: Hypercoagulability, leukocytosis

  (f)  Ocular: Posterior subcapsular cataracts, glaucoma

  (g)  Musculoskeletal: Muscle pain/weakness, osteoporosis/
fractures, avascular necrosis

  (h)  Neuropsychiatric: Psychosis, mood disturbances, seizures, 
insomnia

  (i)  Dermatologic: Acne, impaired wound healing, hirsutism, 
ecchymoses, and skin fragility

  (j)  Other: Increase susceptibility to infection

Table 37.4 (continued)
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 Azathioprine
Azathioprine (Imuran) is a purine synthesis inhibitor converted 
to the active metabolites 6-mercaptopurine and 6- thionosinic 
acid. It reduces numbers of circulating B and T lymphocytes, 
immunoglobulin synthesis, and CD28- mediated costimulation. 
Azathioprine is transformed to 6-mercaptopurine by glutathi-
one, and this agent is commonly used for inflammatory bowel 
disease. It is 20–30% protein bound, is 98% renally excreted, 
and has a biological half-life of 3–5 h [33].

Azathioprine is mostly prescribed as a steroid-sparing 
agent. Its primary use is for inflammatory arthritis, nephritis, 
severe cutaneous disease, pneumonitis, hepatitis, autoim-
mune hemolytic anemia, and thrombocytopenia [34]. A poor 
agent for induction therapy, it is frequently prescribed in 
combination with corticosteroids and other immune suppres-
sives. Therapy is usually initiated at 50 mg daily orally for 
the first week and built up to 150 mg daily or about 3 mg/kg/
day over several weeks, and favorable responses are apparent 
in 8–12 weeks. About 10% of patients are unable to tolerate 
the drug due to deficiency of the enzyme thiopurine methyl-
transferase (TPMT) that can be pretested for where they 
experience nausea, bone marrow toxicity, rash, or fever [35]. 
Generally, azathioprine is very well tolerated, but 10–20% 
report nausea. Cytopenias and transaminase elevations are 
common but do not cause symptoms and require monitoring. 
Azathioprine is associated with an increased prevalence of 
cervical dysplasias and, after 10–20 years of use, lymphoma 
[36]. The agent has an excellent safety record for patients 
who wish to conceive. Patients usually have laboratory test-
ing performed monthly for the first 3 months and every 
2–3 months thereafter. Concomitant use of allopurinol is a 
contraindication to the use of azathioprine.

Very few studies have evaluated the use of azathioprine as 
monotherapy for lupus. However, it has been shown to decrease 
inflammation in general and has been approved for rheumatoid 
arthritis, and numerous studies have documented its efficacy in 
combination with other agents for nephritis [37, 38].

 Methotrexate
Methotrexate has been available since 1948 and is used for a 
wide variety of diseases, ranging from cancer to psoriasis to 
autoimmune inflammatory disorders such as vasculitis, 
inflammatory bowel disease, and rheumatoid arthritis. In the 
latter category, the drug works by inhibiting dihydrofolate 
reductase, and primarily inhibition of enzymes thought to be 
involved with purine metabolism, leading to the accumula-
tion of adenosine, inhibition of T-cell activation, and selec-
tive downregulation of B cells [39]. In rheumatic diseases, 
methotrexate is administered orally, subcutaneously, or 
intramuscularly once a week. It is 35–50% protein bound, 
metabolized hepatically and intracellularly, and 80–100% 
excreted in the urine. Dosing should be reduced by 50–75% 
if renal impairment is present [40].

Methotrexate is administered in doses of 7.5–25 mg 
weekly, and favorable responses can be seen in 4–12 weeks. 
Two controlled lupus trials have demonstrated that it is ste-
roid sparing, reduces disease activity, and slows the damage 
index [41, 42]. It is primarily effective for inflammatory 
arthritis and cutaneous, serosal, and constitutional symp-
toms. It is not recommended for interstitial lung disease, 
hepatitis, cytopenias, or nephritis. In large published con-
trolled trials with belimumab, tabalumab, epratuzumab, 
rituximab, and abatacept enrolling over 5000 patients, 
approximately 10–15% of the patients were also taking 
methotrexate [43–47]. In these trials, 30–50% of patients 
receiving standard of care (e.g., prednisone, antimalarials, 
nonsteroidals) with or without a study drug had improve-
ment in clinical indices [48].

Methotrexate is contraindicated in pregnancy, and patients 
should not drink alcohol or severely restrict its use due to 
hepatotoxicity. Common adverse effects include nausea, oral 
ulcerations, hair loss, fatigue, fever, and headache.

Very few studies have evaluated methotrexate as mono-
therapy for SLE, but several clinical trials enrolling several 
thousand patients have allowed this agent to be a concomi-
tant medication in doses ranging from 10 to 25 mg weekly.

 Mycophenolic Acid
Mycophenolate mofetil (MMF, Cell Cept) is a prodrug of 
mycophenolic acid that inhibits inosine-5′-monophosphate 
dehydrogenase. By preferentially depleting guanosine nucle-
otides in T and B lymphocytes, it inhibits their proliferation, 
thereby suppressing cell-mediated immune responses and 
antibody formation. Over 90% protein bound, MMF is 
hepatically metabolized, and 93% excreted in the urine. Its 
biologic half-life is approximately 18 h [49]. Taken orally, its 
anti-inflammatory actions become apparent in 2–4 weeks. 
Mycophenolate sodium (Myfortic) minimizes gastrointesti-
nal side effects of mycophenolic acid. Dosing in lupus ranges 
from 500 mg a day (renal transplant rejection protection) to 
3000 mg a day (severe nephritis).

MMF has been used since 1990, but lupus studies were 
not published until the early 2000s. It appears to be very 
effective for nephritis, modestly helpful for interstitial lung 
disease, vasculitis, and chronic cutaneous lupus [50, 51]. 
Some evidence suggests that it is ameliorative in lupus pem-
phigoid and lichen planus. MMF did not fare well in rheuma-
toid arthritis trials and is probably weakly effective in lupus 
arthritis [52, 53]. In clinical trials, it is well tolerated with 
other lupus agents and may be synergistic with belimumab.

Between 10 and 30% have gastrointestinal complaints 
(nausea, vomiting diarrhea), and half of these patients are 
unable to take it as a result. MMF is contraindicated in preg-
nancy. Bone marrow suppression is monitored by obtaining 
monthly labs for the first 3 months and every 3 months there-
after [54].
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 Less Commonly Used Systemic Agents: Used 
by Less Than 1% of SLE Patients in a Given 
Year

Calcineurin inhibitors include cyclosporine A, tacrolimus, 
and rapamycin. These preparations inhibit the transcription 
of interleukin 2 and other cytokines in T cells. They decrease 
T-cell proliferation and reduce antigen preparation and T-cell 
autoantibody production. All three preparations are given 
daily, orally, work within days, and have multiple drug inter-
actions that should be reviewed prior to initiating therapy. 
All are used in post-organ transplant rejection regimens, 
which included lupus patients. Cyclosporine is used in doses 
of 50–200 mg a day for lupus nephritis, refractory rashes 
(especially psoriasiform or eczematous), or bone marrow 
hypoplasias [55, 56]. Tacrolimus is available as a topical 
preparation for cutaneous lupus and is used with other agents 
for nephritis, especially in Asia [57, 58]. Rapamycin is an 
antirenal allograft rejection drug and is being evaluated in 
ongoing clinical trials for generalized lupus [59]. All these 
agents raise blood pressure, have neurologic complications 
such as paresthesias, increase uric acid levels which can 
induce gout, and induce generalized gastrointestinal upset. 
Infectious complications are rare.

Leflunomide (Arava) is approved in the United States 
for rheumatoid arthritis. It is 80% bioavailable, 99% protein 
bound, metabolized in the GI mucosa and liver, and is equally 
excreted in the feces and urine. A pyrimidine synthesis 
inhibitor that works by inhibiting dihydroorotate dehydroge-
nase, this potent agent is as effective as methotrexate in 
head-to-head rheumatoid arthritis trials [60]. Effective in 
30 days, it is contraindicated in pregnancy and can stay in the 
system for up to 6 months after its discontinuation. 
Leflunomide is approved in China for lupus nephritis and, in 
small-scale lupus arthritis trials in the United States, appears 
to have some efficacy [61, 62]. At least 20% of users experi-
ence diarrhea or loose stools.

Antileprosy drugs such as dapsone, thalidomide, and 
lenalidomide are infrequently used for refractory cutaneous 
lupus complications including cutaneous lupus, bullous 
lupus, cutaneous vasculitis, and urticarial [63, 64]. 
Dehydroepiandrosterone (DHEA) is available over the coun-
ter or via a compounding pharmacist and has modest effects 
on fatigue and disease activity but can have undesirable 
androgenic effects [65].

The removal of plasma using a centrifugation cell separa-
tor or a membrane device and its replacement with albumin 
or protein is known as plasmapheresis. It is used for lupus 
patients with life- or organ-threatening complications of the 
disease such as cryoglobulinemia, hyperviscosity syndrome, 
alveolar hemorrhage, neuromyelitis optica, and alveolar 
hemorrhage [66].

Intravenous immune globulin (IVIg) binds to receptors on 
antigen-presenting cells and increases expression of an 
inhibitory Fc receptor that shortens the life of autoreactive 
antibodies. In SLE, it has been used for severe hypogamma-
globulinemia, idiopathic thrombocytopenic purpura, and 
acute inflammatory polyneuropathies [67, 68].

Immune-suppressive regimens for SLE are summarized 
in Table 37.5.

 Targeted Therapies for Lupus

Targeted or biologic therapies for SLE consist of those 
approved by the Food and Drug Administration for the dis-
ease and those that are available for other disorders but have 
not received approval for lupus.

 Belimumab

Belimumab was approved in March 2011 for autoantibody- 
positive SLE on the basis of two pivotal trials that demon-
strated that it met the previously set conditions of the SRI 
(Systemic Lupus Responder Index). This included a four- 
point reduction in the SLEDAI (Systemic Lupus 
Erythematosus Disease Activity Index) score, no new organ 
domain involvement as measured by the BILAG (British 
Isles Lupus Assessment Group), and no more than a 10% 
change in the physicians’ global assessment that was statisti-
cally significant when compared to a group of patients also 

Table 37.5 Immune-suppressive and other nonbiologic regimens for 
SLE

Agent Comment

Cyclophosphamide Most powerful agent available, 
cytotoxic, used for life- or organ-
threatening involvement

Azathioprine Well-tolerated agent popular for 
maintenance therapy and in steroid-
sparing regimens

Methotrexate, leflunomide Mostly used for lupus arthritis

Mycophenolic acid Highly effective for nephritis and used 
for interstitial lung disease and 
selected cutaneous manifestations

Calcineurin inhibitors Mostly used in nephritis, anti-
transplant rejection regimens

Antileprosy drugs Used primarily for forms of cutaneous 
lupus

Apheresis Cryoglobulinemia, hyperviscosity, 
TTP, alveolar hemorrhage

Dehydroepiandrosterone Fatigue and aching in patients with 
mild disease

Intravenous immune globulin, ITP, polyneuritis, 
hypogammaglobulinemia
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receiving standard of care but not belimumab [45, 69, 70]. 
Retrospectively, nearly all the patients had musculoskeletal 
or cutaneous disease. Central nervous system and anything 
more than mild disease was an exclusion from participation. 
It is a human monoclonal antibody to soluble (but not mem-
brane bound) B-lymphocyte stimulator given intravenously 
over 1–2 h and is very well tolerated.

Since its approval, approximately 30,000 patients have 
received the drug as of 2016. No significant safety signals 
have been noted, and a pregnancy registry to date has 
recorded no problems. Seven-year follow-ups continue to 
demonstrate effectiveness of this drug. Belimumab is 
given at week 0, 2, and 4 followed by monthly dosing, and 
clinical improvement is usually noted by the 5th dose 
[71]. Its clinical use is most common or in patients with 
active disease despite the use of nonsteroidals, antimalari-
als, low-dose prednisone, and immune suppressives in 
patients who have difficulty tolerating any combination of 
these agents [72]. The agent’s effectiveness for other 
organ systems or in children is currently under study, and 
a subcutaneous version is expected to be available in 2017 
or 2018.

 Targeted Therapies Approved for Other 
Rheumatic Diseases But Not Lupus

Abatacept, rituximab, and anti-IL-6 and anti-TNF (tumor 
necrosis factor) agents have been studied and are occasion-
ally used in refractory cases of SLE. Abatacept (Orencia) 
is approved for rheumatoid arthritis and works by blocking 
co- stimulation of the CTLA4-Ig pathway of T cells. It did 
not meet its primary endpoint in nephritis and non-nephri-
tis trials, but several secondary endpoints and improve-
ment signals were apparent in post hoc analyses suggesting 
it may be beneficial in certain subsets of patients (e.g., 
arthritis, nephritis) [45, 73, 74]. Further studies are ongo-
ing. Rituximab is an anti-CD 20 chimeric monoclonal anti-
body that failed to meet its primary endpoints in both 
nephritis and non-nephritis trials. This agent is widely 
used for rheumatoid arthritis, but both lupus studies man-
dated that the placebo and rituximab arms of the protocol 
include the administration of highly effective therapies: 
corticosteroids and immune suppressives. Both groups 
improved, and this underpowered study and its open-label 
follow-up were discontinued prematurely. There is evi-
dence from cohort studies and case series that selected 
patients with lupus nephritis (given with cyclophospha-
mide and MMF for example), lupus arthritis, hemolytic 
anemia, and thrombocytopenia respond to this agent. 
Agents blocking interleukin-6 may have some promise 
[47, 75–77]. Tocilizumab had a positive phase I trial at the 

National Institutes of Health, but efforts by two pharma-
ceutical companies with different preparations did not 
meet their primary endpoints. However, one dosing regi-
men of PF-04236921 did significantly improve several 
secondary outcome measures [78, 79]. Antibodies to TNF 
such as infliximab and etanercept used for rheumatoid 
arthritis have been studied in SLE with generally disap-
pointing results and can increase formation of anti-dsDNA 
and antiphospholipid antibodies [80].

 Targeted Therapies Under Study

As of January 2017, approximately 30 biologic agents are 
under study for SLE. Some of the most promising include 
those that target T cells (e.g., anti CD-40L), toleragens, B 
cells (two agents similar to belimumab), blockers of comple-
ment activation, anticytokines (anti-IL-6, IL-17, anti-IL-23), 
agents targeting the innate immune system (e.g., those that 
block interferon or toll receptor activation), or the human 
kinome (e.g., BTK and JAK inhibitors) [81].

 Management of Additional Organ Domains

 Constitutional Manifestations

Fatigue, fever, weight loss, and malaise resulting from active 
inflammation if infection is ruled out respond to nonsteroidal 
anti-inflammatory agents, antimalarials, and 0.5 mg/kg of 
prednisone equivalent for at least several weeks.

 Cutaneovascular Disease

The management of cutaneous lupus was reviewed earlier. 
Raynaud’s, chilblains, and cutaneous vasculitis are treated 
with vasodilators (e.g., calcium channel blockers, 
5- phosphodiesterase blockers, prostaglandins) in addition to 
managing the underlying disease [82].

 Musculoskeletal Lupus

Nonsteroidals, antimalarial drugs, and corticosteroids all 
improve synovitis and inflammatory arthritis seen in 
SLE. The choice of therapy depends on the areas of involve-
ment, duration, and severity of symptoms and amount and 
degree of disease activity outside of the musculoskeletal 
system. When indicated, methotrexate or leflunomide is 
helpful. Low-dose corticosteroids and belimumab are also 
effective [83].
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 Nervous System Lupus

Central nervous system vasculitis responds to high-dose cor-
ticosteroids (often given in pharmacologic doses, or pulse 
steroids at 1000 mg of methylprednisolone daily for 3 days). 
The addition of cyclophosphamide, rituximab, or apheresis 
is often beneficial [84].

Patients with antiphospholipid antibodies may have cere-
brovascular accidents and should be anticoagulated. 
Individuals who have never had a thromboembolic event but 
are considered at risk are often placed on platelet antago-
nists, such as low-dose aspirin (81 mg daily) [85].

Peripheral or cranial neuritis, including mononeuritis 
multiplex, responds to 0.5 mg of prednisone daily for several 
weeks, followed by tapering [86].

Cognitive dysfunction, or “lupus fog,” is a vasculopathy, 
and if a lumbar puncture rules out vasculitis (i.e., normal cell 
count, protein, oligoclonal bands, IgG synthesis rate, myelin 
basic protein), it is treated with biofeedback, cognitive 
behavioral therapy, mindfulness, anxiety reduction mea-
sures, and management of the underlying disease [87].

 Lupus Nephritis

Assuming most patients with SLE and renal disease undergo 
a biopsy, Class I (normal histology, minor electron micros-
copy changes) is not treated. Mesangial nephritis (Class II) 
responds to 20 mg of prednisone equivalent daily for 
3 months. Patients with proliferative nephritis (Classes III 
and IV) have a significant risk of evolving renal failure over 
a 10-year period of observation. A variety of protocols 
including high-dose corticosteroid for at least 2–3 months 
alongside immune suppression with cyclophosphamide, aza-
thioprine, mycophenolate, tacrolimus, or rituximab alone or 
in combination are used tailored to the patient’s specific 
needs [88, 89]. Membranous nephritis represents 15% of 
renal disease and has a more indolent course [90]. The above 
regimens are used but less aggressively. Additionally, hyper-
tension and other comorbidities should be managed with 
medications that are vasodilators and antiatherogenic. 
Interstitial changes may be more important than glomerular 
changes, and new metrics to define and stage this finding are 
in development [91].

 Cardiopulmonary Disease

Serositis responds to nonsteroidals and corticosteroids. 
Immune suppressives are rarely needed. Serious complica-
tions including lupus pneumonitis and pulmonary hemor-
rhage are managed with corticosteroids, cyclophosphamide, 
or mycophenolate and rarely apheresis. Interstitial lung dis-

ease frequently overlaps with Sjogren’s syndrome and may 
be ameliorated by mycophenolate or rituximab in addition to 
corticosteroids. Pulmonary embolism (treated with antico-
agulation) and pulmonary hypertension (treated with endo-
thelial cell activation antagonists, sildenafil, or other 
vasodilators) are found in about 5% with SLE [92, 93]. 
Lupus patients have up to a 50-fold increase in myocardial 
infarctions and show evidence for accelerated atherogenesis. 
Patients should be screened for hypertension, hyperlipid-
emia, and hyperglycemia and, when indicated, baseline 
 electrocardiograms, 2D echo, and carotid duplex scanning 
should be obtained [94, 95].

 Cytopenias in SLE

If low blood counts due to medications are ruled out, cytope-
nias are common in lupus. Anemia is managed according to 
its cause (e.g., low vitamin B12, folic acid, iron deficiency, 
heavy periods, inflammation leading to bone marrow sup-
pression). Hemolytic anemias require aggressive manage-
ment with high-dose corticosteroids and respond well to 
rituximab [96]. Leukopenias are usually due to active disease 
and medication. Qualitative platelet disorders are common 
but do not require treatment. Autoimmune thrombocytope-
nia responds to corticosteroids and immune suppression, 
rituximab, intravenous immune globulin, or splenectomy as 
needed [97]. Thrombotic thrombocytopenic purpura is a 
very serious complication of SLE (up to 50% mortality) that 
is managed with combinations of corticosteroids, apheresis, 
and rituximab [98].

 Summary

SLE is a complex, multisystem inflammatory process. Its 
management warrants staging the patient for organ domain 
activity and coordinating considerations of a diverse array of 
medications and managing comorbidities. Although little 
has changed over the last 50 years, many new therapeutic 
approaches are being studied in ongoing clinical trials.

Case Report for Biologic and Systemic Therapies in 
Dermatology
A 46-year-old African American female presented with dif-
fuse joint aches and malar rash 3 years ago. Laboratory test-
ing showed a positive antinuclear antibody (1:160, 
homogeneous), sedimentation rate of 30, and CRP three 
times normal, and C3 complement was 10 points below the 
normal range. A diagnosis of systemic lupus erythematosus 
was made. She was started on hydroxychloroquine 400 mg a 
day. Although her joints ached less, her rash spread to sun-
exposed areas, and she became increasingly fatigued. 
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Prednisone 10 mg a day was started, but her blood sugars 
rose into diabetic ranges, and metformin was started. 
Methotrexate was initiated but she vomited every time she 
took it.

Past Medical History
Hypertension
Obesity
Cholecystectomy

Social History
Pack-a-day smoker
Single mother of two young children
Works as an administrative assistant

Physical Examination
Malar rash, discoid lesions in “V” area of the chest and in 

forearms
Mild synovitis at both MCP and MTP joints of the hands and 

feet
Weighs 220 pounds with bp of 150/95

Management
Hydroxychloroquine was maintained, and her prednisone 
was reduced to 5 mg a day. Because of ongoing but non-
organ-threatening disease, belimumab was begun after a 
loading period of 10 mg/kg at week 0, 2, and 4. Monthly 
doses were administered thereafter. By month 6, her joint 
pain, swelling, fatigue, and rashes had disappeared. She was 
tapered off steroids and maintained on antimalarial therapy. 
Her blood pressure normalized off prednisone, and blood 
sugars remained normal with metformin.
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Anti-IgE Therapy

Andrea D. Maderal and Brian Berman

 Introduction

Omalizumab is an anti-immunoglobulin E (anti-IgE) therapy 
indicated for moderate to severe persistent asthma and 
chronic spontaneous or idiopathic urticaria. It is the only 
anti-IgE therapy currently available. Though only licensed 
for chronic spontaneous or idiopathic urticaria, it has several 
additional uses in dermatology. And with an overall good 
safety profile, it can represent a safe treatment option for 
often corticosteroid-dependent diseases.

 Mechanism of Action and Pharmacology

Immunoglobulin E (IgE) is an antibody class implicated in 
the allergic response that signals by binding to two different 
receptors: the high-affinity receptor (FcεRI) and the low- 
affinity receptor (FcεRII). In normal allergic response, upon 
exposure to an environmental allergen, the allergen is taken 
up by antigen-presenting cells to the lymph nodes and pre-
sented to lymphocytes, where then a B-lymphocyte is acti-
vated and, in the presence of appropriate cytokines, undergoes 
differentiation to produce allergen-directed IgE by plasma 
cells. IgE then binds to its receptors and, upon cross-linking 
of antigen and IgE to the receptors, activates mast cells lead-
ing to release of inflammatory mediators, such as histamine 
[1]. The FcεRI can also be activated by self-reactive IgE 

autoantibodies that either bind to self-antigens or cross-react 
with environmental substances [2]. These have been demon-
strated in conditions such as chronic spontaneous urticaria 
(CSU), atopic dermatitis, and bullous pemphigoid.

Omalizumab is a recombinant, 95% humanized monoclo-
nal antibody that selectively binds to the receptor-binding 
site of circulating human IgE [3]. It originates from a murine 
monoclonal antibody, which was then humanized, and over-
all contains 5% nonhuman amino acid residues [4]. 
Omalizumab binds to circulating IgE with a greater affinity 
than IgE does to the FcεRI, thereby reducing circulating IgE 
levels and inhibiting binding of IgE to FcεRI on basophils 
and mast cells [4]. This leads to inhibition of mast cell 
response to allergenic stimuli [5]. Omalizumab has also been 
demonstrated to decrease the expression of FcεRI on the sur-
face of mast cells, reducing the effect of IgE autoantibodies 
[6, 7]. It is thought that in CSU patients, the downregulation 
of FcεRI expression is sufficient to prevent cross-linking of 
anti-FcεRI IgG antibodies and thereby prevent mast cell acti-
vation [8].

Omalizumab has a rapid onset of action, with reduction 
of free IgE within hours of the first dose [9]. Peak serum 
concentrations are often reached after 7–8 days of admin-
istration, with an estimated serum elimination half-life of 
24 days [10]. It is excreted through hepatic degradation 
and may be secreted through bile. In clinical studies evalu-
ated for approval of asthma, <0.1% patients treated with 
omalizumab developed autoantibodies (Genentech). No 
autoantibodies to omalizumab have been demonstrated in 
trials for CSU [11–13].

 Dosages

Omalizumab is licensed for the treatment of CSU at a dose of 
150 and 300 mg subcutaneously every 4 weeks in the United 
States and 300 mg subcutaneously every 4 weeks in the 
European Union [10, 14]. Unlike for patients with asthma, 
dosing is not based on body weight or serum IgE levels. 
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Doses greater than 150 mg should be divided into more than 
one injection site to minimize injection site reaction [10]. 
The medication is supplied either as a prefilled syringe or as 
a lyophilized formulation for reconstitution. When provided 
as a lyophilized sterile powder, it should be reconstituted 
with 1.4 mL of sterile water using clean technique, mixed for 
5–10 s every 5 min for 15–20 min or longer if needed for the 
solution to dissolve. After reconstitution, the solution should 
be used within 8 h if kept refrigerated, and within 4 h if 
stored at room temperature, and should be protected from 
sunlight. To administer the medication, 1.2 mL (150 mg of 
omalizumab) should be aspirated into a 3 mL syringe and 
administered slowly via subcutaneous injection with a 
25-gauge needle.

The maximum tolerated dose has not yet been deter-
mined, though single doses of up to 4000 mg have been 
administered without toxicity, and the highest cumulative 
dose received was 44,000 mg over 20 weeks, without toxic-
ity [10].

Due to reports of anaphylaxis in clinical trials for asth-
matic patients, administration of the medication should be 
performed by a healthcare professional where treatment for 
anaphylaxis is available. It is recommended that patient 
should be observed following administration for 2 h follow-
ing the first three doses and for 30 min for all subsequent 
doses.

As none of the three pivotal trials for omalizumab in the 
treatment of CSU have demonstrated a risk of anaphylaxis 
[15–17], some authors have advocated for home administra-
tion in the appropriate setting. Denman et al. described a 
home administration protocol where the patients received 
first and second doses in the healthcare setting, and if there 
were no complications, subsequent doses were performed at 
home [18]. The patients were all provided epinephrine auto- 
injectors. Of 123 patients treated using this protocol, there 
were no cases of anaphylaxis or other serious adverse 
effects, and patients reported a preference for at home 
treatment.

 Indications in Dermatology

 Chronic Spontaneous Urticaria

Chronic spontaneous urticaria (CSU), or chronic idiopathic 
urticaria, is defined as hives and swelling lasting greater than 
or equal to 6 weeks without an identifiable cause [19]. It is a 
debilitating disease with a significant impact on quality of 
life, with similar impact to triple-vessel coronary artery dis-
ease [20]. Though the exact pathophysiology of CSU is 
unknown, the final result of urticaria and angioedema is 

caused by activation of mast cells [21]. Approximately 40% 
of CSU patients have IgG autoantibodies that target and acti-
vate FcεRI, IgE, or both, and these patients tend to have a 
longer disease duration and poorer response to antihista-
mines [22].

Omalizumab became licensed for CSU in 2014 and is 
indicated for chronic idiopathic (or spontaneous) urticaria in 
adults and adolescents 12 years of age and older who remain 
symptomatic despite H1 antihistamine treatment. It is not 
currently indicated for other allergic conditions or other 
forms of urticaria.

Currently, omalizumab is recommended as a third-line 
treatment in the European Union and fourth-line treatment in 
the United States in the management of CSU [23]. Per the 
European Academy of Allergy and Clinical Immunology, it 
is recommended that patients first receive a trial of second- 
generation H1 antihistamines; if symptoms persist at 
2 weeks, the medication should be increased to 4× the 
licensed dose. If symptoms persist after 1–4 additional 
weeks, then third-line options should be considered in addi-
tion to antihistamines, which include omalizumab, cyclospo-
rine, or montelukast [23].

Omalizumab has been extensively studied and shown 
benefit in the management of CSU in patients refractory to 
antihistamines. Three pivotal double-blind, placebo- 
controlled, phase III randomized trials demonstrated benefit 
in urticaria activity score (UAS7) and itch severity score 
(ISS), as well as a favorable safety profile, with similar inci-
dence and severity of adverse events as placebo [15–17]. 
Pooled data from a systematic review demonstrated a reduc-
tion in UAS7 of 11.58 points in patients treated with omali-
zumab as compared with placebo [24]. Complete symptom 
control was seen in 38.1% of patients in treatment group (vs. 
5.6% placebo, p < 0.001), and partial response was seen in 
55.1% of treatment (vs. 13.7% placebo, p < 0.001). There 
was also an improvement in quality of life and in angioedema- 
free days, when compared with placebo.

Greatest clinical efficacy was noted for the 300 mg dose 
group, which met all secondary endpoints, as compared to 
75 mg and 150 mg doses, though with a slightly greater fre-
quency of adverse events [15, 16]. The 300 mg dose has 
consistently demonstrated the most efficacy in reducing 
weekly ISS and wheal scores, as well as the highest rate of 
complete responders (36%) in a meta-analysis [25]. In a 
phase II study, the 75 mg dose did not show any difference 
from placebo [26].

There is no correlation between urticaria type, presence 
of associated diseases, serum level of IgE, total body weight, 
or age with response to omalizumab [27]. There is no differ-
ence in response to omalizumab between autoimmune posi-
tive and autoimmune negative patients [28]. A phase II 
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randomized, double-blinded, placebo-controlled trial of 49 
subjects with CSU and IgE autoantibodies against thyroid 
peroxidase refractory to antihistamine therapy demonstrated 
a mean reduction in weekly UAS, as well as complete pro-
tection from wheal development was seen in 70.4% of 
patients [29].

The timing of response to therapy after omalizumab treat-
ment was analyzed from phase III trials [30]. The median 
time to response was between 8 and 10 weeks in the 300 mg 
dose group. It was noted that while some patients responded 
early to therapy (within 4 weeks), others did not achieve 
response until 24 weeks, and patients could be divided into 
“fast responders” and “slow responders.” “Fast responders” 
had complete response and well-controlled urticaria after 
4–6 weeks of treatment initiation. “Slow responders” 
responded more gradually by week 12–16 and even up to 
week 24. Therefore, it is recommended not to discontinue 
therapy until after 24 weeks of failure, as patients may still 
respond [30].

In real-world practice, response to omalizumab has been 
shown to be similar to, if not better than the results from 
randomized controlled trials [31]. Patients who are “fast 
responders” often respond within 1 month, with 57% 
responding within 1 week and 86% within 4 weeks in one 
study [32]. As well, some patients in real-world practice 
require higher doses, and some advocate for patients without 
response at 6 months to have dose increases to 450 mg or 
600 mg subcutaneously every 4 weeks [31]. For patients 
with disease activity just prior to their upcoming injection, 
the dosing interval can be decreased, and doses of 300 mg 
every 2 weeks in clinical experience has demonstrated better 
efficacy than every 4 weeks [33]. Fixed dosing schedules are 
likely superior to “as needed” administration, which failed to 
be an effective management strategy in one case series [34].

Long-term usage of omalizumab has not yet been stud-
ied. In randomized controlled trials for CSU, data is pro-
vided for up to 6 months, though use >1 year has been 
shown to be safe in two small retrospective studies and indi-
vidual case studies [35–37] and up to 4 years in individual 
case reports [35, 36].

There are no guidelines presently for when to discon-
tinue or reduce therapy in patients who are well controlled. 
It may be possible to decrease the dose, as dose reductions 
from 300 to 150 mg have been shown to maintain disease 
remission, [38] or dosing intervals can be lengthened. 
Treatment discontinuation, on the other hand, has demon-
strated a high rate of relapse in previously well-controlled 
patients and should not be performed abruptly [39]. 
Retreatment in this setting though is efficacious, and patient 
often has a rapid and complete response shortly after restart-
ing therapy.

 Off-Label Uses in Dermatology

 Physical Urticaria

Physical urticarias are a group of inducible urticarias where 
wheals and/or angioedema can be triggered by different 
physical stimuli, including sunlight, heat, and cold. Though 
omalizumab has not been studied in randomized controlled 
trials for inducible forms of urticaria, it has demonstrated 
some efficacy in reports for different types of physical 
urticaria.

Solar urticaria is a rare form of physical urticaria where 
wheals are triggered within 5–10 min of sun exposure. It is 
thought to represent a type I hypersensitivity reaction to an 
unknown photoallergen, and diagnosis can be made with 
elicitation of wheals on phototesting [7]. Though initiation 
therapy should begin with sun avoidance and antihista-
mines, some patients are resistant to these and other adjunc-
tive therapies, including phototherapy, plasmapheresis, and 
cyclosporine. Several cases have demonstrated efficacy of 
omalizumab in patients with solar urticaria refractory to 
antihistamines, including cases triggered by visible light, 
where complete photoprotection is difficult [3, 7]. A phase 
II study of ten patients with solar urticaria treated with 
omalizumab 300 mg subcutaneously every 4 weeks for a 
total of three injections demonstrated 40% improvement in 
baseline solar urticaria severity, and 20% of patients reached 
the primary endpoint of absence of urticaria triggered by a 
UV dose greater than 10× the baseline minimal urticaria 
dose [40].

Cold contact urticaria is a form of physical urticaria where 
urticarial lesions and/or angioedemas occur with exposure to 
cold objects, liquids, or gases [41]. The urticaria develops 
typically after rewarming and can even result in life- 
threatening anaphylaxis. It is seen most commonly in young 
adults. Treatment for cold contact urticaria is the same as 
CSU, with antihistamines as first-line therapy [23]. In one 
case series of five adolescents with cold contact urticaria 
refractory to antihistamine therapy, treatment with omali-
zumab 300 mg demonstrated significant improvement in 
quality of life of all patients [42].

Heat urticaria is a physical urticaria that is triggered by a 
hot stimulus. Three cases of heat urticaria have been success-
fully treated with omalizumab, though one required higher 
than normal doses for complete remission [43, 44].

Delayed pressure urticaria is a form of physical urticaria 
that is often unresponsive to high doses of antihistamines. 
Other treatment options, including dapsone, are often inef-
fective or limited by long-term toxicity [45]. Several cases of 
delayed pressure urticaria have demonstrated response to 
omalizumab [45–47].
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Other forms of physical urticaria that have responded to 
omalizumab include cholinergic urticaria and dermographism 
[48, 49]. Additional studies are needed to better evaluate the role 
of omalizumab in patients with physical forms of urticaria.

 Urticarial Vasculitis

Urticarial vasculitis presents with urticarial lesions that often 
last longer than 24 h, is associated with burning more so than 
pruritus, and can leave behind dyspigmentation after the 
individual lesions resolve. Urticarial vasculitis tends to be 
unresponsive to traditional antihistamine therapy and often 
requires treatment with more high-risk medications with 
unfavorable long-term side effect profiles (e.g., systemic ste-
roids, dapsone). Omalizumab has been reported in several 
case reports and series to be effective in the management of 
normocomplementemic urticarial vasculitis [34, 50–52] and 
may represent a promising treatment option in the future.

 Angioedema

Angioedema is the correlate of urticaria in deeper tissues and 
demonstrates edema within the subcutaneous, mucosal, and 
submucosal tissue. It can occur anywhere on the body, often 
affecting the face, and can lead to respiratory insufficiency in 
severe cases [53]. In patients with CSU with angioedema, 
omalizumab has demonstrated efficacy in controlling angio-
edema at the 300 mg dose only [16]. Omalizumab decreases 
number of angioedema attacks and reduces the size of swell-
ing with attacks [54]. Omalizumab demonstrated clinical 
efficacy in one patient with angioedema not in the setting of 
CSU [55]. More rigorous studies are needed to clarify the 
role of omalizumab for angioedema in non-CSU patients.

 Atopic Dermatitis

The benefit of omalizumab in atopic dermatitis is controver-
sial. Overall, two randomized controlled trials and 13 case 
series have been conducted, which have yielded conflicting 
results. Both randomized controlled trials demonstrated reduc-
tions in Th2 cytokines and IgE but no significant clinical 
improvement as compared with control [56, 57]. The failure of 
omalizumab in atopic dermatitis may be due to the less promi-
nent role that IgE has in the pathogenesis of disease, as various 
mutations in epidermal proteins have been found to underlie 
atopic dermatitis. In one study of omalizumab in atopic der-
matitis, only patients that lacked a filaggrin mutation benefited 
from omalizumab, whereas none of the patients with a filag-
grin mutation responded to therapy [58].

In a systematic review of the data from trials and case 
series, where 60.5% of patients had severe atopic dermatitis 
and 67% had asthma, overall, 43% of patients achieved 
excellent clinical response, while 27.2% showed satisfying 
results and 30.1% showed irrelevant clinical changes or even 
worsening [59]. Dosing in these studies was based on the 
original asthma dosages, which varied depending on body 
weight and serum IgE levels, but originally only accounted 
for IgE up to 700 IU/mL. Asthma dosing guidelines have 
since been expanded to include higher doses for patients 
with IgE levels >700 IU/mL. In this meta-analysis, patients 
with lower serum IgE levels (<700 IU/mL) at baseline were 
associated with more favorable clinical responses, and the 
authors hypothesized that as many patients enrolled in the 
study had significantly elevated IgE levels (75% had IgE lev-
els exceeding 700 IU/mL), the doses provided were likely 
insufficient to account for these values [59]. Interestingly, 
one investigator-initiated pilot study using combination of 
immunoadsorption (immunoglobulin apheresis) followed by 
omalizumab administration for patients with atopic dermati-
tis showed significant reductions in SCORAD (Scoring 
Atopic Dermatitis) index in all patients, supporting the 
notion that possibly higher doses of omalizumab are needed 
for patients with atopic dermatitis and elevated IgE [60].

Omalizumab has demonstrated efficacy in case reports of 
genodermatoses with an atopic diathesis, including a case of 
Netherton syndrome, where treatment with omalizumab 
resulted in improvement in pruritus, erythema, and desqua-
mation [61] and two cases of Hyper-IgE syndrome, where 
the dermatitides improved with omalizumab [62, 63].

Whether or not there is a role for omalizumab in the treat-
ment of atopic dermatitis is still unclear, and further trials 
with additional dosing regimens are needed to fully 
elucidate.

 Bullous Pemphigoid

Bullous pemphigoid (BP) is an autoimmune blistering disease 
characterized by autoantibodies directed against two hemides-
mosomal proteins: bullous pemphigoid antigen 2 (BP180 or 
type XVII collagen) and bullous pemphigoid antigen 1 
(BP230) [64]. IgG antibodies directed against these proteins 
are important for pathogenesis of disease, diagnosis, and man-
agement, as levels can be monitored as markers of disease 
activity. Therapy presently for widespread bullous pemphi-
goid includes nonspecific immunosuppressant therapies tar-
geted to decrease antibody production, such as systemic 
corticosteroids, methotrexate, azathioprine, mycophenolate 
mofetil, and rituximab. These therapies carry significant risk 
of infection, malignancy, and many other side effects with 
long-term use.
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The role of IgE antibodies in BP has been explored, as BP 
lesions often occur as urticarial plaques which can then prog-
ress to develop tense blisters, and even an urticarial-only 
form of BP can exist. It has been demonstrated that patients 
with BP often have elevated total IgE levels in the sera [65–
67]. As well, IgE antibodies targeting BP180 have also been 
identified [68–70]. The frequency of positivity in patients 
with BP is variable, ranging from 41 to 90% of patients [67, 
71–73]. In a recent study, only 40.2% of patients with BP 
had anti-BP180 IgE antibodies, but these antibodies did cor-
relate with disease activity [64].

Omalizumab has demonstrated in several case reports to 
be efficacious in the treatment of bullous pemphigoid and 
to additionally produce a steroid-sparing effect [74–78]. In 
the future, testing for presence of IgE antibodies could aid 
in selection of therapy, as it may indicate patients more 
likely to respond to omalizumab [64]. Further trials are 
needed to evaluate the full potential of omalizumab in the 
treatment of BP.

 Mastocytosis

Mastocytosis is a rare mast cell activation disorder that can 
be limited to the skin or involve systemic organs. The main 
risk of cutaneous disease includes mast cell activation, 
resulting in anaphylaxis. Omalizumab has been reported in 
several cases of both cutaneous and systemic mastocytosis to 
be beneficial in lessening the severity of skin symptoms, 
decreasing episodes of anaphylaxis, and reducing GI symp-
toms in patients with systemic disease [79–88].

 Latex Allergy

Latex allergy is a common type I hypersensitivity reaction, 
seen in particular in healthcare workers frequently exposed 
to latex products (e.g., gloves or other medical supplies). A 
double-blind, randomized, placebo-controlled study of the 
effect of omalizumab on 18 healthcare workers with clini-
cal symptoms and positive skin testing for occupational 
latex allergy demonstrated efficacy as compared to pla-
cebo in clinically relevant ocular and skin antiallergic 
activity [89].

 Other Reports

Additional case reports have demonstrated benefit of omali-
zumab in type I hypersensitivity drug reactions [90] and 
toxic epidermal necrolysis (TEN) in combination with sys-
temic steroids [91].

 Future Directions

Hypereosinophilic syndromes are a heterogeneous group of 
disorders characterized by marked eosinophilia in the periph-
eral blood, tissues, or both, without a secondary cause [92]. 
Omalizumab has demonstrated in asthmatic patients to 
reduce peripheral eosinophil counts [92] and may represent a 
treatment option in the future for patients that are refractory 
to conventional therapies.

Systemic lupus erythematosus (SLE) has demonstrated 
elevated IgE levels, which have been shown to correlate with 
more severe disease [2]. It is thought that some of the IgE 
antibodies are self-reactive and thus contribute to the disease 
pathogenesis [93]. As well, IgE antibodies directed against 
double-stranded DNA (dsDNA) are the most significant anti-
bodies associated with disease activity [94]. In vitro, IgE 
blockade in serum of patients with + dsDNA IgE was dem-
onstrated to reduce interferon-α (IFN-α) secretion, a cyto-
kine critically important in the pathogenesis of SLE [95]. 
Clinical trials are currently ongoing to determine the benefit 
of omalizumab in patients with SLE. (https://clinicaltrials.
gov/ct2/show/NCT01716312?term=omalizumab+lupus&r
ank=1)

 Adverse Events

Adverse events from phase III trials were overall mild. In 
studies for CSU, the most common adverse reactions involv-
ing ≥2% omalizumab-treated patients and more frequently 
occurring than in placebo included nausea, nasopharyngitis, 
sinusitis, upper respiratory infection, viral upper respiratory 
infection, arthralgia, headache, and cough [10]. Additional 
reactions that were reported during the longer 24-week treat-
ment periods included toothache, fungal infection, urinary 
tract infection, myalgia, pain in extremity, musculoskeletal 
pain, peripheral edema, pyrexia, migraine, sinus headache, 
anxiety, oropharyngeal pain, asthma, urticaria, and alopecia 
(Genentech). Urticaria has been reported in patients with 
asthma and in one patient required early treatment discon-
tinuation [12]. The hair loss reported in one case series was 
noted to be transient and only last 4 months [96]. Serum 
sickness-like reaction has been reported in post-approval 
use. Monitoring for parasitic  infection in patients treated in 
endemic areas is recommended, though no significant 
increase in risk has been demonstrated [10]. There is insuf-
ficient data to determine the length of monitoring required. 
Serum total IgE levels increase following administration of 
omalizumab, secondary to the formation of omalizumab/IgE 
complexes. Several reports of onset of eosinophilic granulo-
matosis with polyangiitis occurring during treatment with 
omalizumab for asthma have been reported [97–101].
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Injection site reactions are overall not uncommon, occur-
ring in 2.7% of omalizumab-treated patients at the 300 mg 
dose, as compared to 0.8% of placebo [10]. Injection site 
reactions typically included swelling, erythema, pain, bruis-
ing, itching, bleeding, and urticaria. In the trials, it did not 
result in any study discontinuation or treatment 
interruption.

A black box warning exists for omalizumab for risk of 
anaphylaxis. This is as a result of an incidence of 0.1–0.2% 
of patients in clinical trials for asthma [102, 103]. However, 
no cases of anaphylaxis occurred in the phase III trials of 
omalizumab for CSU [15–17]. Anaphylaxis has been 
reported in two patients with CSU in real-world experience, 
though one patient had recurrent anaphylaxis prior to 
 omalizumab, and the second patient had symptoms that were 
not consistent with anaphylaxis [104]. In asthma trials, in 
cases where anaphylaxis occurred, most (70%) occurred 
within 1 h of omalizumab dosing, with a median time of 
30 min [105]. 39.3% of patients experienced anaphylaxis 
within the first 3 doses of omalizumab, though 32% occurred 
after more than 20 doses. No deaths or disabilities occurred 
as a result of the events, though several patients did require 
hospitalization. All patients should be counseled on signs 
and symptoms of anaphylaxis and how to seek immediate 
care if the symptoms occur [10].

Original pooled data from phase I–III studies demon-
strated an increase in malignancy in omalizumab-treated 
patients (0.5%) as compared to controls (0.2%). Upon fur-
ther review and with more extensive patient population, 
11,459 patients in all randomized, double-blinded, placebo- 
controlled trials were pooled and found similar incidence 
rates of malignancy in omalizumab-treated patients (4.14 per 
1000 patient-years) and controls (4.45 per 1000 patient- 
years) [106]. Additionally, there was no histologic overrep-
resentation in either group. There does not appear to be any 
increased risk of malignancy with omalizumab therapy.

 Contraindications

Omalizumab is contraindicated in patients with severe 
hypersensitivity reaction to omalizumab or any of its ingre-
dients [10].

 Pregnancy and Lactation

Omalizumab is pregnancy category B. Monoclonal antibod-
ies, including omalizumab, are able to transport across the 
placenta as pregnancy progresses. In animal studies of cyno-
molgus monkeys treated with subcutaneous doses up to 10× 
the maximum recommended human doses, no fetal harm 
was demonstrated [107]. There are no randomized controlled 

trials on the use of omalizumab during pregnancy. A case 
series of four female subjects with refractory CSU treated 
with omalizumab demonstrated efficacy in all patients and 
resulted in full-term deliveries with no negative pregnancy or 
fetal outcomes [108]. An omalizumab pregnancy registry 
(EXPECT), a post-marketing commitment to the United 
States Food and Drug Administration, has been monitoring 
the incidence of congenital anomalies in pregnant women, 
and their infants, who were treated with omalizumab [109]. 
In EXPECT, the prevalence and rates of major congenital 
anomalies, fetal deaths, small for gestation age births, and 
preterm births are similar to the general population.

There is no information regarding the presence of omali-
zumab in human milk or effects that treatment with omali-
zumab may have on milk production or a breastfed infant 
[10]. Omalizumab has been demonstrated in breastmilk at 
levels 0.15% of maternal serum concentration.

 Drug Interactions

No formal drug interaction studies have been performed and 
there are no known drug interactions. In CSU patients, the 
use of omalizumab in combination with corticosteroids has 
not been evaluated [10].

Case Report
The patient is a 43-year-old woman with a 3-year history of 
recurrent bouts of idiopathic urticaria. She failed cetirizine, 
an H1 antihistamine, in approved doses, as well as four times 
the FDA-approved doses, and failed the addition of montelu-
kast, the leukotriene antagonist. She was started on omali-
zumab at 300 mg subcutaneously once monthly with resulting 
complete reduction in itch and hives. At 12 weeks, her treat-
ment was discontinued, but she developed recurrence in her 
hives within 2 months. She was restarted on omalizumab at 
300 mg monthly, with resolution of her symptoms.
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Role of Intravenous Immunoglobulin 
in Dermatologic Disorders

Kyle T. Amber, Jessica Shiu, Katherine Ferris, 
and Sergei A. Grando

 Introduction

Intravenous immunoglobulin (IVIg) represents polyclonal 
natural antibodies pooled from sera of healthy donors. It has 
been successfully used to treat a variety of autoimmune and 
inflammatory disorders. Historically, IVIg was used to treat 
immune deficiencies and was first described in 1952 by 
Bruton who infused a child with congenital agammaglobu-
linemia suffering from recurrent infections [1]. Following 
expansion of its use in primary antibody deficiencies, the use 
of IVIg in autoimmune disease was described in 1981 [2], 
and has since been approved by the United States Food and 
Drug Administration (FDA) for several autoimmune disor-
ders, including immune thrombocytopenic purpura, Grave’s 
disease and multifocal motor neuropathy, and also used off- 
label in a variety of immune-mediated dermatologic dis-
eases, which is the focus of this chapter.

IVIg is a collection of pooled antibodies, mainly of the 
immunoglobulin G (IgG) isotype, targeting microbial anti-
gens, as well as anti-idiotypic antibodies and autoantibodies 
[3]. IgG is the most abundant immunoglobulin and has sev-
eral subclasses in humans: IgG1, IgG2, IgG3, and IgG4. 
Other isotypes include immunoglobulin M (IgM), immuno-
globulin A (IgA), immunoglobulin D (IgD), and immuno-
globulin E (IgE), which are present in very small amounts in 

IVIg preparations. Structurally, antibodies are large 
Y-shaped molecules that contain two identical heavy chains 
and two identical light chains linked by disulfide bonds. 
Both heavy and light chains are composed of variable 
domains and constant domains—the variable domains (des-
ignated VH and VL, respectively) confer specificity of anti-
gen binding while the constant domains (CH and CL, 
respectively) make up the parts of the antibody molecule 
that allow it to bind and interact with effector cells via cell-
surface to the Fragment crystallizable (Fc) receptor. 
Proteolytic cleavage of IgG yields two dichotomous frag-
ments: Fragment antigen binding (Fab) and Fc. Fab contains 
the antigen binding portion of antibodies while Fc contains 
C regions that differentiate various isotypes and allow anti-
bodies to interact with effector cells. For example, Fc recep-
tors on macrophages and neutrophils bind IgG Fc portions 
to allow phagocytosis of pathogens; mast cells and eosino-
phils bind the Fc portion of IgE to release inflammatory 
mediators in allergic responses.

The amount of IgG varies among individual batches and 
different brands of IVIg products. The number of donors 
used to prepare a single IVIg batch can vary from a mini-
mum of 1000 donors up to 100,00 [4]. Not surprisingly, there 
is high variability between individual batches of IVIg and 
differing brands. The IVIg products are distributed as 50 mg/
mL (5%) or 100 mg/mL (10%) [5]. As mentioned earlier, the 
proportion of IgG subclasses varies between each prepara-
tion. Small amounts of albumin, IgA, IgE, IgM, sugars, and 
salts can be found, with varying concentration [6].

To avoid transmission of infectious agents and minimize 
immune-related complications, following isolation of 
donor’s sera, the specimens are put through a complex frac-
tionation, chromatography and viral inactivation procedure 
which has been reviewed in detail by Barahona et al. [5]. 
IVIg preparations are routinely screened for hepatitis B, hep-
atitis C and HIV [7], and a maximum safe titer of ABO blood 
group antibodies is set to reduce the risk of hemolytic 
 complication [8].
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Following infusion, IVIg requires 3–5 days to equilibrate 
between the intra- and extravascular components. The total 
amount of serum IgG thus rapidly declines in the first week, 
followed by a slower decrease thereafter. This initial rapid 
decline of IgG is due to the shift of IgG from the vascular 
system to lymph and extracellular compartments, while the 
subsequent slower decline is secondary to catabolism [9]. 
IVIg has a half-life of approximately 3 weeks in humans, 
though immunodeficient patients can have a half-life of up to 
6 weeks [10, 11]. The long half-life of human IgG is notable 
when compared to other isotypes such as IgM and IgA 
(T1/2 = ~5 days) and is attributed to the presence of the neo-
natal Fc receptor (FcRn) that binds IgG intracellularly, 
within an endosome, and then recycle it back to circulation 
thus protecting it from lysosomal degradation [9, 12].

IVIg exhibits multiple effects on the immune system, 
which has been harnessed to treat different diseases. Our cur-
rent understanding of IVIg is dependent on the underlying 
disease process, and the model used to study these diseases. 
Significant variation in responses have been noted using dif-
ferent animal models, even within a single disease model 
such as immune thrombocytopenic purpura (ITP) [13]. This 
chapter will focus on immune mechanisms of therapeutic 
actions of IVIg in different dermatologic diseases.

 Mechanism of Therapeutic Action of IVIg

It is important to note that IgG antibodies play diverse roles 
in the immune system. Autoreactive IgG antibodies that tar-
get self-tissue antigens can cause an autoimmune disease. 
Conversely, pooled IgG in IVIg has anti-inflammatory prop-
erties exploited in clinical medicine to treat patients. A wide 
variety of mechanisms have been proposed to explain the 
anti-inflammatory activities of IVIg, which can be mediated 
by different structural components of IgG molecule [14]. 
The antigen binding Fab component can bind and neutralize 
pathogenic autoantibodies, whereas the Fc portion can inter-
act with Fc receptors on various cell types regulating distinct 
cell functions. These mechanisms will be detailed below, and 
are summarized in Fig. 39.1.

 Blockade of Fc Receptor

A variety of immune cells express Fc receptors that interact 
with the Fc component of IgG molecules in IVIg. Phagocytic 
cells such as macrophages and dendritic cells express Fc 
receptors that are responsible for opsonization of IgG. IVIg 
can saturate these Fc receptors, decreasing the overall 
immune response to antibody-coated cells. However, the 
blockade of Fc receptors is not required for IVIg function[15] 

as the Fab component of IgG also has immunomodulatory 
effects (see below). The efficacy of pure Fc in ITP, however, 
does suggest a role of Fcγ receptor blockade in the mecha-
nism of ITP [16].

 Natural Antibodies and Anti-idiotypic 
Antibodies

IVIg contains numerous autoantibodies that account for a 
large proportion of antibodies present in IVIg preparations. 
These autoantibodies are termed “natural antibodies,” as 
they are not a result of foreign antigen stimulation [17]. 
These natural antibodies tend to be polyreactive and have a 
lower affinity than pathogenic autoantibodies [18–21]. Due 
to their polyreactivity, these natural autoantibodies appear to 
have a role in natural host defense due to their reactivity with 
microbes and microbial toxins in addition to their role in 
immune homeostasis [22].

Antibodies to Sialic acid-binding Ig-like lectin (SIGLEC)8 
have also been identified in IVIg [23]. SIGLEC8 can be acti-
vated by anti-SIGLEC8 antibody, resulting in both caspase 
dependent and independent cell death. SIGLEC8 has been 
shown to mediate apoptosis of eosinophils [24]. Adsorption 
of anti-SIGLEC8 antibody leads to a loss of caspase inde-
pendent neutrophil death [25]. Interestingly, when used in 
the treatment of eosinophilic granulomatosis with polyangi-
itis (formerly Churg-Strauss disease), IVIg significantly 
reduces the number of circulating eosinophils as well as 
required systemic steroid doses [26]. Accordingly, variation 
in anti-SIGLEC8 antibodies results in differences in clinical 
outcomes [27]. Residual eosinophilia following treatment 
with IVIg has been used as a marker of IVIg resistance in 
Kawasaki’s disease [28].

Anti-idiotypic antibodies are those that are directed 
against antigenic determinates within or in proximity to 
another antibody’s binding site [29]. These anti-idiotypic 
antibodies can interfere with antibody-antigen binding and 
can also precipitate autoantibodies in a column [30–33], 
thereby decreasing the autoantibody response in multiple 
ways. Anti-idiotypic antibodies may additionally bind to 
autoreactive B-cells. Neutralizing or inhibitory anti-idiot-
ypic against antibodies targeting ANCA, DNA, and ribo-
somal P protein have been demonstrated in patients with 
vasculitis [34–36]. In fact, there is a significantly higher 
presence of anti-idiotypic antibodies in patients with 
ANCA-associated vasculitis in remission compared to 
active cases [37], suggesting clinical significance of anti-
idiotypic antibodies. When IgG from pemphigus foliaceus 
patients are injected in mice to cause disease, anti-idiotype 
antibodies to desmoglein 1 abrogate the blistering effect of 
pathogenic IgG [38]. Antibodies in IVIg targeting Fcγ may 
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additionally block these receptors from interacting with 
pathogenic autoantibodies[39]. Functional autoantibodies 
against FcγRII and FcγRIII capable of blocking immuno-
globulin rosette formation have been identified within 
IVIg [39].

 Complement Inhibition

IVIg also affects different arms of the complement system. 
IVIg has been shown to activate the classical complement 
pathway, resulting in a significant consumption of C4 

 following infusion [40]. This is a surprising finding as IVIg 
clinically exerts an anti-inflammatory effect. In the same 
study, the authors also showed that IVIg decreased C3b2 con-
taining complexes, resulting in overall complement attenua-
tion. Overall, complement inhibition was short-lived and 
C3b2 levels returned to the baseline after 2–4 weeks [41].

C3b2 complexes maintain complement amplification to a 
far greater degree than the short-lived C3b. IVIg reduces the 
half-life of C3b2-IgG complexes from 3–4 to 1–2 min [42]. 
In a study of patients with dermatomyositis, the concentra-
tion of C3b2 complexes dropped significantly with the use of 
IVIg. This reduction was dose dependent [40]. There are 
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Fig. 39.1 Summary of different therapeutic mechanisms of IVIG in 
dermatologic diseases with a focus on autoimmune blistering disease. 
(a) IVIG has anti-idiotypic activity and reduces the pathogenicity of 
autoantibodies. (b) Binding of the Fc portion of IVIG to FcγRIIB with 
simultaneous binding of IVIG Fab portion to BCR leads to anergy by 
abolishing the BCR-induced stimulation of antibody production. (c) 
Self antigens in bullous pemphigoid and pemphigus vulgaris are pro-
tected by blocking IVIG antibodies from autoantibodies. (d) IVIG 

binds Fas and prevents the interaction with FasL, leading to blockade of 
keratinocyte apoptosis. (e) Binding of IVIG to FcRN in endosomes 
leads to recycling of IVIG molecules with degradation of pathogenic 
autoantibodies. (f) Sialylation of the Fc portion of IVIG molecules 
leads to interaction with SIGN-R1 and upregulation of the inhibitory 
receptor FcγRIIB and attenuation of inflammation and tissue damage. 
(g) IVIG increases production of the immunosuppressive cytokine, 
IL-10, in B-cells
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 significant variations in C3b attenuation between IVIg for-
mulations, likely due to variations in anti-C3 antibodies con-
tained within IVIg

IVIg also blocks deposition of early complement activa-
tion products C4b and C3b on cellular targets in various dis-
eases, interrupting the classical complement cascade [43]. 
This may account for the decrease in complement deposition 
seen in mice with experimental epidermolysis bullosa 
acquisita treated with IVIg [44].

IVIg can additionally interfere with the deposition of the 
complement membrane attack complex on capillaries by pre-
venting the incorporation of activated C3 into C5 convertase 
[45]. This has therapeutic implications in the treatment of 
dermatomyositis, where the deposition of complement ter-
minal attack components in intramuscular capillaries is 
pathogenic. When used in murine models of dermatomyosi-
tis, IVIg resulted in a dose-dependent inhibition of C1q, C3 
and C4 binding. This occurred in an Fc dependent man-
ner[46]. The Fab portion of IgG additionally has different 
complement inhibiting properties, as it can scavenge the ana-
phylotoxins C3a and C5a [47].

 Apoptosis: Fas-FasL Interaction, Caspases 
and Bcl-2

IVIg contains antibodies that block Fas-mediated keratinocyte 
death in vitro [48, 49]. This is of clinical importance in the treat-
ment of toxic epidermal necrolysis. IVIg can induce apoptosis 
in lymphocytes via antibodies against Fas [50]. As purified anti-
Fas antibodies had a 120-fold higher anti- apoptotic potential 
than unpurified IVIg, ant-Fas antibodies appear to have a sig-
nificant effect on lymphocyte and monocyte apoptosis [50]. 
IVIg can contain both agonistic and antagonist ligands for Fas 
[51]. Agonistic antibodies induce apoptosis in neutrophils, lym-
phocytes, and monocytes in a caspase dependent manner [50–
52]. While high doses of IVIg increase neutrophil apoptosis, 
perhaps through activation of Fas, the low doses of IVIg can 
prevent anti-Fas mediated neutrophil apoptosis, perhaps by 
blocking this pathway due to an antagonist action [50, 53].

In addition to the mode of pharmacologic action of IVIg, 
the cell type in question as well as its sensitivity to Fas 
appears to have a role [54]. In keratinocytes, IVIg can pre-
vent Fas-FasL mediated keratinocyte apoptosis in toxic epi-
dermal necrolysis (TEN) [48]. Keratinocytes treated with 
IVIg demonstrate upregulation of caspase inhibitors which 
has implications in decreasing pemphigus IgG induced acan-
tholysis [55]. IVIg results in a decrease in the expression of 
caspases, thus marking a decrease in apoptosis [56–58].

Finally, IVIg’s effect on Bcl-2 expression, an anti- apoptotic 
protein, has varied depending on the cell type studied [59–
61]. While endothelial cells demonstrate an IVIg mediated 
decrease in Bcl-2 expression, monocytes and neural cells in 
ischemic conditions experience upregulation of Bcl-2.

 FcγRIIβ

IVIg has a significant anti-inflammatory effect via FcγRIIβ, 
an inhibitory Fc receptor expressed on myeloid as well as 
B-cells [62]. In fact, B-cells contain only the inhibitory FcR, 
FcγRIIβ, in contrast to macrophages which contain all pro- 
inflammatory Fcγ receptors [63]. FcγRIIβ increases the 
B-cell receptor activation threshold and suppresses B-cell 
mediated antigen presentation to T-cells [64, 65]. FcγRIIβ 
knockout mice demonstrate increased antibody levels to 
T-cell dependent antigens [66]. Moreover, FcγRIIβ inhibits 
FcγR-dependent internalization of antigens, leading to a 
decrease in dendritic cell-mediated T-cell priming [67]. 
FcγRIIβ also leads to a reduction of FcγR-mediated phago-
cytosis and inflammatory cytokine release (TNF-a, IL-6, 
IL-1) by macrophages [68, 69]. FcγRIIβ additionally inhib-
its IL-4 production and IgE-receptor mediated histamine 
release [70, 71]. In FcγRIIβ knockout mice, IVIg is not 
effective in ameliorating autoimmunity, underlining the 
importance of this inhibitory receptor in the IVIg’s thera-
peutic effects [72, 73].

IVIg can indirectly increase FcγRIIβ through a direct 
effect on colony-stimulating factor 1 (CSF1) dependent mac-
rophages [74, 75]. Knockout studies of FcγRIIβ have yielded 
convincing evidence towards its role in systemic lupus ery-
thematosus (SLE). FcγRIIβ contributes to the development 
of different lupus-like end organ damage in differing autoim-
mune models [68, 76]. Restoration of FcγRIIβ in fact resulted 
in return of tolerance and the prevention of autoimmunity 
[77]. It has been noted that levels of FcγRIIβ are significantly 
decreased on B-cells from patients with SLE [78]. 
Autoantibodies targeting FcγRIIβ have been implicated in 
systemic sclerosis as well [79]. In chronic inflammatory 
demyelinating polyneuropathy (CIDP), FcγRIIβ is also sig-
nificantly decreased at baseline and is then upregulated in 
patients who are successfully treated with IVIg [62].

In a murine model of ITP, FcγRIIβ was proven to be 
responsible for IVIg’s ability to prevent hemolysis [72]. 
FcγRIIβ in this model was involved in the late phase of thera-
peutic action of IVIg, but was not required for immediate 
therapeutic effect [80, 81]. This is congruent with the finding 
that FcγRIIβ is dispensable in the inhibition of Fcγ-R medi-
ated phagocytosis seen with IVIg [82]. Even without 
FcγRIIβ, IVIg can still inhibit antigen-specific T-cell 
responses [83].

 FcRn Saturation

IVIg additionally causes saturation of FcRn, leading to an 
increase in the rate of catabolism of circulating IgG. Thus 
pathogenic IgG in circulation can be cleared more quickly. 
FcRn protects IgG by placing it into recycling endosomes, 
serving as a refuge from lysosomal degradation [84]. 
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FcRn appears to have an important role in autoimmune 
bullous disease as FcRn deficient mice were resistant to 
experimental bullous pemphigoid, pemphigus vulgaris, or 
pemphigus foliaceus, though the ex vivo suprabasilar blis-
tering models were based on a monopathogenic model 
which has come into question [85, 86]. FcRn is required 
for the internalization of pemphigus vulgaris associated 
anti-mitochondrial IgG which can complex with anti-des-
moglein antibodies leading to acantholysis and apoptosis 
[87]. Deficiency of FcRn or saturation can inhibit experi-
mental arthritis [88]. In contrast, FcRn was, however, not 
required for therapeutic response to IVIg in a murine model 
of ITP [89]. Together, these findings indicate that the role of 
FcRn in mediating the therapeutic effects of IVIg depends 
on the disease and particular pathogenic mechanisms.

 IgG Sialylation

Sialylation refers to the attachment of sialic acid to either the 
Fc or Fab component of IgG. The presence of sialic acids on 
IgG has been associated with anti-inflammatory properties 
and a return to immunologic tolerance [90–93]. Sialylation 
of IVIg results in a far more potent and anti-inflammatory 
product [75, 91, 92, 94]. Low baseline levels of sialylation 
are likewise associated with numerous autoimmune diseases 
including SLE [95–97].

Sialylation of the Fc portion of IgG promotes anti- 
inflammatory responses by decreasing the affinity of Fc 
binding to type I Fc receptors, while enhancing binding to 
type II Fc receptors[98, 99]. This occurs through interaction 
with SIGNR1 (specific intercellular adhesion molecule 
3-grabbing nonintegrin-related 1). SIGNR1 is a specific 
C-type lectin adhesion molecule located on splenic mar-
ginal zone macrophages that preferentially bind to sialylated 
IgG [75]. The interaction of sialylated IgG Fc and SIGN-R1 
leads to an upregulation of FcγRIIβ through an increase in 
basophil produced IL-4 [100]. In fact, only FcγRIIβ and ter-
minal sialylation were required for prevention of autoim-
munity in several in vivo models [101]. Thus, sialylation of 
the Fc portion results in an FcγRIIβ dependent protective 
effect [91, 92]. Other studies have found the interaction 
between sialylated IgG and SIGN-R1 to be dispensable in 
IVIg’s anti- inflammatory function [102, 103]. Of note, the 
human orthologue of SIGN-RA, dendritic cell-specific 
ICAM3-grabbing nonintegrin (DC-SIGN), has a different 
cellular distribution compared to SIGN-R1 [104] and IVIg 
may have different effects in various species [105, 106]. 
Finally, sialylation of the Fc component of IgG can also 
impair complement- dependent cytotoxicity in a FcγRIIβ 
independent manner [107].

Sialylation can occur not just on the Fc fragment, but also 
on Fab [108]. De-glycosylation of IVIg results in a loss of 
anti-inflammatory activity, while increasing sialylation 

results in an increase in anti-inflammatory activity [91]. A 
tetra-Fc-Sialylated was used in an animal model of epider-
molysis bullosa acquisita, demonstrating 10-fold enhanced 
efficacy [94]. Sialylated Fc was not necessary for the down-
regulation of DC-SIGN, suggesting that alternative 
sialylation may play a stronger role [102, 103].

Further studies have also investigated the effects of 
sialylation on T-cell function. Sialylation appears to be dis-
pensable in inhibiting T-cell activation or inducing Treg 
[109, 110]. Sialylation is not required for the alteration in 
Th17 and Treg differentiation [111].

 Cell Adhesion

IVIg decreases the adhesion of T-cells to the extracellular 
matrix [112]. It can reduce serum ICAM-1 as well as 
ELAM-1 levels in patients with atopic dermatitis [113]. IVIg 
can also block integrin binding through antibodies targeting 
the Arg-Gly-Asp motif, which mediates adhesions between 
extracellular matrix proteins and integrin beta1, beta3m, and 
beta5 [114].

 Modulation of the Glucocorticoid Receptor

Research has demonstrated a steroid sparing effect of IVIg 
through enhancing glucocorticoid receptor-binding affinity, 
synergistically leading to decreased lymphocyte interaction 
[115, 116]. The exact underlying mechanism, however, 
remains unclear.

 Effects on Dendritic Cells

Dendritic cells are a heterogeneous group of antigen- 
presenting cells that are essential in shaping the adaptive 
immune response. Dendritic cells prime different arms of the 
adaptive immune response and can also induce regulatory 
T-cells resulting peripheral T-cell tolerance. IVIg leads to the 
development antibody-antigen complexes resulting in acti-
vation of FcγR on dendritic cells [80, 117]. This is indepen-
dent of FCγRIIB, which appears to only have an effect in the 
late phase of therapeutic action of IVIg [80, 81]. IVIg inhib-
its dendritic cell maturation and differentiation, decreasing 
their ability to secrete IL-12, while increasing IL-10 produc-
tion [118, 119]. This occurs due to interaction of both the Fc 
and Fab fragments with dendritic cells.

CD11c+ dendritic cells appear to be the primary den-
dritic cell targeted by IVIg [80]. Interestingly, in immuno-
suppressed transplant patients, CD11c+ cells are 
significantly decreased, while the number of Langerhans 
cells remains unchanged [120]. However, a CD1a+/
CD11c+ subset of dendritic cells acts as a direct precursor 
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to Langerhans cells, thus having potential added value in 
IVIg’s role in the treatment cutaneous disease [121]

Crow et al. demonstrated that despite knocking out the 
common cytokine receptor gamma chain and other receptors 
for cytokines IL-1R, IL-4, IL-10, IL-12b, TNFα, IFN-y, or 
MIP-1a, IVIg-treated dendritic cells can still inhibit ITP 
[122]. Thus, cytokine modulation in isolation does not 
appear to have a direct role in dendritic cells inhibition by 
IVIg. In fact, Aubin et al. demonstrated that dendritic cell 
inhibition was independent of any changes in cytokine pro-
files [123]. Given these findings, it has been proposed that 
IVIg creates an IFN-γ refractory state without causing an 
apparent drop in IFN-γ [124].

IVIg causes a downregulation as well as decrease in func-
tion of MHC Class II molecules on dendritic cells [83, 125], 
while enhancing CD1d, a dendritic cell molecule involved in 
presentation of bacterial and endogenous lipid antigen com-
plexes to T-cells and natural killer cells [126]. Decreased 
antigen-presenting abilities can account for IVIg’s function 
in an FcyRIIβ independent fashion[83].

 Cytokine Modulation

IVIg modifies the production of numerous pro- and anti- 
inflammatory cytokines. This can be through the presence of 
anti-cytokine antibodies, or through regulation of immune 
cells. IVIg contains numerous anti-cytokine antibodies at 
various concentrations based on the donor pool, including 
IL-1α, TNF-α, IL-8, and IFN-γ [127–131].

Changes in cytokine production vary based on the cellu-
lar assay used and are thus challenging to translate to clini-
cal disease. For example, mitogen-stimulated PBMCs 
demonstrated no significant changes in IL-2, IL-10, TNF-a, 
or IFN y [132, 133], while a study using protein kinase C 
activator and ionomycin stimulated PBMCs demonstrated a 
significant decrease in IL-1, IL-2,IL-6, IFN-γ, and TNF-α 
[134]. Many studies have, however, demonstrated signifi-
cant reductions in the level of TNF-α in a Fc dependent 
manner [127, 128]

Levels of IL-10 are convincingly enhanced following 
treatment with IVIg [135]. Clinically, levels of IL-10 have 
become elevated following treatment with IVIg in numerous 
diseases [136, 137]. Increases in IL-1Ra have additionally 
been confirmed in human studies [138, 139].

 Effects on IgE

IVIg inhibits IgE production in a dose dependent manner 
by decreasing B-cell proliferation in an IL-4 and anti-
CD40 state [140]. The Fab portion of IgG is a more potent 

inhibitor of IgE production than the Fc component [141]. 
In a disease such as bullous pemphigoid where tissue tar-
geting IgE antibodies are detected [142, 143], this may act 
as an additional mechanism in achieving therapeutic 
response.

 Effects on B-Cells

IVIg can overall reduce the number of B-cells, while modu-
lating expression of CD19, CD20, and CD40. This reduction 
in B-cells is primarily due to apoptosis [144]. IVIg also con-
tains antibodies targeting CD5, a T-cell marker which is also 
a marker for autoantibody secreting B-cells [145].

IVIg contains antibodies against BAFF and APRIL, 
which normally exert an anti-apoptotic effect on B-cells 
[146]. Elevations in BAFF and/or APRIL have been noted in 
myriad dermatologic conditions including atopic dermatitis, 
graft-versus-host disease, cutaneous and systemic lupus, sar-
coidosis, dermatomyositis, Behcet’s, psoriasis, systemic and 
localized scleroderma, and bullous pemphigoid [147–157]. 
Unlike these diseases, pemphigus vulgaris does not demon-
strate elevated levels of BAFF or APRIL. Yet following suc-
cessful treatment with rituximab, an elevation of BAFF is 
noted [158, 159].

IVIg’s role in pemphigus may be rather due to increasing 
IL-10 producing B-cells. Increased levels of IL-10 produc-
ing B-cells were found in pemphigus patients achieving 
remission following IVIg, but not in those with active  disease 
[160]. Thus, this may be an additional mechanism of an anti-
inflammatory effect on B-cells.

 Effects on T-Cells

IVIg has inhibitory effects on T-cell proliferation in several 
models, including mitogen, anti-CD3 antibody and tetanus 
toxoid induced T-cells [161, 162]. IVIg contains antibodies 
that interact with human CD4, inhibiting CD4+ T-cell func-
tion [163]. IVIg likewise contains low levels of antibodies 
that react with both the variable and constant region of the 
T-cell receptor B chain [164].

IVIg can lead to T-cell apoptosis, though to a smaller 
degree than B-cell apoptosis [144]. IVIg also inhibits the 
proliferation of antigen-specific T-cells without the induc-
tion of apoptosis [165]. This has been demonstrated to occur 
through arrest of the cell cycle at the G0 and G1 phase of the 
cell cycle, partially through an upregulation of p21/WAF-1 
and Bcl-2 [61, 166]. IVIg additionally decreases antigen- 
specific CD8 activation [167]. Long-term treatment efficacy 
has been associated with a reduction in autoreactive T-cell 
responses [168].
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 Effects on Th17 Cells

Th17 is noted to be increased in numerous dermatologic dis-
eases including alopecia areata, pemphigus, pemphigoid, 
and SLE [169–172]. Th17 is known to be directly involved in 
the pathogenesis of alopecia areata [169, 173]. Interestingly, 
epidermal filaggrin deficiency is associated with an increased 
Th17 response [174].

Treatment with IVIg results in a reduction in Th17. This 
is mediated by the Fab portion of IgG[175]. Th17 levels are 
inversely related to levels of Treg [176]. This has also been 
noted in pemphigus, occurring due to a dysfunctional CCR4- 
CCL2 interaction[170, 177]. While anti-IL-17 antibodies 
can be found in IVIg, these are not responsible for the inhibi-
tion of IL-17 secretion; rather a decrease in Th17 mediates 
this finding [178]. IL-17 has been shown to increase IgE pro-
duction by B-cells which may also account for IVIg’s IgE 
inhibiting properties [179].

 Effects on Treg Cells

Regulatory T-cells (Tregs) are characterized by the presence 
of the transcription factor forkhead box P3 (FOXP3) [180]. 
Its expression marks a more regulatory phenotype [181]. 
Depleting Tregs in vivo can lead to a lupus-like phenotype 
[182] and decreases in Tregs lead to loss of self-tolerance 
[183]. The frequency of Treg is significantly decreased during 
the acute phase of Kawasaki disease and improved following 
IVIg [184]. Likewise, in eosinophilic granulomatosis with 
polyangiitis, IVIg restores Treg populations [185]. Low levels 
of Tregs have been identified in numerous dermatologic dis-
eases including pemphigus vulgaris, chronic idiopathic urti-
caria, bullous pemphigoid, alopecia areata, cutaneous lupus, 
dermatitis herpetiformis, generalized vitiligo, systemic scle-
rosis, and polymorphous light eruption [169, 181, 186–194].

IVIg results in an increase in Tregs with improved regula-
tory function of these cells which can prevent T-cell and 
B-cell responses[195–197]. Treg expansion occurs through 
induction of cyclooxygenase-2 dependent prostaglandin 
E2 in human dendritic cells which only require the Fab com-
ponent of IgG [175, 198]. IVIg can additionally enhance 
phosphorylation of ZAP70, increasing the suppressive func-
tion of Tregs [199]. In SLE, treatment with IVIg results in a 
significant increase in Treg [194, 200]. Likewise, in 
Kawasaki’s disease, transcription levels of FOXp3 are 
enhanced following treatment with IVIg [196, 201]. These 
IVIg-induced subsets of Tregs demonstrate higher levels of 
CTLA-4 and secrete IL-10. These Tregs respond only to Fc 
and not Fab fragments [202].

Tregitopes are epitopes on both the Fc and Fab region that 
can bind to multiple HLA class 2 molecules, causing 

 activation of FoxP3 [203]. These are also seen in IVIg which 
may further drive towards an increase in Treg [204].

 Effects on Natural Killer Cells and Toll-Like 
Receptors (TLRs)

Dendritic cells are known to interact with natural killer (NK) 
cells [205]. NK cells decrease significantly following treat-
ment with IVIg [206]. Inhibition of NK cells has been pro-
posed to occur through CD200, a tolerance signaling 
molecule on other immune cells that acts on NK cells [207]. 
This suppression varies based on the formulation of IVIg 
used [208].

NK cells can interact with TLR3 and TLR9[205] which 
are both expressed on normal human keratinocytes [209]. 
Patients with SLE demonstrate a significantly higher level of 
TLR9, particularly in steroid resistant cases [210]. IVIg can 
attenuate TLR9 activation in patients with SLE [211]. TLR9 
additionally has a role in chronic idiopathic urticaria, where 
plasmacytoid dendritic cells have an impaired response to 
TLR9 [212]. In psoriasis, keratinocytes have been shown to 
express TLR9 which is increased with elevated expression of 
the cathelicidin antimicrobial peptide LL-37, resulting in 
increased production of type-I IFN [213]. TLR7 and TLR9 
induced IFN-α production can be inhibited by the Fc compo-
nent of IgG and is mediated by PGE2 production [214].

 Dermatologic Diseases Treatable with IgG

The dosage of IVIg can be split into two groups, high-dose 
IVIg which is 2–3 g/kg/cycle and low dose which is less than 
2 g/kg/cycle. The main dermatologic diseases in which the 
therapeutic effects IVIg has been well established are dis-
cussed below.

 Stevens Johnson Syndrome (SJS)/Toxic 
Epidermal Necrolysis (TEN)

IVIg is a commonly used therapy with 1/3 of surveyed physi-
cians using it for the treatment of SJS and 2/3 of surveyed 
physicians using it for TEN [215]. Measurements of its effi-
cacy have been limited by the retrospective nature of these 
studies and limited sample sizes. A meta-analysis of patients 
with TEN trended towards superiority of high-dose IVIg to 
low-dose IVIg (mortality of 18.9% vs. 50%%) [216]. In 
pediatric patients, there was a significantly decreased mortal-
ity in TEN patients treated with IVIg (0% compared to 
21.6%) [216]. An updated meta-analysis demonstrated a sig-
nificant correlation with IVIg dose and improved survival 
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[217]. Nevertheless, the use of IVIg in SJS/TEN remains 
controversial due to limited prospective data. Recent data 
suggesting superiority of cyclosporine also necessitates 
future prospective comparative studies [218]. Perhaps, these 
two treatment modalities can be combined.

IVIg appears to treat TEN through inhibition of the death 
receptor Fas [48]. Following treatment with IVIg, Fas and 
Fas-L expression becomes undetectable [219]. IVIg also 
results in deposition of IgG in both involved and uninvolved 
skin compared to untreated patients, suggesting a direct pro-
tective effect [220].

 Autoimmune Blistering Disorders

 Pemphigus Vulgaris and Pemphigus Foliaceus
IVIg is an efficacious treatment in pemphigus with signifi-
cant steroid-sparing potential [221–228]. It can be used as an 
adjuvant to corticosteroids or as a monotherapy when corti-
costeroids and conventional immunosuppressives are contra-
indicated [229, 230]. IVIg is also a safe and efficacious 
treatment in pregnant women with pemphigus vulgaris as 
well as in juvenile patients [231, 232]. IVIg is typically given 
as a monthly dose of 2 g/kg divided into 5 infusions. 
Following disease quiescence, the frequency of therapy can 
be titrated down.

IVIg can lead to a rapid decline in circulating serum 
intercellular autoantibodies without disturbing normal 
IgG levels [221–227]. Normal degradation and removal 
from the body of all kinds of IgG antibodies after IVIg 
infusion results in a selective decrease of relative titer of 
pathogenic antibodies, because the level of normal anti-
bodies is maintained by those present in the IVIg prepara-
tion. This appears to be due to saturation of FcRn [85]. 
This decrease can be enhanced with the addition of a cyto-
toxic drug, which can prevent a rebound in pathogenic 
antibodies following return of serum IgG levels to base-
line [221, 222]. Affinity-purified anti-desmoglein anti-
idiotypic antibodies found in IVIg further inhibit the 
binding of anti-desmoglein 1 and 3 antibodies to recombi-
nant desmoglein 1 and 3, respectively [233]. Several 
changes in inflammatory cytokine profiles have been 
noted in patients with pemphigus treated with IVIg. IVIg 
can additionally downregulate production of IL-1a and 
IL-1b while enhancing production of IL-Ra in pemphigus 
vulgaris patients [138]. While both IVIg and conventional 
immunosuppressive therapies result in an overall decrease 
in pro- inflammatory cytokines, only IVIg results in a 
greater decrease in circulating TNF-α [234].

The use of IVIg as a monotherapy following disease qui-
escence can lead to sustained long-term clinical remissions 
with eventual discontinuation of all therapies. This has been 
particularly well demonstrated in patients treated with both 

rituximab and IVIg [235–237]. The use of IVIg in combina-
tion with rituximab has led to long-lasting disease-free peri-
ods, with follow-up time exceeding 10 years [235–237]. 
These regimens include repeat IVIg infusions following ces-
sation of rituximab after approximately 6 months with con-
tinuation of IVIg to approximately 3 years [235, 237]. These 
combined rituximab and IVIg regimens appear to lead to a 
more sustained clinical response than single cycles of ritux-
imab [238, 239]. IVIg can also be combined with plasma-
pheresis or immunoadsorption to prevent rebound increases 
in pathogenic autoantibodies [228, 240].

 Mucous Membrane Pemphigoid
Like in other immunobullous diseases, IVIg can be com-
bined with the use of rituximab in patients with mucous 
membrane pemphigoid. Foster et al. demonstrated signifi-
cant reduction in the development of blindness in patients 
with ocular cicatricial pemphigoid compared to the use of 
other immunosuppressives [241]. In oral pemphigoid, IVIg 
resulted in a prolonged and sustained clinical remission 
compared to patients with traditional immunosuppressives 
[242, 243]. Patients treated with IVIg had a statistically sig-
nificant shorter treatment duration, fewer relapses, fewer 
adverse events, higher remission rate, better quality of life, 
and no development of extra-oral disease compared to con-
trols who received traditional immunosuppression [243]. 
While a decrease in antibody titers is similarly noted in oral 
pemphigoid patients on traditional immunosuppressives and 
IVIg after 4 months of therapy, patients on IVIg have a sig-
nificantly faster rate of decline in α6-integrin antibodies 
[242]. In ocular pemphigoid, similar decreases in α6-integrin 
antibody titer were noted with patients receiving IVIg as a 
monotherapy [244].

Likewise in a study of 15 patients with recalcitrant multi- 
site mucous membrane pemphigoid, all patients were able to 
discontinue previous immunosuppressives and achieved pro-
longed and sustained remission [245].

 Bullous Pemphigoid and Pemphigoid Gestationis
A randomized controlled trial of high-dose IVIg demon-
strated significant improvement in disease activity scores in 
patients with steroid resistant bullous pemphigoid [246]. In 
A study of 15 bullous pemphigoid patients who had signifi-
cant side effects from previous immunosuppressive thera-
pies, it was demonstrated that all 15 patients achieved 
sustained clinical remission with a steroid sparing effect 
[247]. Other reviews of cases and small case series have 
shown that approximately 80% of patients improve with 
IVIg. Delay of treatment, the use of low-dose IVIg, or failure 
to give multiple infusions is associated with a lower response 
rate to IVIg [248, 249]. The use of concomitant immunosup-
pressive agents is recommended, as it prevents rebound of 
autoantibodies [250].
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IVIg at a dose of 2 g/kg/month has been used successfully 
as a monotherapy in the treatment of pemphigoid gestationis 
in a patient unable to tolerate corticosteroids due to gesta-
tional diabetes [251]. Thus, IVIg can be safely used in recal-
citrant cases of pemphigoid gestationis [252].

 Epidermolysis Bullosa Acquisita (EBA)
While numerous cases have been reported demonstrating 
IVIg’s efficacy in EBA, the largest retrospective study in 
EBA followed 10 patients. All patients were recalcitrant to 
conventional immunosuppression. Following 5–9 months of 
IVIg, all were able to discontinue all other immunosuppres-
sives including glucocorticoids, and were subsequently 
maintained on IVIg monotherapy. No patients experienced 
recurrence of disease during a mean follow-up period of 54 
months [253]. A small retrospective study following EBA 
patients who received IVIg combined with rituximab also 
demonstrated positive outcomes [254].

Data from mouse studies in experimental EBA showed 
superior clinical response from IVIg compared to methyl-
prednisolone, associated with autoantibody reduction, a 
switch to non-complement fixing autoantibody isotypes as 
well as overall less complement deposition on immunofluo-
rescence [44].

 Dermatomyositis

IVIg is an effective treatment in dermatomyositis, lowering 
cumulative corticosteroid consumption and resulting in symp-
tomatic improvement [255]. In particular, IVIg results in sig-
nificantly improved muscular remission rates, as well as fewer 
muscular relapses compared to traditional immunosuppres-
sives [256]. Response to therapy in muscle disease has been 
associated with downregulation of TGF-β1 [257]. A system-
atic review of 153 patients with amyopathic dermatomyositis 
noted that IVIg was the most likely treatment to lead to 
improvement or remission compared to other therapies [258]. 
Strikingly, improvement with IVIg was noted following the 
first treatment cycle and a majority of patients were able to 
discontinue concomitant immunosuppression [259, 260]. An 
insufficient number of infusions may lead to short-lived remis-
sion, thus decreasing overall efficacy [261]. Soluble IL-2R is 
associated with response to IVIg in patients with extensive 
cutaneous disease, while concomitant autoantibodies or 
malignancy were associated with a failure in response[262].

IVIg is also effective in juvenile dermatomyositis, though 
unequal control groups limited further analysis of the degree 
of improved efficacy compared to traditional immunosup-
pression [263, 264]. Children appear to have more variability 
in regard to tolerating different formulations of IVIg, primar-
ily due to IgA content [265]. Thus, low IgA formulations 
should be particularly sought after in this patient population.

IVIg can also be used for the treatment of dermatomyositis- 
associated dystrophic calcinosis, however, given the paucity of 
cases and mixed results, further data are needed [266–271].

Recent German guidelines recommend the use of IVIg in 
dermatomyositis cases refractory to corticosteroids plus ste-
roid sparing immunosuppressives before rituximab [272]. 
The use of pulse IVIg was not associated with any difference 
in mean therapeutic strength or cumulative corticosteroid 
dose over a 36-month period compared to methotrexate, 
mycophenolate mofetil, or azathioprine [273]. IVIg is also 
recommended in severe esophageal involvement in dermato-
myositis [274].

 Atopic Dermatitis

Current evidence is insufficient to support the role of IVIg in 
atopic dermatitis as there are many conflicting clinical stud-
ies [275–277]. Particularly, IVIg’s effect appears short lived, 
improving after 3 months of therapy but declining by 6 
months [278]. A small study comparing cyclosporine to IVIg 
noted cyclosporine to be superior as assessed by the Scoring 
Atopic Dermatitis (SCORAD) measure [279]. Additionally 
a double-blind randomized controlled trial demonstrated dis-
appointing results with 15% improvement at 30 months and 
22% improvement at 60 days using SCORAD [280].

While treatment with IVIg was associated with a decrease 
in the inflammatory markers ICAM-1, ELAM-1 and eosino-
phil cationic protein, IVIg did not result in alterations of the 
elevated Th1/Th2 ratio seen in atopic patients [113].

 Cutaneous Lupus Erythematosus

IVIg has been well established in the treatment of SLE [281]. 
It can, however, also be used in cutaneous disease [282]. In a 
proof of concept study, patients with cutaneous lupus were 
treated with 3 monthly cycles of 2 g/kg/month of IVIg as a 
monotherapy over 4 days and monitored for 6 months off 
therapy. Patients achieved improvement in their Cutaneous 
Lupus Erythematosus Disease Area and Severity Index 
(CLASI-A), with only 3 of 16 patients experiencing mild 
short-lived relapses [283]. A study of low-dose IVIg also 
demonstrated efficacy, however, to an apparent lesser degree 
than high-dose IVIg [284]. IVIg’s efficacy has been described 
in a case of lupus panniculitis[285].

 Urticaria

High-dose IVIg in chronic idiopathic urticaria, which is an 
autoimmune disease associated with autoantibodies to recep-
tor of the Fc region of IgE (FcεRIα) [286], leads to benefit in 
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a majority of patients with 3/10 patients experiencing com-
plete remission following a single cycle, 2 with temporary 
remissions, and symptom improvement in the remaining 
patients [287]. A different study of 6 patients noted 4/6 
patients achieved complete remission after 2–4 cycles [288]. 
An additional study demonstrated 19/26 patients with com-
plete remission, with 20 patients remaining disease free at 
12-month follow-up after receiving low-dose IVIg (0.15 kg/
kg monthly) for at least 6 months of treatment [289].

IVIg’s efficacy in solar urticaria is limited. In a retrospec-
tive study of 9 patients, only 2 showed remission on photote-
sting. Half of patients additionally experienced headache 
[290]. In an alternative study of 7 patients, 5 patients experi-
ence complete remission; however, these patients still 
required antihistamines [291].

A single study has evaluated IVIg’s utility in pressure 
urticaria, with high-dose IVIg given to 8 patients with pres-
sure urticaria. Three of eight patients achieved remission 
with 2 others showing improvement [292].

 Scleroderma

IVIg is effective in numerous facets of scleroderma, though 
studies remain limited in sample size [293]. IVIg is fairly 
efficacious in recalcitrant diffuse cutaneous systemic sclero-
sis [294, 295], though its efficacy remains similar to that of 
mycophenolate mofetil [296]. IVIg appears to function in 
part by causing recovery of Th1 cytokines in both sera and 
skin of patients with scleroderma [297]. IVIg has been shown 
to improve gastrointestinal dysfunction [298]. 
Gastrointestinal dysfunction in scleroderma has been associ-
ated with autoantibodies targeting the muscarinic-3 receptor. 
IVIg may reverse this cholinergic dysfunction through anti- 
idiotypic neutralization of these autoantibodies [299].

 Kawasaki’s Disease

IVIg is recommended at a dose of 2 g/kg as a single cycle 
within 10 days of disease onset [300]. Lower doses were 
associated with a greater risk of coronary artery abnormali-
ties as well as longer duration of fever. IVIg resistance is, 
however, a significant problem in the treatment of 
Kawasaki’s disease. Numerous risk scores have been cre-
ated to predict IVIg resistance [301–304]. These are, how-
ever, predominantly clinical factors which do not provide an 
understanding of the underlying mechanism conferring 
resistance. The immunology of Kawasaki’s disease and its 
interaction with IVIg is complex, described in detail by 
Burns et al. [305]. In IVIg resistant patients, TNF-α inhibi-
tors are recommended [306].

 Vascular Disorders

 Livedoid Vasculopathy
Few small retrospective studies demonstrate IVIg’s efficacy 
in livedoid vasculopathy. After even one cycle of high-dose 
IVIg, significant drops in erythema, ulceration, and pain 
were noted [307–309]. Low-dose IVIG additionally demon-
strated immediate benefits [310]. Relapse following treat-
ment with IVIG is common, however, occurring after a 
median remission of 10–27 months, but these were readily 
treated with a repeat cycle [308, 309].

 Anti-Neutrophil Cytoplasmic Autoantibody 
(ANCA)-Associated Vasculitides
ANCA-associated vasculitis consists of three diseases: granu-
lomatosis with polyangiitis (formerly Wegner’s disease), 
eosinophilic granulomatosis with polyangiitis (formerly 
Churg-Strauss disease), and microscopic polyangiitis. IVIg is 
a valuable adjuvant to corticosteroids or non-steroidal immu-
nosuppressives, with most experiencing a clinical response to 
IVIg [311–313]. However, the results are often short-lived 
[314]. In a study of 22 patients with either granulomatosis 
with polyangiitis or microscopic polyangiitis, 14 experienced 
complete remission, with 8 maintaining remission at the 2 
year point [311]. At the 6 month point, half of patients with 
any of the ANCA-associated vasculitides experience com-
plete remission [315]. In light of the limited randomized con-
trolled trials, current evidence does not demonstrate IVIg’s 
superiority to corticosteroids plus immunosuppressives in the 
treatment of granulomatosis with polyangiitis, thus IVIg is 
typically reserved for recalcitrant cases [316]. Improvement 
in granulomatosis with polyangiitis appears best in cutaneous 
or otolaryngological involvement [317].

In patients with eosinophilic granulomatosis with polyan-
giitis with residual neuropathy, IVIg leads to significant 
improvement in muscle strength [318]. IVIg is particularly 
helpful in those patients with myocardial or neurologic man-
ifestations, where corticosteroids and cyclophosphamide are 
often ineffective [319]. More sustained remission can be 
attained with combined plasmapheresis and high-dose IVIg 
administered monthly for the first 6 months, and every other 
month for an additional 6 months [320].

 Behçet’s Disease
Few cases of refractory Behçet’s disease have described 
success with intravenous immunoglobulin [321–323]. In a 
case series of four patients who failed traditional treatment 
modalities, all with oral apthosis, genital ulceration and 
other cutaneous manifestations, experienced immediate 
and sustained responses following treatment with IVIG 
[321]. A case series of 6 eyes likewise demonstrated IVIg’s 
efficacy [322].
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 Cutaneous Polyarteritis Nodosa
IVIg has been used effectively in few cases of refractory 
cutaneous polyarteritis nodosa, improving both ulceration 
and neuropathy [324–328]. Its use has been most described 
in pediatric cutaneous polyarteritis nodosa [329]. In a series 
of three patients with cutaneous polyarteritis with extensive 
and recalcitrant toe ulceration, all patients experienced on 
the second cycle of high-dose IVIg, with clearance by the 
third cycle [330].

 Degos’ Disease (Malignant Atrophic Papulosis)
Very few cases have reported on IVIg’s use in Degos’ dis-
ease. The results have, however, been inconsistent 
[331–334].

 Leukocytoclastic Vasculitis/Urticarial Vasculitis
IVIg can be efficacious in the treatment of leukocytoclastic 
vasculitis and urticarial vasculitis in both SLE related and 
idiopathic cases [335–341]. Clinical improvement has been 
noted to occur after just one dose of high-dose IVIg [342].

 Adverse Effects of IVIg

Minor adverse reactions are common in IVIg, with a major-
ity occurring within the first 6 h of therapy [343]. They are 
usually related to infusion rate and include headache, flush-
ing, chills, fever, nausea, vomiting, dizziness, sweating, 
hypertension, feelings of tightness in the chest, back pain, 
and muscle aches. A retrospective study of 9892 infusions in 
174 patients with either pemphigus or pemphigoid evaluated 
adverse events, noting an incidence of adverse events occur-
ring in 8.9% of infusions and in 70% of patients. However, 
these side effects were minor, such as fatigue, nausea, vomit-
ing, and chills. Only one major adverse event was noted in 
one patient: acute renal failure. No patients required hospi-
talization for medication-related adverse events [344]. Well- 
documented adverse reactions as well as their respective 
prevention or management are discussed below.

 Headache

Headaches are a common adverse reaction to IVIg and 
should not be confused for aseptic meningitis. These head-
aches can be persistent from hours to days and can be 
delayed in onset up to 12 h following infusion. Strategies to 
minimize headaches include hydration, decrease in infusion 
rate, or use of an alternative IVIg product. Sumatriptan, 
dihydroergotamine, analgesics, or propranolol can be used 
as premedication to prevent headaches in patients who 
experience headaches with treatment [345]. With these 

 therapies, the overwhelming majority of patients do not 
experience further headaches. Headaches that fail to respond 
to therapy and that come with associated neck stiffness, 
photophobia, fever, and myalgia raise concern for aseptic 
meningitis. There is a higher risk of developing aseptic 
meningitis in patients with a prior history of migraine head-
ache [346]. It has been suggested that anti-neutrophil anti-
bodies contained within the IVIg may lead to neutrophil 
activation within the CNS, leading to aseptic meningitis 
[347]. ANCAs have been identified in IVIg, causing neutro-
phil degranulation in an Fc independent manner, which can 
account for some of the side effect profile [347]. 
Corticosteroids or TNF-α inhibitors can be used in the case 
that continuation with IVIg is essential [348].

 Renal Failure

Renal failure is typically seen in patients with preexisting 
renal disease who receive sucrose containing IVIg [349]. It 
results from osmotic injury. As sucrose is not metabolized in 
the kidneys, it deposits in the proximal tubule  leading to 
edema and osmotic nephrosis [350]. Post-IVIg renal failure 
begins with an increase in BUN or creatinine, later followed 
by oliguria, peaking 5–7 days after transfusion [348]. 
Limiting daily doses to 0.5 g/kg as well as the use of slower 
infusion rates can help prevent renal toxicity [348]. Diuretics 
and renin-angiotensin system inhibitors should not be used 
[351].

 Thromboembolism

There is a higher risk of arterial thromboembolism compared 
to venous thrombosis, with up to 80% of thromboembolic 
events occurring in the arterial system [348]. This has been 
attributed to hyperviscosity as well as retained coagulation 
factors, more common if history of cardiac disease, stroke, 
myocardial infarction, thrombosis, old age, hypercoagula-
tion, limited mobility. In higher risk patients [348, 352], lim-
iting daily doses to 0.4–0.5 g/day, hydration, slow infusion 
rates limited to a maximum of 100 mg/kg/hr, as well as pre-
medication with aspirin or heparin can help prevent the 
development of thromboembolism [343, 348].

 Hemolysis

Mild hemolysis can occur as a result of anti-A, anti-B, anti-
 D, or anti-K antibodies contained within IVIg[348]. 
Generally, hemolysis is mild. In the case of severe hemoly-
sis, corticosteroids may be of benefit[351].
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 Cutaneous Manifestations

Adverse cutaneous reactions occur in approximately 6% of 
patients receiving IVIg. These, however, typically resolve 
within 1–4 h [351]. These reactions are most commonly urti-
carial, though eczematous eruptions and pompholyx have 
also been described [351, 353]. Most of these patients expe-
rienced the eruption following their first treatment. IVIg 
treatment for neurologic conditions accounted for the major-
ity of patients with eczematous eruptions, without underly-
ing atopy being described [353]. Patients can be treated with 
diphenhydramine and corticosteroids. Patients with recur-
rent urticaria following treatment can be pre-medicated with 
diphenhydramine and/or a low dose of corticosteroid [351]. 
Eczematous eruptions or pompholyx can be managed with 
topical corticosteroids [353].

Interestingly, antibodies against SSA have been detected 
in IVIg and were thought to be the cause of a discoid lupus 
eruption in a patient with common variable immunodefi-
ciency treated with IVIg that contained anti-SSA [354]. This 
relationship, however, remains unclear.

 Anaphylaxis

Anaphylactic reactions to IVIg are rare and generally a result 
of IgA deficiency. Pre-screening patients for IgA can help to 
prevent anaphylactic reactions. In a patient with anaphylaxis, 
the infusion should be stopped; a corticosteroid and antihis-
tamine should be given [348].

 Cost Issues with IVIg Therapy

IVIg’s high cost is an area of obvious concern. However, 
given its decreased risk of opportunistic infections, compli-
cations and hospitalizations, studies point towards it being an 
overall cost-saving therapy compared to conventional immu-
nosuppression. A cost analysis using patients with mucous 
membrane pemphigoid, ocular cicatricial pemphigoid, bul-
lous pemphigoid, and pemphigus vulgaris has demonstrated 
it to be significantly less expensive than conventional immu-
nosuppressive therapy when taking into account indirect 
costs such as hospitalizations [355]. Of note, this study was 
performed in the United States. In mucous membrane pem-
phigoid, the use of IVIg compared to traditional immunosup-
pressives resulted in cost savings, as patients had fewer 
hospitalizations and adverse events [356]. Still in the treat-
ment of immunobullous disorders, IVIg is a major driver of 
cost [357].

A cost analysis in Thailand for patients with dermatomy-
ositis likewise demonstrated significant cost savings when 
IVIg was used as an adjuvant compared to other immunosup-
pressives used in addition to corticosteroids [358].

Case Report of IVIg Monotherapy in Pemphigus 
Vulgaris Patient
History of Presenting Illness
A 46-year-old man presented to the dermatology clinic with 
numerous oral mucosal erosions which had persisted for the 
past 8–10 months. The patient had been seen by an oral sur-
geon at an outside facility, who performed a biopsy from the 
right buccal mucosa. Histopathology demonstrated supra-
basilar vesiculation and acantholysis, favored to be pemphi-
gus vulgaris (no immunofluorescence studies or serologies 
were performed at that time). The patient reported a history 
of oral lesions that would heal on their own, followed by 
development of new lesions, although he had not received 
any treatment for his presumed pemphigus. He denied pain, 
difficulty swallowing, and weight loss at the time of presen-
tation, nor did he endorse ever having skin involvement.

Past Medical History
• None

Medications
• Multivitamins

Social History
• No tobacco
• Occasional alcohol consumption

Previous Therapies
• None

Physical Exam
• Oral cavity: right and left buccal mucosa with three irreg-

ularly shaped erosions, 3–6 mm in diameter and minor 
background hyperemia.

• Skin: no lesions with negative Nikolsky sign

Workup:
This patient presented with a history, exam, and outside 
biopsy highly suggestive of pemphigus vulgaris. This diag-
nosis was confirmed in our clinic by ELISA and indirect 
immunofluorescence (IIF), which showed elevated IgG 
against desmoglein 3 (99 units, with normal defined as <9) 
and the presence of cell-surface IgG on monkey esophagus 
substrate (1:1280), respectively. IgG to desmoglein 1 was 
negative (1 unit, with normal defined as <9), as was ELISA 
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for pemphigoid antibodies (IgG BPAg180 = 3 units; IgG 
BPAg230 = 1 unit, both with normal defined as <9). IgG and 
IgA antibodies to the basement membrane zone were also 
negative on IIF. Taken together, these serologic results con-
firmed the initial diagnosis of pemphigus vulgaris.

Management:
This patient was initially started on a regimen consisting of 
mycophenolate mofetil 1 g PO BID, tetracycline 500 mg PO 
TID, and niacinamide 500 mg PO TID. Clobetasol 0.05% 
gel was applied to mucosal erosions daily. After discussing 
with the patient pros and cons of systemic corticosteroid and 
rituximab therapies, the decision was made to try IVIg first. 
After initiation of IVIg therapy at 2 g/kg/month, the patient’s 
oral lesions healed within weeks. During the ensuing 6 
months, however, the patient developed periodic break-
through erosions, typically one every 2–3 months, which 
healed within a few weeks. The patient experienced no side 
effects or adverse reactions from IVIg, and tolerated infu-
sions very well.

After 9 months of uninterrupted IVIg therapy, the patient 
entered complete and stable remission. After 6 months of a 
lesion-free period, IVIg was tapered to every other month for 
6 months, followed by cessation of all therapy. The patient 
has been in stable remission for 5 years. The successful out-
come of IVIg therapy of pemphigus vulgaris in this patient 
illustrates feasibility of achieving a prolonged, stable remis-
sion off therapy using IVIg in combination with oral cyto-
toxic immunosuppressive agents, such as mycophenolate 
mofetil, in addition to mitochondrion-protecting agents, such 
as a tetracycline antibiotic and niacinamide. This protocol 
eliminates the need for potentially hazardous systemic thera-
pies with prednisone and/or rituximab.

 Conclusion

IVIg is a safe and effective drug to rapidly induce and 
maintain a prolonged clinical remission in a large variety 
of dermatological conditions unresponsive to conventional 
therapy, producing a distinct corticosteroid-sparing effect. 
Its early use is of significant benefit in patients who may 
experience life-threatening complications from corticoste-
roids and immunosuppression. IVIg works better if given 
together with a cytotoxic drug to prevent a rebound effect. 
The safety of IVIg therapy is affected by its administration 
rate, frequency IgA content, concentration—fluid over-
load if dilute and osmotic overload if concentrated, and 
sugar content. The known mechanisms of therapeutic 
action of IVIg include selective elimination of patho-
genic antibodies due to blocking (saturation) of FcRn 
that protects IgG molecules from lysosomal degradation, 

 anti-inflammatory action of sialylated IgG species that 
upregulate expression of the inhibitory FcγRIIB receptor 
on immune cells, inactivation of pathogenic antibodies by 
the anti-idiotypic antibodies, activation of anergic/apop-
totic program in B-cells, increase of B-cells producing the 
immunosuppressive cytokine IL-10 as well as anti-apop-
totic and anti-oncotic effects on keratinocytes.
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Systemic Antifungals
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Abbreviations

5-FC 5-Fluorocytosine
5-FU 5-Fluorouracil
7-DHC 7-Dehydrocholesterol
AAM Allylamine
AEs Adverse effects
AGEP Acute generalized exanthematous pustulosis
AIDS Acquired immunodeficiency syndrome
AmB Amphotericin B
CC Complete cure
CD Cyclodextrins
CDC Centers for Disease Control and Prevention
CHF Congestive heart failure
CI Confidence interval
CoA Coenzyme A
CR Clinical relapse
CTI ClinicalTrials.gov Identifier
CYP450 Cytochrome P450
EMA European Medicines Agency
EP Evaluable patient
FDA Food and Drug Administration
FdUMP 5-Fluorodeoxyuridine monophosphate
FUTP 5-Fluorouridine triphosphate
GI Gastrointestinal
GPI Glycosylphosphatidylinositol
HIV Human immunodeficiency virus
HMG-CoA 3-Hydroxy-3-methylglutaryl coenzyme A
HR Hazard ratio
ITT Intention-to-treat

KOH Potassium hydroxide
LFT Liver function test
LION Lamisil vs. Itraconazole in Onychomycosis
mAbs Monoclonal antibodies
MC Mycologic cure
Meltrex Melt extrusion technology
MFC Minimum fungicidal concentration
MIC Minimum inhibitory concentration
MISC Miscellaneous
MR Mycologic relapse
NNT Number needed to treat
PUVA Psoralen with UVA
ROS Reactive oxygen species
RR Relative risk
SCC Squamous cell carcinoma
SCLE Subacute cutaneous lupus erythematosus
SJS Stevens-Johnson syndrome
TEN Toxic epidermal necrolysis
UVA Ultraviolet A (320–400 nm)
UVB Ultraviolet B (280–320 nm)

 Introduction

Fungi were identified as pathogens even prior to bacteria. 
Thrush, now ascribed to Candida albicans, was listed as a 
fatal disease as early as 1665 [1]. In the US, the first reported 
human case of blastomycosis in 1894 [2, 3] by Thomas 
Gilchrist, an American dermatologist, marked the beginning 
of medical mycology, the study of diseases caused by fungal 
invasion into human or animal tissue.

Fungal infections, or mycoses, are among the most com-
mon groups of diseases worldwide. Cutaneous fungal infec-
tions were the fourth most prevalent group of diseases 
worldwide with an estimated global prevalence of 
984,290,432 in 2010 [4]. The estimated prevalence of onycho-
mycosis is 6.9–13.8% in the US, 10.0% in Japan, and 20% in 
Europe with a worldwide incidence that ranges between 2.7 
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and 20% [5–7]. Furthermore, the economic burden of cutane-
ous fungal infections is considerable. In 2004, the total and 
indirect cost of cutaneous fungal infections exceeded $1.9 bil-
lion in the US [8]. The annual Medicare cost of treating ony-
chomycosis alone is estimated to exceed $43 million [9].

Fungal infections are an important cause of morbidity and 
mortality in not only severely ill individuals, such as those with 
an underlying malignancy, but also diabetics and immunocom-
promised individuals, such as patients with human immunode-
ficiency virus (HIV) and organ transplant recipients. Infections, 
such as onychomycosis, that are usually well tolerated in 
healthy individuals can have dire consequences in these sus-
ceptible patient populations. About a third of diabetics and 
15–44% of HIV-positive patients have onychomycosis [10–
12]. Onychomycosis in diabetics form large dystrophic toenails 
that accumulate subungual debris, a nidus for fungi and bacte-
ria [12]. Even more concerning is the resulting increase in pres-
sure on underlying toes that may go unnoticed by those with 
diabetic neuropathy. Onychomycosis is a significant predictor 
(hazard ratio (HR): 1.58, 95% confidence interval (CI): 1.16–
2.16) of diabetic foot ulcer [13], a debilitating condition that 
may lead to osteomyelitis, gangrene, or even amputation [12].

The prevalence of invasive fungal infection in those with 
solid tumors, hematologic malignancy, acquired immunodefi-
ciency syndrome (AIDS), solid or hematopoietic cell transplan-
tation, or other diagnoses was 8.2% in a postmortem analysis of 
2707 patients between 1993 and 2005 [14]. In the US, an overall 
12-month cumulative incidence of invasive fungal infection was 
3.1% in solid organ [15], and 3.4% in hematopoietic cell trans-
plant recipients [16]. Although many patients with invasive fun-
gal infection have serious underlying disorders, the mortality 
directly attributable to invasive fungal infection remains high 
and the mortality rate directly attributable to candidemia alone 
ranges between 10% and 49% [17, 18]. The estimated total 
direct cost, a sum of inpatient and outpatient costs, of treating 
systemic fungal infections is $2.6 billion with an average per-
patient attributable cost of $31,200 [19]. Because of the clinical 
importance of the problem and the growing need to develop 
more effective therapy, there has been great interest in under-
standing the pathogenesis of fungal infections.

There has been substantial progress in antifungal therapy, 
especially over the last two decades. Previously, polyenes and 
imidazoles were the only classes that were available, along 
with other miscellaneous compounds, such as griseofulvin. 
Currently, there are four main classes of systemic antifungal 
agents. These are polyenes, allylamines, echinocandins, and 
azoles. Azoles include imidazoles, triazoles, and tetrazoles 
that are currently under investigation. Other miscellaneous 
systemic antifungals include flucytosine, a fluorinated pyrimi-
dine analog, and griseofulvin, a fungal mitotic inhibitor. An 
up-to-date mechanistic understanding of systemic antifungal 
drugs pertinent to treating dermatomycoses, relevant pharma-
cologic properties, and future directions, including drugs 
under investigation, will be discussed.

 Classification of Fungal Infections 
and Indications for Systemic Antifungals

Three distinct parameters help classify fungal infections 
clinically. These are (1) the pathogen’s degree of virulence, 
(2) the level of tissue involvement, and (3) the route of 
acquisition.

 1. The degree of virulence of a fungal organism determines 
its classification as either a true or an opportunistic patho-
gen. While true pathogenic fungi, such as Coccidioides 
immitis, are capable of causing disease even in healthy 
individuals, opportunistic fungi are only able to infect 
predisposed immunocompromised individuals [20].

 2. Depending on the degree of tissue involvement, cutaneous 
fungal infections are categorized as superficial, subcutane-
ous, or systemic. Superficial mycoses, limited to the integu-
ment and its appendages, involve the hair, nails, and the 
stratum corneum. Subcutaneous mycoses, also called 
mycoses of implantation, often arise as a result of traumatic 
inoculation and are limited to the subcutaneous tissue. 
Systemic, or deep, mycoses involve underlying structures, 
such as the abdominal viscera, the central nervous stem, the 
lungs, or bones. In true pathogenic fungi, cutaneous lesions 
signify hematogenous spread or the involvement of under-
lying tissue, whereas in opportunistic fungi, cutaneous 
lesions arise as either primary or secondary lesions in an 
immunocompromised host [20–22]. The gastrointestinal 
(GI) tract, respiratory tract, and blood vessels serve as the 
most common portals of entry for systemic mycoses [21].

 3. Fungal infections, depending on the route of acquisition, 
may also be categorized as endogenous or exogenous. 
Endogenous infections arise as a result of colonization or 
activation of a latent infection, but exogenous infections 
are acquired from the external environment through a 
cutaneous, percutaneous, or airborne route [21].

Most superficial mycoses respond adequately to topical 
antifungals in an immunocompetent host, but a systemic 
treatment is warranted under certain conditions. Such condi-
tions include hair or nail involvement, extensive cutaneous 
involvement, failure of topical treatments, chronic or recur-
rent cases, and a significant inflammatory reaction secondary 
to the superficial mycosis. Immunocompromised patients 
require systemic treatments for superficial mycoses. 
Systemic antifungals are needed to treat onychomycosis if 
any of the following conditions are met: involvement of the 
nail matrix, involvement of both fingernails and toenails, 
concurrent treatment with an immunosuppressive agent, and 
any evidence of immunodeficiency. Only itraconazole and 
terbinafine are approved by the US Food and Drug 
Administration (FDA) to treat onychomycosis. Fluconazole 
may be used, but it is not FDA-approved to treat onychomy-
cosis. Oral ketoconazole is no longer indicated to treat skin 
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and nail fungal infections due to hepatotoxicity and adrenal 
insufficiency [23–25]. Tinea pedis unresponsive to topical 
therapy also necessitate systemic therapy, as does tinea man-
uum. In contrast, subcutaneous and systemic mycoses 
require systemic treatment as first-line therapy [22].

 Basic Fungal Biology

The taxonomic kingdom of fungi, a clade consisting of 
highly diversified species of eukaryotes, emerged about 1.6 
million years ago. Although the kingdom is estimated to con-
tain more than five million species, only 120,000 fungal spe-
cies have been formally described so far. Fungi lack 
chlorophyll and thus are obligated to obtain carbon com-
pounds from either a living host (e.g., a human) or a nonliv-
ing organic substrate [26]. Pathogenic fungi, which may 
exist as unicellular yeasts or as filamentous molds, are rela-
tively rare. Even of 300 species that are reportedly patho-
genic to immunocompetent humans, only a few species are 
considered common pathogens [27]. However, many species 
of fungi can be opportunistic invaders in hosts with primary 
and secondary immunodeficiencies.

 Cell Wall

Fungi possess structurally unique cell walls composed of 
three main components: glucans, chitins, and glycoproteins 
(Fig. 40.1). The fungal cell wall is a dynamic structure that 
grants mechanical strength, protects the organism from 
environmental stress, and provides adequate plasticity that 
allows the organism to carry out key events during its life 
cycle (e.g., cell growth and division). Glucans, composed 

of glucose residues linked by glucan synthase, are consid-
ered the major structural polysaccharides. Approximately 
65–90% of glucans found in the fungal cell wall are β-1,3-
glucans synthesized by β-1,3-glucan synthase. Chitins, lin-
ear polymers of N-acetylglucosamine, provide enormous 
tensile strength due to extensive hydrogen bonds between 
chitin chains. Glycoproteins are extensively modified oli-
gosaccharides that are often tethered to the plasma mem-
brane by glycosylphosphatidylinositol (GPI) anchors [28].

 Ergosterol

The fungal plasma membrane contains ergosterol (Fig. 40.1), 
a fungal analog of 7-dehydrocholesterol (7-DHC) in ani-
mals. Ergosterol plays an important role in regulating mem-
brane function, such as maintaining membrane fluidity and 
permeability. In addition, ergosterol interacts with sphingo-
lipids to form lipid rafts that are functional microdomains 
implicated in endocytosis, membrane trafficking, and signal 
transduction. Ergosterol is found in various intracellular 
organelles, such as mitochondria, endoplasmic reticulum, 
and peroxisomes [29, 30]. Since ergosterol plays a critical 
role in regulating many functions of fungal cells and humans 
lack ergosterol, the ergosterol biosynthesis pathway serves 
as a target of many antifungal agents currently available on 
the market (Fig. 40.2).

 Antifungal Efficacy

Two useful criteria for evaluating antifungal activity of a given 
agent are its range of activity (broad- vs. narrow- spectrum) 
and its ability to kill the organism (fungistatic vs. fungicidal).

1,3-β-D-glucan synthase Ergosterol

Plasma
membrane

Chitins

1,6-β-glucans
1,3-β-glucans

Mannoproteins

Fig. 40.1 The fungal cell 
wall
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Broad-spectrum antifungals, such as amphotericin B and 
voriconazole, are able to inhibit a wide variety of organisms, 
including molds and yeasts. Narrow-spectrum antifungals 
have a more limited spectrum. For example, griseofulvin is 
only active against dermatophytes.

Antifungals may also be classified as fungicidal or fungi-
static. Fungistatic agents are able to inhibit and arrest fungal 
growth, whereas fungicidal agents are able to kill the organ-
ism. This may be tested in vitro by subjecting a standardized 
fungal inoculum to a series of drug dilutions. An antifungal 
agent’s minimum inhibitory concentration (MIC) is its low-
est concentration that visibly inhibits fungal growth, whereas 
its minimum fungicidal concentration (MFC) is its lowest 
concentration that eradicates 99.9% of the original fungal 
inoculum. The MFC/MIC ratio indicates whether a com-
pound is considered fungicidal (MFC/MIC ≤ 4) or fungi-
static (MFC/MIC > 4) [31–34]. Time-kill studies have also 
been used to determine the extent of fungicidal activity, and 
the pharmacodynamics properties. Time-kill studies may be 
used to determine potential synergistic/antagonist properties 
of agents when tested concomitantly [33].

In immunocompetent individuals, treatment with a fun-
gistatic agent, which may be coupled with other therapeutic 
interventions (e.g., drainage, or removal of foreign body), is 
often enough to prevent dissemination, and the host immune 
system eventually eradicates the organism to achieve clinical 
cure. However, the use of fungicidal agents becomes criti-
cal for certain circumstances: (a) the involvement of sites 
not easily accessible to the immune system (e.g., hair and 
nails) or sites with essential physiologic function where 
rapid cure is needed (e.g., central nervous system, or the 
bone), and (b) treating immunocompromised individuals. 
Immunocompromised patients are more prone to develop-
ing fungal infections and their lack of a functional immune 
system, especially in neutropenic individuals, necessitate 
a fungicidal regimen. This is because without a competent 
immune system, the pathogenic fungi potentially lie dormant 
until the treatment is discontinued.

The clinical importance of using a fungicidal agent can be 
illustrated in treating onychomycosis. Three parameters, clini-
cal cure, mycologic cure (MC), and complete cure (CC), are 
often used when evaluating an antifungal agent’s efficacy in 
treating onychomycosis. A clinical cure is achieved when 100% 
of the nail plate is visibly clear of infection. MC is achieved 
when the potassium hydroxide (KOH) smear and fungal culture 
are both negative. CC requires the attainment of both clinical 
cure and MC [35]. Comparative trials using either griseofulvin 
or terbinafine, which are respectively fungistatic or fungicidal, 
to treat toenail onychomycosis demonstrated that griseofulvin 
results in a lower rate of CC (2% vs. 42%) with a higher rate of 
relapse even with a longer course of treatment (48–52 weeks vs. 
16–24 weeks) [36, 37]. The rate of relapse for griseofulvin was 
as high as 70% for toenail onychomycosis [38, 39].
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 Antifungal Agents

Fungal organisms were known causes of systemic illnesses in 
humans since the 1890s, but treatments then were limited to 
surgical therapy and application of weak acids, such as undecy-
lenic acid and phenolic dyes. The first active and safe antifungal 
agent, griseofulvin, was successfully isolated from Penicillium 
griseofulvum in 1939 [40] and first used in humans in 1958 [41].

 Azoles

Azole antifungals are classified according to the number of 
nitrogen atoms in their characteristic five-membered hetero-
cyclic rings. An imidazole derivative contains two nitrogens 
in its azole ring, whereas a triazole derivative contains three 
(Table 40.1). Azole rings are attached to other aromatic rings 
via carbon-nitrogen bonds.

Table 40.1 Structure of each systemic antifungal class and its representative member (defining structure highlighted in blue)
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Mechanism: All azole antifungals inhibit a fungal- 
specific cytochrome P450 (CYP450)-dependent enzyme, 
14α-demethylase (CYP51A1), encoded by ERG11. Azoles 
act as metalloenzyme inhibitors that bind the heme cofactor 
on the active site of CYP51 in a competitive, reversible 
manner [42]. This inhibition causes a depletion of ergos-
terol and a buildup of its sterol precursors (Fig. 40.2), 
such as lanosterol, 24-methylenedihydrolanosterol, and 
14- dimethylergosterol, which ultimately compromises the 
structural integrity of the plasma membrane. However, this 
CYP450-dependent mode of action is also responsible for 
many adverse effects (AEs) since the ubiquitous CYP450 
superfamily plays crucial roles in hepatic drug metabolism 
and steroidogenesis.

 Imidazole
Imidazoles were the first effective class of drugs that pro-
vided an antimicrobial capability beyond the designation of 
“broad-spectrum” since it exhibited both antifungal and anti-
bacterial capabilities [43].

Ketoconazole
Ketoconazole, an imidazole derivative (Table 40.1), was 
FDA-approved in 1981. Owing to its superior oral absorp-
tion compared to the other imidazoles that were available on 
the market, ketoconazole remained the only oral antifungal 
against systemic fungal infections for nearly a decade. 
However, many significant AEs of ketoconazole, exacer-
bated by its prolonged treatment course as a fungistatic 
agent, became apparent as it stayed on the market.

These limitations necessitated the development of other 
antifungals, including other azoles, and resulted in an effort 
to significantly reduce ketoconazole use when viable alterna-
tives became available. In 2013, the European Medicines 
Agency (EMA) withdrew all oral ketoconazole-containing 
drugs from the EU [44] and the FDA mandated that ketocon-
azole should not be used as a first-line therapy for any fungal 
infections, including nail and skin infections [23].

Limitations and AEs:

 (a) Hepatotoxicity

Ketoconazole’s hepatotoxic properties are thought to be due 
to metabolic idiosyncrasy. Ketoconazole’s primary metabo-
lite, N-deacetylketoconazole, is more hepatotoxic than keto-
conazole, and capable of undergoing further metabolism by 
flavin-containing monooxygenase to yield more downstream 
hepatotoxic metabolites [45]. Ketoconazole use is linked to 
acute liver injury that occurs with an incidence rate of 134.1 
per 100,000 person-months (95% CI: 36.8–488.0) [46]. A 
cohort study of 69,830 individuals without liver or systemic 
disease who received at least one prescription for an oral 

antifungal correlated ketoconazole use with the highest rela-
tive risk (RR) of developing acute liver injury (RR: 228.0, 
95% CI: 33.9–933.0), more than ten times RRs of itracon-
azole and terbinafine combined [46]. Furthermore, 20 per 
10,000 persons exposed to ketoconazole develop symptom-
atic hepatitis [47]. Cases of liver cirrhosis [48], fatal hepatitis 
[49], and liver failure necessitating a liver transplant [50, 51] 
have all been attributed to ketoconazole use. Finally, multi-
ple deaths have been attributed to ketoconazole- related liver 
toxicity, including the death of a patient prescribed ketocon-
azole for onychomycosis, which occurred after the label 
change in 2013 [24, 49, 51–56].

 (b) Inhibitive Effect on Testosterone Synthesis

Ketoconazole inhibits androgen biosynthesis in a dose- 
dependent manner [57, 58], namely through the inhibition of 
C17–C20 lyase [59], an enzyme found both in testes and adre-
nals [60]. For example, although a higher dose (800 mg/day) 
of oral ketoconazole was highly effective at treating dissemi-
nated histoplasmosis than a lower dose (400 mg/day), toxic 
effects, including a potentially life-threatening adrenal insuf-
ficiency, were observed more frequently (79.4% vs. 43.7%) 
among those receiving a higher dose [61]. This inhibition of 
testosterone synthesis is also thought to contribute to reported 
cases of gynecomastia in men taking ketoconazole [62, 63].

 (c) Inhibition of CYP3A4

Ketoconazole is not only a potent inhibitor of CYP3A4 [64], 
which metabolizes more than 50% of all prescribed drugs on 
the market [65], but also potentially a universal inhibitor of 
all CYP450 isozymes [66].

 (d) Fungistatic

Ketoconazole’s limited role in treating immunocompro-
mised individuals, demonstrated by either therapy failure 
[67, 68] or reduced efficacy [69], represented a critical lack 
of utility [70]. Since ketoconazole is largely fungistatic, it 
cannot be utilized effectively in patients with a compromised 
immune system, including organ transplant patients and 
patients with AIDS [71]. These patients have an increased 
risk of developing invasive fungal infections that are poten-
tially life-threatening [72]. Furthermore, using a fungistatic 
systemic agent, such as ketoconazole, often requires a pro-
longed treatment course. However, ketoconazole’s various 
AEs made its prolonged use undesirable.

 Triazoles
Triazoles were developed to overcome the undesirable traits 
of imidazoles. Thus, they possess many advantages over 
imidazoles, including an increased selectivity for fungal 
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CYP450 enzymes that accounts for their improved toxicity 
profiles [73]. Itraconazole (Table 40.1) and fluconazole, 
available since the late 1980s, are now considered first- 
generation triazoles. The second-generation triazoles, which 
include voriconazole, posaconazole, and isavocunazole, 
have an enhanced potency, a broader spectrum, and more 
favorable pharmacokinetic properties.

Itraconazole
Indications: Three formulations of itraconazole are currently 
available, each with different indications; oral solution is 
approved to treat oropharyngeal/esophageal candidiasis in 
immunocompromised adults [74]. Capsules are approved to 
treat aspergillosis, blastomycosis, histoplasmosis, and 
 fingernail or toenail onychomycosis [75]. Tablets are approved 
to treat toenail onychomycosis caused by Trichophyton 
rubrum or T. mentagrophytes [76]. Tablets, made using melt 
extrusion technology (Meltrex), contain a dose equivalent to 
two capsules, allowing a once-daily dosing regimen [77, 78].

AEs: When used to treat onychomycosis, itraconazole is 
overall well tolerated and adverse events are reported in only 
3% of patients [79, 80]. Common AEs include diarrhea and 
abdominal pain or discomfort (1.7–4%), rash and pruritus 
(5%), headache (2.2–10%), and rhinitis (5–9%) [75, 76]. 
Itraconazole’s risk of causing acute liver injury, although 
much lower than that of ketoconazole, has been reported 
with an incidence rate of 10.4 per 100,000 person-months 
(95% CI: 2.9–38.1) with an RR of 17.7 (95% CI: 2.6–72.6) 
[46]. Two cases of prolonged cholestasis with biliary ducto-
penia (vanishing bile duct syndrome) have also been reported 
[47]. Acute generalized exanthematous pustulosis (AGEP) is 
rarely associated with itraconazole, and the eruption resolves 
in most cases after treatment cessation and corticosteroid 
therapy [81–83]. Other significant AEs linked with itracon-
azole use are as follows.

 (a) AEs Due to Cyclodextrin

Cyclodextrins (CDs) are cyclic oligomers of dextrin units 
with a hydrophobic exterior and a hydrophilic interior [84]. 
This structure allows CDs to form inclusion complexes with 
drugs, especially those with poor solubility in water, to 
enhance their delivery. CD is present in the oral solution for-
mulation of itraconazole, but not present in griseofulvin or 
fluconazole [85, 86]. CDs of pharmacologic interest are α-, 
β-, and γ-CDs with 6, 7, and 8 dextrose units in their glucopy-
ranose rings, respectively [87]. Since itraconazole is insoluble 
in water (solubility <0.0001 g/100 mL) [88], hydroxypropyl-
β-CD is used to enhance its solubility to form an oral solution 
formulation, which comes in cherry and caramel flavors to 
mask its unpleasant taste [74]. However, CDs appear to 
account for almost all toxicities reported with this formula-
tion [88]. Nephrotoxicity and GI toxicity have been reported 

in animal studies [89]. Vacuolation, as well as swelling, was 
observed in the bladder cells, pelvic urothelial cells, and renal 
cortical cells in rats treated with 2-hydroxylpropyl-β-CD in 
their diet (500–5000 mg/kg body weight per day) [89]. A sig-
nificant increase in polypoid tumors of the large intestine was 
observed at higher doses and an increase in exocrine pancre-
atic tumors was also observed at all dose levels [89]. While 
daily oral doses of 4–8 g of hydroxypropyl-β-CD for at least 
2 weeks are considered safe and well tolerated, higher oral 
doses of 16–24 g resulted in higher incidence of diarrhea and 
soft stools [89, 90]. In a study examining the effects of 
hydroxypropyl-β-CD in 26 pediatric patients with HIV, two 
patients had to discontinue therapy due to either persistent 
diarrhea or a maculopapular rash with a decrease in visual 
acuity [91]. 2-Hydroxypropyl-β-cyclodextrin has been linked 
to ototoxicity, namely dose-dependent damage to cochlear 
cells, in animal studies [92–95]. More detailed reviews 
regarding the toxicological implications of CDs and their 
derivatives have been published [84, 87, 88, 96].

 (b) Cardiotoxicity

Fifty-eight cases of congestive heart failure (CHF) poten-
tially caused by itraconazole were reported between 1992 
and 2001 [97]. Of them, 28 were hospitalized and 13 died. 
This negative inotropic effect appeared to be specific to itra-
conazole since similar findings were not reported in other 
members of the azole family. Itraconazole also prolongs the 
QT interval [98].

 (c) Bone Defects

Thinning of the zona compacta, increased fragility of bones, 
and reduced activity of bone plates have all been reported as 
itraconazole-induced bone defects at doses as low as 20 mg/
kg/day in rats [75]. Dental abnormalities have also been 
reported with long-term exposure (≥6 months) in rats [75]. 
Thus, treating children with itraconazole, especially over a 
prolonged period of time, may be problematic.

Lab Parameters to Monitor: Liver function test (LFT) 
for those treated longer than 1 month or those with preexist-
ing hepatic dysfunction, renal function, and signs/symptoms 
of CHF.

Contraindications: Concomitant administration of cer-
tain drugs metabolized by CYP3A4 (e.g., lovastatin and 
ergot alkaloids) is contraindicated since itraconazole and its 
metabolites are major substrates and inhibitors of CYP3A4 
(Table 40.2) [102]. Drugs that prolong the QT interval are 
also contraindicated during itraconazole use. Evidence of 
ventricular dysfunction or a history of CHF is a contraindica-
tion. Itraconazole use is strongly discouraged in those with 
active liver disease or those who have experienced liver tox-
icity with other therapeutic agents.
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Table 40.2 Selected pharmacodynamic and pharmacokinetic properties of systemic antifungals

Pharmacodynamics and pharmacokinetics

Allylamine

Terbinafine Oral bioavailability: 40% in adults, 36–64% in children
Absorption: Children and adults: >70%, unaffected by food
Metabolism: Extensively metabolized in the liver. Inhibitor of CYP2D6
Half-life elimination: Children: 27–31 h; adults: ~36 h

Azoles

Fluconazole Oral bioavailability: >80% [99]
Absorption: Well absorbed orally. Increases with food
Metabolism: 80% of dose can be recovered in urine in its unchanged form. 11% can be recovered as glucuronide and 
N-oxide metabolites, which are products of hepatic metabolism by CYP3A4 [100]. It is a potent inhibitor of CYP2C9, as 
well as CYP2C19, and is a moderate CYP3A4 inhibitor
Half-life elimination: Normal renal function: 30 h (range: 20–50 h)

Isavocunazole Oral bioavailability: 98% [101]
Absorption: Well absorbed orally. Not significantly affected by food
Metabolism: Substrate of CYP3A4 (moderate inhibitor) and CYP3A5
Half-life elimination: 56–104 h

Itraconazole Oral bioavailability: >70% [99]
Absorption: Requires gastric acidity. Capsule or tablet better absorbed with food, but solution better absorbed without food
Metabolism: Occurs extensively in the liver. Major substrate and inhibitor of CYP3A4 [102]
Half-life elimination: 30–40 h

Posaconazole Oral bioavailability: 54% under fasting condition [25]
Absorption: Well absorbed orally. Increases with food (relative oral bioavailability increased by 400% when given with a 
high-fat meal) [103]. Affected by gastric pH (higher pH decreases absorption) [104]
Metabolism: Metabolized by uridine diphosphate glucuronosyltransferase enzyme pathways in the liver. Not metabolized 
significantly by the CYP isozymes, but is a strong inhibitor of CYP3A4. Substrate of P-glycoprotein efflux [105]
Half-life elimination: 31 h [106]

Voriconazole Oral bioavailability: 96% in adults, range widely variable in children aged 2–12: 45–80% [107–109]
Absorption: Well absorbed orally. Decreases with food [110]
Metabolism: Occurs extensively in the liver, predominantly by CYP2C19, but also by CYP2C9, CYP3A4
Half-life elimination: 6 h [111]

Echinocandins

Anidulafungin Metabolism: Not metabolized. Undergoes slow spontaneous degradation to inactive metabolites
Half-life elimination: 40–50 h

Caspofungin Metabolism: Undergoes slow hydrolysis and N-acetylation. Some spontaneous hepatic degradation [111]
Half-life elimination: 40–50 h

Micafungin Metabolism: Metabolized by arylsulfatase and catechol-O-methyltransferase in the liver [111]. A mild inhibitor of CYP3A4
Half-life elimination: 11–21 h

Polyene

AmB Metabolism: Details unknown
Half-life elimination (triphasic plasma profile):
Conventional AmB (AmB deoxycholate): 24 h
Liposomal AmB: 8.6 ± 3.1 h
AmB lipid complex: 173.4 h

Miscellaneous

Flucytosine Oral bioavailability: >80%
Absorption: Well absorbed orally. Food decreases the rate of absorption, although the extent of absorption remains 
unaffected [112]
Metabolism: Not metabolized significantly
Half-life elimination: 3–6 h

Griseofulvin Oral bioavailability: Low and erratic [113, 114]
Absorption: Poor unless coated with polyethylene glycol or microsized [115]. Increases with food. Almost complete for the 
ultramicrosize griseofulvin, although it is variable (25–70%) for microsize griseofulvin. Decreases (more prominently in the 
microsize than the ultramicrosize formulation) with repeated administrations, which may be due to mucosal damage from 
unabsorbed griseofulvin in the gut [116]
Metabolism: Undergoes extensive hepatic metabolism (primary metabolite: 6-desmethylgriseofulvin) [117]
Half-life elimination: 9–24 h

Abbreviations: AmB amphotericin B
Information retrieved from the package insert unless otherwise noted
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Fluconazole
Indications: Fluconazole is used to treat candidiasis (esoph-
ageal, oropharyngeal, peritoneal, urinary tract, vaginal) and 
systemic Candida infections. It may also be used as antifun-
gal prophylaxis in allogeneic bone marrow transplant 
recipients.

Off-Label Uses:

 (a) Onychomycosis

Fluconazole is not FDA-approved to treat onychomycosis. 
However, fluconazole still was the second most prescribed 
antifungal agent for onychomycosis between 1995 and 
2010 in the US [118]. Fluconazole is approved to treat ony-
chomycosis in Europe. Fluconazole, which has in vivo activ-
ity against dermatophytes and C. albicans, has been evaluated 
previously for treating onychomycosis. While Candida spp. 
are frequently isolated in cultures during mycological testing, 
determining whether they are commensal organisms or true 
pathogens is difficult. However, Candida spp. are signifi-
cantly associated with some  fingernail infections, and they 
are frequent colonizers of toe webs in diabetics [12]. 
Terbinafine is not as effective for treating onychomycosis 
caused by Candida spp. since terbinafine’s in vitro activity 
and clinical efficacy data against Candida onychomycosis are 
unpredictable and inconsistent [119, 120]. Both itraconazole 
and fluconazole are effective against Candida onychomyco-
sis, but itraconazole’s negative inotropic effect is a significant 
contraindication in diabetics, a population with an increased 
prevalence of coronary artery disease [12]. Therefore, flucon-
azole is the treatment of choice for Candida onychomycosis 
in diabetics, although special attention must be paid to poten-
tial drug-drug interactions since fluconazole is metabolized 
by CYP3A4 (Table 40.2) and appears to interact significantly 
with certain hypoglycemic agents including a number of sul-
fonylureas (glyburide, glipizide, and tolbutamide) [12].

In those with subungual dermatophyte onychomycosis of 
the toenail, a once-weekly regimen of 150, 300, or 450 mg 
for 12 months resulted in CC and MC rates of 28–36% and 
47–62%, respectively [121]. The rate of relapse was 4% after 
6 months of follow-up. The regimen was well tolerated with 
comparable rates of adverse events between the treatment 
group and the placebo group [121]. However, subsequent 
onychomycosis trials that compared the rates of cure between 
fluconazole (150 mg/week for 3 or 4 months, MC: 31.2–51% 
and CC: 21–31.2%), terbinafine (250 mg/day for 3 months, 
MC: 75–89% and CC: 62.5–67%), and itraconazole (400 mg/
day for 1 week per month for 3 months, MC: 61.2% and CC: 
61.1%) showed that intermittent fluconazole is the least 
effective in achieving cure [122, 123]. Therefore, flucon-
azole may have a role as a third-line treatment in those unable 
to tolerate terbinafine or itraconazole.

The efficacy of pulse fluconazole, a weekly regimen that 
may potentially increase patient compliance, is dependent on 
its duration of therapy, but not its dose [124]. The rate of 
clinical cure and MC for toenail dermatophyte onychomyco-
sis increased with a longer duration of pulse fluconazole 
(>6 months vs. ≤6 months), while varying the dose (150, 
300, or 450 mg/week) failed to show any significant changes 
[124]. This is a considerable advantage since the rate of 
treatment discontinuation due to adverse reactions is lower 
for intermittent fluconazole given at 150 mg/week (1.98%, 
95% CI: 0.05–3.92%) than that of continuous terbinafine 
given at 250 mg/day (3.44%, 95% CI: 2.28–4.61%) or con-
tinuous itraconazole given at 200 mg/day (4.21%, 95% CI, 
2.33–6.09%) [125].

 (b) Tinea Capitis

Tinea capitis, which usually presents as scaly patches of alo-
pecia with pruritus in prepubescent children, is a highly 
communicable dermatophyte infection with a reported prev-
alence of 3–8% in the US [126] and 1–19.7% in developing 
countries around the world [127]. The causative organisms 
are dermatophytes that belong to the genera Microsporum 
and Trichophyton. Their relative distribution varies around 
the globe. T. tonsurans is the most common cause in North 
America and the UK [126], but M. canis is the dominant spe-
cies in the Mediterranean countries [128, 129], such as Italy 
and Greece, and T. violaceum is the most common causative 
species in places such as Iran [130], Palestine [131], Ethiopia 
[114] and Libya [132]. However, this distribution is dynamic 
and is susceptible to selective pressure. Griseofulvin was 
introduced in North American at a time when M. canis and 
M. audouinii were still predominant causes of tinea capitis. 
Currently, T. tonsurans is isolated in more than 95% of cases 
in the US [133]. Furthermore, T. tonsurans is becoming more 
resistant to griseofulvin, as evidenced by the increase in the 
recommended dose of griseofulvin and its high rates of fail-
ure that range between 24 and 39% in more recent studies 
[134, 135].

Based on studies that reported fluconazole’s high rates of 
cure, ranging from 89 to 98% [136–138], in treating tinea 
capitis, clinical trials have been conducted to evaluate its 
efficacy. A randomized controlled trial of 880 pediatric 
patients with tinea capitis (isolated dermatophytes on cul-
ture: T. tonsurans: 86% and M. canis: 11%) showed no sig-
nificant differences in clinical, mycological, or combined 
outcomes between groups treated with fluconazole (6 mg/kg 
for 6 weeks) and griseofulvin (11 mg/kg for 6 weeks). 
Furthermore, the observed rates of MC for children treated 
with fluconazole were 44–50%, which were less than 
expected [139]. A clinical study of 113 patients with tinea capi-
tis with positive fungal cultures (T. violaceum: 43.4% and M. 
canis: 49.6%) treated with griseofulvin (15 or 25 mg/kg/day) 
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or fluconazole (4 or 6 mg/kg/day) up to 12 weeks or until a 
negative fungal culture was observed showed no difference 
between griseofulvin and fluconazole [140]. A study of 75 
children with tinea capitis (T. violaceum: 68%) showed no 
difference between intermittent fluconazole for 6 weeks, 
continuous griseofulvin for 6 weeks, and continuous terbin-
afine for 2 weeks [141]. Finally, results of a meta-analysis 
show no significant difference between fluconazole and gris-
eofulvin in achieving a CC when given for 2–4 weeks (41.4% 
vs. 52.7%, RR: 0.92, 95% CI: 0.81–1.05) or 6 weeks (34.1% 
vs. 32.1%, RR: 1.06, 95% CI: 0.77–1.46) [142]. No signifi-
cant difference in achieving CC was observed for flucon-
azole when given for either 3 weeks or 6 weeks [142].While 
these findings suggest that fluconazole may not be superior 
to griseofulvin for treating tinea capitis, they do suggest that 
it may be a comparable alternative.

AEs: Fluconazole is generally well tolerated and the most 
common AEs include nausea (3.7%, 2% in children), abdom-
inal pain (1.7%, 3% in children), headache (1.9%), vomiting 
(1.7%, 5% in children), and diarrhea (1.5%, 2% in children) 
[85]. Rare cases of AGEP [143, 144], drug eruption [145–
148], Stevens-Johnson syndrome (SJS), and toxic epidermal 
necrolysis (TEN) have been reported [149–151]. Telogen 
effluvium associated with prolonged use (400 mg/day for 
2 months or longer) has been reported [152].

 (a) Hepatotoxicity and Cardiotoxicity

A rise in serum aminotransferase is seen in 5–25% of indi-
viduals, although most cases are mild to moderate elevations 
that are transient [47, 153]. The risk of liver injury with flu-
conazole use is low, but cases of hepatitis and fatal hepatic 
necrosis have been reported [154–160]. The incidence rate of 
drug-induced liver injury for fluconazole is 31.6 per 10,000 
persons [161]. Fluconazole also prolongs the QT interval 
[85, 98, 162].

 (b) Teratogenic Effects

Fluconazole use during pregnancy has been linked to reports 
of infants born with craniofacial and skeletal anomalies, as 
well as congenital heart defects [163–166]. The US Centers 
for Disease Control and Prevention (CDC) recommended 
against the use of fluconazole during pregnancy in 2002 and 
2006. In 2011, the FDA issued a change in the pregnancy 
category for fluconazole (other than vaginal candidiasis) 
from category C to category D based on reports of teratoge-
nicity linked to chronic high doses (400–800 mg/day) [167]. 
Vaginal candidiasis during pregnancy, estimated to occur in 
10% of pregnant women in the US, is attributed to an increase 
in sex hormones that occur during pregnancy [168–170]. 
Although fluconazole is effective in treating most cases of 
vulvovaginal candidiasis, oral fluconazole use should be 

avoided during pregnancy [171] based on recent epidemio-
logical studies that further substantiate the reported clinical 
observations of fluconazole’s teratogenic effects.

 1. A cohort study of 976,300 liveborn infants in Denmark 
reported a threefold increase in tetralogy of Fallot in those 
exposed to fluconazole in utero [172].

 2. To study the teratogenic effects of a low dose of flucon-
azole used to treat vulvovaginal candidiasis, the investi-
gators of the National Birth Defects Prevention Study 
identified 50 mothers reporting fluconazole use during 
pregnancy. More than 72% of these mothers were pre-
scribed fluconazole to treat vulvovaginal candidiasis. 
Fluconazole use was linked to a significantly increase in 
infants born with cleft lip with cleft palate (odds ratio 
(OR): 5.53, 95% CI: 1.68–18.24) and with d- transposition 
of the great arteries (OR: 7.56, 95% CI: 1.22–35.45) 
[173].

 3. A nationwide register-based cohort study of 1,405,663 
pregnant women in Denmark demonstrated a significant 
increase in the risk of spontaneous abortion in pregnant 
women treated with oral fluconazole (HR: 1.48, 95% CI: 
1.23–1.77) [168]. A higher risk of spontaneous abortion 
with oral fluconazole use was observed when compared 
to that of topical azole use (HR: 1.62, 95% CI: 1.26–2.07) 
[168]. No increased risk was seen with oral itraconazole 
use, although there was a much lower number of 
itraconazole- exposed pregnancies (n = 163) than 
fluconazole- exposed pregnancies (n = 3315) [168].

Lab Parameters to Monitor: Periodic LFTs and renal 
function tests [174].

Contraindications: Concomitant administration of drugs 
metabolized by CYP3A4 (Table 40.2) that prolong the QT 
interval (e.g., cisapride and quinidine) is contraindicated. 
Levels of drugs metabolized by CYP3A4, CYP2C9, and 
CYP2C19 should be carefully monitored [85]. Fluconazole 
is contraindicated in those with severe liver disease.

Second-Generation Triazoles (Voriconazole, 
Posaconazole, and Isavocunazole)
Voriconazole, posaconazole, and isavocunazole are second- 
generation triazoles with an extended spectrum of activities 
against non-albicans Candida spp., against yeasts, C. neo-
formans and various molds, such as Fusarium, Aspergillus, 
Scedosporium spp. [175].

 (a) Voriconazole

Voriconazole is a synthetic derivative of fluconazole. 
Voriconazole’s additional α-methyl group and its fluorinated 
pyrimidine that replaced one of the triazole rings of flucon-
azole are responsible for voriconazole’s enhanced spectrum 

A.S.W. Oak et al.



435

[176]. Compared to fluconazole, voriconazole is a more 
effective inhibitor of 14α-demethylase and possesses activity 
against fluconazole-resistant organisms, such as Candida 
krusei and strains of fluconazole-resistant C. albicans [177].

Voriconazole use had been linked to phototoxic reactions 
and, with long-term use, photocarcinogenesis and acceler-
ated photoaging. Voriconazole-associated phototoxicity 
reportedly occurs in 17.3% of adults and 5–36.5% of chil-
dren, although the incidence rate is as high as 47% in those 
treated for 6 months or longer [178]. Voriconazole N-oxide, 
the major hepatic metabolite of voriconazole, and the ultra-
violet B (UVB)-photoproduct of voriconazole N-oxide are 
known ultraviolet A (UVA)-sensitizers that induce oxidative 
DNA damage through reactive oxygen species (ROS) gen-
eration [179]. Extensive lentigo formation, reminiscent to a 
similar phenomenon that occurs with psoralen with UVA 
(PUVA) therapy, had been observed in those on chronic vori-
conazole therapy [180–182]. Chronic voriconazole therapy 
is a risk factor for squamous cell carcinoma (SCC) that 
increases with longer duration and higher cumulative dose 
[183–185]. A stepwise progression to SCC that manifested 
as an acute phototoxicity (year 1), actinic keratosis in sun- 

exposed skin (year 2–3), and SCC (year 3 or later) had been 
described [186]. SCCs that arise after chronic voriconazole 
therapy had observed in a patient as young as nine [180]; 
aggressive and even metastatic SCCs have been reported 
[180, 183, 186–189]. Five melanoma in situ lesions that 
arose from sites of chronic photodamage have been identi-
fied in two patients on long-term (≥35 months) voriconazole 
therapy [182].

 (b) Posaconazole

Posaconazole was synthetically derived from itraconazole by 
replacing its chlorine substituents with fluorine in the phenyl 
ring and adding a hydroxyl group to the triazolone side chain 
[190]. Structural differences are responsible for the enhanced 
potency and spectrum of posaconazole. Posaconazole has 
more in vitro activity against Aspergillus spp. than voricon-
azole and amphotericin B [191, 192]. Until recently, posacon-
azole was the only azole with activity against mucormycetes 
(also called zygomycetes) [193, 194]. Posaconazole use had 
been evaluated for the treatment of onychomycosis 
(Table 40.3) [203].

Table 40.3 Reported cure rates, nail pharmacokinetics, route of incorporation into nails of systemic antifungals

Cure rates Residual nail concentration after cessation of therapy Route of incorporation

AAM

Terbinafine Toenailsa

CC: 38%, MC: 70%
[195]
Fingernailsa

CC: 59%, MC: 79%

250 mg/day for 12 weeks: >MIC (1–60 μg/g for most 
dermatophytes) for 6 months after treatment cessation 
for toenails [196, 197]

•  Diffuses from the 
nail matrix and the 
nail plate [197]

Azoles

Fluconazole 
(off-label)

Toenails
CC: 20–36%, MC: 55–62%
Fingernails
CC: 78–90%, MC: 90–99%
[121, 124]

150 mg/week for 12 months: > fungicidal 
concentration for yeasts and dermatophytes in vivo 
(2000–3000 ng/g) detected 6 months after treatment 
cessation in toenails [196, 198]
t1/2 for healthy nails: 58 ± 31 days for toenails and 
58 ± 30 days for fingernails [196]
t1/2 for diseased nails: 87 ± 22 days for toenails and 
50 ± 1 days for fingernails [196]

•  Rapidly diffuses 
from the nail matrix 
and the nail bed 
[199]

•  Detectable in nails 
within 2 h after a 
single dose [200]

Itraconazole C Toenailsa

CC: 14%, MC: 54%
Fingernailsa

CC: 47%, MC: 61%

100 mg/day for 6 months: > MIC (100 ng/g nail 
keratin) of most dermatophytes and Candida 2 months 
after treatment cessation for fingernails and up to 
6 months for toenails
200/day for 6 months: >MIC for 6 months after 
treatment cessation for fingernails and toenails [201]

•  Diffuses from the 
nail matrix and the 
nail bed [202]

T Toenailsa

CC: 22%, MC: 44%

Posaconazole
(off-label)

Toenails [203] 100, 200 or 400 mg/day for 24 weeks or 400 mg/day 
for 12 weeks: Detected in toenails as early as 2 weeks 
after initiation of therapy and concentrations continued 
to increase after cessation of therapy. Maximum 
concentrations (1100–2750 ng/g) were found 
18–30 weeks after the cessation of therapy in great 
toenails. Maximum concentrations (1440–4210 ng/g) 
were found and 8–16 weeks after the cessation of 
therapy in other toenails [204]

•  Likely diffuses from 
the nail matrix and 
the nail bed [204]

100 mg/day, 
24 weeks

CC: 23%
MC: 37%

200 mg/day, 
24 weeks

CC: 54%
MC: 70%

400 mg/day, 
24 weeks

CC: 46%
MC: 79%

400 mg/day, 
12 weeks

CC: 20%
MC: 43%

(continued)
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 (c) Isavuconazole

Isavuconazole, a broad-spectrum triazole, was approved by 
the FDA in March 2015 to treat invasive aspergillosis and 
invasive mucormycosis in those older than 18 years of age. 
Compared to voriconazole, isavuconazole possesses a 
broader spectrum of activity and fewer CYP450-mediated 
drug-drug interactions [209]. No evidence of phototoxicity 
had been demonstrated with isavuconazole use [101, 210].

 Allylamine

Mechanism: Allylamines are noncompetitive inhibitors of 
squalene epoxidase (Fig. 40.2). The resulting deficiency of 
ergosterol is fungistatic, but the simultaneous intracellular 
accumulation of squalene, which interferes with both the mem-
brane function and the fungal cell wall synthesis, is fungicidal 
[211]. Allylamines inhibit CYP450 to a lesser degree than 
azoles, and do not affect cholesterol biosynthesis in vivo [211].

 Terbinafine
Indications: Terbinafine (Table 40.1) tablets are indicated to 
treat adults with toenail or fingernail onychomycosis caused 
by dermatophytes [212]. It is minimally effective against 
yeasts and saprophytes. Terbinafine granules are indicated to 
treat tinea capitis in patients older than four [25].

 (a) Onychomycosis

Terbinafine, the most prescribed antifungal treatment for 
onychomycosis in the US [118], is the most efficacious sys-
temic antifungal currently FDA-approved to treat onycho-
mycosis (Table 40.3). Terbinafine has a significantly higher 
rate of CC (Table 40.3), as well as a lower rate of relapse, 
than griseofulvin for treating toenail onychomycosis. A 
series of large clinical trials comparing continuous terbin-
afine and pulse or continuous itraconazole in treating toenail 

onychomycosis have consistently yielded data favoring ter-
binafine (Table 40.4).

Pulse regimen: Pulse regimen, while not FDA-approved, 
is commonly used to treat onychomycosis in clinical practice 
in the US and other countries [218]. A meta-analysis of nine 
studies compared the efficacies of pulse regimen and con-
tinuous regimen for treating dermatophyte toenail onycho-
mycosis using an intention-to-treat (ITT) analysis and an 
evaluable patient (EP) analysis. While no significant differ-
ence was seen between continuous and pulse regimens for 
achieving CC, continuous treatment provided a small advan-
tage for achieving MC (pooled RR: 0.87, ITT 95% CI: 0.79–
0.96 and EP 95% CI: 0.80–0.96) [219]. On the other hand, 
the risk of treatment discontinuation due to an adverse event 
is higher in those on a continuous regimen (pooled risk: 
3.44%, 95% CI: 2.28–4.61%) than those on a pulse regimen 
(pooled risk: 2.09%, 95% CI: 0–4.42%) [125]. Furthermore, 
pulse therapy may potentially eradicate newly germinating 
spore structures that arise in between “pulses,” providing an 
opportunity to destroy these structures that are largely 
responsible for relapse [219].

Onychomycosis in Diabetics and Immunocompromised 
Individuals: Terbinafine, a fungicidal agent that does not 
interact with CYP3A4, is a first-line choice for treating ony-
chomycosis in diabetics and immunocompromised individu-
als. One notable exception is Candida onychomycosis, which 
responds better to fluconazole as discussed above. However, 
Candida onychomycosis is rare since the distribution of caus-
ative pathogens is similar to that of a general population in 
both diabetics (dermatophytes: 88%, Candida spp.: 3%, and 
non-dermatophyte molds: 9%) and HIV- positive patients 
(dermatophytes: 90–95.5%, Candida spp.: 0–3%, and non-
dermatophyte molds: 1.5–9%) [12, 220, 221].

CYP3A4 is the predominant hepatic isoenzyme respon-
sible for metabolizing most of the drugs on the market, 
many that are pertinent to diabetics and HIV-positive indi-
viduals (e.g., various HMG-CoA reductase inhibitors, as 
well as hypoglycemic agents, and all the protease inhibitors) 

Table 40.3 (continued)

Cure rates Residual nail concentration after cessation of therapy Route of incorporation

Misc.

Griseofulvinb Toenails
CC: 2–56%, MC: 46–62%
Fingernails
CC: 39%, MC: 63%
[36, 37, 205–207]

Persists for <2 weeks [208] •  Taken up by the 
keratin matrix 
precursor cells

•  Higher affinity for 
diseased tissue [79]

•  Binds new keratin that 
become resistant to 
fungal invasion [196]

Abbreviations: AAM allylamine, C capsule, T tablet, CC complete cure, MC mycologic cure, MIC minimum inhibitory concentration, MISC 
miscellaneous
aRates reported on the package insert
bNot commonly used for dermatophyte onychomycosis since itraconazole and terbinafine have better efficacy, tolerability, and safety profiles
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[12, 111]. Furthermore, terbinafine is better suited for treat-
ing immunocompromised individuals than itraconazole 
since (a) itraconazole is largely fungistatic, while terbin-
afine is fungicidal, against clinical isolates of dermatophytes 
that cause onychomycosis [222], and (b) itraconazole has 
negative inotropic effects, a significant contraindication in 
diabetics and HIV-positive patients since both patient popu-
lations are at an increased risk for coronary atherosclerosis 
[223, 224]. Continuous terbinafine (250 mg/day for 
12 weeks) achieved MC of 73% and CC of 48% at the end 
of the follow-up period (week 48) in 89 diabetic patients (52 
non-insulin-dependent and 37 insulin-dependent) with toe-
nail onychomycosis. No severe AEs or hypoglycemic epi-
sodes were reported [225]. In a similar study, continuous 
terbinafine (250 mg/day for 12 weeks) was able to achieve 
MC in 19 out of 25 (76.0%, week 72) diabetics with derma-
tophyte onychomycosis of the toenail. No severe AEs or 
drug-drug interactions were reported [226]. Herranz et al. 
and Nandwani et al. studied the efficacy of continuous terbi-
nafine (250 mg/day for 12–16 weeks) and reported MC in 
7/16 and 3/10 HIV- positive patients with toenail onychomy-

cosis, respectively; in both studies, terbinafine was well tol-
erated and only one patient withdrew due to a 
terbinafine-induced event (drug rash) [227, 228].

Tinea Capitis: Griseofulvin, while safe and efficacious, 
requires a treatment course of at least 6 weeks, a prolonged 
treatment course that may decrease patient compliance 
[229]. In 2007, the FDA approved oral granules of terbin-
afine hydrochloride for the treatment of tinea capitis in chil-
dren older than four. These miniature granules, which offer 
the advantage of shorter treatment duration, typically 
4 weeks [230], are coated to mask the taste and can be sprin-
kled over soft food, such as pudding, before consumption. 
Furthermore, terbinafine is fungicidal, while griseofulvin is 
fungistatic. Meta-analyses derived from clinical trials [142, 
230, 231] reveal the following findings: (a) terbinafine is 
superior to griseofulvin in achieving CC for tinea capitis 
caused by T. tonsurans (risk ratio (RR): 1.47, 95% CI: 1.22–
1.77), but inferior in treating cases caused by Microsporum 
spp. (RR: 0.68, 95% CI: 0.53–0.86), (b) for treating tinea 
capitis caused by T. violaceum, terbinafine and griseofulvin 
have a similar efficacy (RR: 0.91, 95% CI: 0.68–1.24), and 

Table 40.4 Selected clinical trials comparing terbinafine and itraconazole for the treatment of toenail onychomycosis

Study Design Summary Results

De Backer et al. 
(1998) [213]

Prospective, 
randomized, 
multicenter, double-
blind, parallel-group

372 adults with dermatophyte onychomycosis, verified by 
microscopy and culture, were included in an ITT analysis. 
Subjects were treated for 12 weeks with either 
continuous terbinafine (250 mg/day, n = 186) or 
continuous itraconazole (200 mg/day, n = 186). 
Outcome assessments were carried out at 4, 8, 12, 24, 36, 
and 48 weeks

At week 48
T: CC: 38%, MC: 73%
I: CC: 23%, MC: 46%

Bräutigam et al. 
(1995) [214]

Prospective, 
randomized, 
multicenter, double-
blind, parallel-group

195 adults with dermatophyte onychomycosis, verified by 
culture, were included. Subjects were treated for 
12 weeks with either continuous terbinafine (250 mg/
day, n = 86) or continuous itraconazole (200 mg/day, 
n = 84). Outcome assessments were carried out at 2, 4, 8, 
and 12 weeks, then every 8 weeks until 40 weeks

At week 40
T: MC: 81%
Length of affected nail: 1.3 mm at 
baseline, 9.4 mm at week 40
I: MC: 63%
Length of affected nail: 1.2 mm at 
baseline, 7.9 mm at week 40

LION Study 
[215, 216]

Prospective, 
randomized, 
double-blind, 
double-dummy, 
multicenter, 
parallel-group

496 adults with dermatophyte onychomycosis, verified by 
culture and microscopy, were included in an ITT analysis. 
The treatment groups were as follows: 12 or 16 weeks 
(T12 or T16) of continuous terbinafine (250 mg/day, T12: 
n = 124 and T16: n = 120) or 12 or 16 weeks (I3 or I4) of 
pulse itraconazole (400 mg/day for 1 week, every 
4 weeks, I3: n = 126 and I4: n = 126). Outcome 
assessments were carried out every 4 weeks during 
treatment (weeks 0–16), then at weeks 24, 36, 48, and 72

At week 72
T12: CC: 46%, MC: 76%
T16: CC: 55%, MC: 81%
I3: CC: 23%, MC: 38%
I4: CC: 26%, MC: 49%

LION Icelandic 
Extension Study 
[217]

5-year prospective 
follow-up

Of the 496 patients from the LION study group, 144 
patients (T: n = 68, I: n = 76) from Iceland were 
prospectively followed up for 5 years. Starting from the 
end of the LION study (first intervention), patients with 
clinical signs of relapse, regardless of the first 
intervention, were offered additional 12 weeks of 
terbinafine therapy (second intervention). Outcome 
assessments were carried out every 6 months for 5 years

At year 5
Without second intervention
T: MR: 23%, CR: 21%
I: MR: 53%, CR: 48%
With second intervention
T (first intervention)
CC: 72%, MC: 92%
I (first intervention)
CC: 72%, MC: 85%

Abbreviations: ITT intention-to-treat, T terbinafine, I itraconazole, CC complete cure, MC mycologic cure, MR mycologic relapse, CR clinical 
relapse, LION, Lamisil vs. Itraconazole in Onychomycosis
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(c) both terbinafine and griseofulvin are safe with a compa-
rable rate of AEs (RR: 1.11, 95% CI: 0.79–1.57) and a low 
rate of severe AEs (0.6% for both).

AEs: Terbinafine is generally well tolerated. 
Approximately 10.5% of patients report AEs, mostly mild 
and transient events involving the GI system (4.9%) or skin 
(2.3%) [232–234]. Transient taste disturbance, lasting for an 
average of 6 weeks, was reported in 0.06% of 10,000 patients 
in a post-marketing survey of terbinafine [232]. Terbinafine 
is also well tolerated among HIV-positive patients and dia-
betics [79].

 (a) Liver Injury

Rare cases of liver injury, thought to be idiosyncratic, have 
been reported, although most cases resolved completely after 
cessation of therapy. Clinically apparent liver injury is 
observed in 1:50,000–120,000 individuals that appear after 
4–6 weeks of continuous treatment with terbinafine [218]. 
An asymptomatic elevation in liver enzyme levels is seen in 
0.2–0.5% of those taking terbinafine [218]. Only three cases 
of liver injury have been linked to terbinafine exposure for 
less than 2 weeks [218].

 (b) Cutaneous Reactions

While most cutaneous AEs attributed to terbinafine are mild 
and transient, more severe reactions, including subacute 
cutaneous lupus erythematosus (SCLE), erythema multi-
forme [235, 236], SJS [237], and AGEP [238] have been 
reported.

Terbinafine-Induced SCLE: More than 31 cases of 
terbinafine- induced SCLE have been published, representing 
26% of all cases of drug-induced SCLE [239, 240]. One pro-
posed mechanism is that terbinafine, lipophilic and kerato-
philic, deposits in keratinocytes. In susceptible individuals, 
this changes the configuration of nuclear antigens and results 
in the formation of antinuclear antibodies [241]. Through an 
antibody-dependent mechanism, cell-mediated cytotoxicity of 
SCLE-associated autoantibodies (e.g., anti-Ro autoantibod-
ies) may be enhanced, causing keratinocyte damage [241].

Lab Parameters to Monitor: When administering terbi-
nafine to those with immunodeficiency for more than 
6 weeks, complete blood counts should be monitored. The 
necessity of obtaining LFTs prior to or during terbinafine use 
had been brought into question since cases of clinically 
apparent liver injury associated with terbinafine use is very 
rare, and most cases that occur are reversible with cessation 
of therapy. Furthermore, obtaining pretreatment tests (e.g., 
KOH or direct period acid-Schiff) prior to initiating 
 terbinafine may not be cost-effective; the estimated testing 
costs to prevent one clinically apparent case of liver injury 
range between $9.62 million and $233.89 million [242].

Contraindications: History of prior liver disease is a 
relative contraindication. Furthermore, while terbinafine 
does not interact with CYP3A4, it does competitively inhibit 
CYP2D6. Thus, potential drug-drug interactions should be 
carefully monitored if a concomitant use of CYP2D6 sub-
strates is unavoidable (e.g., amitriptyline, metoprolol, 
codeine, dapoxetine, duloxetine, aripiprazole) [243].

 Polyene

Amphotericin B
Amphotericin B is an amphipathic molecule with both 
hydrophobic and hydrophilic properties due to its poly- 
hydroxyl chain and polyene hydrocarbon chain, respectively 
(Table 40.1). Amphotericin B’s antifungal mechanism is 
derived from its interaction with plasma membranes contain-
ing ergosterol (Fig. 40.1), followed by the intercalation of 
amphotericin B into the fungal plasma membranes [244]. 
This intercalation results in the formation of an “amphoteri-
cin B channel,” which rapidly alters the membrane permea-
bility and causes an efflux of K+ and Mg2+, an influx of 
protons, and an inhibition of fungal glycolysis. The result is 
cell death [245]. Amphotericin B’s principal use is to treat 
systemic mycosis (e.g., disseminated aspergillosis, mucor-
mycosis, cryptococcosis, and candidiasis). It also is used to 
treat endemic respiratory infections (e.g., histoplasmosis).

Although amphotericin B continues to have the broadest 
antifungal spectrum out of all the antifungal drugs on the mar-
ket, its use is hampered by its toxicities, namely acute infu-
sion-related toxicities (i.e., fever, chills, rigors, bronchospasm, 
nausea, vomiting, headaches, and arthralgia) and nephrotoxic-
ity (i.e., decreased renal clearance and tubular damage). 
Liposomal amphotericin B and amphotericin B lipid complex 
are lipid formulations of amphotericin B that were developed 
in an attempt to increase its tolerability. Lipid-formulated 
preparations are better suited for parental administration due 
to their increased solubility. Furthermore, they are (a) pro-
tected from enzymatic destruction since they are encapsulated 
in a lipid bilayer, (b) preferably taken up by members of the 
mononuclear phagocyte system, which facilitates the targeting 
of these compounds to sites of infection, and (c) significantly 
less nephrotoxic compared to conventional amphotericin B 
(OR: 0.42, 95% CI: 0.33–0.54) [245, 246].

 Echinocandins (Caspofungin, Micafungin, 
and Anidulafungin)

Echinocandins are noncompetitive inhibitors of 1,3-β-d- 
glucan synthase (Fig. 40.1). 1,3-β-d-Glucan synthase, which 
are not present in mammalian cells, is responsible for the syn-
thesis of 1,3-β-d-glucan polymers that are essential cross- 
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linking structural elements of the fungal cell wall [247]. 
The inhibition of 1,3-β-d-glucan synthase weakens the fungal 
cell wall and eventually leads to cell lysis. Three echinocan-
dins, all administered intravenously, are currently available. 
These include caspofungin, micafungin, and anidulafungin. 
While subtle differences do exist between these echinocan-
dins, they demonstrate excellent and comparable in vitro 
activities against invasive isolates of Aspergillus spp. 
(n = 5346) and Candida spp. (n = 526) [248, 249] (Table 40.5).

 Griseofulvin

Mechanism: Upon entering a cell in an energy-dependent fash-
ion, griseofulvin binds microtubules, constituents of the mitotic 
spindle. In doing so, griseofulvin inhibits not only the assembly 
of microtubules, but also their contraction during mitosis. The 
end result is the arrest of mitosis at metaphase due to the mitotic 
spindle’s dissociation [253]. As a result, griseofulvin is a fungi-
static agent that is only active against growing organisms.

Indications: Griseofulvin is still available in the US, but 
no longer available in certain European nations (e.g., Greece, 
Portugal, and Belgium). Griseofulvin is no longer the first- 
line therapy for dermatophyte onychomycosis since newer 
agents, itraconazole and terbinafine, have better tolerability 
and efficacy. Griseofulvin is still widely used to treat tinea 
capitis and is still the treatment of choice for cases caused by 
Microsporum species. Griseofulvin should be taken after a 
meal since its absorption increases with food (Table 40.2). It 
may also be used to treat cutaneous dermatophyte infection 
not adequately treated by topical therapy. Ultramicrosize and 
microsize griseofulvin are available.

 (a) Tinea Capitis

Variables affecting treatment efficacy have changed drasti-
cally since the initial approval of griseofulvin, namely the 
rise of T. tonsurans in North America and its increasing level 
of resistance to griseofulvin. While terbinafine treatment 
requires a shorter course, and is superior to griseofulvin in 

CASPOFUNGIN† MICAFUNGIN† ANIDULAFUNGIN

Candidemia and other
Candida infections

Esophageal candidiasis

Candida prophylaxis in 
patients undergoing 

hematopoietic stem cell 
transplantation

Invasive Aspergillus
infections in those

refractory or intolerant
of other therapies

Empirical therapy for
fungal infections in
febrile neutropenic

patients

† approved for pediatric use

approved for indicated use

abscesses, peritonitis, pleural space infections 

abscesses and peritonitis

Table 40.5 FDA-approved indications for echinocandins [250–252]
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treating tinea capitis caused by T. tonsurans, terbinafine is 
still inferior to griseofulvin for treating cases caused by 
Microsporum species.

Microsporum spp. Infections: Griseofulvin’s higher effi-
cacy in treating Microsporum spp. infections may be attrib-
uted to its tendency to be secreted in sweat to the body 
surface, where it is detectable within 4–8 h after an oral 
administration [254]. On the other hand, terbinafine is a 
highly lipophilic drug that is not found in sweat [198]. Since 
Microsporum spp. infections are ectothrix, the drug must 
reach the hair surface via either sebum or sweat to exert its 
effect. However, since children have low sebum secretion, 
the drug has to be delivered by sweat. Sweat acts as a carrier 
for griseofulvin to the stratum corneum, where it is detect-
able within 4–8 h when administered orally [254]. 
Griseofulvin’s excretion in sweat, a trait not found in terbin-
afine, may provide a feasible explanation for its comparative 
advantage in treating Microsporum spp. infections that over-
comes its relative lack of fungicidal capabilities [255].

AEs: Griseofulvin (10–20 mg/kg) was well tolerated in 
pediatric patients (n = 509) when used to treat tinea capitis 
for 6 weeks [231]. No serious adverse events were attributed 
to griseofulvin. Only mild or moderate AEs (e.g., headache 
(1.4%), vomiting (1.6%), diarrhea (1%), and upper abdomi-
nal pain (1%)) were observed [231]. Nausea and rashes were 
seen in 8–15% of patients treated with griseofulvin for ony-
chomycosis [79]. Rare AEs include intrahepatic cholestasis 
and precipitation of acute intermittent porphyria in certain 
predisposed patients [256]. Griseofulvin had been impli-
cated to trigger SCLE, and exacerbate systemic lupus erythe-
matosus in a small number of cases [257, 258]. A 
dose-dependent induction of hepatocellular and thyroid 
tumors had been reported in rodents [259].

 (a) Photosensitivity: Since more than 37 documented cases 
of griseofulvin-induced photosensitivity have been 
reported, prolonged or intense sun exposure is not rec-
ommended during griseofulvin use [260, 261]. 
Griseofulvin’s action spectrum for erythema matches its 
absorption spectrum [261].

 (b) Reproductive Toxicity: Griseofulvin is a spindle poison 
that is both embryotoxic and teratogenic. A dose- 
dependent increase in chromosomal aberrations has 
been observed in vitro in murine spermatocytes [262]. 
Cases of conjoined twins, linked to griseofulvin use dur-
ing the first trimester of pregnancy, have been published 
[86, 263].

Lab Parameters to Monitor: Periodic liver, renal and 
hematopoietic function tests, especially with long-term use 
[86, 237].

Contraindication: Griseofulvin use is contraindicated in 
pregnant women (Table 40.6) and those with liver failure or por-
phyria. Men are advised to wait at least 6 months after the con-
clusion of griseofulvin therapy prior to fathering a child [264].

Table 40.6 Available form(s), antifungal effect and pregnancy cate-
gory of each systemic antifungal agent

Name Formulations
Antifungal effecta 
(Fs vs. Fc)

Pregnancy 
category

Allylamine

Terbinafine Oral packet and 
tablet

FS and FC B

Azoles

Fluconazole IV, oral 
suspension and 
tablet

FS D

Isavuconazole IV and capsule FS. FC against 
Aspergillus spp.

C

Itraconazole Oral  solution, 
tablet and capsule

FS. FC against 
Aspergillus spp.

C

Ketoconazole Tablet FS C

Posaconazole IV, oral 
suspension and 
tablet

FS. FC against 
Aspergillus spp.

C

Voriconazole IV, oral 
suspension and 
tablet

FS. FC against 
Aspergillus spp.

D

Polyene

AmB FC B

Conventional 
AmB

IV

Liposomal AmB IV

AmB lipid 
complex

IV

Echinocandins

Anidulafungin IV FC in Candida 
spp.
FS in 
Aspergillus spp.

B

Caspofungin IV FC in Candida 
spp.
FS in 
Aspergillus spp.

C

Micafungin IV FC in  Candida 
spp.
FS in 
Aspergillus spp.

C

Miscellaneous

Flucytosine Capsule FS C

Griseofulvin FS X

Microsize Oral suspension 
and tablet

Ultramicrosize Tablet

Abbreviations: FS fungistatic, FC fungicidal, amB amphotericin B, IV 
intravenous
aGeneral trend, since an antifungal’s fungistatic/fungicidal effect is 
species-dependent
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 Flucytosine

Flucytosine, also known as 5-fluorocytosine (5-FC), is a syn-
thetic fluorinated pyrimidine currently indicated as an 
adjunctive treatment (i.e., in combination with amphotericin 
B) of systemic fungal infections caused by susceptible strains 
of Cryptococcus spp. or Candida spp. Fungal cells transport 
flucytosine using an active transporter, cytosine permease, 
located on their plasma membrane. Cytosine permease is 
also responsible for the transport of hypoxanthine, cytosine 
and adenine. 5-FC undergoes rapid deamination by cytosine 
deaminase to become 5-fluorouracil (5-FU). 5-FU exhibits 
two distinct antifungal mechanisms. The first mechanism 
involves stepwise phosphorylations of 5-FU into its mono 
(5-fluorouridine monophosphate), di (5-fluorouridine 
diphosphate), and triphosphate (5-fluorouridine triphos-
phate) forms. 5-Fluorouridine triphosphate (FUTP) is incor-
porated into the fungal RNA, which in turn hinders the fungal 
protein synthesis [265, 266]. The second mechanism involves 
the uridine monophosphate pyrophosphorylase’s conversion 
of 5-FU into 5-fluorodeoxyuridine monophosphate 
(FdUMP), a potent inhibitor of thymidylate synthetase that is 
responsible for thymidine synthesis. Thus, this second mech-
anism hinders fungal DNA synthesis [265, 266].

 Comparative Studies for Specific Indications

 Onychomycosis

Onychomycosis in Children: Onychomycosis is uncom-
mon in children with an estimated prevalence of 0.3% [267], 
but its incidence may be increasing [268]. No FDA-approved 
treatment for onychomycosis is currently present for the 
pediatric population. Fluconazole, terbinafine, and itracon-
azole have been used off-label. Systemic antifungals have 
similar efficacies in children with high rates of CC for terbi-
nafine (80.4%) and itraconazole (81.3%) [269]. CC for flu-
conazole is reported to be 66.7%, but with a sample size of 
only six children [269]. Safety profiles for these antifungals 
were also similar to those in adults, but a worsening case of 
ataxia had been reported with itraconazole use [269, 270].

Pharmacoeconomic Analyses: To potentially aid health-
care decision-makers, pharmacoeconomic analyses have 
been carried out to determine the cost-effectiveness (i.e., cost 
per designated unit of effectiveness [271]) of various treat-
ment regimens for onychomycosis. A meta-analysis con-
ducted in 2001 concluded that the two most cost-effective 
regimens were continuous terbinafine and pulse itraconazole 
with griseofulvin being the least cost-effective regimen. 
Overall, terbinafine was the most cost-effective agent since 

its highest success rate, shortest treatment duration, and low-
est relapse rate compensated for its highest cost per tablet 
[272]. A meta-analysis in 2003 that examined the cost- 
effectiveness of continuous terbinafine, intermittent and con-
tinuous itraconazole, and topical ciclopirox reached a similar 
conclusion that terbinafine was the most cost-effective treat-
ment. Terbinafine had the lowest overall expected cost for 
both toenail and fingernail infections, as well as the lowest 
cost per disease-free day ratio [273]. A cost-effectiveness 
analysis of the Lamisil versus Itraconazole in Onychomycosis 
(LION) study was carried out to model healthcare costs in 
Germany, Iceland, the Netherlands, the UK, Italy, and 
Finland. Barring Finland, continuous terbinafine (250 mg/
day for 12 weeks) was more cost-effective, defined as cost 
per complete patient cure, than intermittent itraconazole 
(400 mg/day for 1 week every 4 weeks for either 12 weeks or 
16 weeks) [274]. Angello and colleagues calculated the cost 
per mycologically cured infection for continuous terbinafine, 
itraconazole, and griseofulvin to be $649, $1845, and $2721, 
respectively [275]. A pulse regimen was more cost-effective 
than a continuous regimen for both itraconazole and terbin-
afine in the same study. For patients with dermatophyte ony-
chomycosis with matrix involvement, a combination regimen 
of an amorolfine nail lacquer and oral terbinafine was able to 
achieve a higher success rate, defined as negative mycology 
and clinical cure, with a lower treatment cost per cured 
patient [276].

 Tinea Cruris, Tinea Corporis, and Tinea Pedis

Systemic treatments are used to treat superficial mycoses 
under certain conditions: infection in an immunocompro-
mised individual, presence of an extensive cutaneous 
involvement (i.e., involvement of large areas that makes topi-
cal treatment impractical), a failed trial of topical treatments, 
chronic or recurrent cases and presence of a significant 
inflammatory reaction secondary to the superficial mycosis.

Tinea Cruris and Tinea Corporis: Trials comparing 
the efficacies of terbinafine, itraconazole, fluconazole 
against griseofulvin have been conducted with mixed 
results. A double- blind, parallel group study of 239 patients 
with tinea corporis and/or tinea cruris treated with griseo-
fulvin (500 mg/day) or fluconazole (150 mg/week) for 
4–6 weeks showed no difference in CC or MC at both end-
points (days 25–28 or days 42–44) [277]. A double-blind 
study of 78 patients with tinea corporis or tinea cruris 
treated with itraconazole (100 mg/day) or griseofulvin 
(500 mg/day) for 15 days showed a higher rate of MC for 
itraconazole (87% vs. 57%) 2 weeks after cessation of 
treatment [278]. However, a similar study of 40 patients 
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with tinea corporis or tinea cruris treated with itraconazole 
(100 mg/day) or griseofulvin (500 mg/day) for 15 days 
showed no difference in CC or MC at the end of treatment 
and at a follow-up visit after 15 days [279]. A randomized, 
double-blind comparative study of 64 patients with tinea 
corporis or tinea cruris treated with terbinafine (250 mg/
day) or griseofulvin (500 mg/day) for 2 weeks showed sig-
nificantly higher rates of both CC and MC for the terbin-
afine-treated group than those of the griseofulvin- treated 
group (CC: 83.9% vs. 41.9%, MC: 90.0% vs. 54.8%) at the 
4-week follow-up visit with only transient, mild adverse 
events for both groups [280].

Tinea Pedis: A meta-analysis of 15 trials (n = 1438) iden-
tified no significant difference between fluconazole and itra-
conazole, as well as terbinafine and itraconazole. However, 
terbinafine had a significantly higher rate of cure compared 
to griseofulvin (pooled RR: 2.26, 95% CI: 1.49–3.44). Both 
terbinafine and itraconazole were more effective than pla-
cebo [281].

 Investigational Antifungal Agents

Investigational agents, including potential new members of pre-
existing antifungal classes, as well as those with novel mecha-
nisms, are currently under clinical investigation (Table 40.7).

Many preclinical investigational agents are also cur-
rently under development. Those with novel mechanisms 
include (a) E-1210, a selective fungal inhibitor of inositol 
acylation that is integral to the GPI synthesis pathway 
[290], (b) sordarins, selective inhibitors of fungal elonga-
tion factor 2, a protein necessary to carry out ribosomal 
translocation during protein synthesis [292] and (c) antifun-
gal antibodies, protective monoclonal antibodies (mAbs) 
with direct antimicrobial properties that may also enhance 
the innate immune system through complement activation 
and opsonization. Antifungal mAbs that may be used as 
adjuvant agents against species of Cryptococcus, Candida, 
Histoplasma, Aspergillus, Paracoccidioides, and Sporothrix 
have been described previously [291–293].

Table 40.7 Selected investigational antifungal agents in clinical trial

Antifungal activity Proposed indications

VT-1161 (Viamet)
VT-1161 is a tetrazole that was synthesized to (a) lower the 
interaction with the heme-iron motif of CYP450 enzymes and (b) 
compensate for the resulting decrease in inhibitor potency by 
modifying the scaffold, the portion of the inhibitor recognized by 
the substrate binding site of the target enzyme [282]. VT-1161 
exhibited no binding to human CYP51 at concentrations as high as 
50 μM [283]

In vitro: C. albicans, T. 
rubrum, Coccidioides 
isolates, Rhizopus 
arrhizus var. arrhizus 
[282–285]

•  Onychomycosis (Phase 2, CTI: 
NCT02267356)

•  Acute vaginal candidiasis (Phase 2, 
CTI: NCT01891331)

•  Recurrent vaginal candidiasis (Phase 2, 
CTI: NCT02267382)

•  Moderate to severe interdigital tinea 
pedis (Phase 2, CTI: NCT01891305)

Albaconazole
Albaconazole is a new broad-spectrum, second-generation triazole 
with a long half-life in humans (70.5 h after single oral doses of 
240 mg) [286]. Thus, a weekly dosing for systemic treatment is 
potentially feasible. A phase II, double-blind, placebo-controlled 
study of 538 adults with distal subungual dermatophyte 
onychomycosis (affecting at least 1 great toenail, confirmed by 
culture and microscopy) treated with placebo or albaconazole has 
been completed [287]. Albaconazole was well tolerated overall. 
Treatment groups with respective cure rates are as follows

In vitro: More than 500 
clinical isolates of 
Candida spp.
In vivo: Filamentous 
fungi (Paecilomyces 
spp., Chaetomium spp., 
Fusarium spp., 
Scytalidium spp. and 
Aspergillus spp.), 
dermatophytes 
(Trichophyton spp. and 
M. canis), and C. 
albicans [286]

•  Onychomycosis (Phase 2, CTI: 
NCT00730405)

•  Moccasin-type tinea pedis (phase 1b, 
CTI: NCT00509275)

Placebo (36 weeks) CC: 0%, MC: 6%

Albaconazole (100 mg/week for 36 weeks) CC: 12%, MC: 34%

Albaconazole (200 mg/week for 36 weeks) CC: 21%, MC: 43%

Albaconazole (400 mg/week for 36 weeks) CC: 33%, MC: 71%

Albaconazole (400 mg/week for 24 weeks, 
followed by 12 weeks of placebo)

CC: 26%, MC: 54%

Nikkomycin Z
Nikkomycin Z is a novel chitin synthase inhibitor that is more 
effective against highly chitinous fungi, such as C. immitis and 
Blastomyces dermatitidis [288]

In vitro and in vivo: C. 
albicans, C. immitis and 
B. dermatitidis [288, 
289]

  • Coccidioidomycosis (Phase 1, CTI: 
NCT00834184)

Abbreviations: CTI ClinicalTrials.gov Identifier, CC complete cure, MC mycologic cure

A.S.W. Oak et al.
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Case Report
A 5-year-old Caucasian male weighing 22 kg developed an 
itchy area with associated hair loss on his scalp 3 weeks ago 
during a month-long trip to Italy. During the trip, the patient 
and his family visited the patient’s aunt who has cats, kittens, 
and dogs. The rash started while the patient was exposed to 
these animals. Since then, the area became increasingly scaly 
and expanded in size. Several more morphologically similar 
areas appeared near the original site of eruption. The patient 
and his family returned from their trip 3 days ago. The 
patient’s mother reported that the aunt had “several flat, scaly 
red spots surrounded by a scaly red border” on her face and 
neck. The patient had not tried any treatments previously.

Past Medical History
• Mild intermittent asthma (controlled with albuterol 

inhaler used as needed)

Social History
• Recently returned from a month-long trip from Italy
• Second grade in elementary school
• Immunizations up-to-date

Previous Therapies
• None

Physical Exam
• Several ill-defined, erythematous, dry patches of alopecia 

(all measuring 2–5 cm in diameter) with overlying scales 
noted on the scalp. Loose and broken hairs also observed 
in these areas

• Posterior cervical and auricular lymphadenopathy seen 
bilaterally

• Yellow-green fluorescence visible with Wood’s lamp 
examination

Management
Empiric treatment for tinea capitis with fluconazole was ini-
tiated. Hair samples and scales were collected during the ini-
tial visit. Oral fluconazole (reconstituted suspension) was 
chosen since the patient developed his fluorescent-positive 
tinea capitis in Italy, where M. canis is the dominant species. 
For 6 weeks, the patient received 6 mg/kg/day of fluconazole 
(132 mg/day) for tinea capitis. Two percent ketoconazole 
shampoo was also prescribed for use every other day for the 
patient and his family members. The patient’s family mem-
bers were counseled to discard combs and brushes used by 
the patient previously. After 3 weeks, the fungal culture con-
firmed the diagnosis of M. canis tinea capitis, and flucon-
azole was continued. Complete clearance was observed after 
treatment, and the areas of alopecia also gradually resolved.
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Systemic Antivirals in Dermatology

A. Jarad Peranteau, Ramya Vangipuram, Kevin Sharghi, 
and Stephen K. Tyring

Abbreviations

ACV Acyclovir
AIDS Acquired immunodeficiency syndrome
CDC Centers for Disease Control and Prevention
CMV Cytomegalovirus
EBV Epstein-Barr virus
eGFR Estimated glomerular filtration rate
FCV Famciclovir
FDA Food and Drug Administration
GCV Ganciclovir
GI Gastrointestinal
HSCT Hematopoietic stem cell transplant
HSV Herpes simplex virus
HAART Highly active antiretroviral therapy
HIV Human immunodeficiency syndrome
HHV Human herpesvirus family
HPV Human papillomavirus
IV Intravenous
PCV Penciclovir
PEP Post-exposure prophylaxis
PrEP Pre-exposure prophylaxis
SOT Solid organ transplant
TTP Thrombotic thrombocytopenic purpura
VACV Valacyclovir
VGCV Valganciclovir

 Introduction

Viral infections cause a multitude of diseases with varying 
clinical presentations and outcomes, which range from 
benign illnesses to life-threatening conditions. These infec-
tions are often difficult to treat and can present with skin- 
limited disease or with systemic symptoms and cause 
significant morbidity and mortality. Additionally, viral dis-
eases such as HIV fundamentally alter the immune system 
and may significantly alter the presentation of dermatologi-
cal diseases.

This chapter will focus on the systemic antiviral drugs of 
most relevance to the dermatologist, namely, those used to 
treat infections caused by the human herpesvirus family 
(HHV). We will also cover some of the investigational drugs 
currently being developed along with providing a brief over-
view of systemic antiviral agents used to treat HIV and 
chronic viral hepatitis (B and C).

The first line of defense against viral infections should 
always be good public health and prevention measures. This 
includes educating patients about the disease and its trans-
mission and encouraging all patients to receive their required 
vaccinations (including the human papillomavirus (HPV) 
vaccine). Prevention strategies also include emphasizing 
proper sewage disposal and the use of clean drinking water 
(where appropriate), vector control, testing of blood and 
blood products, non-sharing of needles, hand-washing and 
the use of disposable gloves, and encouraging condom usage/
abstinence. This is especially important in viral infections 
because once a patient acquires these diseases (i.e., HIV, 
HHV), there is often no cure and antivirals merely offer 
symptom/disease control. Another important concept is that 
antiviral agents are most active during viral replication; 
therefore, the earlier the treatment is given, the better the 
results.

Antiviral treatment is also challenging because most 
therapies work by targeting specific steps in viral replication 
without interfering with host cellular function. Viruses, 
however, are intracellular parasites that use host cell metab-
olism, which often means that antiviral agents have signifi-
cant host cell toxicity that limits their use. Never has the 
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future of antiviral therapy been more promising however, as 
we are in an age of ever increasing antiviral effectiveness. 
The pace of development over the past 30 years has acceler-
ated dramatically, largely due to the viral pandemic HIV 
that, according to 2015 statistics, infects 36.7 million people 
worldwide. Currently, there are 39 different FDA-approved 
medications for the treatment of HIV alone. Research into 
the disease has helped accelerate our basic understanding of 
both molecular biology and viral pathogenesis and has 
helped pave the way for newer and greater treatment options 
in the future for all viral infections.

 Drugs for Treatment of Herpesvirus 
Infections

HHV are double-stranded, linear DNA viruses that cause a 
wide range of illnesses (Table 41.1). Classically, herpes labi-
alis is caused by herpes simplex virus type 1 (HSV-1), and 
herpes simplex genitalis is caused by herpes simplex virus 
type 2 (HSV-2), although it has been shown that both viruses 
can cause either infection. Human herpesvirus type 3 (HHV- 
3) or varicella-zoster virus (VZV) primary infection causes 
varicella or chicken pox, and recurrent infection causes shin-
gles or herpes zoster. The HHV family is also known to 
cause herpetic whitlow, herpes encephalitis, erythema multi-
forme, and roseola infantum to name a few. The drugs used 
to treat HHV infections are discussed below (see Table 41.2 
for complete list of drugs and dosages used in the treatment 
of herpesvirus infections).

 Acyclovir

 Mechanism of Action
Acyclovir (ACV) (9-[{2-hydroxyethoxy}methyl]-9H- guanine; 
Zovirax) was the first oral drug to be used for the treatment of 
herpes simplex virus (HSV) and varicella-zoster virus (VZV) 
infections and is the most widely used antiviral drug in the 
world [1]. ACV is a synthetic guanosine analog and works by 
selectively inhibiting DNA replication in virally infected cells. 
After initial cellular uptake, acyclovir becomes activated when 
viral thymidine kinase (TK) phosphorylates it to acyclovir 
monophosphate. This step does not occur to any significant 
degree in uninfected cells and is the key component in the 
drug’s selective activity. The remaining two phosphorylation 
steps occur inside the cell due to host cellular enzymes.

The final product, acyclovir triphosphate, competitively 
inhibits viral DNA polymerase by acting as an analog to 
deoxyguanosine triphosphate (dGTP). Incorporation of acy-
clovir triphosphate into the DNA chain results in chain ter-
mination as there is no free 3′ hydroxyl group to which 
additional nucleosides can bond. This irreversible complex 
renders DNA polymerase inactive. Acyclovir triphosphate 
possesses a much higher affinity for viral DNA polymerase 
(from 30 to 50 times more affinity) which results in its high 
therapeutic ratio [2].

 Resistance
Three basic resistance mechanisms have been identified in 
ACV-resistant HSV strains which primarily occur only in the 
immunocompromised. The mechanisms are absent or low 

Table 41.1 Herpesviruses causing disease in humans

Subfamily Genus Virus Abbreviation Associated diseases

Alphaherpesvirinae Simplexvirus Human herpesvirus 1/
herpes simplex virus 1

HHV-1/HSV-1 Herpes labialis (cold sores), genital herpes, 
cutaneous herpes, gingivostomatitis, 
keratoconjunctivitis, viral meningitis, esophagitisa, 
pneumoniaa, hepatitisa

Human herpesvirus 2/
herpes simplex virus 2

HHV-2/HSV-2 Genital herpes, cutaneous herpes, 
gingivostomatitis, neonatal herpes, viral 
meningitis, disseminated infectiona, hepatitisa

Varicella-zoster virus

Varicellovirus VZV/HHV-3 Chicken pox, herpes zoster, disseminated herpes 
zostera, varicella pneumonia

Betaherpesvirinae Cytomegalovirus Cytomegalovirus CMV/HHV-4 CMV mononucleosis, hepatitisa, congenital CMV 
disease, retinitisa, pneumoniaa, esophagitisa, colitisa

Roseolovirus Human herpesvirus 6 HHV-6 Roseola infantum, otitis media with fever, 
encephalitis

Human herpesvirus 7 HHV-7 Roseola infantum, pityriasis roseab

Gammaherpesvirinae Lymphocryptovirus Epstein-Barr virus EBV/HHV-4 Infectious mononucleosis, hepatitis, encephalitis, 
nasopharyngeal carcinoma, Hodgkin lymphoma, 
Burkitt lymphoma, lymphoproliferative 
syndromesa, oral hairy leukoplakiaa

Rhadinovirus Human herpesvirus 8 
(formerly Kaposi 
sarcoma associated 
herpesvirus)

HHV-8/KSV Kaposi sarcomaa, primary effusion lymphomaa, 
Castleman disease

aIndicates infection primarily in immunocompromised patients
bExact causal role yet to be determined
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Table 41.2 Antiviral therapy for the treatment of herpesvirus infections

Virus Clinical disease Drug Recommended dosage (Immunocompetent) Comments

Herpes simplex 
virus

Genital herpes: first 
episode

Acyclovir (PO) 400 mg tid or 200 mg 5×/day for 
7–10 days

Famciclovir (PO) 250 mg tid for 7–10 days

Valacyclovir (PO) 1 g bid for 7–10 days

Genital herpes: 
recurrent

Acyclovir (PO) 800 mg tid for 2 days or 400 mg tid or 
200 mg 5×/day or 800 mg big for 5 days

Famciclovir (PO) 125 mg bid for 5 days or 1000 mg 
repeated once at 12 h for 1 day

Valacyclovir (PO) 500 mg bid for 3 days or 1 g/day for 5 days

Genital herpes: 
suppression

Acyclovir (PO) 400 mg bid or 200 mg tid 400 mg bid continued 
indefinitely or 400 to 800 mb 
2–3×/day

Famciclovir (PO) 250 mg bid

Valacyclovir (PO) 500 mg/day or 250 mg bid 1 g/day Recurrence of <9 episodes/year

Recurrence of >9 episodes/year

Encephalitis Acyclovir (IV) 10–15 mg/kg/8 h in 1-h infusions for 
14–21 days

Risk of crystalline 
nephropathy

Mucocutaneous 
disease in 
immunocompromised 
hosts

Acyclovir (IV) 5 mg/kg/8 h for 7–14 days

Acyclovir (PO) 400 mg 5×/day for 7–14 days

Valacyclovir (PO) 500 mg or 1 g bid for 7–10 days

Penciclovir (IV) 5 mg/kg/8–12 h 7 days

Famciclovir (PO) 500 mg bid for 7–10 days

Orolabial herpes: first 
episode

Acyclovir (PO) Children: 15 mg/kg 5×/day for 7 days 
(max. 200 mg/dose)

Adults: drugs and doses recommended for 
first-episode genital herpes have been used

Orolabial herpes: 
recurrent

Valacyclovir (PO) 2 g repeated once at 12 h

Famciclovir (PO) 1500 mg once or 750 mg every 12 h for 2 
total doses

Acyclovir (PO) 400 mg tid/day for 5 days

Neonatal HSV Acyclovir (IV) 10–20 mg/kg/8 h for 14–21 days

Varicella-zoster 
virus

Varicella in normal 
children

Acyclovir (PO) 20 mg/kg (≤800 mg) qid for 5 days Typically not indicated unless 
at risk for severe disease

Varicella in 
immunocompromised 
hosts

Acyclovir (IV) 10 mg/kg/8 h or 500 mg/m/8 h for 
7–10 days

Herpes zoster in 
immunocompromised 
hosts

Acyclovir (IV) 10 mg/kg/8 h in 1-h infusion for 7–10 days

Herpes zoster in 
normal hosts

Acyclovir (PO) 800 mg 5×/day for 7–10 days Poor bioavailability; VACV 
preferred

Valacyclovir (PO) 1 g tid for 7 days Preferred oral therapy for mild 
or localized disease

Famciclovir (PO) 500 mg tid for 7 days

Brivudin (PO) 120 mg daily for 7 days

Cytomegalovirus Cytomegalovirus 
infection

Ganciclovir (IV) 5 mg/kg/12 h in 1-h infusion for 
14–21 days

Can give same dose once daily 
for CMV prophylaxis in 
transplant recipients

Valganciclovir 
(PO)

900 mg bid Risk of myelosuppression; can 
give same dose once daily for 
CMV prophylaxis in 
transplant patients

Retinitis Valganciclovir 
(PO)

900 mg bid for 21 days Induction therapy

900 mg once daily Maintenance therapy until 
immune reconstitution

Cidofovir (IV) 5 mg/kg once weekly × 2, then every other 
week

Indicated for GCV- resistant 
CMV

Foscarnet (IV) 60 mg/kg/8 h in 1- to 2-h infusion for 
14–21 days

Indicated for GCV- resistant 
CMV
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production of viral TK (resulting in an inability to activate 
ACV), altered TK activity (i.e., phosphorylation of thymi-
dine, but not of acyclovir), and altered viral DNA poly-
merase. Immunocompetent patients rarely acquire 
ACV-resistant HSV (0.1–0.7%), but this increases to ~4% to 
14% in immunocompromised patients [3–6]. In situations 
where ACV resistance is suspected, foscarnet is recom-
mended as it similarly inhibits viral DNA polymerase but 
does not require phosphorylation for its antiviral activity [7].

 Pharmacokinetics
ACV has modest oral bioavailability of about 15–30% which 
decreases with higher doses. The half-life of the drug is 
between 2.5 and 3.3 h in adults, 4 h in neonates, and 2–3 h in 
children below 12. The drug is not highly protein bound and 
as such achieves good penetration into tissues and fluids, 
including vaginal fluids and the cerebrospinal fluid (CSF), 
the latter of which contains an ACV concentration approxi-
mately 50% of that seen in plasma [8]. Excretion is predomi-
nately renal, and dose modifications are required in those 
with impaired renal function.

Clinical Indications
• Primary, recurrent, or suppressive therapy for HSV-1/2 

infections
• HSV encephalitis/disseminated disease
• Primary VZV infection (chicken pox) and VZV recur-

rence (herpes zoster)
• Treatment of HSV infections in pregnancy and preven-

tion/treatment of neonatal HSV infections
• Prevention/treatment of HSV/VZV infections in immu-

nosuppressed patients (off-label)

Herpesviruses have varying degrees of susceptibility to 
ACV: HSV-1 is the most susceptible to ACV, followed by 
HSV-2 and VZV, and to a lesser extent Epstein-Barr virus 
(EBV). Cytomegalovirus (CMV) is inhibited by high ACV 
levels; however, these concentrations are often not clinically 
achievable. As such, ACV is not recommended for the treat-
ment of CMV. It has been used as prophylactic treatment 
against CMV disease in solid organ and bone marrow 
 transplant recipients but is inferior to other readily available 
drugs (i.e., ganciclovir and foscarnet).

ACV is FDA-approved for the treatment of primary and 
recurrent genital HSV infection, mucocutaneous HSV, and pri-
mary and recurrent varicella-zoster (chicken pox and  herpes 
zoster, respectively) and prevention of perinatal and treatment 
of neonatal HSV infections and herpes simplex encephalitis. 
ACV is also used as suppressive therapy (400 mg twice daily) 
in patients with frequent recurrences of HSV-1/2 infections and 
can reduce genital HSV recurrences by 80–90% and reduce 
asymptomatic viral shedding of HSV-2 by 95% [9]. Treatment 
of primary, nonprimary, or recurrent genital herpes during 
pregnancy is essential in minimizing perinatal transmission of 

HSV and in reducing the need for cesarean delivery. Therefore, 
recommendations are that any woman presenting with a genital 
HSV lesion anytime during pregnancy (no matter whether pri-
mary, nonprimary, or recurrent) should initiate ACV therapy 
(400 mg three times daily) at 36-week gestation and continue 
through delivery. This regimen has been proven to reduce viral 
shedding, reduce the number of clinical HSV recurrences at the 
time of delivery, and reduce the need for cesarean delivery [10].

Oral ACV is frequently used in the off-label treatment of 
herpes labialis, and doses of either 200 mg 5 times daily for 5 
days or 400 mg three times daily typically have only modest 
benefits. Studies have shown that ACV treatment reduced the 
time to loss of crusts, but pain or time to complete lesion healing 
was largely unaffected. However, increasing the dose to 400 mg 
5 times daily for 5 days, if started prior to vesicle formation in 
the prodromal phase, decreased the mean duration of pain by 
36% and time to loss of crust by 27% [11]. In patients with more 
than 2 outbreaks of herpes labialis, suppressive dosing of ACV 
at 400–1000 mg/day, divided into two doses, reduced the occur-
rence of new lesions by 50–78% [12]. In 2013, a buccal tablet 
formulation of ACV was FDA- approved for the treatment of 
recurrent herpes labialis in immunocompetent adults.

Intravenous (IV) ACV is the first-line treatment for HSV 
encephalitis and should be started as soon as possible based on 
clinical suspicion and characteristic imaging findings demon-
strating temporal lobe involvement. ACV is also recommended 
in the treatment of first-episode VZV in adults and children. 
ACV has been shown to reduce the severity and duration of 
varicella infections if given within 72 h of the development of 
skin lesions, although it should ideally be started within 24 h 
of lesion development for maximal benefit. It is FDA-approved 
for adults and children over two. Treatment is highly recom-
mended for children who are at an increased risk of compli-
cated disease such as children older than 12 years of age, those 
with chronic cutaneous or pulmonary disorders, or individuals 
on steroid or chronic salicylate therapy. For otherwise healthy 
children presenting with primary varicella infection, the 
American Academy of Pediatrics (AAP) does not currently 
recommend ACV treatment [13]. This is based on a systematic 
review of three randomized, controlled trials that looked at 
over 988 children and determined that although ACV treat-
ment did accelerate lesion healing and reduction in fever if 
started within the first 24 h of rash onset, these reductions were 
not seen if started after 24 h. Additionally, ACV had no effect 
on secondary complications, did not demonstrate a reduction 
in the number of days missed from school, and overall failed 
to show a positive outcome in cost-benefit analysis [14]. Oral 
antiviral therapy is recommended in all adults with primary 
VZV infection due to the risk of varicella pneumonia. For 
acute varicella (chicken pox) and recurrent infection (herpes 
zoster), dosages of 800 mg five times daily for 7–10 days have 
proven efficacious. If started within 72 h of herpes zoster 
symptoms, oral ACV reduces the duration of the rash and 
 zoster-related pain by nearly half and also reduces the mean 
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duration of postherpetic neuralgia (PHN) as well. IV ACV is 
used in immunocompromised patients, patients presenting 
with disseminated disease for both HSV and VZV infections, 
and in pregnant women with any evidence of pneumonia due 
to the high risk of fetal complications.

Other off-label uses for ACV include treatment of HSV 
gingivostomatitis, treatment of recurrent erythema multi-
forme, and prevention of HSV, CMV, or VZV reactivation in 
hematopoietic stem cell transplant (HSCT) recipients and 
HIV patients. ACV is also used for prevention of HSV and 
CMV infections following renal transplantation. It can also 
be used in the treatment of varicella pneumonia, acute retinal 
necrosis (associated with HSV, VZV, or HIV), herpes zoster 
ophthalmicus, eczema herpeticum, oral hairy leukoplakia due 
to EBV, ocular herpes simplex, and in new-onset Bell’s palsy.

 Dosing Regimens
Treatment regimens with ACV depend on the indication, age 
group, and route of administration. For a list of various dos-
ing regimens with ACV, please see Table 41.2.

 Dose Modifications
Decreased renal function results in accumulation of ACV and 
potential toxicity. In all patients with significantly reduced 
estimated glomerular filtration rate (eGFR), dose modifica-
tions are required. For oral dosing, patients with eGFR 
≤25 mL/min/1.73 m2 require adjustments, and if adminis-
tered IV, dosing should be adjusted in any patient with an 
eGFR ≤50 mL/min/1.73 m2 (see Table 41.3 for renal dose 
adjustments). Additionally, in obese patients, weight- based 
dosing should be calculated based on ideal body weight and 
not actual body weight to avoid an increased risk of toxicity.

 Adverse Effects
ACV is remarkably well tolerated in most patients regardless 
of the formulation. As ACV is primarily eliminated renally, 
the main toxicities involve renal impairment (5–10% inci-
dence). Elevations in creatinine, acute renal failure, and 
interstitial nephritis have all been reported with IV therapy 
and can be minimized by prior IV hydration (with goal urine 

output of >75 mL/h) as well as slowly infusing the drug 
over 1 or 2 h which can help minimize the production of rela-
tively insoluble ACV crystals in the renal tubules. Rare neu-
rological toxicities manifested as lethargy, tremors, agitation, 
 hallucinations, and myoclonus have also been reported pri-
marily in patients with underlying renal failure and in the 
elderly, and this can be minimized by adjusting ACV doses 
in those with renal impairment. Gastrointestinal (GI) side 
effects like nausea/vomiting/diarrhea are common (up to 7% 
incidence when given parenterally) along with injection site 
inflammation and phlebitis (9% incidence).

ACV is a pregnancy category B drug meaning it is safe 
during pregnancy with no documented adverse effects to the 
fetus. ACV can also safely be used during breastfeeding as 
long as there are no active lesions around the breast or nipple. 
Because ACV is not metabolized by hepatic (CYP) enzymes, 
significant drug interactions are minimal. Notable pharmaco-
logical interactions include probenecid, which increases the 
half-life of ACV resulting in increased bioavailability, and 
coadministration of zidovudine, which can cause increased 
somnolence [15]. Extreme care should be taken in patients 
receiving other drugs known to be nephrotoxic.

 Valacyclovir

 Mechanism of Action
Valacyclovir (VACV; Valtrex) is an oral prodrug of ACV 
which provides 3–5 times greater bioavailability (55%) than 
oral ACV and can achieve plasma concentrations similar to 
IV ACV in adults [16]. Because VACV is metabolized to 
ACV, the mechanism of action, efficacy, indications, and 
safety profile are virtually identical.

 Resistance
VACV resistance occurs because of the exact same mecha-
nisms as those previously described for ACV.

 Pharmacokinetics
The enhanced bioavailability of VACV is particularly advanta-
geous as it allows patients to dose much less frequently than 
with ACV which facilitates better treatment compliance and 
patient satisfaction. Once ingested, VACV undergoes rapid and 
extensive first-pass hydrolysis to ACV by hepatic and intestinal 
enzymes, achieving peak serum concentration in 1–3 h. Like 
ACV, absorption of the drug is not affected by food.

Clinical Indications
• Initial and recurrent therapy for HSV-1/2 infections
• Suppressive therapy and reduction of transmission of 

genital HSV infections
• Primary (chicken pox) and recurrent (herpes zoster) VZV 

infections
• Herpes labialis

Table 41.3 Acyclovir dose adjustments in patients with renal failure

Intravenous

Creatinine clearance (mL/min) Dose

25–50 Normal dose every 12 h

10–25 Normal dose every 24 h

<10 50% of normal dose every 24 h

Oral
Creatinine clearance (mL/min) Dose

25–50 Normal

10–25 HSV: 200 mg q 8 h; HZ: 800 mg 
q 8 h

<10 HSV: 200 mg q 12 h; HZ: 800 mg 
q 12 h
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As previously mentioned, the indications for VACV are 
virtually identical to ACV. The main advantage of VACV 
over ACV is the convenience of a less frequent dosing regi-
men (twice daily dosing with VACV compared to either 
three or five times a day dosing with ACV). However, VACV 
is considerably more expensive than ACV. Treatment with 
VACV is most efficacious if started at the onset of symptoms 
(within 72 h of first diagnosis or 24 h of recurrence). Unlike 
oral ACV, VACV is FDA-approved for treatment of herpes 
labialis and can be dosed in a convenient 2 g twice daily for 
1-day dosing regimen if started in the prodromal phase. 
Several randomized, controlled trials demonstrated that 
500 mg daily of VACV reduced the recurrence rate of labial 
herpes among affected study patients from 68 to 40% [17]. 
Another study also demonstrated that VACV was an effec-
tive prophylactic against recurrent labial HSV when started 1 
day prior to laser resurfacing and continued for 2 weeks 
post-procedure [18].

Numerous studies have shown VACV to be of similar effi-
cacy in the treatment of primary and recurrent genital herpes. 
VACV can also be used for chronic suppressive therapy 
(500 mg daily) in patients with 9 or fewer genital outbreaks 
yearly, and the dose can be increased to 1 g daily or 500 mg 
twice daily in patients experiencing 10 or more episodes 
yearly. Additionally, daily use of VACV (500 mg daily) has 
also proven effective in reducing transmission of genital her-
pes by 53% in heterosexual, HSV-2 discordant couples by 
reducing asymptomatic viral shedding [19]. In addition to 
condom use and abstinence during genital HSV outbreaks, 
daily antiviral therapy should be considered as an additional 
preventive measure. According to Centers for Disease Control 
and Prevention (CDC) guidelines, suppressive therapy should 
also be considered in persons with a history of genital herpes 
who have multiple sexual partners and by those who are 
HSV-2 seropositive but have never had a symptomatic out-
break of genital herpes. Suppressive therapy with VACV or 
ACV may also be helpful in patients who suffer frequent and 
disabling recurrences of cutaneous herpes infections (i.e., 
herpetic whitlow, HSV-related erythema multiforme).

VACV shows considerable improvement over ACV in the 
treatment of herpes zoster. A dosing regimen of 1 g three 
times daily for 7 days is as effective as ACV in reducing time 
to crusting, time to 50% lesion healing, and in reducing the 
appearance of new zoster lesions. However, VACV is more 
effective in reducing the median duration of pain after lesion 
healing, with an average time of 40 days of pain compared to 
60 days of pain in ACV recipients. Additionally, VACV also 
reduced the proportion of patients in whom pain persisted for 
at least 6 months [20]. If on initial presentation, the herpes 
zoster patient states their pain is ≥4 (on a 10-point scale), the 
addition of gabapentin (and analgesics) along with VACV 
therapy has been proven to reduce the incidence and/or 
severity of PHN and is now the standard of care [21].

VACV prophylaxis (2 g four times daily for 90 days) is 
used in immunocompromised patients to reduce the risk of 
CMV transmission following kidney or HSCT transplants and 
may also reduce the risk of CMV infection in HIV patients. 
Much like ACV, VACV demonstrates in vitro activity against 
EBV; however, at present there are no clear indications for its 
use. Although studies have shown conflicting results, more 
recent evidence suggests that a combination of antivirals (i.e., 
VACV, ACV, famciclovir) and corticosteroids is more effec-
tive than steroids alone in treating Bell’s palsy [22–24].

 Dosing Regimens
For a complete list of dosing regimens, please refer to 
Table 41.2. Normal dosing regimens in adults for HHV 
infections are typically anywhere from 500 mg to 1 g two to 
three times daily for 5–10 days although this varies based on 
the indication. Pediatric dosing below 2 months of age is not 
recommended due to decreased renal clearance and the 
potential for renal toxicity. VACV is FDA-approved for 
chicken pox in immunocompetent patients 2 years of age and 
older. Currently, VACV is not FDA-approved for any HSV 
indication in those <12 years of age. However, pharmacoki-
netic studies in children 3 months through 11 years of age 
have demonstrated that a twice daily or three times daily 
dose of 20 mg/kg oral suspension of VACV was safe and 
effective and produced favorable acyclovir blood levels [25].

In severely immunocompromised patients or in unsta-
ble patients presenting with disseminated disease, IV 
ACV should be used as VACV is only available in oral 
formulations.

 Dose Modifications
As the primary route of elimination of VACV is renal, dose 
modifications are recommended in patients with a creatinine 
clearance below 30 mL/min/1.73 m2. Dose adjustments are 
not required in those with hepatic impairment (see Table 41.4 
for VACV renal dose adjustments).

 Adverse Effects
The adverse effect profile is similar to those with ACV, includ-
ing a potential for acute renal failure as well as CNS effects. 
The elderly and patients with chronic renal insufficiency are 
most susceptible to the CNS effects of VACV which include 
agitation, hallucinations, confusion, ataxia, myoclonus, sei-
zures, and encephalopathy [26]. These symptoms typically 
occur within 3 days of starting VACV and resolve within 
5 days of drug withdrawal. The most common adverse effects 
in the majority of clinical trials with VACV were headache, 
nausea/vomiting, diarrhea, dyspepsia, and fatigue, but only 
headache, nausea, and dyspepsia were observed more fre-
quently in VACV groups compared to placebo [27].

In one study, high-dose VACV (8 g/day) was associated 
with an increased risk of a thrombotic microangiopathy-like 
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syndrome, reported as thrombotic thrombocytopenic pur-
pura or hemolytic-uremic syndrome (TTP/HUS). However, 
these patients were severely immunocompromised with 
acquired immunodeficiency syndrome (AIDS) and/or renal 
transplant recipients receiving numerous concomitant medi-
cations, and most had other concomitant illnesses which may 
have also predisposed to the condition. Because of these cir-
cumstances, no causality was able to be determined between 
VACV dosing in the immunocompromised and TTP/HUS 
[28]. However, treatment with VACV should be stopped 
immediately if clinical signs, symptoms, and laboratory 
abnormalities consistent with TTP/HUS emerge.

VACV, like ACV, is labeled as pregnancy category B risk 
and is safe during pregnancy, although just like with ACV, 
breastfeeding mothers should be cautioned to not breastfeed 
if there are active HSV lesions on breast or around nipples.

Common drugs known to interact with VACV are proben-
ecid and cimetidine which result in increased concentrations 
of VACV due to reductions in renal clearance of the drug. In 
patients with normal renal function, dose reductions are typi-
cally not indicated but should be made in those patients with 
renal insufficiency taking the aforementioned drugs to avoid 
toxicity.

 Famciclovir

 Mechanism of Action
Famciclovir (FCV; Famvir) is an acyclic guanosine analog 
that is the prodrug of the more poorly absorbed penciclovir 
(PCV), (9-[4-hydroxy-3-hydroxymethylbut-1-yl] guanine; 
Denavir). The mechanism of action is similar to ACV and 
VACV. After cellular uptake, PCV is converted by first-pass 
metabolism into a monophosphorylated form by viral thymi-
dine kinase before eventually being converted into penciclo-
vir triphosphate (the active compound) by cellular enzymes. 
Like ACV, the active triphosphate form preferentially inhib-
its the DNA polymerase of susceptible viruses with minimal 

effects on host cellular DNA polymerase thereby minimizing 
side effects. PCV is active against the same drugs as ACV/
VACV, namely, HSV-1/2 and VZV.

 Pharmacokinetics
FCV is rapidly absorbed, reaching peak plasma concentra-
tions within 1 h and is unaffected by food. Compared to ACV 
and VACV, FCV has superior oral bioavailability (77% with 
FCV compared to 15–30% and 55% with ACV and VACV, 
respectively) [29]. FCV also reaches higher concentrations in 
HSV-infected cells than ACV; however, in practical terms, 
these higher concentrations do not result in increased inhibi-
tory properties. FCV is more stable than ACV, however, and 
this does confer some advantages in regard to dosing. The 
added stability of penciclovir triphosphate yields a longer 
intracellular half-life which allows for less frequent dosing 
than ACV. The intracellular half-life of penciclovir in HSV-
1/2 infected cells is 10–20 h and 7–14 h in VZV infected cells 
compared with an hour or less with ACV [30]. Excretion of 
the drug is primarily renal with dose reductions recommended 
in patients with creatinine clearances under 60 mL/min.

 Resistance
The mechanisms of FCV resistance are identical to the ones 
already described for ACV/VACV. Most ACV-resistant 
strains of HSV and VZV display cross-resistance to FCV 
with reduced or absent viral TK being the primary resistance 
mechanism [29].

Clinical Indications
• Initial and recurrent HSV genital infections
• Suppression of frequently recurring genital HSV infections
• Initial and recurrent HSV labialis (cold sores) infections
• Treatment of recurrent orolabial or genital HSV infec-

tions in HIV-positive patients
• Herpes zoster (shingles)
• Varicella infections (chicken pox/herpes zoster) in HIV 

patients (off-label)

Table 41.4 Valacyclovir dosage adjustments in adults with renal insufficiency

Indication

Normal dose (creatinine 
clearance ≥ 50 mL/min)

Creatinine clearance (mL/min)

30–49 10–29 <10

Herpes labialis Two 2 g doses taken 12 h apart Two 1 g doses 
taken 12 h apart

Two 500 mg doses 
taken 12 h apart

500 mg single dose

Genital herpes: initial episode 1 g every 12 h No reduction 1 g every 24 h 500 mg every 24 h

Genital herpes: recurrent episode(s) 500 mg every 12 h No reduction 500 mg every 24 h 500 mg every 24 h

Genital herpes: suppressive therapy

Immunocompetent patients (≥10 
recurrences/year)

1 g every 24 h No reduction 500 mg every 24 h 500 mg every 24 h

Immunocompetent patients (≤9 
recurrences/year)

500 mg every 24 h No reduction 500 mg every 48 h 500 mg every 48 h

HIV-infected patients 500 mg every 12 h No reduction 500 mg every 24 h 500 mg every 24 h

Herpes zoster 1 g every 8 h 1 g every 12 h 1 g every 24 h 500 mg every 24 h
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As with all of the antiherpetic antiviral drugs, treatment is 
most effective if started within 72 h of rash onset. The FDA- 
approved clinical indications for FCV use are in the treat-
ment of acute herpes zoster, treatment and suppression of 
recurrent genital herpes in immunocompetent patients, and 
treatment of recurrent herpes labialis. FCV is also FDA- 
approved for recurrent orolabial or genital herpes in HIV- 
infected patients. Frequent off-label uses of FCV include 
primary episodes of oral and genital herpes, primary vari-
cella, chronic suppressive therapy for HSV infections in 
HIV-positive adolescents and adults, as well as herpes zoster 
and varicella infections in HIV-positive patients. Several 
subsets of HSV infections including herpetic whitlow, 
eczema herpeticum, and herpes-associated erythema multi-
forme can also be treated with FCV at doses identical to the 
ones used for primary and recurrent HSC episodes in adults. 
Additionally, recent studies have demonstrated promising 
results with the use of FCV and prednisolone in the treat-
ment of severe idiopathic Bell’s palsy [31].

 Dosing Regimens
For a list of various FCV dosing regimens, please see 
Table 41.2. FCV is only available orally, and currently insuf-
ficient clinical data exists to recommend pediatric dosing 
although studies are ongoing. Off-label adolescent dosing is 
typically similar to adult dosing (i.e., 500 mg 2–3 times daily 
for 5–10 days). One of the main advantages of FCV is that it 
allows for single-day treatment of recurrent genital herpes 
(1000 mg every 12 h) and recurrent herpes labialis (1500 mg 
single dose) which has been associated with higher patient 
satisfaction [32].

Accounting to its poor absorption from the GI tract and 
low bioavailability, PCV (the metabolite of FCV) is available 
as an FDA-approved topical treatment for herpes labialis. 
Topical penciclovir 1% applied twice daily during waking 
hours for 4 days was shown to speed healing and decrease 
pain duration by about 1 day in recurrent herpes labialis 
outbreaks.

 Dose Modifications
As with ACV/VACV, dose reductions should be made in 
those with chronic renal insufficiency, and special care should 
be paid to patients on concomitant medications known to be 
nephrotoxic. Acute renal failure has occurred in patients tak-
ing inappropriately high doses of FCV (see Table 41.5 for 
dose adjustments in renal insufficiency patients).

 Adverse Effects
Adverse events with FCV are rare and are similar to those seen 
with ACV and VACV. An integrated safety analysis of over 
1600 patients receiving FCV for herpes zoster or genital her-
pes revealed an adverse event profile not significantly different 
from placebo [33]. The most commonly reported side effects 
are nausea, diarrhea, and headache. Rare side effects including 

pruritus, rash, jaundice, and elevation in liver enzymes may be 
seen in ~2–3% of patients, although frequency varies depend-
ing on dose and duration of treatment [33].

FACV is a pregnancy category B drug and based on the 
available data appears to be well tolerated and safe during 
pregnancy.

 How to Decide Which Antiherpetic Antiviral Is 
Correct

In general, ACV, VACV, and FCV are roughly equivalent in 
their efficacy and safety in treating infections caused by 
HSV-1/2 and VZV. VACV and FCV have proven to be more 
effective than ACV in reducing the duration of zoster- 
associated pain, likely due to their higher oral bioavailability. 
Due to this fact, either drug is preferred over ACV in the 
treatment of VZV infections. If cost is an issue, ACV is 
unquestionably the cheapest option with VACV and FCV 
being considerably more expensive.

All three of the aforementioned antiherpes antivirals 
appear equally effective in the treatment of recurrent HSV- 
1/2 infections and in the suppression of future outbreaks. For 
the treatment of first episode of genital or labial herpes infec-
tions, oral ACV and VACV are preferred as the efficacy of 
FCV for initial HSV-1/2 infections has not been established.

Ultimately, the selection of a specific drug should be 
based on provider preference, familiarity, cost, and conve-
nience of administration. For primary HSV-1/2 infection, 
we recommend VACV due to the convenient dose of 1 g 
twice daily for 7–10 days. As ACV, VACV, and FCV all have 

Table 41.5 Famciclovir dosage adjustments in adults with renal 
insufficiencya

Indication

Normal dose 
(creatinine 
clearance ≥ 
50 mL/min)

Creatinine clearance (mL/min)

40–59 20–39 <20

Recurrent 
genital herpes

125 mg 
every 12 h

Normal 
dose

125 mg 
every 
24 h

125 mg 
every 
24 h

Suppression of 
recurrent 
genital herpes

250 mg 
every 12 h

No 
reduction

125 mg 
every 
12 h

125 mg 
every 
24 h

Recurrent 
orolabial and 
genital herpes 
simplex 
infection in 
HIV-infected 
patients

500 mg 
every 12 h

No 
reduction

500 mg 
every 
24 h

250 mg 
every 
24 h

Herpes zoster 500 mg 
every 8 h

500 mg 
every 12 h

500 mg 
every 
24 h

250 mg 
every 
24 h

aHemodialysis patients should receive same dose as patients with cre-
atinine clearance <20 mL/min but should only be dosed following each 
dialysis
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similar efficacy in the treatment of symptomatic recur-
rences, we recommend FCV due to the convenient dosing 
regimen of 1 g administered orally every 12 h for 2 doses. 
For suppressive therapy one must consider both the reduc-
tion of future outbreaks and the reduction in asymptomatic 
viral shedding. The reduction in asymptomatic viral shed-
ding is especially important in decreasing transmission rates 
among discordant, heterosexual couples where the source 
partner has a history of genital HSV-2 infection. Suppressive 
therapy should also be considered in patients who have mul-
tiple sexual partners and by those who are HSV-2 seroposi-
tive without a history of genital herpes, as well as in anyone 
that experiences frequent or severe recurrences. ACV, FCV, 
and VACV all appear equally effective in suppressing future 
outbreaks of HSV; however, FCV appears somewhat less 
effective for suppression of viral shedding [34]. Based on 
this, our recommendation for suppressive therapy would be 
VACV at a dose of 500 mg once daily (or 1000 mg daily if 
immunosuppressed).

In severely immunocompromised patients, the elderly, or 
those with widely disseminated disease, internal organ 
involvement, or those with CNS complications (confusion, 
inability to swallow, encephalitis), IV acyclovir should be 
used. In immunocompromised patients (i.e., HIV-positive 
patients, HSCT recipients) ACV resistance may be a prob-
lem. Since cross-resistance to VACV and FCV is common, 
patients that fail oral and IV ACV therapy should be man-
aged with IV foscarnet or cidofovir.

 Other Antivirals for Human Herpesvirus 
Infections

 Cidofovir

 Mechanism of Action
Cidofovir (CDV) ([S]-1-[3-hydroxy-2-{phosphomethoxypropyl}] 
cytosine dihydrate; HPMPC; Vistide) is an acyclic phospho-
nate nucleotide analog that demonstrates in vitro antiviral 
activity against a wide variety of DNA viruses including her-
pesviruses, adenovirus, polyomavirus, papillomavirus, and 
poxvirus [35]. Unlike other nucleoside analogs, CDV does 
not require intracellular activation by viral kinases. CDV is 
phosphorylated to its diphosphate form by host cell enzymes 
where it then acts as a competitive inhibitor of viral DNA 
synthesis. Once incorporated into the developing viral DNA 
strand, the drug slows down viral DNA synthesis by inhibit-
ing viral DNA polymerase and prevents further chain elon-
gation. CDV is much more selective for viral DNA 
polymerase versus human DNA polymerase. Studies have 
demonstrated that incorporation of just one CDV molecule 
into DNA slows down DNA synthesis by 31%, and the addi-
tion of two consecutive CDV molecules halts DNA chain 
elongation and synthesis completely [36].

The mechanism of action of CDV in human papillomavi-
rus (HPV) differs from the previously highlighted mecha-
nism utilized in herpesvirus family infections. Unlike HHV 
infections which utilize viral kinases, HPV uses host cell 
DNA polymerase. CDV has been shown to induce cell cycle 
arrest in S-phase (phase where DNA synthesis occurs) result-
ing in decreased DNA production. CDV has also been shown 
to induce DNA fragmentation and apoptosis of HPV-infected 
cells by activating caspases responsible for programmed cell 
death [37].

 Pharmacokinetics
One of the main advantages of CDV is its long intracellular 
half-life which allows less frequent dosing than the plasma 
half-life (2.6 h) would lead one to believe. Although over 80% 
of the drug is eliminated unchanged in the urine within 24 h of 
administration, the metabolites (cidofovir monophosphate, 
diphosphate, and monophosphate-choline) are eliminated 
more slowly with half-lives of 24, 65, and 87 h, respectively. It 
is postulated that the accumulation of cidofovir monophos-
phate-choline acts as an intracellular reservoir, and this prop-
erty is what allows the drug to be dosed every 1–2 weeks.

CDV is poorly absorbed orally and hence is always given 
parenterally, usually intravenously, although a topical formu-
lation can be compounded for off-label usage. The drug is 
excreted renally by tubular secretion. As nephrotoxicity is 
the main side effect, the drug is contraindicated in those with 
significant renal disease and CDV should be coadministered 
with probenecid and IV hydration. Probenecid coadministra-
tion reduces renal tubular secretion of the drug which results 
in higher concentrations. This might reasonably lead one to 
assume that it could lead to increased toxicity; however, pro-
benecid appears to prevent damage to proximal renal tubular 
cells by preventing uptake of CDV into these cells.

 Resistance
CDV-resistant CMV has been associated with point mutations 
in the viral DNA polymerase gene. Overall CDV displays low 
levels of resistance, and prolonged treatment with the drug 
uncommonly leads to the development of resistance.

Clinical Indications
• CMV retinitis
• Acyclovir-resistant HSV infections (off-label)
• Numerous other off-label indications (discussed below)

The only FDA-approved indication for CDV is in the 
treatment of CMV retinitis in patients with AIDS although it 
is also frequently used in ACV-resistant HSV infections. 
Additionally, because CDV does not rely on viral kinases, it 
retains activity against ganciclovir- and foscarnet-resistant 
CMV infections along with the previously mentioned ACV- 
resistant HSV infections due to TK mutations. Both IV and 
topical formulations of CDV have proven successful in small 

41 Systemic Antivirals in Dermatology



460

series of patients with both genital and labial herpes infec-
tions. CDV has also demonstrated efficacy in HIV-positive 
patients with treatment resistant CMV disease. Other suc-
cessful off-label treatments based on small case series, case 
reports, and retrospective analysis include treatment of BK 
virus-associated hemorrhagic cystitis, JC virus-associated 
progressive multifocal leukoencephalopathy, adenovirus 
infections in HSCT patients, papillomavirus infections (i.e., 
condyloma acuminatum, Bowenoid papulosis, verruca vul-
garis, recurrent respiratory papillomatosis), and molluscum 
contagiosum [38–40]. Due to its activity against poxviruses, 
CDV has also been studied for its potential use in the therapy 
and short-term prophylaxis of smallpox in case of a bioter-
rorism attack. Case reports have also documented the poten-
tial efficacy of CDV in the treatment of vaccinia (smallpox) 
vaccine complications were the vaccine to be reinstituted in 
the case of a future smallpox outbreak. Additionally, the 
CDC will provide CDV at no cost to patients with vaccinia 
vaccine complications unresponsive to VIG (vaccinia 
immune globulin) as long as their established protocol is 
used which seeks to investigate if CDV is an effective sec-
ondary treatment for smallpox vaccine complications [41]. 
Given its significant renal metabolism, CDV is contraindi-
cated in those with preexisting renal impairment, as evi-
denced by serum creatinine >1.5 or >2+ proteinuria.

 Dosing Regimens
For adults, CDV may be given at an induction dose of 5 mg/
kg once weekly for the first 2 weeks, followed by a 5 mg/kg 
dose once every 2 weeks (for off-label dosing regimens please 
see Table 41.2). Adolescent dosing (off-label) is equivalent to 
adult dosing, and insufficient data exists in pediatric patients 
to recommend its use in that patient population.

 Adverse Effects
Systemic side effects from topical or intralesional CDV 
administration are rare and are primarily limited to applica-
tion site reactions. The major toxicity with CDV is renal tox-
icity which severely limits its use. Renal toxicity developed 
in 59% of patients receiving 5 mg/kg IV every other week 
and presented as >1+ proteinuria, serum creatinine eleva-
tions ≥0.4 mg/dL, and decreased creatinine clearance 
≤55 mL/min. Maintenance dose reductions from 5 mg/kg to 
3 mg/kg were required in 26–29% of patients. Reversible 
renal damage resulting in a Fanconi-type syndrome has also 
been associated with CDV use and is characterized by pro-
teinuria, glucosuria, and renal bicarbonate wasting leading to 
metabolic acidosis.

Due to the high risk of nephrotoxicity, serum creatinine 
and urine protein should be checked within 48 h prior to each 
dose of CDV and dose reduction or discontinuation made if 
evidence of renal dysfunction exists. To minimize nephro-
toxicity, patients should receive 1 L of normal saline over 
1–2 h immediately preceding CDV dosing, and, if tolerated, 

a second liter should be given either during or immediately 
following IV administration.

Other common adverse effects include nausea (7–69%), 
asthenia (43%), headache (30%), alopecia (16–27%), 
unspecified rash (30%), fever (14–50%), diarrhea (26%), 
anorexia (23%), increased cough (19%), oral candidiasis 
(18%), and abdominal pain. Neutropenia was noted in about 
20% of patients in clinical trials; however, most of these 
clinical trials were done in severely immunosuppressed 
patients (i.e., advanced AIDS patients) so causality is diffi-
cult to determine and the neutropenia observed in some study 
patients was not dose related. Additionally, it should be noted 
that probenecid coadministration is likely the culprit for at 
least some of the adverse effects as well seen in clinical stud-
ies (not to mention many of the patients were on numerous 
concomitant medications). In one study, 56% of patients had 
adverse events that were attributable to the probenecid [42].

In animal studies, CDV was found to be carcinogenic in rats 
and as such should be considered potentially carcinogenic in 
humans. Animal studies also demonstrated CDV to be sper-
matogenic and teratogenic and as such is labeled a pregnancy 
category C drug, suggesting possible teratogenic risk. It is thus 
recommended that women of childbearing potential use effec-
tive contraception during and for 1 month following treatment 
and that men use barrier contraception during and for 3 months 
following treatment. CDV therapy should be used in pregnancy 
only if the potential benefit justifies the potential risk to the 
fetus and should be avoided in the first trimester if possible. 
Additionally, due to the potential adverse effects on neonates, 
breastfeeding while on CDV is contraindicated.

 Ganciclovir and Valganciclovir

 Mechanism of Action
Ganciclovir (GCV) (9-(1,3-dihydroxy-2-propoxymethyl)
guanine; Cytovene) is an acyclic guanine nucleoside analog 
that is structurally similar to ACV and was the first antiviral 
agent approved for the treatment of CMV infection. Like 
ACV, GCV requires triphosphorylation by viral and cellular 
enzymes before it is activated. However, unlike ACV which 
uses viral thymidine kinase (TK) for initial phosphorylation, 
GCV is converted to ganciclovir monophosphate by the CMV 
UL97 gene product. Cellular kinases then complete the phos-
phorylation to the di- and triphosphosphorylated ganciclovir, 
the pharmacologically active form. Levels of ganciclovir tri-
phosphate are 10 to 100 times higher in CMV or HSV-infected 
cells than uninfected cells [43]. Ganciclovir triphosphate then 
competes with deoxyguanosine triphosphate for incorpora-
tion into DNA. Once GCV incorporates into DNA, it prefer-
entially inhibits viral DNA polymerase more than cellular 
DNA polymerases. Additionally, GCV disrupts viral DNA 
synthesis in a second manner by serving as a poor substrate 
for chain elongation, thus halting further DNA synthesis.
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GCV and its oral prodrug valganciclovir (VGCV; Valcyte) 
are primarily used in the treatment of CMV infections 
although in vitro it demonstrates activity against HSV-1/2, 
EBV, VZV, and HHV-6/8.

 Pharmacokinetics
The absorption of oral GCV is extremely poor, and early studies 
demonstrated a bioavailability of only 5–6% following a single 
oral dose. Thus, the drug is given intravenously, with the oral 
formulation no longer available in the United States. VGCV, an 
l-valyl ester of GCV, was developed in response and has 
received FDA approval as an oral treatment option for CMV 
infections and prophylaxis in the immunocompromised.

Orally administered VGCV is rapidly hydrolyzed 
(plasma half-life of 0.47 h) to GCV by hepatic and intesti-
nal wall esterases. Food increases absorption of GCV (from 
VGCV oral administration) with an absolute bioavailability 
of approximately 60% when taken with or immediately fol-
lowing a high-fat meal [44]. Systemic exposure of a 900 mg 
dose of VGCV in adults is similar to that attained by a sin-
gle dose of 5 mg/kg of IV GCV. The mean plasma half-life 
of either IV GCV or oral VGCV is approximately 3–4 h, 
although the intracellular half-life of ganciclovir triphos-
phate in CMV- or HSV-infected cells is markedly longer 
(16.5 h).

GCV is eliminated primarily in the urine, with about 90% 
excreted unchanged by glomerular filtration and active tubu-
lar secretion. Due to this property dose adjustments are 
required in patients with renal insufficiency. Hemodialysis 
decreases serum concentrations of GCV by 50%, so admin-
istration of additional doses after dialysis is necessary. GCV 
crosses the placenta as well as the blood-brain barrier and 
produces CSF concentrations that average about 40% of 
plasma concentrations.

 Resistance
Resistance to GCV/VGCV may occur after long-term use 
and is associated with mutations in either the CMV viral pro-
tein kinase gene (UL97) and/or in the viral polymerase gene 
(UL54). Typically these mutations do not confer resistance 
to foscarnet which may be used instead [45].

Clinical Indications
• CMV retinitis in immunocompromised patients
• Suppression and prevention of CMV disease in transplant 

recipients
• CMV esophagitis, colitis, or neurological disease in HIV 

patients (off-label)
• Congenital CMV infection (off-label)

Intravenous GCV and oral VGCV are both approved for use 
in the treatment of CMV infections in immunocompromised 
patients as well as in prevention of CMV disease in transplant 
patients.

 Dosing Regimens
The standard IV GCV induction dose in adolescents and 
adults is 5 mg/kg/dose every 12 h for 2–3 weeks followed by 
5 mg/kg/day dosing every 24 h for maintenance therapy. 
This regimen is primarily used for the treatment of CMV 
retinitis. The same maintenance dosing is used in the treat-
ment of CMV end-organ disease; however, induction therapy 
generally lasts 3–6 weeks. Maintenance therapy may be 
required indefinitely and is generally only stopped if disease 
symptoms resolve and CD4+ T-cell counts stabilize at 
>100 cell/μL for at least 6 months. The equivalent dosing of 
VGCV is 900 mg twice daily for induction therapy followed 
by once daily maintenance. Pediatric dosing regimens have 
not been established as there are not extensive studies in this 
patient population. Typical doses used in pediatric patients 
are induction dosing with 7.5–10 mg/kg/day divided into two 
or three doses and 2.5–5 mg/kg/day for maintenance therapy. 
However, pediatric dosing is not recommended without prior 
consultation with a pediatric infectious disease expert.

 Dose Modifications/Contraindications
GCV/VGCV is contraindicated in those with a history of 
hypersensitivity reactions to ACV and VCV or with previous 
GCV/VGCV hypersensitivities. Both drugs should be used 
with caution in patients with bone marrow suppression or to 
those who are receiving other myelosuppressive chemother-
apy or radiation therapy. Both drugs are contraindicated in 
patients with an ANC <500 cells/mm3 or platelet count 
<25,000 cells/mm3. Dose modifications are required in 
patients with renal insufficiency, but these will not be detailed 
as the average dermatologist does not typically prescribe 
and/or manage these medications.

 Adverse Effects
The main toxicity associated with VGCV/GCV is bone mar-
row suppression resulting in neutropenia, anemia, and 
thrombocytopenia. The effects on the bone marrow are typi-
cally reversible with discontinuation of the drug although it 
may also require administration of granulocyte colony- 
stimulating factor. Other common side effects include diar-
rhea, nausea, abdominal pain, headache, tremor, insomnia, 
and hypertension, and these have been reported in clinical 
studies with greater than 10% frequency. Acute renal failure 
has been reported in patients with predisposing conditions 
(i.e., chronic renal insufficiency).

Known drug interactions include potentiation of imipe-
nem, mycophenolate, probenecid, reverse transcriptase 
inhibitors, and tenofovir. It is labeled as pregnancy cate-
gory C, and patients receiving these medications are rec-
ommended to use contraception during and 30–90 days 
posttreatment. In animal studies, it was also found to be 
gonadotoxic. Breastfeeding is not recommended, since it 
is not known if GCV or VGCV are excreted into breast 
milk.
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 Foscarnet

 Mechanism of Action
Foscarnet is unique from the other previously mentioned 
antivirals in that it is not a nucleoside analog but rather a 
pyrophosphate analog that selectively inhibits viral DNA 
polymerases (both DNA dependent and RNA dependent, the 
latter of which is usually called reverse transcriptase). Unlike 
the other antiherpes antivirals, foscarnet does not require ini-
tial phosphorylation by viral enzymes but rather binds 
reversibly near the pyrophosphate-binding site of DNA poly-
merase (or reverse transcriptase) without requiring further 
modification. Normally during DNA synthesis when a 
deoxynucleoside triphosphate is added to the growing DNA 
chain, a pyrophosphate is cleaved during the process. 
Because foscarnet blocks this cleavage, further nucleoside 
addition is prevented which in turn halts DNA chain elonga-
tion. Cellular DNA polymerases are not affected as foscarnet 
must be present in concentrations 100-fold greater than that 
required to block CMV replication [46]. When intracellular 
concentrations of foscarnet decrease, foscarnet no longer 
binds to the DNA polymerase and viral DNA synthesis 
resumes. This unique mechanism allows it to retain activity 
against HSV-1/2, VZV, EBV, CMV, and HHV-6/8. It also 
inhibits the reverse transcriptases present in hepatitis B virus 
as well as HIV and retains activity against strains of HSV 
and CMV that are resistant to nucleoside analogs.

 Pharmacokinetics
Foscarnet has poor oral bioavailability and is therefore 
administered by intravenous infusion over 1–2 h. The drug is 
not significantly metabolized and is excreted unchanged in 
urine via glomerular filtration and tubular secretion. 
Elimination has three phases with half-lives of 1 h, 3–6 h, 
and 88 h or longer [46]. Up to 20% of the cumulative dose 
may be deposited in bone and cartilage.

 Resistance
Resistance mechanisms should be considered in patients 
with poor clinical response and have been attributed to amino 
acid substitutions in the viral DNA polymerase. These sub-
stitutions have been shown to confer cross-resistance to 
GCV, ACV, and/or CDV [47].

Clinical Indications
• CMV retinitis in AIDS patients
• Acyclovir-resistant mucocutaneous HSV infections in 

immunocompromised patients
• Acyclovir-resistant VZV infections in immunocompro-

mised patients (off-label)
• CMV esophagitis or colitis in immunocompromised 

patients (off-label)

• Ganciclovir-resistant CMV infections (off-label)
• Preemptive or prophylactic treatment of CMV infections 

in transplant recipients (off-label)

 Dosing Regimens
Most common dosing regimen is induction therapy with 
60 mg/kg/dose every 8–12 h followed by maintenance ther-
apy of 90–120 mg/kg/day. Patients with renal impairment 
require dose adjustments, and special care should be taken 
with coadministration of other nephrotoxic drugs. Renal tox-
icity appears to be reduced by concomitant IV hydration.

 Adverse Effects
Renal toxicity is the major risk with foscarnet, with up to 
25% of patients developing dose-limiting renal impairment 
for which close monitoring of renal function is required [48]. 
Impairment of renal function typically occurs during the sec-
ond week of induction therapy and is reversible within 
1 week following dose adjustment or discontinuation of ther-
apy. Saline hydration before administration and slow infu-
sion of the drug may reduce the risk of nephrotoxicity. In 
addition, the drug has been associated with significant elec-
trolyte and metabolic abnormalities including hypocalcemia, 
hyper/hypophosphatemia, hypomagnesemia, and hypokale-
mia. Accordingly, electrolytes should be monitored closely 
during treatment. Other common adverse reactions include 
nausea/vomiting/diarrhea, anemia, and granulocytopenia 
(33% and 17% of patients in clinical trials, respectively) 
[49].

Careful monitoring for renal impairment and seizures 
(which can be seen in up to 10% of patients) is recommended 
due to foscarnet’s effects on renal function and electrolytes, 
respectively [49].

Another common side effect of particular importance to 
the dermatologist is the development of penile and vulvar 
ulcerations that is thought to be due to the toxic effects of 
high concentrations of unmetabolized foscarnet in the urine. 
Ulcerations appear on average 1 week after treatment initia-
tion and tend to resolve approximately 2 weeks after discon-
tinuation of the drug. These effects can be minimized with 
increased hygiene including washing of area after urination 
[50].

Foscarnet has been determined as pregnancy category C 
risk, for which ultrasound monitoring of amniotic fluid vol-
umes is recommended after 20 weeks to detect oligohydram-
nios. It not known whether foscarnet is excreted in breast 
milk. Known drug interactions include potentiation of 
adverse side effects of ACV/VACV, aminoglycosides, 
amphotericin B, cyclosporine, QTc-prolonging agents, 
methotrexate, and tacrolimus. Conversely, loop diuretics and 
pentamidine have been shown to enhance the toxic effect of 
foscarnet.
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 Investigational Agents for the Treatment 
of HHV Infections

There is a major need for the development of new, nontoxic 
antivirals for HSV infection. Two new agents are approach-
ing licensure that will be very useful in the management of 
HSCT and SOT patients. The oral lipid conjugate prodrug 
of cidofovir, CMX001, has improved activity against her-
pesviruses, poxvirus, and adenovirus compared to parenter-
ally administered cidofovir and a markedly reduced risk of 
nephrotoxicity [51]. Another novel agent, letermovir 
(AIC246), is highly orally bioavailable and has a novel 
mechanism of action, exerting its antiviral effect by interfer-
ing with the viral terminase complex. This agent demon-
strates substantial promise as a once-daily alternative to 
more toxic antivirals in patients at high risk for CMV dis-
ease, particularly in the transplantation setting. Because it 
does not inhibit viral DNA polymerase, it retains activity 
against CMV strains that are otherwise resistant to all other 
anti-CMV agents. A phase III trial is currently underway to 
further evaluate its use in preventing CMV infection in 
HSCT recipients. It is also active against BK virus and pox-
viruses [52]. Maribavir is an oral agent which shows great 
promise in the treatment of CMV strains resistant to GCV, 
CDV, and foscarnet. Maribavir treats CMV infections by 
inhibition of the UL97 protein kinase and has demonstrated 
promising results in phase II studies. Although results of 
phase III studies were disappointing, dosages may have 
been too low and additional phase III trials are currently 
underway [53].

Another group of novel agents is currently being investi-
gated for the treatment of HSV-1/2 infections and has shown 
great promise in providing an alternative to foscarnet (which 
has many adverse effects and requires IV administration) for 
HSV strains resistant to nucleoside analogs. These drugs tar-
get the viral helicase-primase enzyme complex, which com-
prises three proteins (helicase, primase, and a scaffold 
protein shown to promote primer synthesis) crucial for viral 
DNA replication. In phase II trials, pritelivir (AIC316) and 
amenamevir (ASP2151) demonstrated low resistance rates 
and superior efficacy against HSV in animal models with 
further studies currently ongoing [54, 55].

 Other Infections

 Drugs for the Treatment of Human 
Immunodeficiency Virus (HIV)
Treatment for human immunodeficiency virus (HIV) aims to 
reduce morbidity and mortality, allow people infected with 
the disease to live longer, healthier lives, and also reduces the 
risk of further transmission. Although there is no cure for 

HIV at present, many patients who are compliant with ther-
apy are able to live a full and prosperous life [56].

There are six major categories of antiretroviral classes 
that are taken in combination with each other to target vari-
ous points in the pathophysiology of HIV. Highly active anti-
retroviral therapy, or HAART, is the combination of at least 
three drugs for the suppression of HIV. Clinical trials haven 
proven the purpose of HIV treatment is valid: ART reduces 
the morbidity, mortality, and even behavior-associated trans-
mission of the virus.

It is imperative that HAART is started immediately after 
the diagnosis of HIV is made, regardless of CD4 count, 
viral load, or pregnancy status. It is also worthwhile to per-
form other assessments such as a complete blood count, 
chemistries, lipids, liver function test, tuberculosis evalua-
tion, and hepatitis testing to assess for any other comorbidi-
ties [56].

 Replication Cycle
In order to understand the mechanism of action of the differ-
ent classes of HIV drugs, it is important to understand the 
replication cycle of the virus. The replication cycle of HIV is 
as follows [56, 57]:

 1. Binding/attachment
 (a) The viruses’ envelope glycoprotein binds to the CD4 

receptor on CD4+ T cells as well as their co-receptors 
CC chemokine receptor 5 (CCR5) or CXC chemo-
kine receptor 4 (CXCR4).

 2. Fusion
 (a) After binding, the HIV envelope and host cell begin 

to fuse together, releasing the viral capsid into the 
host cell.

 3. Reverse transcriptase
 (a) Reverse transcriptase, inside the viral capsid, con-

verts the HIV RNA contained in the virus into double- 
stranded DNA (dsDNA).

 4. Integration
 (a) The viral integrase enzyme, also brought from the 

capsid, integrates the HIV dsDNA into the host 
DNA.

 5. Replication
 (a) The host then begins to transcribe and translate the 

HIV dsDNA as it is now in the host DNA.
 6. Assembly

 (a) The newly synthesized HIV proteins and RNA move 
toward the surface of the host cell and assemble into 
immature virions.

 7. Budding and maturity
 (a) The new virions begin to bud out of the host cell, and 

the viral enzyme protease begins to break up the 
viruses’ protein chain.
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 Prevention

 Pre-exposure Prophylaxis (PrEP)
In addition to physical barriers, there are pharmaceutical 
options to prevent the infection of HIV. PrEP is the use of 
ART by HIV-negative individuals taken long term to prevent 
HIV infection. The WHO recommends PrEP for those at 
higher risk of infection such as those engaging in high-risk 
sexual behaviors, injection drug use, and sex workers. For 
HIV-uninfected patients who are at high risk for acquiring 
HIV and are committed to medication adherence, PrEP 
using tenofovir disoproxil fumarate-emtricitabine (TDC-
FTC) can reduce the risk of HIV transmission by more than 
90% [58]. Prior to prescribing, HIV status should be con-
firmed to be negative, and patients should be educated that 
this medication is to be taken daily and not as needed. HIV 
status should be checked regularly while on PrEP. In addi-
tion, physical barriers for sexual intercourse should still be 
emphasized to prevent the transmission of a sexually trans-
mitted infection [59, 60].

 Post-exposure Prophylaxis (PEP)
The use of ART by an HIV-negative individual after expo-
sure to either a known or suspected source of HIV is called 
post-exposure prophylaxis (PEP). Common use of PEP 
includes after occupational exposure by healthcare workers, 
unprotected sexual exposure, injection drug use, and post- 
sexual assault. Table 41.6 lists the WHOs recommendation 
for PEP regimens. Animal studies have suggested that the 
efficacy of PEP in preventing infection is time dependent, 
thus it is impervious that PEP be started as soon as possible 
after exposure [61].

 Entry Inhibitors

There is only one FDA-approved entry inhibitor—maraviroc.

 Pharmacology and Mechanism of Action
Maraviroc works by binding to CCR5 on CD4+ T cells, pre-
venting the interaction of HIV and its ability to enter the host 
cell.

Adverse Effects
• Allergic reaction
• Abdominal pain
• Hepatotoxicity, including jaundice and dark-colored urine
• Stevens-Johnson syndrome
• Toxic epidermal necrolysis

 Fusion Inhibitors

Enfuvirtide is the only FDA-approved fusion inhibitor.

 Pharmacology and Mechanism of Action
Enfuvirtide is a synthetic peptide that mimics a portion of 
glycoprotein 41 (gp41), an HIV envelope glycoprotein that is 
required for fusion of the viral envelope with the host cell 
membrane. This drug blocks the formation of a six-helix 
bundle structure that is critical for fusion. This medication is 
administered as a subcutaneous injection [62].

Adverse Effects
• Injection site reaction such as induration, erythema, and 

pain
• Allergic reaction
• Increased risk for bacterial pneumonia

 Nucleoside and Nucleotide Reverse 
Transcriptase Inhibitors (NRTIs)

FDA-approved NRTIs are abacavir, didanosine, emtric-
itabine, lamivudine, stavudine, tenofovir disoproxil fuma-
rate, and zidovudine.

 Pharmacology and Mechanism of Action
NRTIs compete with deoxynucleoside substrates for binding 
to reverse transcriptase. After diffusing into the cytoplasm, 
these drugs are phosphorylated by intracellular kinases to 
their active triphosphate forms. The triphosphate form is 
incorporated into DNA, resulting in chain termination. 
NRTIs are well absorbed from the gastrointestinal tract, 
although there are differences in bioavailability when they 
are administered with and without food as well as differ-
ences in both serum and intracellular half-lives.

 Adverse Effects
As a class effect, NRTIs are associated with mitochon-
drial toxicity, and this presents as hepatic steatosis, 

Table 41.6 Post-exposure prophylaxis regimens in HIV-negative 
patients exposed to HIV virus

Generic name Dose

Tenofovir (TDF) 300 mg once daily

Lamivudine (3TC) 150 mg twice daily or 300 mg once 
daily

Emtricitabine (FTC) 200 mg once daily

Lopinavir/ritonavir (LPV/r) 400 mg/100 mg twice daily or 
800 mg/200 mg once dailya

Atazanavir/ritonavir (ATV/r) 300 mg + 100 mg once daily

Raltegravir (RAL) 400 mg twice daily

Darunavir + ritonavir 
(DRV/r)

800 mg + 100 mg once daily or 
600 mg + 100 mg twice daily

Efavirenz (EFV) 600 mg once daily
aOnce-daily dosing can be considered as an alternative for adults, but 
more data are needed for children and adolescents
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peripheral neuropathy, pancreatitis, dyslipidemia, fat 
maldistribution, and lipoatrophy. All NRTIs have “black 
box” warnings in their product labeling regarding the 
possibility of lactic acidosis syndrome, which is poten-
tially fatal. Listed below are specific NRTIs with their 
adverse events:

• Abacavir: Patients who carry the HLA-B*5701 allele 
are at a higher risk of experiencing a sometimes fatal 
hypersensitivity reaction to the drug. Providers should 
check for this allele and wait for the result prior to 
prescribing.

• Emtricitabine: Fat redistribution has been seen in 
patients taking emtricitabine. These changes may 
include increased amount of fat in the upper back and 
neck (“buffalo hump”), breast, and around the trunk. 
Loss of fat from the legs, arms, and face may also hap-
pen. Hyperpigmentation primarily of the palms and/or 
soles, but may include tongue, arms, lip, and nails, has 
also been seen with this medication. Rash is common 
and diverse including a hypersensitivity reaction, mac-
ulopapular rash, pustular rash, and vesiculobullous 
rash.

• Didanosine: Rash, pruritus, xerostomia, alopecia, lipo-
dystrophy, Stevens-Johnson syndrome, and vasculitis can 
occur with didanosine. It can also cause pancreatitis and 
peripheral neuropathy.

• Lamivudine: Lamivudine is a generally well-tolerated 
drug but may produce neutropenia as well as alopecia, 
rash, pruritis, and fat redistribution.

• Stavudine: Fat redistribution has been documented. It is 
also associated with lipoatrophy and lactic acidosis.

• Tenofovir: Rash including macular, papular, pustular, 
vesiculobullous, or urticarial, as well as pruritus, and dia-
phoresis can be seen with tenofovir. It is also associated 
with headache and nausea. It can elevate didanosine lev-
els and lower those of atazanavir.

• Zidovudine: Lipodystrophy, blue skin/nail pigmentation, 
Stevens-Johnson syndrome, toxic epidermal necrolysis, 
urticarial, and morbilliform eruption can be seen. 
Common side effects of zidovudine include bone marrow 
suppression and gastrointestinal intolerance.

Of note, the onset of bullous pemphigoid has been 
reported with the combination of lamivudine + didanosine + 
nelfinavir [63].

 Non-nucleoside Reverse Transcriptase 
Inhibitors (NNRTIs)

FDA-approved NNRTIs are delavirdine, efavirenz, etra-
virine, nevirapine, and rilpivirine.

 Pharmacology and Mechanism of Action

Although a similar name, NNRTIs are different than NRTIs 
in that NNRTIs bind near the catalytic site of reverse tran-
scriptase and alter the enzymes’ ability to change conforma-
tion. This increased enzyme rigidity prevents its normal 
polymerization function and therefore decreases the viral 
rate of replication. Nevirapine has greater than 90% bioavail-
ability and a plasma half-life of 24 h. It is metabolized in the 
liver and induces its own metabolic pathway. As the metabo-
lism of the drug increases, the dose is increased from once a 
day during the first 2 weeks to twice daily thereafter. 
Delavirdine has a bioavailability of 85%. It requires an acidic 
environment for absorption and should not be given with ant-
acids, H2 blockers, or proton pump inhibitors. Its plasma 
half-life is 6 h, and it is metabolized in the liver. The absorp-
tion of efavirenz is increased by food. However, it is gener-
ally administered on an empty stomach to minimize side 
effects. The half-life of efavirenz is 40+ h, and it is metabo-
lized in the liver [62].

 Side Effects
A class effect of NNRTIs is hepatitis and central nervous 
system abnormalities.

• Nevirapine is associated with cutaneous side effects in 
approximately 20% of patients. Mucosal side effects 
include whitish plaques, burning, taste disturbance, and 
xerostomia [63]. Among HIV-infected patients with CD4 
counts <250, higher baseline counts are associated with a 
higher incidence of rash requiring discontinuation of the 
drug [63]. Treatment should be initiated slowly to mini-
mize the risk of these cutaneous adverse events. This 
reaction is thought to be due to quinone methide formed 
in the skin by sulfation of the 12-OH metabolite followed 
by loss of the sulfate [57]. If the rash is extensive, or if 
mucous membranes are involved, the drug should be 
discontinued.

• In addition, nevirapine is generally not recommended for 
women with CD4+ T-cell counts higher than 250 or for 
men with CD4+ T-cell counts above 400 because of an 
increased risk of hepatitis.

• Etravirine is associated with a self-limiting rash in 19% of 
patients [63].

• Delavirdine is also commonly associated with drug 
rash.

• Efavirenz is teratogenic.

 Integrase Strand Transfer Inhibitors (INSTIs)

FDA-approved INSTIs are dolutegravir, elvitegravir, and 
raltegravir.
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 Pharmacology and Mechanism of Action

The HIV integrase enzyme is blocked by INSTIs which then 
inhibits the integration of the viral dsDNA into the host 
DNA. This prevents the later formation of HIV provirus and 
the replication cycle.

 Adverse Effects
Adverse events of this class of medication are insomnia, 
headaches, dizziness, nausea, diarrhea, and fatigue. 
Raltegravir has been associated with allergic reaction, 
Stevens-Johnson syndrome, and toxic epidermal necrolysis. 
Dolutegravir has been associated with rash, constitutional 
findings, and even organ failure.

 Protease Inhibitors (PIs)

FDA-approved protease inhibitors are atazanavir, atazanavir- 
cobicistat, darunavir, darunavir-cobicistat, fosamprenavir, 
indinavir, lopinavir/ritonavir boosting, nelfinavir, ritonavir 
(used as a pharmacokinetic boosting agent), saquinavir, and 
tipranavir.

 Pharmacology and Mechanism of Action
The protease enzyme is the target of protease inhibitors. 
Blockage of this enzyme prevents the proteolytic cleavage of 
viral polypeptide precursors. In addition to HIV, this class of 
drug may be active against other viruses. Bioavailability of 
PIs vary among the different medications

• Ritonavir has good oral bioavailability but side effects 
limit the dose in most patients. Ritonavir is used primarily 
for its CYP effect to inhibit the metabolism of other 
agents to raise blood levels of the protease inhibitors.

• Saquinavir and lopinavir have poor oral availability and 
are administered in combination with low-dose ritonavir 
to improve drug levels.

All PIs are metabolized via the hepatic cytochrome P450 
system. The cytochrome P450 system is utilized in many 
other drug metabolism pathways. Because of this, PIs inter-
fere are known to interfere with numerous other 
medications.

 Adverse Effects
Lipodystrophy is a common side effect of PIs, likely due to 
the inhibition of ZMPSTE24, an enzyme that removes the 
farnesylated tail of prelamin A. Buildup of this protein is 
related to acquired lipodystrophy, conceivably through an 
interaction with a transcription factor called sterol regulatory 
element-binding protein-1. Fat distribution may improve 
with L-acetylcarnitine therapy, and fillers to add volume 

have been employed to reduce the social stigma associated 
with therapy [63]. In addition to lipodystrophy, other side 
effects include rash, erythema, striae, xerosis, Stevens- 
Johnson syndrome, nausea, vomiting, diarrhea, hepatitis 
dyslipidemia, and abnormal glucose metabolism.

 Drugs for the Treatment of Hepatitis C

Hepatitis C virus (HCV) infection is a major cause of chronic 
liver disease and cirrhosis [64]. It is a global health problem 
with 130–150 million people estimated to be chronically 
infected worldwide [64]. HCV is predominantly transmitted 
by exposure to blood or body fluids. The infection progresses 
to a chronic state in 80% of patients, whereas the virus clears 
completely after the acute infection in 20% of patients [64, 
65]. For these patients, the risk of progression to liver cir-
rhosis is estimated to be 15–30% within 20 years [65]. HCV 
is an enveloped, positive-sense RNA virus that belongs to the 
Flaviviridae family [66]. The lack of a proofreading mecha-
nism during the replication of the HCV RNA genome leads 
to significant variation [66]. Thus, HCV has been divided 
into seven genotypes with distinct geographic distribution 
[67]. Genotype 1 is the most common genotype worldwide 
and in the United States [67]. Up to 85% of patients with 
acute HCV infection are unable to clear the infection and 
become chronically infected if left untreated. These patients 
are at higher risk of subsequently developing hepatocellular 
carcinoma [65].

Treatment of patients with chronic HCV infection is 
determined by genotype, extent of fibrosis or cirrhosis, prior 
treatment, comorbidities, and potential adverse effects [65]. 
The goal of therapy is to reduce all-cause mortality and liver- 
associated complications [68]. Although interferon-based 
regimens have been the mainstay of treatment for HCV 
infection, the US Food and Drug Administration recently 
approved two combination-pill interferon-free treatments 
(ledipasvir plus sofosbuvir and ombitasvir/paritaprevir/rito-
navir plus dasabuvir) for chronic HCV genotype 1. The goal 
of HCV treatment is the achievement of a sustained virologi-
cal response (SVR), defined by the absence of HCV RNA on 
polymerase chain reaction. SVR 24 weeks after cessation of 
treatment is associated with a 99% chance of being HCV 
RNA negative during long-term follow-up [69]. SVR 
12 weeks after treatment is a new primary end point in many 
recent drug trials. A small post hoc analysis of patients with 
HCV genotype 1 found that the SVR at 12 weeks has a 100% 
positive predictive value for SVR at 24 weeks [70].

 PEG-IFNα and Ribavirin Combination Therapy
HCV virus is able to suppress the innate and adaptive 
immune and pro-inflammatory responses of the host by vari-
ous mechanisms. Exogenous pegylated interferon alpha 
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(PEG-IFNα) is used in attempt to counteract that suppres-
sion. It inhibits viral replication by antiviral, antiprolifera-
tive, and immunomodulatory effects [71]. Ribavirin inhibits 
viral RNA polymerase, but there is also evidence to suggest 
that it may have an immunomodulatory effect that mediates 
increased sensitivity to PEG-IFNα [72]. Patients are treated 
for 24–48 weeks. Interferon-based therapy is limited by less 
than optimal response rates and relatively intolerable side 
effects.

PEG-IFNα is administered subcutaneously and is associ-
ated with localized injection site reactions in the majority of 
treated patients. These include self-limited erythema, tender-
ness, pruritus, and rashes at the site of injection [73]. Less 
commonly (<4%), cutaneous necrosis can occur at the injec-
tion site, which can be managed with local wound care and 
usually resolves in 1–2 months [9]. Alternative injection 
sites can be used for future doses [74]. Alopecia, psoriasis, 
fixed drug eruptions, eczematous drug reactions, sarcoidosis, 
lupus, pigmentary changes, and lichenoid eruptions have 
also been reported [75–77].

Systemic side effects with interferon are also common 
and often result in discontinuation of the drug. In a major-
ity of patients, flu-like symptoms of fever, chills, tachycar-
dia, malaise, myalgia, and headache may occur within 
1–2 h of administration. Other adverse effects include 
bone marrow suppression, gastrointestinal upset, and hep-
atotoxicity [75–77]. Interferon-α has caused or exacer-
bated depression psychosis, cognitive changes, and 
suicidal and homicidal ideation. Interferon-α should not be 
used to treat hepatitis B-related cirrhosis or decompen-
sated liver disease because hepatitis flares could lead to 
further decompensation [75–77]. Interferon is labeled as 
pregnancy risk factor C; interferon in combination with 
ribavirin is pregnancy category risk factor X, as it is asso-
ciated with birth defects.

 Direct-Acting Antiviral Agents

 First Generation DAAs

The first-generation protease inhibitors include boceprevir 
(Victrelis) and telaprevir (Incivek), which were both 
approved by the FDA in 2011. These were later discontinued 
because of greater efficacy of alternative treatments and 
higher rates of serious adverse events [77]. They were used 
for genotype 1 HCV in combination with PEG-IFNα and 
ribavirin, since they were associated with higher SVR rates. 
However, compared to PEG-IFNα plus ribavirin alone, these 
agents were more expensive and were associated with higher 
incidence of clinically significant adverse events leading to 
poor adherence and higher rates of premature discontinua-
tion of therapy.

Boceprevir was associated with anemia, neutropenia, and 
distortion of taste [78, 79]. When compared to PEG-IFNα 
and ribavirin alone, boceprevir was not associated with a sig-
nificantly increased incidence of serious skin rash [79]. 
Conversely, telaprevir was associated with rash, pruritus, 
anorectal discomfort, diarrhea, and anemia [79]. Around 
6–7% of patients receiving telaprevir discontinued therapy 
due to an eczematous rash. The rash can occur at any time 
during treatment with telaprevir, but 50% of the cases 
occurred within the first 4 weeks of initiation of therapy. 
Moreover, telaprevir has been associated with more serious 
dermatologic adverse reactions, including drug rash with 
eosinophilia and systemic symptoms (DRESS) and Stevens- 
Johnson syndrome (SJS) [79].

 Second-Generation DAAs

In 2014, the FDA approved the first combination pill con-
taining ledipasvir and sofosbuvir (Harvoni). It is taken once 
daily to treat chronic HCV genotype 1 infection. Later in the 
year, the FDA also approved Viekira Pak, which was a com-
bination of ombitasvir (NS5A inhibitor), paritaprevir 
(NS3/4A inhibitor), and ritonavir (HIV-1 protease inhibitor) 
tablets in combination with dasabuvir tablets (NS5B 
 inhibitor) for adults with chronic HCV genotype 1 infection. 
These drugs work together to inhibit the growth of HCV and 
may be used with or without RBV.

Treatment with 8 weeks of ledipasvir/sofosbuvir was 
noninferior to treatment with 12 weeks of ledipasvir/sofos-
buvir plus RBV, as reported by a phase 3, randomized, 
open-label study involving 647 treatment-experienced 
patients with HCV genotype 1 infection [80]. A multi-
center, randomized, double-blind, placebo-controlled trial 
evaluating 631 patients found an SVR of 96.2%, with a 
0.6% discontinuation rate because of adverse events [81]. 
The most commonly reported adverse events with ledipas-
vir/sofosbuvir are headache, anemia, fatigue, and nausea 
[80, 81]. Up to 7% of patients had rash [78]. However, none 
of the dermatological adverse events required discontinua-
tion of treatment. Rash was not listed as a side effect in 
patients with HCV/HIV-1 coinfection who were treated 
with Harvoni [80].

Simeprevir (Olysio) is another second-generation DAA 
that is effective for genotypes 1, 4, 5, and 6 [80, 81]. It is only 
indicated in combination with sofosbuvir or PEG-IFNα plus 
ribavirin. Two randomized controlled trials involving patients 
with genotypes 1 to 3 reported a superior SVR at 12 weeks 
with simeprevir combined with pegylated interferon and 
RBV (80–92%) vs. pegylated interferon and RBV alone 
(40–50%) [80, 81]. The most common systemic adverse 
effects include anemia, fatigue, flu-like symptoms, pruritus, 
headache, and nausea [81].
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Cutaneous adverse events associated with simeprevir 
include rash and photosensitivity. However, the rates of dis-
continuation of therapy were comparable to those with PEG- 
IFNα plus ribavirin alone. The skin rash can develop at any 
time during treatment but most commonly begins within 
4 weeks from the initiation of therapy [80, 81].

Case Report

A 24-year-old male third year medical student complains of 
very painful rash that develop 2 days ago along his right 
torso. He has never had a rash like this in the past. Prior to the 
development of the lesion, he began to endorse a burning 
sensation in the area where the rash developed. Of note, he 
has been under a great deal of stress as he is preparing to take 
his country’s medical licensing exam.

Past Medical History
• Generalized anxiety disorder, diagnosed at age 22
• Appendicitis status post appendectomy, diagnosed at age 16

Relevant Family Medical History
• Father: herpes zoster, occurred at age 52

Medications
• Escitalopram 5 mg qDay

Social History
• Third year medical student
• Drinks 1–2 oz. of alcohol per week
• Drinks 16 oz. of coffee per day
• Denied tobacco use
• Not sexually active

Physical Exam
• Numerous vesicles superimposed onto a beefy red patch 

on the right-sided T6 dermatome

Management
A clinical diagnosis of herpes zoster, or shingles, was made. 
His positive family history of shingles and high level of stress 
contributes to this diagnosis. His physician swabbed the 
lesions for varicella-zoster virus/herpes simplex virus DNA 
PCR. The student was prescribed valacyclovir 1000 mg PO 
TID × 7 days for treatment of shingles as well as gabapentin 
100 mg PO TID PRN for shingles-related pain. Until his 
lesions crust over, which takes approximately 1–2 weeks, he 
is considered contagious and should keep his lesions covered, 
especially around pregnant women, individuals who have not 
been vaccinated, and the immunosuppressed. His lesions are 
expected to heal within 1 month and the pain to resolve in 
around 6–9 months. He was educated that the rest of his 
blood-related family should consider the herpes zoster vacci-
nation as the disease is associated with a family history.
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Anthelmintics in Dermatology

Scott Worswick and Sean Dreyer

 Scabies

Permethrin and ivermectin are among the most commonly used 
topical agents for scabies. Permethrin topical 5% cream is the 
first-line treatment, and should be applied to the entire skin sur-
face from the neck-down. Most practitioners advise patients to 
apply the entire tube of 30 g at bedtime and leave it in place all 
night. In the morning patients should wash all bedding and 
clothing in hot water and then bathe. For all scabies infesta-
tions, this process should be repeated 1 week later at the very 
least; additional weekly applications are frequently necessary 
for “Norwegian”/crusted scabies [1, 2]. Permethrin is generally 
well tolerated, occasionally associated with mild skin irritation, 
and exists as a treatment option for pregnant women [3, 4].

Oral ivermectin (0.2 mg/kg orally once; with a repeat dose 
5 days or 2 weeks after the initial dose) is particularly effec-
tive for treating crusted scabies, and is the only routinely used 
oral therapeutic option [1–3]. Oral ivermectin is generally 
well tolerated, with urticarial rash and pruritus being the most 
common adverse reactions [1, 3, 5]. However, ivermectin has 
been shown to have neurotoxic effects in animal studies [6]. 
Additionally, several cases of altered mental status in patients 
with Onchocerca volvulus and Loa loa treated with ivermec-
tin have also been reported, likely due to disruption of the 
blood–brain barrier [7–9]. There is no consensus on the safety 
of oral ivermectin during pregnancy, but one study on women 
inadvertently treated with oral ivermectin during pregnancy 
showed no effect on developmental status or disease patterns 
of children of treated mothers [10]. The efficacy of 5% per-
methrin cream versus single-dose oral ivermectin 200 mcg/kg 
is comparable, though several trials have demonstrated slight 

superiority of permethrin over single- dose ivermectin, and 
similar efficacy between permethrin and two doses of iver-
mectin [1, 2, 5, 11]. Topical ivermectin is also an effective 
treatment, with no reported adverse events [3, 12]. A random-
ized clinical trial of 315 patients reported equal efficacy of 
5% permethrin and 1% topical ivermectin, both of which 
were more effective than oral ivermectin [13].

Other therapeutic agents include topical 1% lindane, benzyl 
benzoate 10–25% lotion, crotamiton 10% cream, topical 0.5% 
malathion, sulfur 5–10% ointment, and monosulfram 25%, 
though all are inferior to treatment with permethrin or ivermec-
tin [11, 14]. Topical 1% lindane is generally considered less 
effective than permethrin for treatment of scabies, apart from 
one randomized control trial with 467 patients by Schultz et al., 
which reported similar efficacy [15–17]. Due to its higher 
potential for neurotoxicity, lindane is contraindicated for use in 
epileptics, pregnant women, and infants, and considered a sec-
ond-line treatment reserved for recalcitrant cases or for patients 
unable to tolerate other treatment options [3, 4, 15].

Topical benzyl benzoate, available as a 10 or 25% 
cream or lotion, is a cost-effective option but requires 
repeated applications over days to weeks [3, 18, 19]. 
Crotamiton 10% cream requires daily use over several 
days and has excellent antipruritic effects but is weakly 
scabicidal [3, 20].

Benzyl benzoate and crotamiton have no serious side 
effects, other than severe skin irritation with benzyl benzoate 
[20]. Malathion 0.5% is an effective treatment as an alterna-
tive to permethrin or ivermectin, particularly for use in the 
scalp or hairy areas, but has been less studied compared to 
more commonly used treatment modalities [21, 22]. Sulfur 5 
or 10% ointment is safe and cost effective, but its efficacy is 
not yet well studied and it must be compounded [20, 23–25]. 
Monosulfram 25% is available as a lotion and soap, but lacks 
strong evidence for its efficacy as a treatment for scabies and 
has the potential to cause disulfiram-like reaction with alco-
hol consumption [3, 26].

Esdepallethrine is a less-studied option, used in combina-
tion with piperonyl butoxide, available as a lotion and a spray 
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[27]. Several studies have shown inferior efficacy as com-
pared to benzyl benzoate, with many observed  treatment 
 failures [28]. Skin stinging and irritation are the most com-
monly experienced adverse effects [27]. However, the topi-
cal spray form of the product may cause bronchospasm, and 
is contraindicated in asthmatics and children and infants with 
a history of wheezing bronchitis or bronchiolitis [27, 28].

 Leishmaniasis, Cutaneous

Leishmaniasis is caused by Leishmania spp. protozoa 
which is transmitted by infected female sandflies. 
Cutaneous leishmaniasis is usually characterized by an 
ulcerating papule following a bite from an infected sandfly, 
although diffuse cutaneous leishmaniasis presents as nodu-
lar lesions that do not ulcerate [29, 30]. Many lesions 
resolve on their own over months to years, which makes 
evaluating efficacy of different treatments difficult [29]. 
There is no one definitive treatment option, and different 
treatment options may have different levels of efficacy for 
different species. Choice of treatment depends on number 
and location of lesions, identification of the infecting 
organism, and severity of disease [29].

Pentavalent antimonials, including sodium stibogluco-
nate and meglumine antimoniate, are widely considered 
first-line for systemic treatment, and have had generally 
favorable outcomes documented in studies [30]. Intravenous 
sodium stibogluconate 20 mg/kg/day for 20 days demon-
strated a 90% cure rate for treatment of American cutaneous 
leishmaniasis [29]. In addition, pentavalent antimonials are 
not contraindicated during pregnancy [29, 30]. Adverse 
effects include arthralgia and myalgia, though older patients 
are at higher risk of cardiotoxicity and renal failure [30]. 
Infection with L. brasiliensis in particular requires full sys-
temic treatment with either sodium stibogluconate or meglu-
mine antimoniate through either intravenous or intramuscular 
injection at a dose of 20 mg/kg for 21–28 days [4, 29].

Intravenous amphotericin B (3 mg/kg/day for 7 doses 
given on days 1–5, 14, and 21) has also been shown to be 
effective, with a reported cure rate of 84% per a retrospective 
review by Wortmann et al., though side effects including 
renal toxicity may limit its use [29–32].

Pentamidine (4 mg/kg/day; maximum dose of 2.0 g) has 
been shown to have similar efficacy to antimonial drugs, but 
carries the risk of hypoglycemia and hyperglycemia [30]. 
Miltefosine (2.5 mg/kg/day for a total of 28 days) has some 
evidence for its efficacy against several species of 
Leishmania, including L. v. panamensis, L. v. gluyanensis, 
and L. v. braziliensis, but is contraindicated for use in preg-
nant women due to teratogenic effects in animal studies [4, 
30, 33]. More common side effects include nausea, vomit-
ing, diarrhea, and anorexia [34, 35].

 Leishmaniasis, Visceral

Visceral leishmaniasis, also caused by Leishmania donovani 
spp. commonly presents with systemic symptoms and sple-
nomegaly, and may occasionally present with cutaneous 
manifestations including a primary skin sore, hyperpigmen-
tation, a papular rash, or pruritic necrotic lesions [4, 36, 37]. 
Preferred treatment is with intravenous liposomal ampho-
tericin B (5–20 mg/kg total, given as 4–10 doses over 
10–20 days), which has an efficacy over 97% [38, 39]. 
Intravenous amphotericin B has an efficacy of over 90%, but 
carries significant risk of nephrotoxicity, supporting the pre-
ferred use of liposomal amphotericin B [39]. Oral miltefos-
ine is an effective but cheaper option, dosed as 1.5–2.5 mg/
day for 28 days, with an efficacy between 94 and 97% [39]. 
However, miltefosine is contraindicated for use in pregnant 
women due to potential teratogenicity [39]. Miltefosine in 
combination with amphotericin B (at a maximal dose of 
0.5 mg/kg/dose) or paromomycin sulfate (maximal dose of 
63 mg/kg/dose) has also been used successfully [40]. 
Paromomycin sulfate (15 mg/kg/day IM for 21 days) has 
been found to have 94% efficacy in India, but lower efficacy 
ranging from 46 to 85% in Africa [39]. Reported adverse 
effects include ototoxicity, nephrotoxicity, and hepatotoxic-
ity [39]. Pentavalent antimonials including meglumine amni-
onate and sodium stibogluconate (20 mg/kg/day for 30 days), 
were long used as preferred treatment, but have fallen out of 
favor due to significant adverse effect profile, including car-
diotoxicity, nephrotoxicity, hepatotoxicity, and pancreatitis, 
requiring hospitalization and monitoring [39]. Sitamiquine is 
a newer drug with several studies reporting cure rates rang-
ing from 50 to 100%, given as a dose of 1–3 mg/kg/day 
orally for approximately 1 month [38]. Headache and 
abdominal pain are commonly experienced adverse effects, 
with rare reports of nephrotoxicity at higher doses [38].

 Amoebiasis

Cutaneous amoebiasis is a rare condition caused by entry of 
typically one of three amoebic species, Entamoeba histolyt-
ica, Acanthamoeba castellani, or Balamuthia mandrillaris. 
Cystic forms of the organisms can enter lung or skin tissue 
but it is the trophozoites (which can also be acquired into 
open wounds or through sexual contact) that are pathogenic 
in some immunocompromised patients [41, 42]. Cutaneous 
amoebiasis can present in many ways but the most common 
manifestation is an ulceronecrotic nodule. Treatment with 
antiamoebics is necessary to prevent invasion beyond the 
skin into the subcutaneous tissues [4, 43].

First-line treatment for E. histolytica is with oral metroni-
dazole (750 mg orally every 8 h for 10 days) or IV 
 metronidazole (1500 mg/day in three doses for 10 days, 
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though effective treatment from 3 to 28 days has been 
reported) for severe or invasive disease [41, 44–46]. Oral 
metronidazole should be taken with a luminal agent to com-
bat colonization, such as paromomycin (30 mg/kg/day orally 
in three divided doses for 5–10 days), diloxanide furoate 
(500 mg orally three times a day for 10 days), diiodohy-
droxyquin (650 mg orally three times a day for 21 days), or 
iodoquinol (650 mg orally three times a day for 20 days) [4, 
45]. Beyond the more commonly experienced side effects of 
nausea, vomiting, and diarrhea, patients may experience a 
disulfiram-like reaction with alcohol consumption, or more 
rarely peripheral neuropathies or central nervous system tox-
icity [45].

Alternative treatment options include nitazoxanide 
(500 mg orally twice daily for age ≥12; 200 mg twice daily 
for ages 4–11, 100 mg twice daily for ages 1–3; all for 
3–10 days), tinidazole (2 g orally daily for 3–5 days), pent-
amidine (4 mg/kg/day IM until resolution of lesions), eme-
tine hydrochloride (1–1.5 mg/kg daily for up to 90 days if 
oral, or 5–10 days if IV/SC), and diloxanide (500 mg orally 
three times per day for 10 days) [47–52].

The treatment of Balamuthia is less straightforward, 
though a review article from Peru suggests first-line therapy 
with combination miltefosine (2 mg/kg/day), albendazole 
(800 mg/day), and fluconazole (8 mg/kg/day) [53]. Other 
suggested therapies for Balamuthia have included various 
combinations of amphotericin B, fluconazole or itracon-
azole, metronidazole, flucytosine, pentamidine, sulfadiazine, 
azithromycin or clarithromycin, and albendazole [54, 55]. 
Eleven cases are detailed in the largest case series to-date, 
with varying results using combinations of one to all of the 
aforementioned agents [55]. Documented cases of success-
ful treatment are sparse given the low survival rates with this 
infection, but the majority of successfully treated cases have 
occurred as a result of using multidrug therapy.

When dealing with an Acanthamoeba infection, most 
physicians employ two therapies simultaneously: amphoteri-
cin B with either itraconazole or voriconazole. However, as 
is the case with Balamuthia infections, many different thera-
peutic modalities have been attempted, including micon-
azole, clotrimazole, ketoconazole, fluconazole, itraconazole, 
pentamidine, sulfadiazine, and 5-flucytosine (Table 42.1).

Table 42.1 Compilation of reported therapies for Acanthamoeba infection and outcomes of treatment

Article Regimen
Number of 
patients Outcome

Morrison et al. [56] Ketoconazole 2% topical cream and topical silver 
sulfadiazine

1 New lesions developed daily, and it was 
decided they were too numerous and 
widespread for surgical debridement.

Galarza et al. [57] Treatment with itraconazole and amphotericin B (dosages 
not clarified) has shown partial resolution of skin lesions in 
several immunocompromised patients

3 Good clinical response and partial 
remission of lesions, but they succumbed 
to opportunistic infections (disseminated 
cryptococcosis and miliary tuberculosis)

Walia et al. [58] Intravenous amphotericin B lipid complex (ABLC) 7 mg/
kg/day and intravenous voriconazole 6 mg/kg twice daily 
for the first 2 doses, followed by 4 mg/kg twice daily

1 Lead to improvement of symptoms 
within 1 week (significant reduction in 
the tenderness and erythema around the 
lesions and no new lesions erupted on 
this regimen)

Slater et al. [59] IV pentamidine isethionate (4 mg/kg/day) for 4 weeks (total 
dose of 2700 mg). Topical therapy consisted of morning 
and evening cleansing of all skin lesions with chlorhexidine 
gluconate, followed by 2% ketoconazole cream

1 Eight months after the start of treatment, 
all skin lesions were fully healed and 
there was continued improvement in the 
patient’s stamina and well-being

Aichelburg et al. [60] Treatment included a combination of parenteral 
trimethoprim/sulfamethoxazole (later changed to oral 
sulfadiazine) and parenteral fluconazole. As skin lesions 
were also gaining size, treatment with miltefosine was 
initiated topically as a solution, 60 mg/mL, 1 drop applied 
directly to each skin lesion 2 times a day. After 3 weeks 
during which dramatic improvement in skin lesions were 
noted, topical miltefosine was switched to oral miltefosine 
100 mg/day (2.5 mg/kg)

1 After 1 year, acanthamoebae could not 
be detected on PCR, and serologic titers 
(High IgG and IgM against 
Acanthamoeba spp.) were normal

Helton et al. [61] 40 mg of 5-fluorocytosine per kg for 2 weeks in an AIDS 
patient with cutaneous and sinus lesions

1 Resolution of all skin lesions within 
2 weeks of treatment

Seijo et al. [62] Sulfadiazine (500 mg four times a day) and pyrimethamine 
(50 mg once a day), fluconazole (200 mg twice daily), 
fluconazole (200 mg twice daily) in an AIDS patient

1 Surgical mass removal for granulomatous 
amebic encephalitis due to 
Acanthamoeba castellanii was performed 
in addition to medical treatment, with a 
full recovery other than a left 
homonymous hemianopsia
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 Ancylostomiasis, Ascariasis, and Cutaneous 
Larva Migrans

Ancylostomiasis, also referred to as hookworm infection, is 
most commonly caused by Ancyclostoma duodenale and 
Necator americanus. Cutaneous manifestations caused by 
larva entry into the skin include severe pruritus and papulo-
vesicular rash [63]. The most common treatments are the 
benzimidazoles albendazole (400 mg orally daily for 3 days) 
and mebendazole (100 mg orally twice daily for 3 days) [64, 
65]. A meta-analysis examining the efficacy of single-dose 
oral albendazole, mebendazole, and pyrantel pamoate against 
hookworm infections determined 72, 15, and 31% efficacy, 
respectively. All three drugs are generally well tolerated, 
with abdominal pain, nausea, vomiting, and diarrhea being 
the most common reported side effects [64]. Albendazole 
and mebendazole have had teratogenic effects reported in 
experimental studies [66, 67]; however no significant 
increase in congenital defects has been established with use 
of either drug in pregnant patients [68]. Additionally, pruri-
tus can be controlled with oral antihistamines or combina-
tion crotamiton and 1% hydrocortisone cream [4].

Both single-dose and triple-dose therapy with albenda-
zole and mebendazole are highly efficacious for treatment of 
Ascaris lumbricoides as well, another parasite known to 
cause cutaneous larva migrans [65]. More commonly it 
causes Ascariasis, a helminthic infection in which round-
worms cohabitate in the gut and lung of about one billion 
people worldwide. A meta-analysis of 20 randomized con-
trolled trials examining treatment of ascariasis with single- 
dose oral albendazole, mebendazole, and pyrantel pamoate, 
reported 88, 95, and 88% efficacy, respectively [64].

Cutaneous larva migrans is a condition caused by hook-
worm larvae that migrate through the upper dermis, leaving 
serpiginous tracks (“creeping eruption” sign) that can cause 
pain and severe pruritus [41, 69]. Causative organisms include 
Ancylostoma brasiliense, Ancylostoma caninum, Ancylostoma 
ceylonicum, Unicararia stenocephala, Bubostumum phlebo-
tomum, and occasionally other non- hookworm species 
including the roundworm, Ascaris lumbricoides [4, 41, 69]. 
Cutaneous larva migrans is a self-limiting condition, but 
anthelmintic treatment with ivermectin or albendazole is used 
to definitively treat the underlying helminthic infection and 
prevent bacterial superinfection from excoriations caused by 
scratching [41, 69]. Ivermectin is the treatment of choice, 
given as a single oral dose (200 μg/kg). Occasionally a sec-
ond dose may be necessary if the first treatment fails. Oral 
albendazole is a second-line treatment, requiring a longer 
treatment period (400 mg daily for 5–7 days) and is generally 
less efficacious as compared to ivermectin [69–71]. Studies 
evaluating the cure rate of albendazole for cutaneous larva 
migrans cite a range from 46 to 100% while cure rate for 
ivermectin has been cited at 77 to 94% [96].

 Gnathostomiasis (Larva Migrans Profundus)

Gnathostomiasis, also known as larva migrans profundus, is 
caused most commonly by Gnathostoma spinigerum, G. his-
pidum, and G. binucleatum nematodes, and may cause both 
cutaneous and visceral manifestations [72]. Cutaneous gna-
thostomiasis is commonly characterized by intermittent 
migratory cutaneous swellings that last for several weeks, 
most commonly affecting the trunk and upper limbs [72, 73]. 
Regarding treatment, abscesses or nodules that occur due to 
superficial larval migration can often be excised [72]. 
Additionally, albendazole has been shown to be efficacious 
as treatment at 400 mg orally daily for 21 days, acting both 
by killing Gnathostoma organisms and including outward 
migration of larvae, facilitating excision [72]. Ivermectin has 
also been found effective, functioning by paralyzing and kill-
ing Gnathostoma organisms [72]. A study comparing treat-
ment of albendazole (400 mg orally twice daily for 21 days) 
versus ivermectin (200 μg/kg daily for 2 days) for gnathosto-
miasis found similar efficacy between the two drugs (93.8% 
albendazole, 95.2% ivermectin) [74]. However, one study 
found higher rates of exacerbation of cutaneous symptoms 
with ivermectin as compared to albendazole [75].

 Toxocariasis (Visceral and Ocular Larva 
Migrans)

Toxocariasis is an infection from either Toxocara canis or 
Toxocara cati roundworms, via ingestion of parasite eggs in 
dog or cat feces [76, 77]. Children under 5 years of age are 
most commonly affected [77]. The two main manifestations 
of toxocariasis are visceral larva migrans and ocular larva 
migrans [77]. Visceral larva migrans varies in presentation, 
potentially causing liver necrosis, splenomegaly, central 
 nervous system signs, or abdominal symptoms depending on 
where larva migrate [76, 77]. Cutaneous features may also 
be present, most commonly urticaria, prurigo, and papular 
eruptions [4, 77]. Ocular larva migrans occurs when a single 
larva migrates into the orbit; loss of vision can occur within 
weeks.

Some cases of toxocariasis may self-resolve [4]. For 
symptomatic patients, anthelmintic therapy can be initiated, 
although evidence in support of its efficacy is lacking [78]. 
Albendazole (400 mg orally twice daily for 5 days) has tra-
ditionally been used as a first-line treatment, found to be 
superior to mebendazole and thiabendazole [77, 78]. 
Addition of systemic corticosteroids (oral prednisolone, 
1 mg/kg/day for 1 month) has been associated with favor-
able outcomes, particularly in patients with central nervous 
system or ocular involvement [4, 78–80]. Either topical or 
systemic corticosteroids can be used to relieve inflamma-
tion-associated symptoms [78]. An alternative therapeutic 
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option is diethylcarbamazine (3–4 mg/kg daily for 21 days), 
shown to have similar efficacy compared to mebendazole 
(10–25 mg/kg daily for 10–20 days) in one head-to-head 
study [81].

 Strongyloidiasis (Larva Currens)

Strongyloidiasis is most commonly caused by the nematode 
S. stercoralis, or less commonly by S. fulleborni [41]. 
Infected patients may often be asymptomatic or present with 
gastrointestinal symptoms, but cutaneous manifestations 
may occur due to larval migration to the skin, termed “larva 
currens” [41, 82]. Larva currens typically presents as a linear 
or serpiginous rash associated with urticaria, which rapidly 
migrates at a rate significantly faster than larva migrans (up 
to 10–15 cm/h) [41]. Preferred treatment is with a single 
dose of oral ivermectin 0.2 mg/kg, although 2 days of treat-
ment may be necessary in some cases to eradicate the infec-
tion [41, 82]. Reported cure rates for 2-day treatment with 
ivermectin range from 70 to 85% [83]. Stercoralis-specific 
antibodies should be checked for 1–2 years after treatment to 
evaluate the effectiveness of treatment, since occasionally 
infections may continue to persist [84]. Alternative treatment 
options include albendazole or thiabendazole. Commonly 
used dosing regimens include albendazole 400 mg orally 
twice a day for 7–14 days and thiabendazole 25 mg/kg orally 
twice a day for 3–7 days (3000 mg/day maximum) [83, 85, 
86]. One comparative trial of single-dose ivermectin (200 μg/
kg) versus 3-day treatment with albendazole (400 mg/day for 
3 days) found cure rates of 83 and 45%, respectively [87]. 
Incidence of adverse events between ivermectin and alben-
dazole is comparable [88]. Weak evidence exists suggesting 
that thiabendazole (50 mg/kg/day divided every 12 h (maxi-
mum 3 g/day) for 2 days) may be as effective as ivermectin 
for treatment of strongyloidiasis, but thiabendazole was 
associated with higher rates of adverse events [88].

 Lymphatic Filariasis

Lymphatic filariasis, also known as dermatolymphangioade-
nitis, is an infection caused by Wuchereria bancrofti, Brugia 
malayi, and Brugia timori [89]. Clinical presentations range 
from asymptomatic to lymphangioadenitis, also known as 
elephantitis. The most widely used drug for treatment of 
lymphatic filariasis has long been diethylcarbamazine (given 
in increasing dosage over a 14 day course), often given with 
albendazole [89, 90]. Possible adverse effects include fever, 
rash, arthralgia, visual disturbances, and acute inflammatory 
reactions due to destruction of microfilariae, which can be 
managed with anti-inflammatory and antipyretic medica-
tions [91].

Oral ivermectin (400 μg/kg) is a second-line treatment, 
effective in eliminating microfilariae but not adult worms 
[92]. As a result, recurrence often occurs, necessitating 
co- treatment with diethylcarbamazine [92]. Doxycycline, 
dosed at 100–200 mg/day for 6 weeks, is effective against 
microfilariae, while 200 mg/day doses for 6 weeks showed 
efficacy against both microfilariae and macrofilariae, 
without serious side effects [89, 93, 94]. The mechanism 
of action involves attacking Wolbachia, a bacterial symbi-
ont associated with filarial nematodes, resulting in a sig-
nificant decrease in filarial antigen levels months after 
treatment [89, 95]. Evidence of the efficacy of albenda-
zole against macrofilariae is mixed, but combined treat-
ment with single-dose albendazole and diethylcarbamazine 
has been found effective in reducing prevalence of macro-
filariae [89].

Treatment with diethylcarbamazine is contraindicated 
in patients with coexistent onchocerciasis or loiasis, due 
to the possibility of triggering a severe inflammatory reac-
tion due to rapid killing of high microfilarial loads (the 
Mazzotti reaction) [89]. In such cases, medical manage-
ment must be adjusted. Patients with coexistent onchocer-
ciasis may be treated with single-dose ivermectin for 
treatment of onchocerciasis first, followed by standard 
treatment for lymphatic filariasis 1 month later [96, 97]. 
Patients with coexistent loiasis may be treated first for 
lymphatic filariasis with doxycycline or albendazole, both 
of which have no effect on Loa loa, followed by standard 
treatment for loiasis after resolution of lymphatic filaria-
sis [89].

 Dirofilariasis

Dirofilariasis refers to an infection by zoonotic parasites 
in the Dirofilaria genus (including D. repens, D. immitus, 
and D. tenuis). Notably, these parasites often have a sym-
biotic relationship with the bacteria Wuchereria bancrofti, 
one of the known causes of filariasis and hence a source of 
some confusion given the similar names between these 
two disorders. Unlike filariasis, in which patients suffer 
from debilitating lymphedema, there are two main clinical 
manifestations of dirofilariasis: pulmonary and subcuta-
neous dirofilariasis [98]. Subcutaneous dirofilariasis, 
presents as a slowly growing subcutaneous nodule, though 
it may also present in the ocular conjunctiva [98]. 
Cutaneous and ocular lesions are treated by surgical 
removal [98, 99]. Addition of oral diethylcarbamazine 
(given in increasing doses over a 14 day period), both 
with and without oral ivermectin has also been reported as 
an effective treatment [99]. Common side effects of dieth-
ylcarbamazine include lymphadenopathy, rash, urticaria, 
fever, and proteinuria [100].
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 Schistosomiasis (Bilharziasis)

Schistosomiasis infection may cause several types of cuta-
neous manifestations. These include a hypersensitivity reac-
tion to a systemic infection that can present as itching, 
papular dermatitis, petechiae, or urticaria. The reaction can 
be so severe so as to mimic a serum-sickness-like reaction; 
in Japan this is called Kotaya fever. When eggs are depos-
ited in the skin (typically in the genital or perianal skin) 
granulomas can occur, as can vegetating masses, sinus tracts 
and nodules [4]. In cercarial dermatitis, also known as 
“swimmer’s itch,” direct skin penetration by cercariae 
occurs [41]. Lesions often present as erythematous papules 
that are pruritic or asymptomatic [41, 101, 102]. Treatment 
of cercarial dermatitis includes symptomatic relief of pruri-
tus with oral steroids, topical steroid creams, or oral antihis-
tamines [4, 103, 104].

Praziquantel (20 mg/kg orally three times a day for 
1 day) remains the most effective drug for definitive treat-
ment of all types of schistosomiasis apart from cercarial 
dermatitis [105]. Common side effects include nausea and 
abdominal pain, headache, urticaria, and diaphoresis, 
while uncommon side effects include a Jarisch-
Herxheimer-like reaction, arrhythmia, seizures, and hyper-
sensitivity reaction.

 Cysticercosis

Cysticercosis, caused by larval Taenia solium, presents with 
cutaneous manifestations in about half of cases, as subcuta-
neous nodules primarily on the trunk and extremities con-
taining cysticerci and calcifications [106, 107]. Asymptomatic 
lesions may be left untreated. There is no consensus for a 
first-line treatment of cutaneous cysticercosis, but symptom-
atic nodules may be surgically excised or treated with non-
steroidal anti-inflammatory medications [41]. Albendazole, 
dosed at 15 mg/kg/day for 30 days has also been shown to 
resolve or decrease the size of subcutaneous nodules [108]. 
Presence of skin lesions may indicate further involvement of 
internal organs, and thus the need for further investigation 
and treatment [4]. Neurocysticercosis can be treated with 
albendazole (15 mg/kg/day for 7–14 days) or praziquantel 
(50–100 mg/kg/day divided every 8 h, for 14 days), with the 
addition of corticosteroids for severe inflammation and anti-
epileptics for seizure control [41, 109].

 Dracunculiasis

Dracunculiasis, also known as Guinea worm disease, is 
caused by the Guinea worm Dracunculus medinsis [110]. 
Human infection occurs from consumption of water 

 containing fleas infected with Guinea worm larvae [110]. 
Patients typically remain asymptomatic for 1 year, at which 
time the worm migrates towards the skin surface, often 
forming a cord-like lesion that becomes a papule, nodule, or 
painful enlarging vesicle blister; it can also present as an 
urticarial rash. Lesions of all types are most common on the 
lower limbs [110]. As the guinea worm begins emerging 
from the skin surface, the worm may be manually extracted 
by winding a few centimeters of the worm each day onto a 
stick [110]. This process may take days to weeks, as care 
must be taken to avoid breaking the worm, which may result 
in severe allergic cellulitis [4, 110]. Because of the signifi-
cant pain associated with manual extraction of the worm, 
oral analgesics may be recommended [110]. One study 
found that 400 mg orally three times daily of metronidazole 
improves local inflammation and is a helpful adjunctive 
therapy as it permits therefore easier removal of the worm 
during the extraction process [111]. Additionally, ointments 
containing antibiotics may be helpful in preventing second-
ary infections [112]. Surgical extraction can also be 
employed in select cases.

Anthelmintics are generally regarded as unhelpful for erad-
ication of the worm and may even prevent surfacing of the 
worm and aberrant migration to other areas of the body [110, 
113]. Only one placebo-controlled study found that treatment 
with metronidazole (30–40 mg/kg for 3 days) or thiabenda-
zole (50 or 100 mg/kg for 2 days) resulted in faster elimination 
of the worm as compared to placebo, but the difference in 
elimination rates was not statistically significant [114]. It 
should also be noted that while this study and the aforemen-
tioned study showed a trend for improved worm extraction 
rates in patients on concomitant metronidazole, numerous 
other studies have been published showing no such benefit.

 Loiasis

Loiasis is caused by the filarial parasite Loa loa, which is 
transmitted by Chrysops fly bite [115]. While most cases are 
asymptomatic, some patients manifest with Calabar swellings, 
which are edematous and often painful and urticarial swell-
ings caused by migration of larvae [115]. As for dracunculia-
sis, treatment involves surgical removal of large microfilariae, 
but in contrast this should be done quickly and in conjunction 
with medical management. Oral diethylcarbamazine 2 mg/kg 
three times a day for 3 weeks is the preferred treatment, effec-
tive against both microfilariae and macrofilariae [89, 115]. 
Oral albendazole 200 mg twice daily or mebendazole 300 mg 
daily for 3 weeks can be used as second-line treatments [115]. 
Oral ivermectin 200 μg/kg for 2 days is a third-line treatment, 
due to potential for neurologic side effects in patients with 
high filarial load and lack of effect on macrofilariae [115, 
116]. In endemic regions in Africa, diethylcarbamazine is also 
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used prophylactically, at a dose of 300 mg orally weekly [117]. 
Treatment of patients with loiasis coexistent with lymphatic 
filariasis or onchocerciasis is discussed below.

 Onchocerciasis

Onchocerciasis, also known as “river blindness” and 
“Robles disease,” is caused by infection with the filarial 
nematode Onchocerca volvulus. Skin manifestations vary 
widely, including but not limited to rashes of different 
morphologies, lichenification, atrophy, depigmented 
patches, and subcutaneous nodules [118]. When left 
untreated about 5% of patients will develop blindness in 
the end stages of the disease. The mainstay of treatment is 
with oral ivermectin, given as a single dose of 100–200 μg/
kg on an empty stomach and repeated every 3–6 months 
until the patient is asymptomatic [119, 120]. Doxycycline 
has also emerged as a useful therapeutic agent by targeting 
Wolbachia, a endobacterial symbiont associated with 
Onchocerca volvulus [121]. Drawbacks of treatment with 
doxycycline include long course of treatment (daily treat-
ment over 4–6 weeks) and contraindication in pregnant 
patients and children of the age of 8 or less [121]. 
Rifampicin has been shown to reduce microfilariae pro-
duction in animal models, but studies in humans are lack-
ing, and existing studies do not provide a consensus on its 
efficacy [122–124]. Patients co-infected with loiasis can 
be treated with albendazole and doxycycline, due to the 
potential of serious neurological side effects from treat-
ment with ivermectin [115, 125, 126].

 Echinococcosis

Echinococcosis is caused by infection from larval 
Echinococcus species cestodes [127]. The most common 
presentation is enlargement of the liver due to hydatid cyst 
formation, usually without any changes in the overlying 
skin [4, 127]. However, several case reports have reported 
cutaneous findings. Generalized eczema has been reported 
in one case of a patient with cystic echinococcosis, which 
resolved with surgical removal of cysts and treatment with 
albendazole and praziquantel [128]. Abdominal fistulas 
from larval migration and inflammatory subcutaneous 
nodules have also been reported in two separate patients, 
both whom were treated with albendazole, resulting in 
regression of the lesions [129]. Additionally, urticaria, 
rash, and angioedema have also been reported following 
cyst removal [130]. Definitive treatment of echinococcosis 
consists of surgical removal of cysts and adjuvant chemo-
therapy with albendazole (400 mg twice daily for 28 days) 
or mebendazole (40–50 mg/kg per day, administered in 

three divided doses) [127, 131]. Care must be taken to 
avoid rupture of the cyst and release of its contents, which 
may result in allergic reactions, most severely anaphylaxis 
[127, 130].

 Enterobiasis

Enterobiasis, also known as oxyuriasis or pinworm infec-
tion, is caused by Enterobius vermicularis [67]. This infec-
tion primarily affects children and commonly presents with 
perianal itch [67]. Improvement in hygiene practices may 
prevent the oral-fecal transmission of the worm [132]. 
However, pharmacologic therapy is currently the most 
effective and definitive therapy, regarded as the primary 
treatment even without changes in hygiene practices [132]. 
Albendazole, mebendazole, or pyrantel pamoate are the 
most effective treatments, taken either as a single dose with 
reported cure rates varying from 60% to over 90%, or pref-
erably as two doses given 2 weeks apart, with cure rates 
approaching 100% [67, 133, 134].

Alternative treatment options less frequently used 
include piperazine, ivermectin, and pyrvinium (viprynium) 
embonate [67]. Single-dose piperazine has been shown to 
be effective in several studies, with cure rates ranging from 
90 to 100% [134–138]. The most common reported side 
effects include nausea and diarrhea, although urticaria and 
transient neurological effects have also been reported [132]. 
Pyrazine is contraindicated in epileptics, can be used with 
caution in patients with impaired renal function, and should 
be avoided in pregnant patients [132]. Oral ivermectin is 
not regularly used, but demonstrated a cure rate of 85% as 
single-dose treatment in one study, and 100% efficacy 
when given as two doses taken 10 days apart in another 
study [139, 140]. Pyrvinium has been shown to be effective 
as a single dose tablet or suspension with a cure rate of 
nearly 98%, and also as a double-dose (5.0 mg/kg) taken 
2 weeks apart [67, 141–143]. Pyrvinium embonate was 
well tolerated, but was associated with nausea, vomiting, 
and diarrhea in several patients [142]. Combination suspen-
sion containing piperazine hydrate and pyrvinium pamoate 
(given as a suspension of 25 mg pyrvinium and 750 mg 
piperazine per 5 mL teaspoonful, dosed at 0.5 mL/kg, max-
imum 25 mL/day) was also reported effective in signifi-
cantly reducing ova count [144].

For close contacts of the infected patient (typically 
including the patient’s family), treatment with a benz-
imidazole (mebendazole 100 mg tablet, single dose) or 
pyrantel pamoate (11 mg/kg as a single dose) is also rec-
ommended [132]. However, given that it takes 2–3 weeks 
for eggs to mature into adult worms, these medications 
are best used 2 weeks after the initial household member 
is infected [132].
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 Malaria

Malaria is a parasitic infection caused by members of the pro-
tozoan genus Plasmodium [145]. Among the many systemic 
manifestations of the disease, malaria can also present with 
nonspecific cutaneous manifestations including urticaria, 
angioedema, erythema, petechiae, and purpura [146]. 
Cutaneous features often resolve with standard antimalarial 
treatment, but some may benefit from addition of antihista-
mines such as cetirizine to hasten resolution of urticaria [146].

 Paragonimiasis

Paragonimiasis is a parasitic infection caused by flukes of 
the Paragonimus species (most commonly P. westermani), 
primarily infecting the lung [147]. Patients typically present 
with acute abdominal and pulmonary symptoms then after 
2–3 months develop a cough with sputum production, chest 
pain, dyspnea, and eosinophilia, though patients over the age 
of 50 are likelier to be asymptomatic than younger patients 
[147]. Cutaneous symptoms occur less frequently, but may 
include pruritic rash and subcutaneous nodules that may 
progress to cold abscesses, particularly likely with P. 
skrjabini infection [147–149]. The preferred therapeutic 
agent for pulmonary paragonimiasis is praziquantel, dosed at 
75 mg/kg per day in three 8-h doses for 3 days [150]. Three- 
day treatment has been shown to have a nearly 100% cure 
rate [83, 149, 151, 152]. However, some patients may require 
additional treatments with praziquantel or decortication of 
the lung [149]. Possible side effects of praziquantel include 
nausea, headache, and dizziness [149, 151]. Triclabendazole 
(dosed either as 5 mg/kg once daily for 3 days, 10 mg/kg 
twice on 1 day, or 10 mg/kg in a single dose) has also been 
shown to be effective, with one study suggesting it is better 
tolerated than praziquantel (25 mg/kg thrice daily for 3 days) 
[147, 153]. Unlike praziquantel, triclabendazole also has 
activity against fascioliasis as well [149, 154]. Patients tak-
ing triclabendazole may experience headaches, fevers, nau-
sea, and abdominal pain [154].

 Sparganosis

Sparganosis is a parasitic infection caused by tapeworms of 
the genus Spirometra. Larva migration may cause symptoms 
in various anatomical sites (particularly the eyes and brain), 
but cutaneous manifestations are the most common presenta-
tion [155]. Cutaneous sparganosis typically presents as a 
slow-growing subcutaneous nodule that may or may not be 
tender [155, 156]. Complete surgical excision of the lesions 
is considered curative, and anthelmintic medications have 
not been proven to be effective [155, 156].

 Streptocerciasis

Streptocerciasis is caused by infection with Mansonella 
streptocerca, a parasitic nematode. Most cases are asymp-
tomatic, but cutaneous manifestations may include pruritus, 
dermatitis, hypopigmented macules, and lymphadenopathy 
[82]. The absence of subcutaneous nodules is useful for dis-
tinguishing streptocerciasis from onchocerciasis, though 
otherwise the organisms and manifestations are quite similar 
[82]. Diethylcarbamazine (commonly dosed at 6 mg/kg/day 
for 12 days) has previously been used as a successful thera-
peutic option, by killing both microfilariae and adult worms 
[4, 157]. However, risk of severe systemic reactions in 
patients co-infected with onchocerciasis has limited its use 
[157–159]. Now, ivermectin is considered a first-line treat-
ment. Single-dose ivermectin 15 μg/kg has been shown to be 
effective, with pruritus and dermatitis being common adverse 
effects [157].

 Toxoplasmosis

Toxoplasmosis is caused by consumption of food or water 
containing Toxoplasma gondii cysts [83]. Infected patients 
may often be asymptomatic, patients may develop lymph-
adenopathy or a mononucleosis-type syndrome [83]. 
Congenital infection may lead to chorioretinitis and hydro-
cephalus, and infection in immunocompromised patients 
may lead to disseminated disease and encephalitis [160, 
161]. Cutaneous manifestations are rare, but reports of a 
wide variety of clinical presentations of cutaneous toxoplas-
mosis exists, most commonly diffuse maculopapular rashes 
on the trunk and extremities and urticaria [4, 162, 163]. 
Pyrimethamine (100 mg oral loading dose, followed by 
25–50 mg/day) with sulfadiazine (2–4 g/day divided 4 times 
daily) has traditionally been used as first-line treatment for 
all forms of toxoplasmosis [164]. Pyrimethamine may also 
be dosed as follows: 200 mg orally once, followed by 50 mg 
(if <60 kg) or 75 mg (if >60 kg) orally once a day [83].

Combination trimethoprim-sulfamethoxazole (5/25 mg/kg 
orally or IV every 12 h) is also comparable to pyrimethamine 
and sulfadiazine for treatment of toxoplasmic encephalitis 
and chorioretinitis, with the added benefit of being available 
in intravenous form [83, 164]. Pyrimethamine with clindamy-
cin (600 mg IV every 6 h or 450 mg orally) for toxoplasmic 
encephalitis and intra-vitreal clindamycin with dexametha-
sone for ocular toxoplasmosis have both been shown to be 
comparable to pyrimethamine with sulfadiazine [164]. One 
randomized double-blind trial found trimethoprim with sulfa-
methoxazole superior to placebo for treatment of toxoplasmic 
lymphadenopathy [164]. Treatment with pyrimethamine and/
or sulfamethoxazole requires supplementation with folate 
(10–25 mg orally once per day), as the mechanism of action 
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of these drugs involves interfering with folate metabolism 
[4, 83]. Case reports of cutaneous toxoplasmosis have docu-
mented successful treatment with sulfonamide alone, pyri-
methamine with sulfadiazine, and combination pyrimethamine 
with trimethoprim- sulfamethoxazole [162].

 Trichinellosis

Trichinellosis, also called trichinosis, is caused consumption 
of raw or undercooked meat containing nematodes belong-
ing to the Trichinella genus. Most cases present with myal-
gia, and patients may also dermatologic manifestations 
including periorbital edema, urticarial exanthem, and nailbed 
splinter hemorrhages [4, 82]. Most infections resolve on 
their own without complications, but early treatment is rec-
ommended immediately after diagnosis to reduce the inci-
dence of complications, including central nervous system, 
cardiac, or pulmonary involvement, and prevent maturation 
of larvae [165]. Treatment is usually with a benzimidazole 
plus a corticosteroid [165]. Albendazole (400 mg twice daily 
for 8–14 days) and mebendazole (200–400 mg three times 
daily for 3 days, followed by 400–500 mg three times daily 
for 10 days) are effective for treatment of children and adults, 
but are contraindicated in pregnancy [165]. Albendazole is 
often preferred as it does not require monitoring of blood 
levels, unlike treatment with mebendazole which may result 
in varying plasma levels [165]. Thiabendazole (2 doses per 
day for 2–4 successive days according to the response of the 
patient) is an alternative option. It is dosed according to 
weight. According to the manufacturer’s label, dosing of 
thiabendazole for a 50-pound child would be one tablet 
(500 mg), or 5 mL (one teaspoon), orally daily. A one- 
hundred- pound patient would receive a dose of 2 tablets 
(1 g) or 10 mL (two teaspoons). Any patient who weighs 
over 150 pounds should receive three pills by mouth (1.5 g), 
or 15 mL (three teaspoons).

One study comparing thiabendazole (45 ± 7.3 mg/kg 
daily for 6.1 ± 1.7 days) to albendazole (13 ± 2.6 mg/kg daily 
for 8 days) found similar efficacy, but albendazole was better 
tolerated [166]. Thiabendazoles are often used concomi-
tantly with corticosteroids, frequently prednisone, to allevi-
ate allergic reactions and inflammatory responses secondary 
to larval migration [4, 82].

 Trichomoniasis

Trichomoniasis is a common sexually transmitted infection 
caused by Trichomonas vaginalis [83, 167]. The majority of 
infected patients are asymptomatic. Women may present 
with dysuria, urethral discharge, and pruritus, while men 
typically have asymptomatic urethritis, occasionally balani-

tis, epididymitis, prostatitis [167, 168]. Oral single-dose 
metronidazole has long been used as standard treatment, 
with a week-long course given as a second-line option [4, 
167]. Cure rates of single-dose metronidazole from several 
studies have ranged from 77.9 to 95%, but recently, other 
nitroimidazoles have had higher reported success rates [169, 
170]. Single-dose tinidazole, ornidazole, and secnidazole 
have all been shown to have higher cure rates than metroni-
dazole in one comparative study (cure rates of 97.7, 97.7, 
80.2% respectively, compared to 77.9% for metronidazole) 
[170].

However, tinidazole, ornidazole, and secnidazole are typi-
cally at least 3–4 times the cost of metronidazole, and thus 
are used less frequently.

Another study comparing 7-day courses of metronidazole 
versus tinidazole found similar cure rates, and comparable 
side effect profiles [170, 171]. As such, use of these newer 
nitroimidazoles is falling into favor for treatment of tricho-
moniasis. Additionally, it is important to note that sexual 
partners should also be treated (single-dose tinidazole 2 g or 
metronidazole 2 g) to prevent reinfection as well [167].

 African Trypansomiasis

Trypanosomiasis manifests as two different forms: African 
trypanosomiasis caused by Trypanosoma brucei subspecies, 
and American trypanosomiasis caused by Trypanosoma cru-
zii, also known as Chagas disease [83]. Cutaneous 
 manifestations of African trypanosomiasis include a chancre 
in the first stage, distinctive urticarial, erythematous, or pete-
chial rashes in the second stage, and occasionally pruritus in 
the third stage [172, 173].

Pentamidine and suramin are effective for treatment of 
first-stage T. b. gambiense, but pentamidine is preferred due 
to more favorable adverse effect profile as compared to sura-
min [174]. Pentamidine is typically administered as intra-
muscular injections dosed at 4 mg/kg daily for 7–10 days 
[174]. Adverse effects associated with pentamidine include 
hypotension, hypoglycemia, nephrotoxicity, leukopenia, and 
rarely hepatitis, pancreatitis, and Stevens-Johnson syndrome 
[41, 174]. Preferred treatment for first-stage trypanosomiasis 
caused by T. b. rhodesiense is with suramin, which is signifi-
cantly more effective than pentamidine, with no reports of 
resistance [41, 174]. Suramin is administered intravenously 
as 20 mg/kg every 3–7 days over 4 weeks [174]. Potential 
adverse effects include nausea, anemia, neuropathy, renal 
failure, and anaphylactic shock, although the risk may be 
lowered by slow infusion at a rate under 1 g per injection 
[174]. An alternative option is nifurtimox, which has been 
shown to be effective against T. b. gambiense, but poorly 
effective against T. b. rhodesiense [174]. Nifurtimox for 
treatment of African trypanosomiasis is commonly dosed at 
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15 mg/kg/day for 60 days, but one clinical trial found that 
30 mg/kg/day for 30 days was more efficacious, but at the 
expense of significant toxicity (including neurotoxicity and 
death) [175, 176].

Second-stage disease can be treated with melarsoprol, 
eflornithine, or nifurtimox. Melarsoprol (most commonly 
dosed as approximately 2.2 mg/kg per day over a period of 
10 days) had previously been the first-line treatment for 
both subspecies of T. brucei, but is being replaced by eflor-
nithine (56 intravenous infusions at 100 mg/kg (150 mg/kg 
for children) every 6 h a day for a total of 14 days; alterna-
tively, 28 intravenous infusions at 100 mg/kg every 6 h a 
day for a total of 7 days) and combination eflornithine-
nifurtimox (three daily oral doses of nifurtimox for a total 
of 10 days and 14 infusions of eflornithine for a total of 
7 days) for treatment of T. b. gambiense due to more favor-
able safety profiles, as well as increased resistance to 
melarsoprol [174]. Melarsoprol may be highly toxic as it 
contains an arsenic group, potentially resulting in  post-
treatment reactive encephalopathy, characterized by nau-
sea, vomiting, dizziness, and even seizures [174]. Survival 
rates of  post-treatment reactive encephalopathy are near 
50%, although potential treatments include corticosteroids, 
azathioprine, eflornithine, and substance P agonists [174]. 
Eflornithine is more efficacious than melarsoprol for treat-
ment of T. b. gambiense, and more so when given in combi-
nation with nifurtimox [174, 177]. Common adverse effects 
of eflornithine include diarrhea, fever, headaches, dizzi-
ness, hypertension, peripheral neuropathy, rash, and myelo-
suppression, which are usually reversible upon decreasing 

the dose [41, 174]. Nifurtimox alone is a poorer alternative 
against T. b. gambiense (reported cure rates ranging from 
50 to 80%), with significant toxicities [174]. Combination 
melarsoprol and nifurtimox has been shown to be more 
effective than melarsoprol monotherapy for second- stage 
disease, but would benefit from further studies demonstrat-
ing its efficacy [178]. Finally, combination eflornithine and 
melarsoprol may be useful for late-stage disease involving 
the central nervous system as both drugs can pass the 
blood–brain barrier, unlike pentamidine and suramin [41].

 American Trypanosomiasis

American trypanosomiasis is often asymptomatic during 
acute infection, but may present with unilateral palpebral 
edema (Romaña’s sign), regional lymphadenopathy, an indu-
rated skin lesion, or a variety of exanthems [4, 41, 179]. 
Treatment of American trypanosomiasis with benznidazole 
or nifurtimox has been shown to be effective, though benzni-
dazole is preferred to do a more favorable side effect profile 
[179]. Benznidazole is dosed at 5 mg/kg orally daily in two 
divided doses for 60 days, with potential adverse effects 
including peripheral neuropathy, bone marrow suppression, 
and skin changes ranging from photosensitive rashes to exfo-
liative dermatitis [179]. Treatment with nifurtimox lasts 
between 90 and 120 days, and dosing with nifurtimox varies 
by age: 8–10 mg/kg orally daily in adults, 10–12.5 mg/kg 
daily in adolescents, and 15–20 mg/kg daily divided into 
four doses for children [179].
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Drug Serious side effect(s)
Number of 
reported cases Contraindications Monitoring parameters

Albendazole Hepatitis/liver injury 8 [220–226] Pregnancy CBC and LFTs prior to each 28-day treatment 
cycle, every 2 weeks during cycle, more frequently 
if liver disease

SJS 3 [227, 228] Hepatic disease Ophthalmic exam in pts. w/neurocysticercosis. 
Pregnancy test prior

Acute renal failure 1 [229]

Aplastic anemia/cytopenia 2 [222, 230]

Erythema multiforme 5 [227]

Amphotericin B Nephrotoxicity/renal failure – Severe renal impairment Baseline and frequent BUN and Cr, CBC, 
electrolytes, LFTs, PT/PTT

Seizures 1 [285] Monitor for signs of hypokalemia

Arrhythmias 7 [286–291]

Hepatotoxicity 40 [292–297]

Agranulocytosis (in patients 
treated with flucytosine 
concurrently)

1 [298]

Hemorrhagic gastroenteritis –

Anaphylaxis 7 [299–304]

Cardiac failure/
cardiotoxicity/cardiac arrest

9 [305–309] Congenital long QT syndrome BUN/Cr and glucose as baseline, throughout 
treatment, and periodically after treatment

Benznidazole Leukopenia – Pregnancy Initial CBC, electrolytes, LFTs

Thrombocytopenia – Hepatic disease CBC every 2 weeks throughout duration of 
therapy

Seizures – Renal disease

Benzyl benzoate – – –

Crotamiton – – –

Diethylcarbamazine Orchitis – CBC, BMP, UA during first 2 weeks of therapy

Epididymitis Ophthalmologic examination in patients with 
onchocerciasis or Loa loa

Lymphangitis 2 [249]

Doxycycline Vasculitis Pregnancy BUN/Cr, CBC, LFTs, UA, chest radiograph for 
prolonged treatment

Hepatitis 2 [250, 251] Age <8 ANA, LFTs if drug-induced lupus

Transaminitis 6 [252] Severe hepatic impairment

Pseudotumor cerebri 11 [253–256]

Jarisch-Herxheimer reaction 2 [257, 258]

Esophagitis 24 [259–263]

Esophageal ulcer 1 [264]

Nephrotoxicity 1 [265]

Pancreatitis 7 [266–272]

Pericarditis

Thrombocytopenia 1 [273]

Neutropenia

Hemolytic anemia

Fungal infection

Eflornithine Seizures 9 [405]; 6 
patients in study 
with nifurtimox- 
eflornithine 
combination 
[177]

– CBC at baseline, twice weekly, and posttreatment

Ivermectin Hepatitis 2 [180, 181] Breastfeeding –

Leukopenia/anemia Hepatic disease

SJS/TEN Renal disease

Severe neurologic disease 
(e.g., coma) in patients with 
onchocerciasis

Children <5 of age or weight 
<15 kg

Seizures Co-infection with 
onchocerciasis

(continued)
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Drug Serious side effect(s)
Number of 
reported cases Contraindications Monitoring parameters

Lindane Seizures, hypoxemia 1 [182] Premature neonates

Aplastic anemia/
pancytopenia

6 [183–188] History of uncontrolled 
seizures

Malathion Second-degree burn Neonates –

Mebendazole Seizures 1 [231] – CBC prior to each cycle and every 2 weeks if 
current hepatic disease

Neutropenia 2 [232, 233] LFTs prior to each treatment cycle

Hepatitis 2 [234, 235] Screen at baseline for retinal lesions if 
neurocysticercosis infection

Agranulocytosis 2 [236]

Marrow aplasia 1 [237]

Angioedema 1 [238]

Meglumine 
antimoniate

Arrhythmia 3 [278–280] – CBC, LFTs, amylase, lipase, renal function tests 
prior to treatment and weekly during treatment

Hepatotoxicity 2 [281] ECG twice weekly starting 3rd week of treatment

Pancreatitis 12 [281]

Pancytopenia 1 [281]

Nephrotoxicity 19 [277, 
281–284]

Melarsoprol Hepatitis G6PD CSF evaluation prior to and during treatment 
(leukocyte count, protein content, presence of 
trypanosomes)

Myocardial damage/heart 
failure/arrhythmia

During influenza epidemic 
(risk of RAE)

Continuous CSF evaluation every 6 months for at 
least 3 years after treatment

Reactive arsenical 
encephalopathy (RAE)

118 [399–403] 
(Haller: 38/588 
patients [403]; 
Kuepfer: 9/78 
patients [404])

Renal failure

Hyperhemolytic reaction in 
patients with G6PD 
deficiency

Jarisch-Herxheimer-type 
reaction

Hypertension

Blood dyscrasias (e.g., 
agranulocytosis, aplastic 
anemia)

Hemorrhagic 
encephalopathy

Metronidazole Disulfiram-like reaction 1st trimester pregnancy Baseline Cr and CBC + diff; CBC + diff after 
treatment

SJS/TEN (risk higher with 
concomitant mebendazole 
use, odds ratio of 9.5 in a 
study with 46 SJS/TEN 
patients, 92 controls [195])

5 [190–194] Closely monitor INR if on warfarin

Encephalopathy 17 [196–211]

Aseptic meningitis 3 [212–214]

Cerebellar dysfunction 48 [215]

AMS 21 [215]

Seizures 9 [215, 216]

Leukopenia 17 [217–219]

Miltefosine SJS Pregnancy Baseline pregnancy test

Agranulocytosis Sjogren-Larsson syndrome BUN/Cr every 4 weeks during and 4 weeks after 
tx

Platelet count if used for visceral leishmaniasis

Monosulfram Disulfiram-like reaction 1 [189] – –

Nifurtimox Peripheral neuropathy 6/53 patients 
[406]

Pregnancy
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Drug Serious side effect(s)
Number of 
reported cases Contraindications Monitoring parameters

Angioedema 1/81 patients 
[407]

Advanced cardiac progression

Acute myocarditis 1/81 patients 
[407]

Hepatic impairment

Anaphylaxis 1/81 patients 
[407]

Renal impairment

Ornidazole Seizure – –

Hepatic impairment 12 [244–246]

Paromomycin sulfate Nephrotoxicity 4 [408] GI obstruction Bun/Cr and eighth nerve function frequently in 
patients with suspected renal impairment

Transaminitis/
hepatotoxicity

41 [408] Pregnancy

Ototoxicity 7 [408]

Neurotoxicity –

Neuromuscular blockade –

Pentamidine Hypoglycemia/
hyperglycemia/diabetes

64 [309–314] Uncorrected electrolyte 
abnormalities

Ca, CBC, platelets, LFTs, ECG at baseline, 
periodically during treatment, and after treatment

Pancreatitis 13 [309, 312, 
314–321]

BP during administration, repeat until stable

Renal failure/nephrotoxicity 58 [310, 
322–324]

Hypotension 64/82 (78%) IM, 
44/66 (67%) IV 
group [325]

64/82 (78%) IM, 44/66 (67%) 
IV group

Ventricular tachycardia/
torsades de pointes

4 [326–328]

SJS 2 [329, 330]

Hepatitis 1 [331]

Anaphylaxis 2 [332]

Permethrin Seizures – –

Piperazine Hemolytic anemia Seizure disorders –

Seizures Hepatic impairment

Renal impairment

Praziquantel Hepatitis Ocular cysticercosis 
(hypersensitivity/CSF reaction 
syndrome), ocular 
schistosomiasis, seizure hx, 
CNS lesions

ECG if history of arrhythmia, LFTs, culture urine 
or feces for ova prior to initiating therapy

Polyserositis 1 [247] Monitor for seizures

Jarisch-Herxheimer reaction

Seizures 1 [248]

AV block

Cardiac arrhythmias

Pyrantel pamoate – Hepatic impairment Serum AST and ALT

Pyrimethamine SJS/TEN 2 [333, 334] Megaloblastic anemia CBC and platelets twice weekly if high-dose tx for 
toxoplasmosis

Anaphylaxis

Pancytopenia 4 [335–338]

Seizures 2 [339]

Secnidazole Transient cytopenias – Closely monitor INR if on warfarin

Seizures

QT interval prolongation

Sodium 
stibogluconate

Pancreatitis Severe renal impairment Lipase and amylase twice weekly

Venous thrombosis ECG during injection

Anaphylaxis Consider CBC, BMP, LFT in high-risk patients

ECG changes [274] ECG and BMP (for potassium monitoring) at least 
once per week in pts. >40 of age or with cardiac 
conditions

(continued)
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Drug Serious side effect(s)
Number of 
reported cases Contraindications Monitoring parameters

Hepatotoxicity 10 [275–277]

Sulfadiazine SJS/TEN 1 [227] Pregnancy Frequent CBC, UA

Anaphylaxis 2 [340, 341] Children <2 except for tx of 
congenital toxoplasmosis

Serum drug levels if serious infection

Hemolytic anemia 3 [342–344] Nursing mothers

Hepatitis 2 [345, 346]

Acute renal failure 10 [8, 347–353]

C. difficile-associated 
diarrhea

2 [354, 355]

Lupus erythematosus 1 [356]

Methemoglobinemia 4 [357, 358]

Kernicterus (in neonates)

Sulfur Sulfanamide 
hypersensitivity

– –

SJS/TEN

Suramin Severe hypotension/shock 3 [395, 396] Hepatic function impairment Regular CBC, Cr

Seizures Impaired renal function UA prior to administration of each dose

Arrhythmias

Renal failure 1 [397]

Optic atrophy 6 [398]

Thiabendazole Seizures 1 [239] –

SJS/TEN 4 [240, 241]

Hepatotoxicity/hepatitis 1 [242]

Leukopenia

Nephrotoxicity

Tinidazole Seizures Pregnancy 1st trimester Baseline Cr, WBC + diff if retreatment

Thrombocytopenia 1 [243] Breastfeeding Closely monitor INR if on warfarin

SJS/TEN Hepatic impairment

Angioedema Blood dyscrasia

Bronchospasm CNS disorder

Erythema multiforme

Leukopenia/neutropenia

TMP-SMX SJS/TEN 3 [359–361] Megaloblastic anemia/folate 
deficiency

BUN/Cr, UA baseline and periodically

Hepatic necrosis/liver 
failure

5 [362–366] Pregnancy Frequent CBCs

Agranulocytosis 18 [367–369] Nursing mothers K if renal impairment or on ACE inhibitor

Aplastic anemia 1 [370] Patients age <2 months

Pancreatitis 8 [363, 366, 
371–376]

Significant hepatic damage

Renal failure/
nephrotoxicity/AIN

37 [377–380] Severe renal dysfunction 
without renal function 
monitoring

Methemoglobinemia 4 [381–384] History of thrombocytopenia

Aseptic meningitis 42 [368, 385] G6PD deficiency

Seizures

Lupus erythematosus 2 [386, 387]

C. difficile-associated 
diarrhea

2 [388]

Rhabdomyolysis 6 [389–394]

Kernicterus (in neonates)

Triclabendazole – – –
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Case Report

A 38-year-old homeless male presents to clinic with intensely 
pruritic lesions predominantly on his hands, wrists, and 
elbows bilaterally. He also has some lesions on the groin and 
axillae, with sparse lesions elsewhere.

Past Medical History
• None

Social History
• 10-year history of homelessness
• Sleeps in shelters, occasionally on the street

Previous Therapies
• Vaseline

Physical Exam
• Numerous excoriations are present, as well as several ery-

thematous crusted burrows
• Some lesions are arranged in a linear distribution along 

the flexor aspect of the bilateral wrists
• Similar lesions are also present in several of the interdigi-

tal web spaces

Management
Scabies was confirmed by positive skin scraping for mites. 
The patient was treated with 12 mg (200 μg/mg) single-dose 
oral ivermectin on day 0, with repeat dosing on day 5. 
Follow-up 2 weeks after treatment showed significant 
improvement with near resolution of all lesions and decreased 
surrounding erythema.
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Systemic Therapies for Scarring 
and Non-scarring Alopecia

Carolyn Goh

 Introduction

Primary scarring (cicatricial) and non-scarring alopecia 
comprise a diverse group of diseases that range from very 
common, such as androgenetic alopecia, to very rare, most 
of the scarring alopecias. The non-scarring alopecias tend to 
be asymptomatic, without pruritus or pain, while the scar-
ring alopecias are often characterized by intense pruritus 
and/or pain. Regardless of symptoms, both scarring and 
non- scarring alopecias can have profound psychological 
effects on those experiencing the hair loss. One source of 
particular frustration for patients with alopecia and their 
physicians is the difficulty in treating these disorders. The 
presence, type (lymphocytic, neutrophilic, mixed), and 
location (peri- infundibular vs. peri-bulbar) of inflammation 
vary in each type of alopecia, dictating the treatment 
approach. As with other dermatologic conditions, topical or 
intralesional treatment is preferred due to safety, but may 
not be sufficient. Topical and intralesional therapy with cor-
ticosteroids is a mainstay for treating inflammatory alope-
cias (e.g., alopecia areata, chronic cutaneous lupus 
erythematosus, lichen planopilaris). Topical minoxidil is an 
effective hair growth- promoting therapy for androgenetic 
alopecia and may be helpful for other types of hair loss, 
including scarring alopecia in which it may help maintain 
the existing hair. Low-level laser therapy may be helpful, 
both targeting the hair growth cycle as well as reducing 

inflammation [1]. Platelet-rich plasma therapy has been 
 rising in its popularity, but there is limited evidence to 
 support its use at this time [2, 3].

Systemic therapies, when necessary, can have benefit in 
treating scarring and non-scarring alopecia, but generally 
have limited evidence. They are recommended based on 
our understanding of the pathophysiology of the particular 
disease being treated and case reports, case series, or expert 
recommendations. Likewise, no systemic treatments are 
FDA approved for hair loss except for finasteride for the 
treatment of androgenetic alopecia in men. See Fig. 43.1 
for an algorithm for when to use systemic therapies in hair 
loss patients.

 Scarring Alopecia

Primary scarring alopecia is subdivided based on the type 
of inflammatory infiltrate that predominates on histopathol-
ogy: lymphocytic, neutrophilic, or mixed. See Table 43.1 
for a list of scarring alopecias. The inflammation typically 
is peri- infundibular, but can extend more deeply in some 
variants. Treatment is similar within each subtype, but also 
overlaps; for example, oral antibiotics can be used for some 
types of lymphocytic scarring alopecias in addition to those 
in the neutrophilic group (Table 43.2). Most of the time, 
systemic therapy should be combined with topical or intra-
lesional corticosteroids or topical calcineurin inhibitors. 
Adding anti- inflammatory shampoos such as ketoconazole 
2% shampoo, zinc pyrithione shampoo, chlorhexidine 4% 
cleanser, or betadine surgical scrub may be useful adjuncts 
as well. There are some over the counter shampoos with 
small amounts of sodium hypochlorite, and these may be 
useful as well.

Systemic therapy should be considered early in the 
course, but may be deferred based on patient preference and 
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extent of disease symptoms. Lichen planopilaris and frontal 
fibrosing alopecia are slowly progressive, and many patients 
may remain stable over years without treatment, with epi-
sodes of worsening, then stabilize once more, making it dif-
ficult for some patients to accept the potential risks of 
systemic therapy. If symptoms or hair loss is persistent or 
progressive, however, systemic therapy should be given 
stronger consideration.

The goals of treatment for primary scarring alopecia are 
to reduce or halt progression of hair loss, control any symp-
toms (burning, pruritus, tenderness), and reduce or eliminate 
clinical signs of inflammation (erythema, scale) [4]. Of these 
goals, it is common to control symptoms, but complete 
 elimination of clinical signs of inflammation is rare. Slowing 
progression of hair loss is difficult to achieve and to confirm, 
but serial photography can be helpful to determine a treat-
ment’s effectiveness.

The effects of treatment may take 6 months or more to 
appreciate, and disease may resume or flare upon discontinu-
ation of systemic and/or topical therapy. The effectiveness of 
maintenance therapy with topical and intralesional cortico-
steroids or topical calcineurin inhibitors has not been estab-
lished [4].

CC: hair loss

History and physical exam

Scarring Unsure
Non-scarring

Pt declines
biopsy and/or
systemic rx  

Biopsy AGA AA

Topical/
intralesional rx

Lymphocytic Neutrophilic Mixed Offer
systemic rx

unless
contra-

indicated 

<50%
Topical/

intralesional
rx

>50%, rapidly
progressing,
pt preference

Consider
systemic rx  

Systemic rx
unless
minimal

symptoms 

Systemic rx Topical/intralesional
rx

If not responding,
then systemic rx

Fig. 43.1 Algorithm for diagnosis and treatment of scarring and non-scarring alopecia

Table 43.1 North American Hair Research Society (NAHRS) work-
ing classification of primary cicatricial (scarring) alopecia

Lymphocytic

  Chronic cutaneous lupus erythematosus

  Lichen planopilaris

   Classic lichen planopilaris

   Frontal fibrosing alopecia

   Graham-Little syndrome

  Classic pseudopelade (Brocq)

  Central centrifugal cicatricial alopecia

  Alopecia mucinosa

  Keratosis follicularis spinulosa decalvans

Neutrophilic

  Folliculitis decalvans

  Dissecting cellulitis/folliculitis

Mixed

  Folliculitis (acne) keloidalis

  Folliculitis (acne) necrotica

  Erosive pustular dermatosis

Nonspecific

  Defined as an idiopathic scarring alopecia with inconclusive 
clinical and histopathologic findings

  May include the end stage of a variety of inflammatory cicatricial 
alopecias

C. Goh



497

Ta
b

le
 4

3
.2

 
Su

m
m

ar
y 

of
 s

ys
te

m
ic

 th
er

ap
ie

s 
fo

r 
sc

ar
ri

ng
 a

nd
 n

on
-s

ca
rr

in
g 

al
op

ec
ia

s

D
L

E
L

PP
FF

A
G

ra
ha

m
- 

L
itt

le
Ps

eu
do

pe
la

de
C

C
C

A
A

lo
pe

ci
a 

m
uc

in
os

a
K

FS
D

Fo
lli

cu
lit

is
 

de
ca

lv
an

s
D

is
se

ct
in

g 
ce

llu
lit

is
Fo

lli
cu

lit
is

 
ke

lo
id

al
is

Fo
lli

cu
lit

is
 

ne
cr

ot
ic

a
E

PD
A

G
A

A
lo

pe
ci

a 
ar

ea
ta

H
yd

ro
xy

ch
lo

ro
qu

in
e

X
X

X
+

/−
+

/−
+

/−
+

/−
−

Pr
ed

ni
so

ne
+

+
−

+
/−

+
+

+
X

X

M
yc

op
he

no
la

te
 m

of
et

il
+

+
+

+
/−

+
/−

−
C

yc
lo

sp
or

in
e

+
X

−
+

/−
+

/−
+

/−
+

M
et

ho
tr

ex
at

e
+

+
/−

+
/−

+

A
za

th
io

pr
in

e
+

+
/−

+

R
et

in
oi

ds
+

+
/−

+
/−

+
/−

+
/−

+
/−

X
+

+
+

+
+

/−
D

ap
so

ne
+

+
/−

+
+

+
+

+
+

/−
O

th
er

 b
io

lo
gi

cs
+

−
+

/−
A

ba
ta

ce
pt

+
/−

+
/−

T
ha

lid
om

id
e

+
+

/−
Te

tr
ac

yc
lin

es
X

X
+

/−
X

+
/−

+
X

X
X

X
+

/−
Pi

og
lit

az
on

e
+

+
/−

T
N

F-
al

ph
a 

in
hi

bi
to

rs
−

+
/−

+
/−

+
−

5-
al

ph
a 

re
du

ct
as

e 
in

hi
bi

to
rs

X
X

O
th

er
 a

nt
ib

io
tic

s
X

X
+

+
+

/−
Z

in
c 

su
lf

at
e

+
+

+
/−

A
nt

ia
nd

ro
ge

ns
X

Su
lf

as
al

az
in

e
+

Si
m

va
st

at
in

-e
ze

tim
ib

e
+

/−
JA

K
 in

hi
bi

to
rs

+

D
L

E
 d

is
co

id
 l

up
us

 e
ry

th
em

at
os

us
, L

P
P

 l
ic

he
n 

pl
an

op
ila

ri
s,

 F
FA

 f
ro

nt
al

 fi
br

os
in

g 
al

op
ec

ia
, C

C
C

A
 c

en
tr

al
 c

en
tr

if
ug

al
 c

ic
at

ri
ci

al
 a

lo
pe

ci
a,

 K
F

SD
 k

er
at

os
is

 f
ol

lic
ul

ar
is

 s
pi

nu
lo

sa
 d

ec
al

va
ns

, E
P

D
 

er
os

iv
e 

pu
st

ul
ar

 d
er

m
at

os
is

, A
G

A
 a

nd
ro

ge
ne

tic
 a

lo
pe

ci
a

X
 =

 fi
rs

t-
lin

e 
sy

st
em

ic
 th

er
ap

y,
 +

 =
 la

rg
el

y 
po

si
tiv

e 
re

su
lts

 to
 s

up
po

rt
 u

se
, +

/−
 =

 m
ix

ed
 r

es
ul

ts
 o

r 
lim

ite
d 

ev
id

en
ce

, −
 =

 la
rg

el
y 

ne
ga

tiv
e 

re
su

lts

43 Systemic Therapies for Scarring and Non-scarring Alopecia



498

 Lymphocytic Scarring Alopecia

Scarring alopecias with lymphocyte predominant inflamma-
tion include discoid lupus erythematosus, lichen planopilaris 
and its variants including frontal fibrosing alopecia, pseudo-
pelade of Brocq (Brocq’s alopecia), central centrifugal cica-
tricial alopecia, alopecia mucinosa, and keratosis follicularis 
spinulosa decalvans.

 Discoid Lupus Erythematosus
Discoid lupus erythematosus (DLE) of the scalp has a female 
predominance and typically occurs between the ages of 20 
and 60 [5]. Lesions are often pruritic and/or tender. Patients 
often do not have discoid lesions or other types of chronic 
cutaneous lupus elsewhere on the body, but approximately 
14–27% of patients with DLE have extracutaneous signs of 
disease or will develop systemic lupus erythematosus in the 
future [6, 7]. Therefore, screening for SLE is important. If 
treated early in the disease process, the alopecia associated 
with discoid lupus may be reversible. Early systemic treat-
ment with hydroxychloroquine and possibly of prednisone 
for patients with one or more American College of 
Rheumatology (ACR) criteria for SLE, including discoid 
lupus or alopecia, but less than the four required for diagnosis 
of SLE, has been associated with delayed onset of SLE [8]. It 
is unknown if treatment with other systemic agents would 
have a similar effect or if early treatment prevents develop-
ment of SLE. Nonetheless, it may be beneficial to implement 
systemic therapy in DLE earlier in the treatment course than 
one might consider for a different scarring alopecia.

First-line systemic therapy for DLE of the scalp is 
hydroxychloroquine (HCQ). HCQ is an antimalarial drug 
with immunomodulatory properties. There is a wealth of 
data supporting its use in SLE. In addition to delaying onset 
of SLE in patients with DLE, HCQ has been shown to reduce 
or postpone scarring associated with DLE [9]. HCQ is typi-
cally started at 200 mg daily for 1 week and then can be 
increased up to 400 mg daily as tolerated. Common adverse 
effects include gastrointestinal (GI) intolerance, including 
nausea, vomiting, and diarrhea, and cutaneous reactions 
including a blue-gray to black hyperpigmentation and a vari-
ety of eruptions including urticarial, morbilliform, eczema-
tous, and lichenoid types [10]. Hemolysis in patients with 
G6PD deficiency is possible, but not likely in the typical 
dose range used for DLE. Leukopenia, anemia, pancytope-
nia, and elevated transaminases are uncommon, but possible. 
Ophthalmologic toxicity with HCQ tends to be of great con-
cern to patients and physicians. While corneal deposits and 
neuromuscular eye toxicity are reversible, retinopathy is irre-
versible, but does not progress if detected early. Recent data 
suggest the dose should be limited to 5 mg/kg actual weight 
daily to reduce the risk of retinopathy [11]. Baseline eye 
examination with automated visual fields and spectral- domain 

optical coherence tomography is recommended within the 
first year of use with annual screening recommended after 5 
years of exposure unless a patient is at high risk. The major 
risk factors are dose and duration, underlying maculopathy, 
renal disease, and tamoxifen use [11].

The new recommendations for dosing mean that many 
patients may be overdosed at 400 mg daily [12]. However, 
HCQ doses accumulate, so, for example, for a 55 kg patient, 
the daily dose should average 275 mg daily. Tablets are sup-
plied in 200 mg, so taking one tablet daily and two tablets 
alternating every 2–3 days averages 275 mg daily. It is not 
clear, however, that this dosing would be effective for the 
uses discussed in this chapter.

If no benefit is seen within 3 months, adding quinacrine 
100 mg daily is recommended [4]. This does not increase 
risk of ocular toxicity. Quinacrine, however, is not commer-
cially available in the USA, but it can be ordered through 
some compounding pharmacies. Approximately 50% of 
patients respond to HCQ, but 20% of those may become less 
responsive over 2 years of continued use [13].

Low-dose prednisone of 10–20 mg daily (≤1 mg/kg/day) 
tapered over 6–8 weeks can be effective for active disease [4]. 
Oral retinoids including isotretinoin (40–80 daily) or acitretin 
(up to 50 mg daily) can be helpful, although adverse effects 
include telogen effluvium. Acitretin 50 mg daily was shown to 
be as effective as HCQ in a randomized controlled trial, but had 
significantly more adverse effects [14]. Dapsone (50–100 mg 
daily), thalidomide (50–100 mg daily), and methotrexate have 
shown some efficacy. Azathioprine and cyclosporine are used 
less commonly, but may be effective in refractory cases. 
Interestingly, ustekinumab and apremilast have been reported 
to be effective in a few cases of DLE [15–17].

 Lichen Planopilaris
Lichen planopilaris (LPP) typically presents as multifocal 
patches of scarring alopecia on the scalp with mild to moder-
ate perifollicular erythema and scale, typically on the periph-
ery of the patches. It may be pruritic, tender, or asymptomatic. 
LPP is most common in Caucasian women in their 50s, but 
men and women of all ages can be affected [18, 19]. 
Cutaneous and/or oral lichen planus may be present and, in 
one series, was seen in as many as 50% of patients, though 
often after the onset of LPP [4, 18, 20].

Treatment of LPP is challenging, with partial response 
typical, and spontaneous improvement possible, making it 
difficult to assess whether our treatments are truly effective 
[4]. Symptoms of pruritus and pain may be improved with 
topical and intralesional treatments, but systemic medica-
tions may be required for better control [18, 20–22]. Hair 
loss tends to be progressive, though may be slow at times. 
Progression or lack thereof can be difficult to assess accu-
rately, even by experts [23]. Nonetheless, data is available 
regarding the effectiveness of various treatment modalities.
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Overall, case series have reported 228 patients treated for 
LPP with topical and/or systemic medications [24]. It is dif-
ficult to compare these studies as the methodology and 
 endpoints differ, but it is possible to generalize the results 
into groups of “good response, partial response, and no 
response.”

Of the systemic medications, tetracycline antibiotics or 
HCQ is generally considered first-line. While many practi-
tioners may skip the tetracyclines in favor of HCQ, the safety 
profile and lack of laboratory monitoring keeps tetracyclines 
near the top of the list. At least a partial response, defined as 
improvement of signs and symptoms of disease including 
stabilization of hair loss, was reported in 54% of patients 
(n = 28) [24]. Tetracycline 500 mg twice daily and doxycy-
cline hyclate 100 mg twice daily have been reported, and 
doxycycline was found to be similar in efficacy to HCQ [18, 
19]. This author has also seen response to treatment with 
minocycline 100 mg once to twice daily. The mechanism of 
action is thought to be due to the anti-inflammatory benefits 
of the tetracycline antibiotics [25, 26]. Due to concerns for 
antibiotic resistance, it is recommended to limit use to 6 
months, if possible [27]. Tapering the dose gradually is rec-
ommended to reduce risk for flares.

There are more reports of HCQ use in LPP than tetracy-
clines (n = 71), but the overall percentage of patients with 
either good or partial response was 53%, comparable to the 
tetracycline antibiotics [24]. However, Chiang et al. [28] 
measured response using the Lichen Planopilaris Activity 
Index (LPPAI), which calculates a score based on symptoms, 
clinical signs of inflammation, anagen hair pull test, and 
observed spreading of the condition, and found a significant 
reduction in the scores in 69% of patients after 6 months of 
treatment with HCQ and 83% of patients after 12 months 
(n = 40). Dosing is the same as for DLE, ranging from 200 to 
400 mg daily.

Cyclosporine at doses of 3–5 mg/kg/day has been reported 
in 21 patients in the literature with at least a partial response 
in 83% of patients [24]. Maximum response was reported at 
3–5 months, and treatment was discontinued when clinical 
response was achieved. Recurrence was common after dis-
continuation of the medication. However, some were able to 
sustain their response for more than 1 year [29].

Systemic corticosteroids may also be helpful in the short 
term [20]. Oral prednisone (30–40 mg/day (0.5 mg/kg/day)) 
tapered slowly over 3–4 months resulted in improvement in 
82% of patients (n = 9/11) and in 77% of all those reported 
(n = 13/17) [20, 24]. Relapse occurred in most patients 
within 1 year of discontinuing oral prednisone. As in other 
conditions, transitioning to a safer long-term treatment, 
whether systemic or topical, is prudent when using predni-
sone or cyclosporine.

Pioglitazone is a peroxisome-proliferator gamma agonist 
(PPAR-gamma) typically used for type 2 diabetes mellitus. 

It has been shown that PPAR-gamma is downregulated in 
patients with LPP [30]. Pioglitazone has been reported to be 
successful in treating LPP at doses of 15–30 mg daily with 
the 30 mg dose appearing to be more effective [31–34]. 
Adverse effects include lower extremity edema, exacerba-
tion of congestive heart failure, and long-term increased risk 
of bladder cancer. As with other treatments, improvement 
may not be long-lasting upon discontinuation of the drug.

Mycophenolate mofetil (MMF) use also has been 
reported in 33 patients with LPP with 48% having at least a 
partial response [24, 35]. This is similar to HCQ and tetra-
cyclines. Acitretin has also been used at a dose of 25 mg 
daily with improvement seen in two out of seven patients 
reported [19, 24]. Griseofulvin has been tried with improve-
ment noted in 5 out of 12 reports (42%) and thalidomide 
(100–200 mg/day) in 1 out of 5 reports (20%) [20, 24, 36, 
37]. Data is limited with methotrexate and other immuno-
suppressants. Rituximab was effective in one case report 
[38]. Adalimumab was effective in one patient, but gener-
ally TNF-alpha inhibitors have been associated with onset 
of LPP and other forms of lichen planus, and ustekinumab 
was ineffective in one case [39–42].

 Frontal Fibrosing Alopecia
Frontal fibrosing alopecia (FFA) is considered a variant of 
LPP and presents with gradual recession of the frontal hair-
line with or without eyebrow loss (50–95% of cases) [4]. 
Eyelash and body hair loss may also occur, as well as hair 
loss along the temporal and/or occipital hairline. LPP on the 
crown or other areas of the scalp may also occur. 
Postmenopausal women are most commonly affected, but 
younger women account for 15% of cases and men may also 
be affected [4]. Treatment is largely the same as with LPP 
with the exception of 5-alpha reductase inhibitors, finaste-
ride and dutasteride, in women. It is not known how these 
work in men with FFA.

Treatments for FFA may have different effectiveness as 
compared to LPP, possibly related to differences in signs and 
symptoms of disease and/or pathophysiology [24]. Systemic 
corticosteroids and cyclosporine do not appear to be benefi-
cial, even in the short term, for FFA [43–46]. The tetracy-
cline antibiotics have been used on occasion with some 
success [45, 47, 48]. HCQ with or without chloroquine does 
appear to result in at least partial response or stabilization in 
the majority of patients and MMF in less than half of patients 
[28, 43, 49, 50]. There is minimal data published regarding 
the use of pioglitazone, acitretin, methotrexate, azathioprine, 
and interferon alfa-2b in FFA; most are negative results or no 
result as of yet [48, 50].

Finasteride and dutasteride, which inhibit the conversion of 
testosterone to dihydrotestosterone through 5-alpha reductase, 
appear to be the most beneficial for FFA with 90% of reported 
cases resulting in at least partial response [24, 48, 50]. 
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In women with FFA, finasteride is typically used at a dose of 
2.5 mg daily and dutasteride can be given with a loading dose 
of 0.5 mg daily for 1 week, then once weekly as its half-life is 
5 weeks. The role of androgens in FFA has not been eluci-
dated, but the effectiveness of these drugs implicates andro-
gens in the pathophysiology of the disease. Hormone 
replacement therapy, however, has not been effective [43]. It 
is important to note that there is no clear safety data regard-
ing the use of 5-alpha reductase inhibitors in women and 
there is no FDA-approved indication in women. Women of 
childbearing age should be counseled extensively regarding 
the risk for abnormal development in male fetuses should 
they become pregnant; pregnancy testing and use of effec-
tive contraception are recommended. Review of published 
data regarding the use of these drugs in women indicates 
incomplete reporting of adverse effects, but among those 
reported were decreased libido, breast swelling and tender-
ness, irregular menstruation, headache, and gastrointestinal  
discomfort [51, 52]. Dizziness and depression have also been 
reported.

There is a theoretical concern regarding relative estrogen 
excess leading to increased risk for breast cancer in men and 
women taking 5-alpha reductase inhibitors. The inhibition of 
DHT production can lead to increased testosterone levels, 
which are converted to estradiol by aromatase. However, one 
study has suggested that finasteride may actually be protec-
tive against some types of breast cancer by inhibiting the 
production of 5-alpha dihydroprogesterone, which acts as a 
cancer promoter [53]. Furthermore, although some literature 
has suggested an increased risk of breast cancer in men tak-
ing finasteride or dutasteride, case-control studies in the UK 
and the USA have shown no increased risk of breast cancer 
in men who have taken either drug, even with cumulative 
exposure [54, 55].

 Graham-Little Syndrome
Graham-Little syndrome is also considered a variant of LPP 
in which non-scarring alopecia of the axillae and pubic hair 
and follicular papules on the trunk and extremities accom-
pany LPP on the scalp [4]. Like LPP and FFA, it is more 
common in women [56, 57]. There is less data regarding its 
treatment, but it is typically treated similarly to LPP with 
some response reported with HCQ in combination with dox-
ycycline, cyclosporine, systemic corticosteroids, and reti-
noids [58, 59].

 Pseudopelade of Brocq
Pseudopelade of Brocq or Brocq’s alopecia is a controversial 
diagnosis, but classified as a lymphocytic primary scarring 
alopecia. It may represent end-stage lichen planopilaris or 
other scarring alopecias, but is still treated as a separate 
entity by some practitioners [4]. It presents with discrete 
patches of scarring alopecia without follicular  hyperkeratosis 

or inflammation and is chronic and slowly progressive. 
Treatment is similar to LPP, but given the rarity of true pseu-
dopelade, the effectiveness of these treatment regimens has 
not been established. Prednisone 0.5 mg/kg slowly tapered 
over 2 months may be initiated for actively progressing dis-
ease; transitioning to HCQ 200–400 mg daily is considered 
first-line systemic treatment [60]. Response to HCQ, mean-
ing halting of hair loss, can be seen in the first 3–6 months; if 
helpful, then the same dose should be continued for 
9–12 months, then tapered gradually over the next 
6–12 months. Alternative therapies include isotretinoin 
1 mg/kg/day for 6–12 months and MMF 1 g twice daily for 
3–6 months followed by gradual tapering by 500 mg daily 
every 2–3 months [60].

 Central Centrifugal Cicatricial Alopecia
Central centrifugal cicatricial alopecia (CCCA) is a common 
form of primary cicatricial alopecia with a prevalence of 
3–6% in women of African descent [61–63]. While harsh 
hair care practices have been associated with CCCA, this 
association has been found to be inconsistent; thus, the etiol-
ogy is unknown [61, 64, 65]. Systemic therapy is typically 
not necessary to control symptoms, which can include pruri-
tus or tenderness, but when needed, tetracycline antibiotics 
typically are helpful. Improvement may be seen within 
2–6 months, after which the dose can be tapered. HCQ, 
MMF, and cyclosporine have been used as well [4, 66].

 Alopecia Mucinosa
Alopecia mucinosa can be considered as follicular mucinosis 
with associated alopecia. It is typically non-scarring and 
reversible, presenting as follicular papules and/or indurated 
plaques most often on the head and neck, but can rarely 
result in scarring. It is characterized histologically by mucin 
deposition in the follicular epithelium and may be associated 
with mycosis fungoides. No specific therapy has been identi-
fied as consistently effective for primary alopecia mucinosa. 
Topical, intralesional and systemic corticosteroids, dapsone, 
antimalarials, isotretinoin, indomethacin, minocycline, and 
interferon can be tried [4, 67, 68].

 Keratosis Follicularis Spinulosa Decalvans
Keratosis follicularis spinulosa decalvans is a rare genetic 
form of scarring alopecia on the spectrum of keratosis pilaris 
atrophicans. It typically begins in childhood with keratosis 
pilaris on the face, trunk, and extremities followed by cicatri-
cial alopecia on the scalp, eyebrows, and eyelashes. Systemic 
treatment has been reported with etretinate, isotretinoin, oral 
antibiotics, and dapsone [4].

In summary, lymphocytic primary scarring alopecias gen-
erally can be treated with tetracycline antibiotics, HCQ, or 
immunosuppressant medications including systemic cortico-
steroids, cyclosporine, and MMF. Retinoids may have some 
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benefit. Novel treatments for some conditions include piogli-
tazone for LPP and its variants and 5-alpha reductase inhibi-
tors for FFA. Treatment response can be seen typically 
between 6 and 12 months, and gradual taper may result in 
sustained remission after discontinuation of oral therapy.

 Neutrophilic Scarring Alopecia

Neutrophil predominant inflammatory primary scarring alo-
pecia includes folliculitis decalvans and dissecting cellulitis 
of the scalp (perifolliculitis capitis abscedens et suffodiens). 
Treatment for both conditions start with oral antibiotics, but 
isotretinoin and TNF-alpha inhibitors have been used with 
success.

 Folliculitis Decalvans
Folliculitis decalvans occurs primarily in young and middle- 
aged adults with a slight predominance in men [69]. It tends 
to involve the vertex and occipital areas of the scalp with 
erythematous papules and pustules that can become quite 
pruritic and/or tender. Most of the time, Staphylococcus 
aureus can be isolated from these pustules. For that reason, 
oral antibiotics are considered first-line treatment. 
Tetracycline, doxycycline, minocycline, erythromycin, clar-
ithromycin, ciprofloxacin, trimethoprim-sulfamethoxazole, 
dicloxacillin, cephalexin, and clindamycin alone or in com-
bination with rifampin can be used generally with good suc-
cess, but relapse is commonly seen after discontinuation 
[70]. Gradual tapering of the antibiotics over the course of 
many months may help prolong remission [71]. See 
Table 43.3 for a list of common regimens and recommended 
dosing.

Any of the antibiotics could be considered first-line, 
though clindamycin 300 mg twice daily in combination with 
rifampin 300 mg twice daily for 10 weeks is a classic regi-
men [72, 73]. Tetracycline 500 mg twice daily, doxycycline 
100 mg twice daily, and minocycline 100 mg twice daily are 

commonly used as well and have led to sustained remission 
in some patients, but the course may be required to extend 
several years, which is less than the ideal given the risk for 
antibacterial resistance [71]. Rifampin is a highly effective 
antistaphylococcal agent, but can rapidly induce resistance, 
so its use is recommended in combination with other antibi-
otics [74, 75]. A notable side effect of rifampin is turning 
bodily fluids, including urine, sweat, sputum, and tears, 
orange or red, which can limit its use in those who wear soft 
contact lenses, although most soft contacts are now dispos-
able [76]. In addition, rifampin interacts with many drugs as 
it is a potent cytochrome p450 inducer [74]. Clarithromycin 
250 mg twice daily for 3 weeks to 3 months is another poten-
tial regimen that may be helpful [70]. As discussed above, 
transitioning to another treatment after 3–6 months to reduce 
resistance is recommended in general with antibiotics in 
inflammatory skin disease.

Dapsone is a sulfone antibiotic that has both antimicrobial 
activity as well as anti-inflammatory action directed at neu-
trophil metabolism. It is used in many dermatologic condi-
tions that are neutrophil or eosinophil mediated [77]. 
Dapsone can be started at a dose of 25–50 mg daily and 
increased to 100 mg daily if insufficient response is seen at 
lower doses [4, 69–71]. G6PD levels should be evaluated at 
baseline, along with complete blood count (CBC) with dif-
ferential, liver function tests, and creatinine. Screening for 
hepatitis B or C can also be done as history of hepatitis is 
associated with higher risk of adverse effects [77]. Hemolytic 
anemia, methemoglobinemia, and agranulocytosis are 
expected side effects but vary in intensity. Cyanosis is a sign 
of mild methemoglobinemia, while more severe methemo-
globinemia is characterized by dyspnea and vascular col-
lapse and possibly death. Treatment is with methylene blue, 
1–2 mg/kg given by slow injection intravenously [77]. 
Reticulocyte counts can be followed q2 weeks along with 
CBC with differential and are increased (2–12%) throughout 
treatment [69]. Peripheral neuropathy primarily affecting 
motor neurons is a rare but serious adverse effect and should 

Table 43.3 Antibiotic regimens for scarring alopecias

Medicationa Dose Durationb

Clindamycin/rifampin 300 mg/300 mg twice daily 10 weeks then taper

Tetracycline 500 mg twice daily 2–4 months, then taper over 6–24 months

Doxycycline 100 mg twice daily

Minocycline 100 mg twice daily

Clarithromycin 250 mg twice daily 3 weeks to 3 months

Dapsone 25 mg daily up to 100 mg daily 6–12 months, then taper

Trimethoprim/sulfamethoxazole 1 DS tab twice daily 3–6 months

Cephalexin 500 mg twice daily 1–5 months, then taper

Ciprofloxacin 250–500 mg twice daily 4 weeks at high dose, then 3 weeks low dose
aConsider using any of the above with rifampin to reduce risk of antibiotic resistance
bAntibiotic use should be limited to 6 months, but in some cases, patients may require a longer course
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prompt discontinuation of the medication [77]. Dapsone 
hypersensitivity syndrome occurs in more than 1% of those 
taking dapsone [78]. Rash, fever, facial edema, 
 lymphadenopathy, liver function test abnormalities, eosino-
philia, and leukocytosis are often seen, and it may occur as 
long as 5 months after starting dapsone [78]. Dapsone should 
be discontinued and systemic steroids should be initiated.

Isotretinoin may also be effective for folliculitis decal-
vans. In one series, it was highly successful with 9/10 patients 
achieving full remission with 6/10 sustaining that remission 
off of the medication for up to 2 years. The dose was 0.2–
0.5 mg/kg/day (20–40 mg) for 5–7 months followed by slow 
tapering of the drug to a low dose of 10 mg 2–3 times a week 
for several months before discontinuation. Some patients 
were also on dapsone [70]. Other reports are not as promis-
ing, and some patients may experience worsening of their 
symptoms due to the drying effect of isotretinoin [4, 69, 71].

Oral prednisone may be used in conjunction with isotreti-
noin or oral antibiotics for highly active, rapidly progressing 
cases [4, 69]. Dosing should be similar to that in severe nod-
ular acne, starting either before or at the same time as isotret-
inoin or oral antibiotics at a dose of 0.5–1 mg/kg (40–60 mg) 
tapering over the course of 4 weeks. Oral fusidic acid along 
with zinc sulfate 400 mg per day for 6 months, followed by 
200 mg per day, has also been shown to be effective with 
more than 1-year follow-up [79]. Zinc is important for nor-
mal immune function of the skin, especially innate immu-
nity, and has been found to be helpful for a variety of 
inflammatory skin conditions [80]. In the USA, zinc sulfate 
is available in 220 mg tablets, which is equivalent to 50 mg 
elemental zinc. Fusidic acid is an antistaphylococcal antibi-
otic that is available in oral and topical forms in many coun-
tries, but not in the USA [81]. One case report showed no 
response to the TNF-alpha inhibitor adalimumab after 
3 months, but another showed improvement with adalim-
umab in two treatment-refractory patients within 2–3 months. 
The dose used was 40 mg subcutaneous (SC) every 2 weeks 
after a loading dose of 80 mg SC at day 0 and 40 mg SC at 
week 1 [40, 82]. Long-term data are unavailable.

 Dissecting Cellulitis
Dissecting cellulitis of the scalp (DCS) is a rare chronic 
inflammatory disease of the scalp leading to scarring alope-
cia, predominantly in young African American men. It is 
exquisitely tender, presenting with suppurative nodules and 
draining sinus tracts, and is considered part of the follicular 
occlusion triad along with acne conglobata and hidradenitis 
suppurativa, though patients most often have DCS alone [4]. 
Lesions are typically sterile, though secondary bacterial 
infections can occur [83]. Seronegative arthritis is rarely 
seen in association [84, 85]. Tinea capitis must be ruled out 
with culture studies, especially if the patient is not in the 
typical demographic [86].

Treatment of DCS is markedly similar to folliculitis 
decalvans, but is often refractory to treatment and has a high 
relapse rate. Oral antibiotics including tetracyclines, cipro-
floxacin, trimethoprim/sulfamethoxazole, clindamycin, 
rifampin, cephalexin, dapsone, and others are often used 
first-line and may result in moderate improvement or reduc-
tion of pain, but relapse occurs with discontinuation of treat-
ment [83, 87]. Ciprofloxacin has been reportedly successful 
in achieving improvement in several cases at a dose of 
250 mg twice daily or 500 mg twice daily for 4 weeks, then 
250 mg twice daily for 3 weeks [88, 89]. This result is likely 
due to immunomodulatory effects of fluoroquinolones, 
which can induce interleukin (IL)-2 synthesis and inhibit 
IL-1 and TNF-alpha. Influence on intracellular cyclic ade-
nosine monophosphate and phosphodiesterases and nuclear 
factor kappa B may be the mechanism for immunomodula-
tion [88]. However, a potential severe adverse effect of fluo-
roquinolones is tendon rupture (0.14–0.4%), which suggests 
that it should be prescribed with caution. Tendon rupture is 
more likely in older patients with comorbid conditions and 
with concomitant corticosteroid use [90].

Isotretinoin tends to have good results with DCS at doses 
of 0.5–1 mg/kg/day [87, 91]. One regimen is to continue for 
at least 4 months after remission is achieved in order to 
reduce the risk of recurrence [4]. Adding dapsone (50–
100 mg daily) or rifampin (300 mg twice daily) has been 
reported to improve outcomes if monotherapy with isotreti-
noin is insufficient [92, 93]. In one patient who failed acitre-
tin 20 mg daily, alitretinoin was effective. The dose was 
10 mg daily for 2 months, followed by 20 mg daily, and 
improvement noted after 5 months of therapy. Eventually, 
treatment was reduced to 10 mg daily [94].

TNF-alpha inhibitors, specifically adalimumab and inflix-
imab, have been used with some success [82, 83, 95, 96]. 
Adalimumab was administered at the standard plaque psori-
asis dosing: 80 mg subcutaneous initially followed by 40 mg 
subcutaneous at 1 week and every 2 weeks thereafter. 
Although some patients had sustained remission following 
discontinuation, others relapsed, suggesting that chronic 
therapy may be necessary in some cases. Combination ther-
apy with oral antibiotics may be useful in conjunction with 
TNF-alpha inhibitors.

Use of oral prednisolone has been reported as well, with 
temporary benefit [88]. Zinc sulfate 220 mg (50 mg elemen-
tal zinc) three times daily as monotherapy has been recom-
mended [91]. Dose of 135 mg three times daily followed by 
260 mg daily was successful in one case, but relapse occurred 
upon withdrawal, then 135 mg once or twice daily was 
resumed and maintained for a year with remission [97]. 
Another regimen reported was 90 mg elemental zinc three 
times daily with improvement after 6 weeks of therapy [98]. 
The absorption of zinc as well as fluoroquinolones and tetra-
cyclines is reduced when taken together. Signs of zinc 

C. Goh



503

 toxicity include nausea, vomiting, loss of appetite, abdomi-
nal cramps, diarrhea, and headaches. Copper levels can be 
reduced as zinc affects its absorption [99]. Zinc therapy has 
been ineffective in some cases of DCS [88].

In summary, neutrophilic primary scarring alopecias can 
be treated with oral antibiotics, isotretinoin or other oral reti-
noids, or TNF-alpha inhibitors. Zinc therapy may be effec-
tive as monotherapy or adjuvant therapy. Combination 
therapy with multiple systemic medications in addition to 
topical treatments may be more effective.

 Mixed Inflammatory Scarring Alopecia

Folliculitis (acne) keloidalis, folliculitis (acne) necrotica, 
and erosive pustular dermatosis comprise those scarring alo-
pecias that have mixed inflammation on histopathology. 
Treatment of these is similar to that of neutrophil predomi-
nant primary scarring alopecias.

 Folliculitis (Acne) Keloidalis
Folliculitis keloidalis, or acne keloidalis, is also primarily 
seen in young men of African descent and is characterized 
by inflamed papules or pustules that develop into keloidal 
papules and plaques with resultant scarring alopecia. Most 
commonly, it is on the occipital scalp at the nape of the 
neck. Typically, topical, intralesional therapy, or surgical 
therapy suffice, but oral antibiotics (typically tetracyclines 
or erythromycin) or isotretinoin may be effective if needed 
[100, 101]. Similar to the neutrophilic scarring alopecias, 
dosing can be tapered gradually to reduce risk for recur-
rence [4, 101].

 Folliculitis (Acne) Necrotica
Folliculitis necrotica, or acne necrotica, is a rare condition 
composed of two types: varioliformis and miliaris. 
Folliculitis necrotica varioliformis results in scarring alope-
cia and usually involves the anterior hairline and seborrheic 
areas of the face and trunk. Reddish-brown papulopustules 
appear and develop central necrosis, eventually leaving 
atrophic scars. Treatment consists of oral antibiotics or 
isotretinoin [4].

 Erosive Pustular Dermatosis
Erosive pustular dermatosis is an underrecognized primary 
scarring alopecia that tends to affect elderly patients, particu-
larly those who have had trauma to the scalp via surgery, 
radiation therapy, or actinic keratosis treatment with cryo-
therapy, topical imiquimod, photodynamic therapy, or 
5- fluorouracil [102–104]. Erosions, crusting, and pustular 
lesions are characteristic, and patients may be diagnosed as 
having chronic non-healing wounds. Pruritus may be present 
[102, 103]. It may also present on other parts of the body 

[105, 106]. Topical therapy with high potency corticoste-
roids, calcineurin inhibitors, or dapsone is usually effective, 
but systemic therapy may be required in some cases [4, 102–
104]. Oral prednisone tapered slowly over 3–4 weeks or 
more can be effective. The use of doxycycline (100 mg twice 
daily), isotretinoin (0.75 mg/kg/day × 4 months), acitretin 
(50 mg daily tapered to 25 mg daily over 3 months), oral 
dapsone (50 mg three times a day, tapered to 50 mg twice 
daily over 3–4 months), cyclosporine (3 mg/kg/
day × 3 weeks), and oral zinc sulfate (60 mg three times 
daily) has been reported, but with mixed results [4, 102, 
106–111].

 Non-scarring Alopecia

Non-scarring alopecias are significantly more common than 
scarring alopecias, and many types have been described 
[112]. Androgenetic alopecia and alopecia areata are com-
mon causes of non-scarring alopecia, and various systemic 
treatments are available. While the hair follicle is not 
destroyed, other types of non-scarring alopecia are not med-
ically treatable, such as temporal triangular alopecia and 
congenital atrichia with papular lesions [113, 114]. Acute 
telogen effluvium typically does not require treatment 
either.

Treatment of trichotillomania may require oral medica-
tions, but psychiatric management is advised. One case 
report notes successful treatment of trichotillomania with 
N-acetylcysteine 1200 mg daily in two patients for 
4–6 months with sustained remission for at least 8 months 
off of medication [115].

Type II vitamin D-dependent rickets is autosomal reces-
sive and sometimes presents with a non-scarring alopecia in 
the first 6 months of life. Some patients do not regrow hair 
when treated with the standard 1-alpha- hydroxycholecalciferol 
and calcium, but this was successful in one case [116, 117].

Chemotherapy-induced anagen effluvium is typically 
reversible after completion of chemotherapy, but some 
patients have permanent chemotherapy-induced alopecia. 
Topical minoxidil may be helpful in this situation, but one 
case report showed successful treatment with low-dose oral 
minoxidil 1 mg daily with improvement seen as early as 
6 weeks. No adverse effects were reported, specifically there 
were no changes in blood pressure or hypertrichosis in non- 
scalp areas [118]. Theoretically, oral minoxidil, a potent 
antihypertensive agent, may be helpful in other types of hair 
loss, but there are no published efficacy or safety data in this 
regard, except one negative study in alopecia areata (5 mg 
twice daily) that required a strict 2 g sodium diet to reduce 
the risk of hypernatremia and fluid retention [119]. Cardiac 
risks preclude its common use in hypertension, but safety of 
low-dose (1 mg daily) oral minoxidil is unknown.
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 Androgenetic Alopecia

Androgenetic alopecia (AGA) likely affects at least 80% of 
Caucasian men and 40–50% of Caucasian women in their 
lifetime [120, 121]. Although known to be genetic, AGA is a 
polygenic condition with unclear mode of inheritance—
either maternal or paternal relatives may be affected [122]. 
Male AGA is understood to be clearly androgen dependent, 
but in females the role of androgens is less clear, hence the 
use of the term female pattern hair loss (FPHL) instead of 
AGA [123]. As in scarring alopecia, the primary goal of 
treatment is to halt progression of hair loss/thinning with a 
small chance of regrowth. Topical minoxidil 2–5% is a main-
stay of treatment, and all patients should be encouraged to 
use it, if possible, in addition to systemic therapies, should 
they choose to pursue them. Given possible adverse effects, 
many patients opt not to treat AGA.

In men, finasteride 1 mg once daily is FDA approved for 
the treatment of AGA. Finasteride is a type 2 5-alpha reduc-
tase inhibitor that decreases the conversion of testosterone 
to dihydrotestosterone (DHT), a more potent androgen. 
DHT is responsible for the miniaturization of hair follicles 
in male AGA. In a systematic review of the literature, long-
term use of finasteride in men resulted in improvement in 
30% of patients over 2–5 years and found no difference 
between the 1 mg and 5 mg dose [124]. There was no dis-
cussion of stabilization of disease, but some studies have 
reported halting of the hair loss as shown by hair counts in 
as many as 70–86% of men as compared to 42% of men on 
placebo [125–127]. Improvement of AGA can be seen 
within 6 months and continues at least 5 years. Return to 
pretreatment status occurs within 1 year of discontinuation 
[128]. One retrospective study reported that finasteride was 
effective in boys aged 14–19 with 1 out of 6 patients with 
decreased sexual function that resolved despite staying on 
the medication [129]. Safety data is lacking in adolescents, 
though, so finasteride use in boys younger than 18 is not 
recommended. While finasteride is generally well tolerated 
with no reported hepatotoxicity or nephrotoxicity, the main 
concern for adverse effects is typically regarding sexual 
function [128]. Decreased libido, erectile dysfunction, and 
decreased ejaculated volume are reported in approximately 
3.8% of patients vs. 2.1% for placebo [124]. The rate is 
lower in men ages 18–41 (1.8% vs. 1.1%) than in men over 
41 (8.7% vs. 5.1%) [125, 130]. Gynecomastia with or with-
out pain can be seen [131]. There can be reduction in sperm 
motility, and there are reports of infertility associated with 
long-term finasteride use. This appears to be reversible 
when the drug is discontinued [132–134]. The half-life of 
finasteride is 4.7–7.1 h, but it can accumulate with multiple 
doses [135]. The concentration of finasteride in semen is 
low, and men taking finasteride do not pose any risk to a 
pregnant woman or her fetus [136]. Therefore, if a patient is 

trying to conceive with a female partner, discontinuation 
may be advised if they are having difficulty. Once pregnant, 
the patient can resume finasteride.

Permanent sexual side effects are a concern, but have only 
been reported in post-marketing surveillance (<1%) [137]. 
Depression and suicidal ideation have also been reported, 
especially in those with permanent sexual side effects. 
Androgen levels may be lower in these patients [138]. Post- 
finasteride syndrome is a term that describes these prolonged 
adverse effects. It is important to note that most patients with 
sexual side effects experience them mildly and can continue 
the drug, while others experience resolution of their symp-
toms upon discontinuation of the drug [124].

Patients should be advised that their prostate-specific 
antigen (PSA) levels are reduced by about 50%, which could 
mask prostate cancer early on. Baseline PSA levels may be 
considered prior to starting finasteride in men over age 50. 
Patients taking finasteride are 25% less likely to develop 
prostate cancer, but if prostate cancer develops, it may be 
higher-grade disease, likely due to detection bias—as finas-
teride reduces the size of the prostate, a blind biopsy from 
the prostate is more likely to show cancer cells [139, 140]. 
Long-term consequences of finasteride 5 mg daily in the 
Prostate Cancer Prevention Trial (7 years of medication, 
with median of 16 years of follow-up, n = 13,935) showed a 
10% increased risk of depression in the treatment group as 
compared to the placebo group and a 6% decreased risk of 
procedures for benign prostatic hyperplasia-related events. 
No long-term cardiac, endocrine, or sexual adverse effects 
were seen [141].

In women, the evidence is far weaker to support the use of 
finasteride. In several case reports and uncontrolled studies, 
finasteride 2.5–5 mg daily has been effective in pre- and 
postmenopausal women, but randomized controlled trials of 
finasteride 1 mg daily in postmenopausal women showed no 
benefit over placebo [142–146]. Women of childbearing age 
should utilize effective contraception as it can cause femini-
zation of a male fetus [147]. Furthermore, men taking finas-
teride should be advised against blood donation given the 
risk of a pregnant woman receiving the blood products.

Dutasteride is a dual 5-alpha reductase inhibitor (both 
types 1 and 2) that reduces serum DHT levels by more than 
90% as compared to 70% for finasteride [148]. The dose 
approved in the USA for benign prostatic hyperplasia is 
0.5 mg daily. It is approved for use at the same dose for male 
AGA in a few countries, including Korea and Mexico, but 
not the USA [149]. A few trials have shown that dutasteride 
is superior to finasteride in increasing hair counts, though the 
dosing required to achieve superiority may be as high as 
2.5 mg daily [150, 151]. At the very least, dutasteride 0.5 mg 
daily is as effective as finasteride 1 mg daily. Concomitant 
therapy may be more effective, and dutasteride may be effec-
tive even if finasteride has failed [152, 153]. Adverse effects 
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have been similar to those of finasteride at similar rates [150, 
151]. However, the half-life, at 5 weeks, is significantly lon-
ger than that of finasteride, which implies that adverse effects 
may persist for longer as well [132]. In women, a few case 
reports suggest that dutasteride 0.5 mg daily can be effective 
[154, 155].

For FPHL, androgen receptor antagonists may be used. 
Spironolactone, cyproterone acetate (not available in the 
USA), and flutamide may be used, but overall evidence is 
limited regarding their effectiveness.

Spironolactone is a synthetic steroidal derivative of aldo-
sterone that works as an aldosterone antagonist. Therefore, it 
is potassium sparing and has a diuretic effect. It is a competi-
tive inhibitor of the androgen receptor, weakly reduces syn-
thesis of testosterone, and decreases 5-alpha reductase 
activity [156–159]. Spironolactone 50–200 mg daily may be 
effective in halting progression of FPHL (26–44%) and 
improving hair density (44–70%) [160, 161]. Side effects 
include diuresis, potential hyperkalemia, irregular menstrual 
periods, breast swelling and tenderness, headache or light-
headedness, and fatigue. Combining spironolactone treat-
ment with an oral contraceptive can alleviate the symptoms 
of irregular menstrual bleeding and ensure pregnancy is 
avoided given the risk of feminization of a male fetus. The 
risk of hyperkalemia has been shown to be minimal, even 
when spironolactone is administered with other aldosterone 
antagonists (such as drospirenone-containing oral contracep-
tives) [162]. The rate of hyperkalemia in healthy young 
females (ages 18–41) taking spironolactone for acne was 
revealed to be equivalent to that of the general population; 
therefore, routine monitoring is of low utility in this group 
[163]. However, if a patient is taking another medication that 
can cause hyperkalemia, such as an angiotensin-converting 
enzyme inhibitor, monitoring should be done. Long-term 
studies in rats receiving high doses of spironolactone demon-
strated an increased incidence of adenomas on endocrine 
organs and the liver, resulting in a black box warning by the 
FDA (www.drugs.com/pro/aldactone). The potential for spi-
ronolactone to induce estrogen-dependent malignancies in 
women remains controversial. However, the available data 
suggests there is no association between breast carcinoma 
and spironolactone ingestion, with more than 30 years of 
data [164, 165]. Patients should be counseled regarding this 
potential risk, but note that the risk is low. Still, patients with 
strong family history of breast cancer should likely not be 
prescribed spironolactone.

Cyproterone acetate is also a competitive inhibitor of the 
androgen receptor with a similar chemical structure to spi-
ronolactone, but with progestational activity and weak glu-
cocorticoid activity [158, 161]. Outside of the USA, it is 
used at low doses (2 mg) in conjunction with ethinyl estra-
diol in oral contraception. At higher doses (300 mg daily), it 
is used in men for palliative treatment of prostate cancer and 

has been associated with hepatotoxicity [166]. In FPHL, 
doses of 100 mg daily for the first 10 days of the menstrual 
cycle in premenopausal women and 50 mg daily in post-
menopausal women have been associated with stabilization 
or improvement of hair loss and have been tolerated well. 
The response rate to cyproterone acetate is similar to spi-
ronolactone [161]. Hormonal adverse effects are also similar 
to spironolactone. There is a slightly increased risk of venous 
thromboembolism with combined oral contraceptive pills 
with cyproterone acetate as the progestin as compared to 
other progestins, but similar to those with desogestrel, dro-
spirenone, or gestodene [166].

Flutamide, a nonsteroidal antiandrogen, is a more potent 
competitive inhibitor of the androgen receptor that is FDA 
approved to treat prostate cancer [167]. It has been used suc-
cessfully at doses of 62.5–250 mg daily in combination with 
or without oral contraceptives for treatment of FPHL [167–
169]. Liver function tests should be monitored as cases of 
fatal hepatitis have been reported, but hepatotoxicity is dose 
dependent [170]. Like the other antiandrogens, pregnancy 
and blood donation should be avoided. The use of flutamide 
in the treatment of FPHL may be limited by its high rate of 
side effects, which include abdominal pain, nausea, vomit-
ing, diarrhea, dry skin, headache, transaminitis, and dyslipid-
emia [171].

 Alopecia Areata

Alopecia areata (AA) is a T-cell-mediated autoimmune con-
dition that causes non-scarring hair loss typically in smooth, 
well-demarcated patches on the scalp or other parts of the 
body. It is typically asymptomatic, though some patients 
may experience tenderness or pruritus of the scalp. It is 
unpredictably relapsing and remitting with a high rate of 
spontaneous regrowth, especially in the first year after onset, 
which makes it difficult to conduct meaningful studies. The 
more severe subtypes, ophiasis (band-like involvement along 
the temporal and occipital hairlines), totalis (AT;100% scalp 
hair loss), and universalis (AU;100% scalp and body hair 
loss), are less likely to have spontaneous regrowth, but it is 
possible.

Due to potential adverse effects of many of the systemic 
treatments used for AA, unclear benefit, and high rate of 
relapse, systemic therapy is typically reserved for those 
patients with extensive hair loss, defined as 50% or more 
scalp involvement, or for those that appear to be rapidly pro-
gressing toward 50% or more scalp hair loss [172, 173]. Still, 
there may be instances in which systemic therapy may be 
indicated for patients with less extensive AA, and discussing 
all therapeutic options along with their potential risks and 
benefits is recommended in order to create the best treatment 
plan for a particular patient.
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Systemic corticosteroids have been used for decades in 
the treatment of extensive AA. Many regimens have been 
published including oral, intramuscular, and intravenous 
routes and standard or pulsed dosing (weekly or monthly), 
which is favored by some due to reduced adverse effects 
associated with long-term corticosteroid use [174, 175]. See 
Table 43.4 for some dosing regimens. One randomized con-
trolled trial was done using 200 mg prednisolone orally 
once weekly for 3 months followed by 3 months of observa-
tion [176]. Forty percent of patients (n = 8) had regrowth, 
but only two of those patients had complete regrowth and 
two of the patients relapsed. None of the patients on placebo 
had regrowth. A systematic review of all published studies 
using pulsed dosing of systemic corticosteroids for AA 
showed an overall 43% rate of complete response, defined 
as >75% hair regrowth and 51% complete response in pedi-
atric-only studies [175]. The duration of follow-up varies 
greatly between studies, but the reported relapse rate was 
relatively low at 17% overall, but higher in the pediatric-
only studies at 60%. Adverse effects were reported in 21% 
of patients, including epigastric pain, fatigue, headache, 
acneiform rash, and palpitations, and were considered of 
minor severity. Those more likely to respond had patchy 
alopecia, disease duration 6–24 months, and were in their 
first episode of AA [175]. Other reported side effects of sys-
temic glucocorticoids are general weakness, acneiform 
eruption, weight gain, gastrointestinal upset, facial moon-
ing, oligomenorrhea, osteoporosis, diabetes, and suppres-
sion of adrenocorticotropic axes [176].

Alternatively, if standard daily dosing is done, the sys-
temic corticosteroids should be tapered gradually to avoid a 
rebound effect and to reduce the risk of adrenal suppression. 
Tapering regimens can vary greatly, but one proposed regi-
men starts with prednisone 40–60 mg daily (for adults) grad-
ually tapered by 5–10 mg per week through 20 mg. Then 
tapering by 2.5–5 mg per week until 5 mg daily, after which 
it could be tapered by 1–2.5 mg per week until off [177]. 
Transitioning to monthly intralesional corticosteroid injec-
tions and/or topical corticosteroids, depending on the 
response, may also reduce the risk of relapse or flare. Topical 
minoxidil has also been helpful to reduce relapse [178]. 
These can be added when the dose is at 20 mg daily. At any 
point in the taper, if flare is suspected or adrenal suppression 
is suspected (see symptoms below), the taper should be tem-
porarily halted, and hydrocortisone or an increased dose of 
the glucocorticoid should be given until the patient stabi-
lizes. AM cortisol levels and a corticotropin stimulation test 
may be warranted at this time. Resumption of the taper at a 
slower rate can take place 2–4 weeks after stabilization of 
symptoms. Signs and symptoms of adrenal suppression 
include weakness, fatigue, nausea, vomiting, diarrhea, 
abdominal pain, fever, weight loss, myalgias, arthralgias, 
and malaise [177].

Intramuscular injections of triamcinolone (IM TAC) at 
40 mg monthly can also have some benefit [179, 180]. 
Successful regimens, leading to more than 40% scalp hair 
regrowth, include monthly treatments for 3–6 months, with 
some cases followed by treatment every 1.5 months for 1 

Table 43.4  Dosing 
regimens for systemic 
corticosteroids in 
alopecia areata

Route Medication Dose Intervala

Intravenous Prednisolone 2 g 1 day per month

100 mg 3 days per month

Methyl. prednisolone 500 mgb, 1 g 3 days per month

5–25 mg/kg 3 days per month

Dexamethasone 32–100 mg 3 days per month

60 mg 1 day per month

Intramuscular Triamcinolone 40 mg Once monthly

Oral Prednisone 500 mg 5 days per month

5 mg/kg 1 day per month

Prednisolone 300 mg 1 day per month

5 mg/kg 1 day per month

80 mg 3 days per month

Methylprednisolone 15 mg/kg 3 days every 2–3 weeks

Dexamethasone 2.5–5 mg 2 days per week

Betamethasone 1–5 mg 2 days per week

0.1 mg/kg 2 days per week

Prednisolone 200 mg 1 day per week

30 mg 3 days per week

Prednisolone or prednisone 40 mg with slow tapering Daily over 6 weeks or more
aAside from a continuous tapering dose, the duration of a regimen can range from 3 months to 12 months
bThe most common intravenous regimen is methylprednisolone 500 mg, 3 days per month
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year. Compared to a pulsed regimen of 80 mg for 3 days 
every 3 months, 40 mg IM TAC every 1–2 months for one 
and a half years resulted in slightly higher response rate, 
relapse rate, and rate of adverse effects [179]. IM TAC also 
was associated with a higher rate of adrenal suppression 
measured by lab monitoring (AM cortisol, adrenocortico-
tropic hormone (ACTH), urine cortisol), but the lab tests nor-
malized within 2 months without treatment. It is not clear, 
however, that these treatment regimens are equivalent, so this 
data cannot be extrapolated to other pulsed regimens.

Ultimately, systemic corticosteroid therapy does appear 
to be effective at least temporarily through a number of dif-
ferent regimens, including intramuscular, intravenous, and 
oral, pulsed and continuous. Evidence does not suggest that 
one regimen is consistently safer or more effective than 
another, except that low-dose continuous or pulsed regimens 
may not be as effective [179, 181]. It is also not clear that 
systemic corticosteroid therapy alters the overall course of 
the disease, but it does appear that there can be benefit in 
some cases. However, care must be taken in regard to moni-
toring for adverse effects. Annual DEXA scans may be indi-
cated for long-term use in addition to supplementing calcium 
and vitamin D; gastrointestinal prophylaxis could be consid-
ered with a proton pump inhibitor; regular lab monitoring 
could be considered for electrolytes and renal function and 
glucose levels. Screening for cataracts or glaucoma history, 
checking blood pressure at each visit, checking fasting lip-
ids, and monitoring psychiatric symptoms are also recom-
mended [177].

Other traditional immunosuppressants have mixed evi-
dence to support their use. These include methotrexate, 
cyclosporine, sulfasalazine, and azathioprine. These are 
sometimes used in conjunction with systemic corticoste-
roids. Mycophenolate mofetil showed no benefit in a small 
series, and oral tacrolimus was beneficial in one case [182, 
183]. While they may be effective in some cases, overall, 
their side effect profile and high rate of relapse mean the risk 
to benefit ratio is high and their use in regular clinical prac-
tice is limited.

Cyclosporine (2–6 mg/kg/day) is a potent inhibitor of 
interleukin 2 (IL-2), which stimulates the proliferation and 
activation of T lymphocytes and plays an important role in 
AA. Published series often use it in conjunction with or with-
out systemic corticosteroids with a response rate (>50% 
regrowth) of 25–76.7% [173, 181, 184–186]. Addition of 
corticosteroids, however, does not appear to improve its 
effectiveness, nor does it reduce the risk of relapse [185, 
186]. Some series suggest that adverse effects are fewer with 
cyclosporine than systemic corticosteroids [186]. 
Cyclosporine use is typically limited to 1 year due to risks 
including nephrotoxicity, immune suppression, hyperten-
sion, and hypertrichosis of body hair.

Methotrexate (15–25 mg weekly) offers a safer long-term 
option than systemic corticosteroids or cyclosporine, but 
should not be used in women of childbearing age as it is an 
abortifacient. Its effectiveness both with and without oral 
corticosteroids ranges from 38 to 63% complete response in 
patients with AT/AU [187–189]. Response was seen as early 
as 3 months into treatment, but it may take 1 year or more 
[190]. Relapse rate is high. Hepatotoxicity is possible with 
liver fibrosis and cirrhosis reported with high cumulative 
doses. There are varying guidelines for liver biopsy, and 
monitoring of procollagen III peptide has been suggested 
[191, 192]. Leukopenia, nausea, and telogen effluvium can 
also be seen, and many medications can interact with 
methotrexate.

Azathioprine and sulfasalazine have also been used for 
AA. These also offer a longer-term option than systemic cor-
ticosteroids or cyclosporine, but still commonly cause 
adverse effects and have a high rate of relapse upon discon-
tinuation. Azathioprine (2 mg/kg/day) resulted in a mean 
regrowth percentage of 52.3% out of 20 patients studied over 
the course of 6 months, with at least one patient having com-
plete regrowth only after 10 months of continued treatment 
[193]. Another case series used a dose of 2.5 mg/kg/day and 
found a complete response rate of 43% in their patients after 
approximately 5 months [194]. Baseline TPMT (thiopurine-
methyltransferase) levels are required, and close laboratory 
monitoring for myelosuppression must be done.

Sulfasalazine is an immunomodulatory drug more often 
used for inflammatory bowel disease and rheumatoid arthri-
tis. It has been used in limited studies for AA with more than 
60% regrowth in approximately 25% of patients and more 
than 10% regrowth in 68–79% of patients [195–199]. Dosing 
begins at 500 mg twice daily, then gradually increased up to 
a total of 3–4 g per day in split doses. Patients with response 
were treated for up to 4 years with doses reduced or increased 
as needed [197]. Initial laboratory abnormalities, if mild, 
may resolve without changing the dose. Unfortunately, sul-
fasalazine use is often limited by gastrointestinal distress and 
headaches.

Anecdotally, some practitioners use hydroxychloroquine 
(HCQ) for AA. Few case reports exist in the literature with 
mixed results [200, 201]. At a dose of 200 mg twice daily, 
those who did experience regrowth responded within 
2–5 months. Several relapsed despite staying on therapy, and 
long-term data is unavailable for those who did not. However, 
its safety profile makes it an attractive choice, particularly in 
children and patients who have other autoimmune diseases.

Simvastatin/ezetimibe is a combination drug used to treat 
hyperlipidemia. Two case reports were published in which 
patients took the medication for their hyperlipidemia and had 
marked improvement of their AA, but notably did not have 
response to simvastatin alone [202, 203]. This led to a pilot 
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study of 29 patients with AA with 40–70% scalp hair loss 
[204]. The dose was 40 mg simvastatin/10 mg ezetimibe, 
and the response rate (>20% regrowth) was 73% in patients 
with 40–70% scalp hair loss. Relapse occurred in those who 
discontinued the drug. Another study of 20 patients with 
more extensive AA showed mild response in only one patient 
[205]. Headaches and muscle cramps were reported, but 
mild; reported risks of simvastatin/ezetimibe also include 
diarrhea, muscle weakness, and rhabdomyolysis. There is 
also interaction with CYP3A4 inhibitors and risk of transa-
minitis. The mechanism of action is unclear, but statins are 
known to modulate lymphocyte activity, and ezetimibe 
appears to have an antioxidant effect and perhaps a role in 
autophagy [206]. Simvastatin has been shown to have an 
effect of janus kinase (JAK) inhibition as well [207].

As in other inflammatory skin disorders, targeted thera-
pies have become attractive options for AA as they may be 
more effective and have a better safety profile. These include 
JAK inhibitors, for which studies and case reports are avail-
able. There is less data available for the following, but stud-
ies suggest they may be effective. These are abatacept 
(CTLA4 agonist), ustekinumab (IL-12/23p40 inhibitor), and 
apremilast (PDE4 inhibitor). Secukinumab (IL-17 inhibitor), 
dupilumab (IL-4 inhibitor), and tralokinumab (IL-13 inhibi-
tor) have also been suggested based on their mechanisms of 
action. However, one must consider these carefully as they 
may not necessarily be effective. Past treatments thought to 
be promising have sometimes been disappointing. For exam-
ple, TNF-alpha inhibitors have largely been deemed ineffec-
tive and have been associated with onset of AA [208, 209]. 
Alafacept, a soluble LFA-3-Ig fusion protein, prevents T-cell 
activation, but was also found to be ineffective in AA [210].

At this time, JAK inhibitors are the most promising 
emerging therapy for AA. Studies have shown that AA is 
mediated by interferon gamma producing NKG2D- 
expressing CD8+ T cells. They are recruited and activated by 
IL-2, IL-15, NKG2, and MHC ligands. Blockade of IL-2, 
IL-15, and interferon (IFN) gamma has been shown to pre-
vent the development of AA in mouse models [211]. Janus 
kinases are downstream effectors of IFN-gamma and medi-
ate IL-15 activation of T cells. The discovery of NKG2D 
polymorphisms in AA led to the understanding that this 
pathway was involved and that JAK inhibitors may be an 
effective treatment.

Current FDA-approved drugs in this class are ruxolitinib 
(JAK 1/2 inhibition primarily) and tofacitinib (pan-JAK inhi-
bition). Ruxolitinib is approved for use in myelofibrosis and 
polycythemia vera, whereas tofacitinib is approved for use in 
rheumatoid arthritis. While JAK 1, 2, and TYK2 receptors 
are ubiquitous, JAK 3 receptors are found in hematopoietic, 
myeloid, and lymphoid cells [212]. Adverse effects include 
diarrhea and other GI side effects, headaches, liver function 
abnormalities, hyperlipidemia, infection, including herpes 

zoster, possible malignancy, and bowel perforation. Reduced 
response to vaccination is also possible [213]. Overall, the 
adverse effects due to immunosuppression are not signifi-
cantly different from other targeted immunosuppressive 
therapies. Long-term risk, however, remains unknown.

Both ruxolitinib and tofacitinib have been studied with 
good results, but like other systemic treatments have a high 
relapse rate. One open-label clinical trial has been done with 
ruxolitinib (20 mg twice daily) in 12 patients with a baseline 
mean SALT score of 65%, 9 (75%) of whom had >50% 
regrowth within 3–6 months [214]. Within 3 months after 
discontinuation, all had increased shedding, but none reached 
their baseline. Minor infections, mild gastrointestinal symp-
toms, and low hemoglobin level were reported. Gene expres-
sion profiling showed that patients with low baseline IFN 
and cytotoxic lymphocyte signatures on scalp biopsies were 
less likely to respond to treatment.

More studies have been done with tofacitinib. In one two- 
center open-label clinical trial at 5 mg twice daily, 32% of 
patients had >50% regrowth after 3 months of treatment 
[215]. An additional 32% of patients had >5% but <50% 
regrowth. Those with AT/AU were less likely to respond dur-
ing this time frame, but an additional retrospective analysis 
found that 58% of 65 patients had >50% response after 
4–18 months of treatment, although some of the patients in 
the latter study were treated with prednisone (300 mg 
monthly for 3 doses) and/or were treated at higher doses of 
tofacitinib (up to 10 mg twice daily) [216]. It was also shown 
to be highly effective in 10 of 14 adolescent patients between 
the ages of 12 and 17 over the course of 2–16 months with 
mild adverse effects including headaches, upper respiratory 
infections, and mild liver transaminase elevation that 
resolved despite continuing therapy [217]. Caution is advised 
as the JAK/STAT pathway is ubiquitous and involved in 
many regulatory processes including growth hormone, which 
is known to regulate body growth via JAK 2 [212].

Abatacept is a soluble fusion protein that functions as a 
cytotoxic T-lymphocyte-associated antigen 4 (CTLA4) ago-
nist that binds to CD80 and CD86 on antigen-presenting 
cells [218]. It thereby inhibits optimal T-cell activation by 
blocking the co-stimulatory pathway. In vitro, abatacept 
decreases T-cell proliferation and inhibits production of 
TNF-alpha, IFN-gamma, and IL-2. It is approved for use in 
rheumatoid arthritis. Polymorphisms in genes involved in the 
co-stimulatory pathway were found in genome-wide associ-
ation studies, suggesting that abatacept may be an effective 
therapy [211]. An open-label, proof-of-concept, clinical trial 
was done with 15 patients given subcutaneous abatacept 
125 mg once weekly for 6 months [219]. Patients had 
30–100% scalp hair loss at baseline, and one patient had 
98% regrowth and two others had up to 23% regrowth. 
Abatacept may be helpful for a subset of patients, but this 
study does not support its use.
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Ustekinumab, a human monoclonal IgG1 antibody that 
inhibits the p40 subunit of IL-12 and IL-23, showed improve-
ment of hair growth in three patients, with one showing com-
plete regrowth after about 1 year [220]. The dose used was 
90 mg subcutaneously every 12 weeks. The rationale of its 
usage was based on gene expression studies showing a sig-
nificantly increased level of mRNA of IL-12/23p40 in scalp 
biopsies from patients with AA as compared to those of 
healthy controls [221]. However, there have been some case 
reports of patients developing AA while on 45 mg of 
ustekinumab q12 weeks [222, 223]. Ustekinumab is approved 
for use in psoriasis. Along the same lines, secukinumab, an 
IL-17 inhibitor approved for use in psoriasis is also of inter-
est in AA, and a clinical trial is ongoing [224].

Apremilast, a phosphodiesterase 4 (PDE4) inhibitor, is 
also approved for use in psoriasis. PDE4 was also found to 
be upregulated in gene expression studies in AA [221], and 
one study showed that it prevented onset of AA in human 
skin grafts on mice [225]. No human studies or case reports 
are available at this time.

Interleukin-2 is known to be a mediator of disease activity 
in AA, but treatment with low-dose IL-2 has been associated 
with an increase in T regulatory cells, which may help to 
modulate the abnormal immune response in AA and other 
autoimmune diseases [226]. In the USA, IL-2 is commer-
cially available under the name of aldesleukin and FDA 
approved for use in metastatic renal cell carcinoma and met-
astatic melanoma, in which they are used at high doses. One 
study showed that in four of five patients with extensive AA, 
subcutaneous IL-2, 1.5 MIU/d for 5 days, followed by three 
5-day courses of 3 MIU/d at weeks 3, 6, and 9 was associated 
with at least partial response at 6 months after treatment 
[227]. Response was seen 2 months after the end of the treat-
ment and improved at 6 months as well. Treatment adverse 
events were mild to moderate with asthenia, arthralgia, urti-
caria, and local reactions at injection sites. High-dose IL-2 is 
associated with exacerbation or onset of autoimmune disease 
and inflammatory disorders, but the low-dose regimen does 
not appear to do the same [226].

In summary, systemic therapy for AA consists of tradi-
tional and newer immunomodulators and immunosuppres-
sants. The evidence is generally of poor quality, with small 
series, with variable disease severity and different endpoints. 
Duration of treatment and follow-up off of treatment as well 
as combination therapy make it very difficult to compare the 
medications and determine which are more effective than 
others. Nearly all the medications discussed carry risks asso-
ciated with immunosuppression, but most are tolerated well 
by patients who are otherwise healthy. Overall, the effective-
ness rate of systemic therapies appears to be comparable, 
25–70% for >50% regrowth, with high rates of relapse upon 
discontinuation of treatment. Longer duration of disease and 
more extensive disease predict worse response to any 

 treatment. Therapy still should be individualized based on 
the individual patient’s health and preferences, including 
cost. Including topical or intralesional therapy with cortico-
steroids or minoxidil may help reduce the risk for relapse.

Case Report: Scarring Alopecia
A 19-year-old man presented with a history of ulcerative 
colitis and dissecting cellulitis of the scalp. He has previ-
ously been treated with doxycycline, dapsone, and topical 
antibiotics with minimal improvement. He presented to 
clinic after excision of an inactive scar on the posterior scalp 
with a flare of his overall condition with tenderness and 
drainage.

Past Medical/Surgical History
Ulcerative colitis s/p total colectomy with ileostomy

Social History
He is a student; he has never smoked, drinks alcohol, and 

does not use illicit drugs

Allergies
Penicillin

Previous Therapies
Doxycycline, dapsone, topical antibiotics, excision

Physical Exam
Several fluctuant nodules and sinus tracts with purulent 

drainage and exquisite tenderness on scalp, predomi-
nantly crown and vertex scalp

Acneiform erythematous nodules and atrophic scars on the 
face

Bacterial culture: Rare coagulase-negative staphylococcus

Management and Course
Due to the patient’s history of inflammatory bowel disease, 
isotretinoin was deferred. Doxycycline 100 mg twice daily 
was started along with zinc 30 mg daily. After 2 months, his 
condition was uncontrolled. Intralesional injections of triam-
cinolone were added, and minocycline 100 mg twice daily 
replaced doxycycline. Chlorhexidine wash was started as 
well. He was maintained on this regimen, but could not dis-
continue without flare for 1 year. Therefore, adalimumab 
was initiated with 80 mg SC at day 0, followed by 40 mg SC 
at week 1 and every 2 weeks thereafter. Improvement was 
seen, but active disease continued, so he was started on 
clindamycin 300 mg twice daily and rifampin 300 mg twice 
daily for 6 weeks without improvement. Trimethoprim-
sulfamethoxazole 1 DS tab twice daily was initiated with 
improvement seen in the first month. He stayed on this regi-
men with intralesional triamcinolone injections every 
3–6 weeks for 3–4 years with periodic flares with any 

43 Systemic Therapies for Scarring and Non-scarring Alopecia



510

 interruption, until he self-discontinued the systemic medica-
tions. He was clear for 2 months, then experienced a mild 
flare of both his acne conglobata and dissecting cellulitis. He 
resumed trimethoprim-sulfamethoxazole and has been main-
tained with this and topical and intralesional corticosteroids 
for 1 year to date. As he has had a total colectomy, he has 
been cleared for isotretinoin. He has declined resuming 
adalimumab, although he had experienced no adverse effects.

Case Report: Alopecia Areata
A 32 year-old woman presented with a 6-month history of 
alopecia areata and 4 months of alopecia universalis. She had 
been started on topical clobetasol cream twice daily without 
improvement. Of note, she had a history of ankylosing spon-
dylitis, for which she had previously failed methotrexate and 
systemic corticosteroids. She was most recently on etaner-
cept with mild control of her rheumatologic symptoms.

Past Medical History
Ankylosing spondylitis, mild plaque psoriasis, hypothyroidism

Medications
Levothyroxine, etanercept

Social History
Has three children, not planning to have more children
Has a copper intrauterine device
No smoking, no alcohol, no illicit drugs

Physical Examination
100% scalp and body alopecia, non-scarring

Management
Per patient, her rheumatologist and primary care provider 
believed that oral tofacitinib may be helpful for her ankylos-
ing spondylitis and her alopecia universalis. Etanercept was 
discontinued. She was subsequently started on 5 mg twice 
daily. She was sometimes inconsistent and was on varying 
doses of 5-15 mg daily, and after 6 months, very minimal 
regrowth was seen along the frontal hairline. Thus, monthly 
intralesional triamcinolone injections were initiated. She 
also tried to be more consistent with her dosing. Regrowth 
was seen at 75% after 6 months of monthly injections, with 
continued growth to at least 95% without additional injec-
tions. She has continued on tofacitinib 11 mg extended 
release once daily. Of note, her ankylosing spondylitis has 
been very well-controlled.
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Dapsone in Dermatology

William Abramovits

 Introduction

Dapsone is a nonsteroidal, antibacterial agent used in the 
treatment of several serious diseases. In dermatology, it is 
used to treat chronic conditions to avoid the concern for ste-
roid associated side effects [1]. Examples include autoim-
mune bullous diseases like dermatitis herpetiformis or 
infectious diseases like leprosy [2]. Dapsone remains the 
primary drug treatment option for these and other dermato-
ses although it requires the monitoring of side effects that 
can potentially cause death [2, 3]. Dapsone is used topically 
(and has been used systemically) for acne due to its anti- 
inflammatory effects. Combined with pyrimethamine, it is 
used to treat malaria and an option after first-line medica-
tions (systemic corticosteroids) and second-line therapies 
(methotrexate, retinoids) failed [4]. Dapsone is effective with 
or without antimalarial in more than 50% of patients with 
cutaneous lupus erythematosus [5].

Dapsone belongs to the class of drugs known as sulfones 
that work by decreasing inflammation and stopping bacterial 
growth. Emil Fromm was the first to synthesize the com-
pound in 1908 while researching azo dyes; its medical ben-
efits were first discovered in the 1930s [6]. Later in the 
century, its anti-inflammatory properties would be applied to 
a vast array of dermatological diseases [6].

We review the chemistry, pharmacokinetics, mechanisms 
of action, indications, contraindications, and adverse events 
that may occur in the clinical use of dapsone.

 Chemistry/Pharmacokinetics

The molecular structure of diaminodiphenyl sulfone (DDS) 
or dapsone (not a brand name) consists of a sulfur atom link-
ing two aromatic amine rings (Fig. 44.1). Dapsone is 

 manufactured as tablets (50 and 100 mg), oral suspension 
(2 mg/mL), and topical gel (5 and 7.5%). Due to the two 
aromatic rings, DDS is lipid soluble and water insoluble. 
High lipophilicity allows it to cross the lipid bilayer of cells 
efficiently. This may explain why obesity significantly 
reduces its plasma levels [7]. In tablet form, 70–80% of the 
DDS is absorbed by the gastrointestinal tract, enters the 
enterohepatic circulation, and becomes mostly bound to pro-
teins. Its lipophilicity allows it to cross the placental barrier 
and pass into breast milk. The half-life of dapsone is about 
30 h. The liver enzymes, N-acetyltransferase and 
N-hydroxylase acetylate dapsone form the by-products 
monoacetyl and diacetyl dapsone that are further metabo-
lized and excreted in the urine and bile [8].

 Mechanism of Action

Dapsone exerts its antibacterial properties through competi-
tive antagonism with para-aminobenzoic acid (PABA) and 
functional inhibition of PABA to produce folic acid [9]. DDS 
competes with PABA for the active site of the bacterial 
enzyme dihydropteroate synthase. By inhibiting this enzyme, 
dapsone disrupts protein synthesis by preventing amino acid 
synthesis.

The anti-inflammatory properties of dapsone are exerted 
via the inhibition of the enzyme myeloperoxidase [9]. 
Neutrophils kill bacteria and use myeloperoxidase to convert 
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hydrogen peroxide into hypochlorous acid which can oxidize 
and damage local tissue via inflammation. Myeloperoxidase 
is inactivated at its intermediate form, and this prevents the 
accumulation of hypochlorous acid [9].

In diseases such as erythema elevatum diutinum and der-
matitis herpetiformis, dapsone acts via inhibition of neutrophil 
chemotaxis and function. Dapsone may restore the chemotac-
tic factors that inhibit accumulation of neutrophils [10].

 Clinical Uses

The following are therapeutic uses of systemically and topi-
cally prescribed dapsone obtained from a PubMed® search 
starting in 2010 and ending at the time MEDLINE® was 
accessed for this chapter: acne vulgaris [topical and sys-
temic], dermatitis herpetiformis [topical but mostly sys-
temic], leprosy, erythema elevatum diutinum, hidradenitis 
suppurativa, delayed pressure urticaria, chronic idiopathic/
spontaneous urticaria, neutrophilic urticarial dermatosis, 
polyarteritis nodosa, idiopathic thrombocytopenic purpura, 
lupus miliaris disseminatus faciei, autoimmune bullous dis-
eases (including pemphigus vulgaris, pemphigus foliaceus, 
bullous pemphigoid, pemphigoid gestationis, linear IgA bul-
lous dermatosis, epidermolysis bullosa, bullous systemic 
lupus erythematosus (BSLE), and ocular cicatricial pemphi-
goid), cutaneous lupus erythematosus (CLE), relapsing poly-
chondritis, Henoch-Schönlein vasculitis, erosive pustular 
dermatosis of the scalp [topical], Behçet disease, familial 
Mediterranean fever, pyoderma gangrenosum, Sweet’s syn-
drome, periodic fever, pyoderma gangrenosum-acne- 
hidradenitis suppurativa (PASH) syndrome, granulomatous 
rosacea, lichen planus pemphigoides, lichen planus pigmen-
tosus, oral lichen planus, circinate balanitis, cutaneous small- 
vessel vasculitis, erythema nodosum, panniculitis, dissecting 
cellulitis (perifolliculitis capitis abscedens et suffodiens), 
eosinophilic cellulitis (Wells’ syndrome), amyopathic der-
matomyositis, granuloma annulare [topical], annular elasto-
lytic giant cell granuloma, granular C3 dermatosis, pustular 
psoriasis[topical and systemic], subcorneal pustular derma-
tosis, eosinophilic pustular folliculitis (Ofuji’s disease), giant 
cell arteritis, and erythema multiforme.

 Acne

Acne vulgaris affects millions of children and adults; it is an 
inflammatory disease characterized by comedones, papules, 
nodules, cysts, and scars [11]. Dapsone can be used as a topi-
cally applied gel at 5 and 7.5%. These concentrations are 
effective while safe for treating acne, and the 5% is report-
edly gentle enough to use on sensitive skin [12, 13]. In one 
study the 5% gel produced a significantly greater reduction 
in acne lesions in female patients, which may be due to the 

difference in hormones and skin textures or because women 
may be more likely to comply with twice a day regimens 
[14]. The 5% gel may be particularly effective in early stages 
of comedonal and non-comedonal acne particularly when 
used in combination with a retinoid [15]. The 7.5% gel is 
effective when applied once a day, making it easier for the 
30–40% of patients who do not comply with twice-daily 
regimens [16–18]. The 7.5% formulation is well tolerated 
with improvement by 12 weeks [19]. Due to possible side 
effects, the oral form has been reserved for severe nodulo-
cystic acne or acne resistant to other treatments. [20]

 Dermatitis Herpetiformis

Dermatitis herpetiformis (DH) is an autoimmune blistering 
disease associated with gluten-sensitive enteropathy. Patients 
with autoimmune diseases such as thyroiditis, pernicious ane-
mia, and type 1 diabetes show a higher prevalence [21]. The 
current standard of care for DH consists of a strict gluten- free 
diet and oral dapsone [22]. Similar to celiac disease, the 
pathology of DH is likely mediated by IgA class autoantibod-
ies against one of the transglutaminases [2]. Although DH is 
essentially a bullous skin disease, it is classified as a cutaneous 
intestinal disorder caused by hypersensitivity to gluten [3]. A 
gluten-free diet can alleviate the cutaneous and intestinal 
symptoms, while dapsone can target skin eruptions [23, 24]. 
The dose commonly used is 100 mg per day (tapering with 
signs/symptoms control), with an average maintenance dose 
of 1 mg/kg/day [3]. Lesions may recur when dapsone is dis-
continued in the absence of a gluten- free diet [3].

 Leprosy

Leprosy results from an infection caused by Mycobacterium 
leprae. Chronic leprosy is characterized by granulomas of the 
skin and mucous membranes and by peripheral nerve involve-
ment. Leprosy can be exacerbated by pregnancy. Untreated, it 
can cause permanent damage to the skin, nerves, limbs, and 
eyes [25]. Treatment typically involves antimicrobials includ-
ing dapsone [26, 27]. The type of leprosy dictates the time it 
will take for treatment to work. Paucibacillary leprosy can be 
successfully treated with 6 months of rifampicin and dapsone, 
while multibacillary leprosy may require dapsone and clofazi-
mine for 2 years [28, 29]. Other options include moxifloxacin, 
ofloxacin, minocycline, and clarithromycin [30].

 Erythema Elevatum Diutinum

Erythema elevatum diutinum (EED) is a rare skin disease 
characterized by persistent brown or red-purplish papules, 
nodules, or plaques [31]. Treatment of dapsone has been 
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proven effective [31]. Side effects such as hypersensitivity 
syndrome may lead to discontinuation. In some patients EED 
relapses after stopping DDS [32]. Improvement may be 
obtained with the topical application of the gel. Orally admin-
istered dapsone may be needed for complete resolution [33].

 Hidradenitis Suppurativa

Hidradenitis suppurativa (HS) is a chronic inflammatory 
cutaneous disease commonly involving intertriginous 
areas, such as the axilla, inner thighs, groin, buttocks, and 
pendulous breasts, but it may appear on any follicular skin 
[34]. Topical dapsone coupled with clindamycin may be 
sufficient to treat mild HS [34]. Doxycycline and minocy-
cline have been the first-line systemic option in more 
widespread or severe cases [35]. Severe HS may require 
antibiotics per culture; ampicillin, clindamycin, rifampi-
cin, fluoroquinolones, and metronidazole are often used, 
so are zinc, acitretin, hormone blockers, and oral predni-
sone [34, 36]. In one study DDS oral doses of 50–200 mg/
day for 1–48 months led to improvement in 38% of cases, 
with adverse events occurring in 8%. Relapse was seen in 
patients that discontinued dapsone [37]. Adalimumab is 
the first drug approved by the FDA for HS and may cur-
rently be first line of therapy for moderate to severe HS.

 Delayed Pressure Urticaria

Delayed pressure urticaria is characterized by hives at areas 
of pressure over the skin, like around the waist from tight 
belts; it can be managed with oral dapsone with a good thera-
peutic benefit lasting beyond the end of therapy. There are no 
significant effects related to age, gender, duration of therapy, 
or methemoglobinemia [38]. A retrospective study showed 
that 74% of patients (n = 31) with persistent symptoms 
obtained good or very good outcomes after receiving dap-
sone [38].

 Chronic Idiopathic/Spontaneous Urticaria

Chronic idiopathic urticaria (CIU) is characterized by wheals 
for more than 6 weeks [39, 40]. It affects 0.5–1% of the pop-
ulation [41]. Dapsone appears to reduce the neutrophil 
adherence function mediated by integrins, thus inhibiting 
neutrophil migration to extravascular sites [39]. Primary 
treatment includes corticosteroids, cyclosporine, and omali-
zumab [40]. At the 4th International Consensus Meeting on 
CIU in 2012, dapsone was removed from the standard guide-
lines of care [41]. In refractory patients, dapsone may be 
used along with other treatments such as intravenous immu-
noglobulin, rituximab, and anticoagulants [42].

 Neutrophilic Urticaria

Neutrophilic infiltrates are seen in a subset of patients with 
urticarial-like lesions that tend to be less responsive to ther-
apy [43]. In a patient treated with an antihistamine, colchi-
cine, and dapsone, only colchicine provided moderate 
benefit; anakinra achieved 100% control [43].

 Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is a type of systemic vasculitis 
characterized by necrotizing inflammatory lesions resulting 
from the affectation of medium-sized and small muscular 
arteries. The term PAN most likely stems from the classifica-
tion changes and the modification of the epidemiology [44]. 
The first-line therapy includes a combination of glucocorti-
coids and cyclophosphamide or glucocorticoids alone, 
depending on the severity [44]. Many experts have recom-
mended a less aggressive treatment regime for PAN such as 
colchicine or dapsone [44].

 Thrombocytopenic Purpura

Idiopathic thrombocytopenic purpura (ITP) is thrombocyto-
penia with normal bone marrow in the absence of other eti-
ologies. ITP is characterized by premature platelet destruction 
in the reticuloendothelial system due to autoantibodies that 
attach to platelet membrane proteins [45]. Dapsone at 
100 mg/day for a minimum of 30 days results in a maximum 
of 20% long-term complete response rate and may be used 
before resorting to splenectomy [45].

 Lupus Miliaris Disseminatus Faciei

Lupus miliaris disseminatus faciei (LMDF) is characterized 
as a chronic facial dermatosis with spontaneous regression in 
2–4 years that leaves pock-like scars [46]. In one study, oral 
dapsone at 100 mg/day led to improvement after the first 
month, but cupuliform scars still developed [46].

 Autoimmune Bullous Diseases

Autoimmune bullous disease (AIBD) encompasses a group 
of disorders that result from autoimmunity directed against 
basement membrane and/or intercellular adhesion molecules 
on cutaneous and mucosal surfaces [47]. AIBD includes lin-
ear IgA bullous dermatosis, DH, epidermolysis bullosa 
acquisita, bullous lupus erythematosus, bullous pemphigoid, 
mucous membrane pemphigoid (MMP), pemphigus vulgaris 
(PV), and pemphigus foliaceus (PF). Most studies conducted 
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with dapsone have been on MMP and PV [47]. The maxi-
mum recommended dose for dapsone is 200 mg/day although 
there are reports of 300 mg/day being required [47].

 Henoch-Schönlein Vasculitis

Henoch-Schönlein vasculitis (H-SV) is an acute IgA- 
mediated disorder. It is a systemic vasculitis disease that 
affects the skin, mucous membranes, and other organs. In 
one study, patients treated with dapsone 100 mg/day experi-
enced fast and complete healing of the skin lesions [48].

 Familial Mediterranean Fever

Familial Mediterranean fever (FMF) is a hereditary autoin-
flammatory disease that presents with fever and recurrent 
painful attacks involving polyserositis [49]. Dapsone given 
as a single dose of 2 mg/kg controlled the episodes in 50% of 
the cases and may be considered an alternative therapy in 
patients unresponsive to colchicine [49].

 Sweet’s Syndrome

Sweet’s syndrome (SS) is an autoinflammatory disorder that 
typically presents with erythematous plaques. It is character-
ized by the abrupt onset of fever, peripheral neutrophilia, 
erythematous skin lesions, and diffuse neutrophilic dermal 
infiltrate. SS is associated with inflammatory bowel disease, 
infections, and hematologic entities [50]. Dapsone is a 
second- line agent after the first-line treatments such as corti-
costeroids and cyclosporine [50].

 Granulomatous Rosacea

Granulomatous rosacea is a rosacea variant characterized by 
disseminated, red-brown papules and nodules located pri-
marily in periocular and centrofacial areas. One case report 
showed remission and long-term stabilization in a patient 
treated with systemic dapsone [51].

 Circinate Balanitis

Circinate balanitis is a manifestation of reactive arthritis that 
can occur independently [52]. Typically treated with topical 
corticosteroids, resistant cases may be successfully treated 
with a combination of dapsone and topical 0.1% tacrolimus 
ointment [52]. In a case report, circinate balanitis persisted 
after treatment with clobetasol propionate 0.005% cream but 
was cured by the tacrolimus/dapsone combination [52].

 Cutaneous Small-Vessel Vasculitis

Cutaneous small-vessel vasculitis (CSVV) is characterized by 
neutrophilic inflammation that is mostly limited to the superfi-
cial cutaneous postcapillary venules. It typically manifests as 
symmetrically distributed palpable purpura of the lower extrem-
ities. Primary treatment for chronic CSVV includes dapsone at 
50–200 mg/day singly or in combination with colchicine [53].

 Eosinophilic Cellulitis (Well’s Syndrome)

Eosinophilic cellulitis is a rare inflammatory skin disease 
characterized by tender, granulomatous eosinophilic infil-
trates in the dermis with possible vesicles and urticarial 
plaques [54]. A patient treated with long-term therapy of dap-
sone at a dose of 50 mg/day was relapse-free at 1 year [55].

 Subcorneal Pustular Dermatosis (Sneddon- 
Wilkinson Disease)

Subcorneal pustular dermatosis (SPD) is a rare, benign, pus-
tular dermatosis [56]. Although dapsone-resistant cases have 
been increasingly reported, dapsone remains the first-line 
treatment [56].

 Cutaneous Lupus Erythematosus

Cutaneous lupus erythematosus (CLE) is an inflammatory 
autoimmune disease with heterogeneous subtypes [4]. 
Antimalarials and systemic corticosteroids are typically rec-
ommended as first-line and long-term systemic treatment 
[4]. Dapsone is used as a second-line systemic treatment; it 
is effective with or without antimalarials [4].

 Erosive Pustular Dermatosis of the Scalp

Erosive pustular dermatosis of the scalp (EPDS) is an idio-
pathic inflammatory disorder characterized by pustules, 
erosions, and crusting in alopecic areas that are atrophic, 
actinically damaged, or both [57]. Dapsone 5% gel is an 
effective treatment for EPDS [57].

 Behçet Disease

Behçet disease (BD) is an autoinflammatory disease prevalent 
in Central and East Asia and the Eastern Mediterranean basin 
[58]. It is characterized by the “triple symptom complex” con-
sisting of recurrent oral aphthosis, genital ulcers, and chronic 
relapsing bilateral uveitis [59]. In one study, dapsone was used 
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as treatment 8.3% of the time, while drugs such as colchicine 
were used at a frequency of 78.3% [58]. These treatments 
were used for mucocutaneous manifestations [58].

 Oral Lichen Planus

Oral lichen planus (LP) is an inflammatory disease that 
affects the mucous membranes of the mouth. Oral dapsone, 
tacrolimus, and retinoids are as efficacious as steroidal drugs 
for treating oral lichen planus [1]. Patients taking oral dap-
sone 100 mg/day for 3 months can avoid the associated side 
effects of chronic steroid use [1].

 Eosinophilic Pustular Folliculitis (Ofuji’s 
Disease)

Eosinophilic pustular folliculitis (EPF) is an idiopathic pru-
ritic papulopustular dermatosis usually presenting with itchy 
papules and pustules in a circinate configuration. EPF affects 
the upper body while sparing the abdomen and lower extrem-
ities [60]. Indomethacin is the first-line oral medication for 
EPF, but dapsone has been shown to be efficacious [60]. 
Dapsone works by inhibiting eosinophil peroxidase activity 
and chemoattractant-induced signal transduction [60].

 Pustular Psoriasis

Pustular psoriasis is a psoriasis variant characterized as small 
sterile pustules on an erythematous base, typically found on 
the knees and elbows [61]. A study tested dapsone in five 
patients that previously failed multiple topical and systemic 
treatments; four responded to oral dapsone and one to topical 
dapsone therapy [61]. The study found dapsone to be much 
safer than other systemic drugs and should be considered in 
the treatment of pustular psoriasis [61].

 Neutrophilic Panniculitis

Neutrophilic panniculitis (NP) is an autoinflammatory disor-
der characterized by painful recurrent ulcerating subcutane-
ous nodules and by dense infiltrates of neutrophils in the 
deep dermis and septa [62]. Oral dapsone at 50–100 mg/day 
is the treatment of choice.

 Linear Immunoglobulin A (IgA) Bullous 
Dermatosis

Linear immunoglobulin A (IgA) bullous dermatosis (LABD) 
is an autoimmune disorder that is characterized by 

 subepidermal blistering elicited by IgA antibodies. The 
pathology takes place in the basal membranous zone of the 
skin and mucosal tissue [63]. Patients with LABD may ben-
efit from dapsone but with a few side effects such as hemo-
lytic anemia and alopecia [63].

 Adverse Effects

The following side effects were listed in the same PubMed® 
review of dapsone over the past decade:

Dapsone is well tolerated at the normal doses given for 
dermatologic diseases, but some side effects may emerge at 
higher doses. Dapsone may lead to dose-related hemolytic 
anemia and methemoglobinemia. Patients that suffer from 
other disorders such as celiac disease may be predisposed to 
acute dapsone-induced methemoglobinemia [64].

Some patients experience adverse cardiovascular events 
when given higher dapsone doses; these include myocardial 
injury, shock, ventricular dysrhythmia, or cardiac arrest 
(occurring within the first 48 h of treatment) [64, 65].

Dapsone may lead to a hypersensitivity syndrome in 
about 0.3–3.6% of patients [66]. This typically occurs in the 
first 3–5 weeks after initiation of therapy. Its main signs are 
fever, generalized rash, lymphadenopathy, and hepatitis [66]. 
The syndrome can involve multiple organs and lead to life- 
threatening fulminant hepatitis [67].

Agranulocytosis is a serious and unpredictable manifesta-
tion of intolerance to dapsone typically presenting after 
4–12 weeks of treatment [68]. In a case report, a patient with 
chronic urticaria developed livedo reticularis, a vascular pat-
tern caused by swelling of the venules [69].

 Pregnancy and Lactation

The use of dapsone as a therapeutic agent has been tested 
in the pregnant population. Adverse effects are less likely 
with intermittent use, but most adverse effects occur with 
long- term use of dapsone [70]. One study reported that 
dapsone therapy during pregnancy is thought to be safe, 
although there have only been 19 reported cases of expo-
sure in the first trimester [71]. In pregnant women with 
leprosy, dapsone did not show an increase in the rate of 
abnormal outcomes [72]. Dapsone is excreted in the 
breast milk in quantities potentially toxic for newborns 
[72]. Patients should be informed about the lack of 
secured data.

 Contraindications

Dapsone is contraindicated in patients who are allergic to 
the drug. A relative contraindication for dapsone therapy 
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is glucose- 6-phosphate dehydrogenase (G6PD) defi-
ciency, an X-linked disorder affecting males [73]. 
Dapsone is contraindicated in patients with hypersensi-
tivity to dapsone and related drugs (sulfonamides, para-
aminobenzoic acid) or in patients with acute porphyrias 
and severe anemia [74]. DDS interferes with A1c moni-
toring leading to falsely low HgbA1c results in diabetic 
patients [75]. This may be due to it acting as an inhibitor 
of folic acid and reducing the life span of hemoglobin 
via oxidative stress on red blood cells [75]. Adverse 
reactions are reported with pyrimethamine- dapsone use; 
the rate for serious adverse reactions was 1:9100 pre-
scriptions for malaria prophylaxis patients [76]. Dapsone 
must be used with caution in patients with G6PD defi-
ciency, methemoglobin (Hb) reductase deficiency, car-
diac insufficiency/heart failure, severe hepatopathy, 
pulmonary diseases, and co-medication with metHb-
inducing drugs [77].

 Laboratory Monitoring

Since adverse gastrointestinal effects including anorexia, 
abdominal pain, nausea, and vomiting can occur in 
patients receiving dapsone, periodic history and physical 
exams should be conducted during treatment [77]. 
Laboratory evaluation includes glucose-6-phosphate 
dehydrogenase (G6PD) and metHb reductase measure-
ments; a complete blood count (CBC); a chemistry 
panel including bilirubin, alanine aminotransferase, 
aspartate aminotransferase, gamma-glutamyltransfer-
ase, and creatinine; and a urinalysis [77]. Follow-up 
evaluations should include a careful history and physical 
exam and a CBC every 2 weeks for the first 3–6 months 
and every 2–4 months thereafter with periodic chemistry 
panels [77, 78].

 Conclusions

Dapsone is an old drug that found its way into a vast vari-
ety of treatment regimens and continues to do so. It may 
be a first- or second-line drug, safe when properly moni-
tored and administered at the relatively low yet effective 
dose of 50–100 mg/day. At greater dosages, 200–300 mg/
day, the risk of adverse effects such as methemoglobin-
emia increases significantly.

Many diseases benefit from dapsone, but more tri-
als are needed to explore its full benefits as single 
agent or synergistic drug. This chapter reviewed 
the most recent literature and only presents a few of 
the many diseases resolved or alleviated by dap-
sone and provides insights into its use in untested 
conditions.

Case Report
A 61-year-old male presents for a routine follow-up of 
his dermatitis herpetiformis. He has been essentially 
free of lesions on a strict gluten-free diet and dapsone 
for 20 years. His initial dose of 100 mg/day has been 
lowered to 50 mg/day over the last 5 years, but attempts 
to lower it further result in vesicles around the elbows. 
Monitoring has consisted of complete blood counts 
and chemistries yearly, never showing abnormalities 
of significance. On a follow-up visit, the patient pre-
sented with an unusual facial erythema and slight 
edema and a perianal rash resembling intertrigo.

Past Medical History
• Hypertension
• Hyperlipidemia

Social History
• Nonsmoker and nondrinker
• Married
• Retired

Prior Therapies
• Topical steroids before the diagnosis of dermatitis 

herpetiformis

Physical Exam
• Mild erythematous, non-scaly patches on mid-face 

and perianally

Management
After questioning the patient, he recalled taking a 
new medication around the same time period the rash 
developed. Analysis of the medication showed that it 
contained gluten and the current flare was attributed 
to the medication. Subsequent discontinuation of the 
medication resolved the flare.
Medications that contain gluten:
(Data retrieved from a comprehensive list on 
Glutenfreedrugs.com)

The following medications contain gluten: Advil 
Liqui-Gels, Advil Migraine, Doryx 75 mg, Doryx 
100 mg, Sanctura 20 mg, Tekturna HCT 150/12.5 mg, 
Tekturna HCT 150/25 mg, Tekturna HCT 300/12.5 mg, 
and Tekturna HCT 300/25 mg [79].

The following medications contain maltodextrin 
which occasionally is derived from a wheat source: 
Femcon Fe, Gabazolpidem-5 capsule kit, Junel Fe 1/20, 
Junel 1.5/30, Junel 1/20, Loestrin 1.5/30, Loestrin 1/20, 
Loestrin Fe 1.5/50, Loestrin Fe 1/20, Montelukast 
Chewable Tablets, Sentrazolpidem PM-5 capsule kit, 
Zenchent Fe Chewable, and Zeosa [79].
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Systemic Nonantibiotic Therapy in Acne 
and Rosacea

Guy Webster

 Hormonal Therapy

Since acne is tied inextricably to androgen stimulation of the 
sebaceous gland it makes sense that hormonal manipulation 
is of value in acne treatment. To date, all systemic drugs that 
treat acne hormonally are feminizing so this approach is only 
useful in women. It is often assumed that only hyperandro-
genic women will benefit from hormonal therapy but this is 
not the case. Women with normal androgens and regular 
menses will also respond to hormonal manipulation, although 
no study adequately addresses the issue.

In my opinion, spironolactone is the most effective com-
monly used anti-androgen in acne. The drug was introduced 
as a diuretic in 1959, was found to be feminizing and its use 
as an anti-androgen evolved without obtaining regulatory 
approval for these indications. It has a long history of safe 
use in the minds of dermatologists, but there is limited data 
in support of its safety. Shaw and White [1] studied 91 
women comprising 200 person years of drug exposure and 
found menstrual irregularity and diuretic effect to be the 
most commonly reported adverse events. No serious events 
occurred.

Goodfellow et al. [2] reported on sebum secretion rates 
during 3 months of spironolactone therapy for severe acne. 
They found a dose dependent reduction in sebum secretion 
that was independent of androgen level. Shaw [3] reported a 
retrospective study of 85 women who received spironolac-
tone 50–100 mg/day as monotherapy or adjunctive therapy 
for acne. 33% cleared and 33% had marked improvement.

There is generally positive evidence in the literature that 
spironolactone is effective in acne, but it is all in relatively 
small studies that fail to satisfy current standards for high 
grade evidence. Layton and coworkers [4] performed a 
hybrid systematic review of the literature and found that all 

trials were considered “at high risk for bias” and the quality 
of evidence was either low or very low and that the drug has 
yet to be proven to be effective in acne. Similarly, a Cochrane 
review of spironolactone use in hirsutism and acne failed to 
show evidence for effectiveness in acne [5]. Given the 
generic status of the drug and the cost of properly done trials 
it is unlikely that this lack of rigorous evidence will be rem-
edied in the near future. Fortunately, the collective anecdotal 
evidence gives good support for the usefulness of this drug in 
acne.

Spironolactone appears to be a safe drug for treatment of 
acne. Although it is a potassium sparing diuretic it has been 
found that women treated for acne are not at risk of hyperka-
lemia [6]. Because of its hormonal activity a risk of breast 
cancer has been suggested to exist with spironolactone. A 
recent retrospective study [7] in over two million Danish 
women who received the drug revealed no statistically sig-
nificant increase in breast or gynecologic cancers.

Spironolactone regimens have not been standardized and 
vary among expert practitioners. In general, higher doses 
(e.g., >100 mg/day) have more frequent side effects of breast 
tenderness or menstrual irregularity. Some physicians pre-
scribe the drug along with OCP and others use it as mono-
therapy or maintenance monotherapy. In my practice I 
typically prescribe it at 100 mg/day and may decrease to 50/
day after a good response, typically after 2 months. The 
response of acne is not quick; it’s a matter of months not 
weeks, and I will usually start it with a more quick-acting 
drug, e.g., doxycycline, that is taken for the first 2 months or 
so. Patients are instructed that this is an off-label use, that a 
warning is given by the FDA about its use, and that if they 
become pregnant the drug should be discontinued.

Cyproterone acetate is an androgen blocker that is avail-
able in Europe as a combination contraceptive along with 
ethinyl estradiol and has been shown to be useful in acne 
therapy [8]. Other oral contraceptives (OCP) are also of use 
in treating acne. Drospirinone is a chemical relative of spi-
ronolactone and is available in several OCP preparations that 
have been shown to be effective in acne [9]. All combination 
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contraceptives that inhibit ovulation suppress androgen 
 production and may be of use in acne therapy. Firm conclu-
sions about the relative benefits of different OCP are ham-
pered by a lack of comparative studies [10]. A recent 
meta-analysis compared the response of acne to antibiotic or 
OCP therapy [11] finding that antibiotics were superior at 
3 months but equivalent to OCP at 6 months. Given the valid 
concerns regarding antibiotic overuse it may be that OCP are 
a better choice for long-term acne treatment. It must also be 
considered that OCP carry a very slight risk of thromboem-
bolic disease. This risk if far lower than the clotting risk of 
pregnancy, so when used as contraception there is a favor-
able risk:benefit ratio to OCPs regarding clots. This cannot 
be said for acne which has no risk of thromboembolism. 
Certainly women desiring both treatment for acne and con-
traception can benefit from OCP for both indications.

 Oral Retinoids

Isotretinoin is the retinoid useful in acne. Other oral reti-
noids, e.g., acetretin and etretinate have minimal effect on 
the sebaceous gland which is the main target of the drug in 
acne. Nelson and colleagues [12] have shown that isotreti-
noin effects are not a consequence of binding to nuclear reti-
noic acid receptors, but rather to a cytosolic ligand that 
induces apoptosis in sebocytes. Additionally, Dispenza et al. 
[13] demonstrated that isotretinoin can normalize an exag-
gerated innate immune response via TLR-2 bearing mono-
cytes and dampen the response to P. acnes.

 Isotretinoin Dosing and Relapse

In 1980 Farrell, Strauss and Stranieri [14] reported a small 
(14 patient) blinded 12 week study of 13-cis-retinoic acid 
treatment of severe acne where a dose dependent suppres-
sion of sebum production was observed along with marked 
improvement in the acne. At the highest dosage sebum was 
reduced to 10% or pretreatment levels. Side effects of des-
quamation, cheilitis, and dryness were noted. Laboratory 
abnormalities were minimal and did not require cessation of 
therapy. Later work [15] showed that prolonged remissions 
in acne were possible and that sebum production could 
remain suppressed long after cessation of therapy; up to 
80 weeks in some individuals. A subsequent larger study in 
150 patients compared 0.1, 0.5, and 1 mg/kg/day [16]. The 
drug was effective in all doses and no significant differences 
in acne improvement were seen between the groups. It was 
noted that 42% of those treated at the lowest dose required 
retreatment with the drug.

Dosing of isotretinoin has remained a matter of some con-
troversy. Prescribers must weigh the benefits of minimizing 
side effects vs. the clinical response of the acne. Even low 
doses of isotretinoin are quite effective while the patient is 
taking them, it’s clear that relapse is more frequent at lower 
dosages. In 1997 a group of acne experts reviewed the cases 
of 1000 acne patients who were treated with isotretinoin 
[17]. Fifty-five percent of the patients had severe acne and 
the rest mild or moderate acne. The panel concluded that 
most of the physicians aimed to achieve a target dose of 100–
120 mg/kg.

More recently, a single center reported the use of 1.6 mg/
kg/day for a cumulative dose around 290 mg/kg in 80 patients 
[18]. No adverse events lead to discontinuation of treatment. 
During the 3 years of the study 12.5% of the patients relapsed 
and required retreatment. All patients were acne-free at the 
end of the trial. A second study reported 180 patients treated 
with isotretinoin in varying dosages [19]. They were divided 
into two groups for analysis, those that received <220 mg/kg 
and those that received greater. The relapse rate at 1 year was 
47.4% in the lower dose group and 26.9% in the higher dose 
group.

There are obvious difficulties in comparing the relapse 
rates among different studies using different regimens and 
different patients of differing severity. The authors of the 
high dosage papers note greater improvement over the gener-
ally accepted (but not rigorously proven) relapse rate of 
15–20% at 100 mg/kg total dosage. But the differences were 
not huge in the first paper and actually much greater relapse 
occurred in the second. At issue is whether a few percentage 
points lesser relapse can be justified by the presumed risks of 
higher dosages. In these two papers at most 260 patients 
were treated with extra high dosages. This is far too small a 
number to prove equal safety with normal dosed isotretinoin 
and, for me, is not enough evidence to treat all acne patients 
at high dosage. To be sure there will be a few individuals 
who need the high dosage, and these publications give reas-
surance that it can be done safely.

What factors determine the likelihood of relapse follow-
ing isotretinoin treatment? Dosage is clearly a factor and 
absorption of the drug is as important a variable as the size of 
the pill administered. Colburn and colleagues [20] showed in 
1983 that the absorption of isotretinoin was decreased by 
60% if taken on an empty stomach. Moreover the food needs 
to be quite fatty to get maximal absorption from the GI tract. 
The exact amount of fat is not well studied, but it appears 
(from FDA phase 3 submissions) to be substantial ….in 
other words a glass of milk or a spoon of peanut butter isn’t 
enough to maximize absorption. This high variability can 
make it hard for a clinician to know how much drug his 
patient is actually getting and may account for great 
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 variability even within well-controlled studies. In addition 
the requirement of a fatty meal can run opposed to our 
instructions on how to control elevated triglycerides and with 
our patient’s desires to remain slim. There is a newer formu-
lation of isotretinoin, isotretinoin lidose, that minimizes the 
food effect and gets substantial absorption if taken on an 
empty stomach [21, 22].

Other factors that appear to promote post-isotretinoin 
relapse include early age of onset of the acne and need for 
the drug while still younger. Although the mechanism for 
this is not worked out, I assume it reflects a tendency to either 
an overactive sebaceous gland or excessive hypersensitivity 
to P. acnes that allows acne to recur. Likewise virilized 
women who have elevated androgens seem to more readily 
recover sebaceous activity post-isotretinoin and may need 
repeat treatment. More study in both of these areas is clearly 
needed.

 Teratogenicity

The major issue with isotretinoin that prevents treating all 
acne patients with it is the risk of birth defects. Isotretinoin 
causes birth defects in at least 25% of babies exposed dur-
ing the first trimester [23]. Isotretinoin embryopathy 
includes ear malformations, CNS defects, and cardiovascu-
lar defects. Pregnancy prevention programs have been 
instituted and are reasonably but far from completely effec-
tive in preventing fetal exposure. In the United States a 
more stringent iPLEDGE program supplanted its predeces-
sor, SMART and seems to be somewhat better at limiting 
fetal exposure. One study reported that fetal exposure in 
SMART was 3.11 cases per 1000 courses and that iPLEDGE 
reduced that rate to 2.67 per 1000 [24]. A Canadian preg-
nancy prevention program identified 186 pregnancies out 
of 102, 308 courses of isotretinoin in females between 1996 
and 2011 [25]. Of these 118 resulted in a live birth; with 11 
cases of malformation.

In theory, proper use of two means of contraception 
should all but eliminate pregnancy on isotretinoin. 
Compliance with contraceptive requirements may be limited 
by a patient’s circumstances, their understanding of the 
issues and their willingness to take risks and the influence of 
alcohol. It may be that injectable/implantable contraception 
should receive greater use going forward.

Other adverse events are far less problematic. Isotretinoin 
is a 35 year old drug and there should be no new problems 
that arise with it. Adverse events (Table 45.1) of dry skin, 
lips, elevated triglycerides are well known and are usually 
dose-dependent [26]. Less common problems are also listed 
in Table 45.1.

 Inflammatory Bowel Disease

Over the years scattered case reports and small retrospective 
studies have suggested a link between isotretinoin therapy 
and inflammatory bowel disease (IBD). Until relatively 
recently there have been no large studies that addressed the 
issue. In the past several years very large studies have 
reported on the incidence of IBD as a consequence of isotret-
inoin treatment [27, 28]. Invariably, they find no connection 
between the drug and the IBD. One study noted that there 
may be a protective effect in Crohn’s disease [29], another 
found a link with antibiotic use and Crohn’s [30], and another 
identified a link to acne but not to isotretinoin [27]. 
Interestingly, much of the support for a causal connection 
between the drug and IBD came from the US FDA drug 
adverse event reporting system that identified 2214 cases 
resulting from isotretinoin usage. Stobaugh and colleagues 
[31] analyzed the source of each of the case reports and 
found that 5.15% came from consumers, 6.0% from physi-
cians, and 87.2% from lawyers.

 Laboratory Abnormalities

Laboratory monitoring during isotretinoin treatment cur-
rently lacks a clear standard of performance [33]. The tests 
typically ordered are AST, ALT, CBC, Lipid panel, and 
HCG. Many physicians order tests monthly other less fre-
quently. A meta-analysis by Lee et al. [32] found that signifi-
cant abnormalities are rare in the published literature and 
that there was little rationale for monthly testing of all 
patients. Hansen and coworkers [34] similarly found that 
among their patients significant abnormalities were rare and 
that baseline and 2 month testing seemed sufficient. Webster 
and colleagues [35] reviewed the laboratory findings in 246 
consecutive patients treated with isotretinoin. AST, ALT, 
GGT, CK, CBC, and lipids were measured. No significant 
CBC abnormalities occurred. AST and ALT elevations were 

Table 45.1 Adverse events associated with isotretinoin therapy

Common

  Dry skin and lips

  Hypertriglyceridemia

  Myalgia

Uncommon

  Dry eye

  Decreased night vision

  Acne fulminans

  Psychiatric disturbance

  Hepatic irritation
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mild and were not accompanied by a GGT elevation, indicat-
ing that their elevation was not from a hepatic source. Most 
AST and ALT elevations were accompanied by a CK eleva-
tion, indicating a muscular source. CK elevations were quite 
common and mostly in young men, and some were quite 
high, e.g., 4 × normal or greater. Invariably, these patients 
were engaging in strenuous physical activity and most were 
asymptomatic. Since this study was completed I have had 
one patient require hospitalization for rhabdomyolysis. 
These findings indicate that we may be missing significant 
problems by failing to measure CK in isotretinoin patients 
and that physically active young men must be treated care-
fully and probably advised to moderate their exercise. It is 
important to note that these patients were not matched to a 
control group so a definitive statement that isotretinoin 
causes CK elevation or damages muscle cannot be made. 
Indeed there are numerous papers documenting CK eleva-
tion and rhabdomyolysis in athletes taking no medication 
whatsoever.

 Acne Fulminans

Acne fulminans is an explosive eruption that is classically 
accompanied by fever, arthralgia, leukocytosis, and ulcer-
ative acne lesions. Over the past 30 years it has been observed 
that isotretinoin can trigger a skin-limited form of acne ful-
minans [35]. It typically occurs early in therapy of a patient 
with nodular trunk acne. High starting doses of isotretinoin 
seem to favor its development. The appropriate response is to 
lower or discontinue the isotretinoin and begin oral cortico-
steroids after which isotretinoin can be reintroduced. It is my 
practice to start most patients with severe trunk acne on both 
prednisone and isotretinoin both at 20 mg/day and taper 
away the prednisone after a few weeks.

 Pseudotumor Cerebri

Pseudotumor cerebri is a rare complication of isotretinoin 
therapy. Its etiology and relation to the drug is uncertain. A 
recent case series has documented the safe use of isotretinoin 
in three acne patients who had previously had an episode of 
psuedotumor cerebri [36].

 Bone Density

Changes in bone mineralization have been reported to result 
from isotretinoin therapy is a few small studies. A recent 
study of the safety of two formulations of isotretinoin looked 
at BMD in 476 patients before and after a course of 20 weeks 
[22]. Only one patient had a small decrease for which a drug- 
related effect could not be excluded.

 Psychiatric Disorders

Since its approval, isotretinoin has had reports of psychiatric 
disturbances associated with therapy. Most were small case 
series or single patient reports and it was impossible to deter-
mine if there was really a risk. In 2008 a case control series 
of patients hospitalized for depression in Quebec were found 
to have a relative risk of 2.68 (CI 1.0–6.5) for isotretinoin 
exposure. In a safety study of 476 patients receiving isotreti-
noin that included psychologic evaluation of every patient, 
there were 56 adverse psychiatric events that included 
insomnia, anxiety, depression, ADD, mood swings, sleep 
disorder and panic attacks [22] no link to isotretinoin was 
established. Most recently, Huang and Cheng [37] performed 
a systemic review and meta-analysis of the literature con-
cerning isotretinoin and depression. They found no differ-
ence in depression scores of patients treated with isotretinoin 
vs. an alternative therapy. The prevalence of depression after 
isotretinoin declined significantly and mean depression 
scores decreased over therapy. Thus the weight of the data 
indicates that isotretinoin does not induce affective disorders 
in the vast majority of patients. It must be borne in mind 
however that there is a possibility that a very small minority 
of outliers might exist for whom isotretinoin could trigger 
psychiatric problems.
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Oral Antibiotics in Dermatology: 
A Practical Overview with Clinically 
Relevant Correlations and Management 
Suggestions

James Q. Del Rosso and Suzanne M. Sachsman

 Introduction

Oral antibiotics are frequently prescribed in dermatology 
practice, with their use related to treatment of both cutaneous 
infections and noninfectious inflammatory dermatologic dis-
orders [1, 2]. Representing approximately 20% of all pre-
scriptions written within the dermatology specialty, 
dermatologists prescribe more oral antibiotics per type of 
practitioner than any other medical specialty, including pri-
mary care; the majority of these oral antibiotic prescriptions 
are for treatment of noninfectious inflammatory dermatoses, 
such as acne and rosacea [1, 3, 4]. It is important to note that 
unlike treatment of most bacterial infections which usually 
respond to appropriate antibiotic therapy within a few to sev-
eral days, antibiotic treatment of inflammatory skin disorders 
(such as acne and rosacea) is usually prolonged over a few to 
several months [1, 3–6]. Consistent with the common use of 
oral antibiotic agents to treat inflammatory skin disorders, 
oral tetracyclines comprise approximately three-fourths of 
all oral antibiotics prescribed by dermatologists, especially 
doxycycline and minocycline [1].

The goal of this chapter is not to serve as an encyclopedic 
review of all oral antibiotics that may be used for treatment 
of dermatologic conditions as a very thorough and recent 
review is already available [3]. Rather, the objectives of this 
chapter are to discuss specific oral antibiotic therapies that 
are commonly used in dermatology and to provide a practi-

cal overview on optimal antibiotic use for uncomplicated 
superficial cutaneous infections and noninfectious inflam-
matory dermatoses. Emphasis is placed on the more fre-
quently used antibiotic treatments of more commonly 
encountered cutaneous disorders, such as superficial staphy-
lococcal and streptococcal infections and facial inflamma-
tory dermatoses (e.g., acne, rosacea, perioral dermatitis). 
Summary statements are provided for oral antibiotics that are 
used less frequently in outpatient dermatology, such as 
rifampin, clindamycin, linezolid, tedizolid, and dapsone.

 Oral Penicillin Derivatives and Oral 
Cephalosporins

 Dermatologic Applications of Oral Penicillins

The beta-lactamase-resistant oral penicillins and oral cepha-
losporins are adaptable for treatment of many uncomplicated 
bacterial skin infections caused by susceptible organisms. 
These agents are not generally recommended for treatment 
of common inflammatory facial dermatoses such as acne and 
rosacea, primarily due to concerns related to antibiotic resis-
tance [1, 3, 7–9]. Of the oral beta-lactamase-resistant peni-
cillins, dicloxacillin exhibits the most favorable 
pharmacologic and pharmacokinetic properties, with thera-
peutic activity against methicillin-sensitive Staphylococcus 
aureus (MSSA); these agents are not recommended for treat-
ment of methicillin-resistant S. aureus (MRSA) [3]. The 
same is true for amoxicillin-clavulanate, which incorporates 
a beta-lactamase inhibitor (clavulanic acid) in combination 
with amoxicillin. Amoxicillin offers superiority over ampi-
cillin, a structurally similar oral aminopenicillin antibiotic, 
demonstrating greater gastrointestinal (GI) absorption, lower 
incidence of diarrhea, adaptability to co-administration with 
food, and resistance to beta-lactamase when combined in the 
same tablet/capsule with clavulanic acid [3]. Isoxazolyl pen-
icillins offer good coverage against both Streptococcus pyo-
genes and MSSA, which are associated with a variety of 
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cutaneous bacterial infections encountered in the outpatient 
setting; the natural penicillins (penicillin G, penicillin V) are 
not active against MSSA or MRSA [3]. All oral penicillins 
primarily undergo renal elimination, with the exception of 
oxacillin [3]. Dosing of selected major oral penicillins used 
in outpatient dermatology is depicted in Table 46.1.

 Adverse Effects Associated with Oral Penicillins

Hypersensitivity reactions, such as anaphylaxis/anaphylac-
toid reactions, are probably the major adverse effects (AEs) 
encountered clinically when prescribing oral penicillin 
derivatives. The diverse range of severity encompasses 

Table 46.1 Clinically relevant information with selected oral antibiotics used in dermatology

Drug Usual dose Comments

CEPHALEXIN 250–500 MG QID Pharmacokinetic profile for skin not as favorable as cefdinir due to very short 
half-life and rapid renal clearance

Not active against MRSA

CEFDINIR 300 MG BID More prolonged tissue levels within skin than cephalexin

600 MG DAILY Not active against MRSA

AZITHROMYCIN 500 MG DAILY on first day 
followed by 250 MG DAILY on 
days 2 through 5

Dosage to left recommended for uncomplicated skin infections caused by 
susceptible bacteria

Selective use for acne or rosacea; after initial loading dose may use 250 mg two 
to three times per week

DOXYCYCLINE 150–200 MG DAILY (infection) Lower doses may be equally effective in rosacea

150–200 MG DAILY (acne) Enteric-coated and small tablet (scored) formulations reduce GI side effects

20 MG BID or 40 MG DAILY with 
modified-release capsule (rosacea)

Administer with food to reduce GI upset

50–200 MG DAILY (rosacea) Avoid lying down flat after ingestion

Photoprotection recommended

Severe intractable cephalgia/visual disturbances/nausea and vomiting warrant 
evaluation for presence of papilledema

Take doxycycline at least 1–2 h before oral ingestion of iron

MINOCYCLINE 100–200 MG DAILY (infection) Caution about vestibular side effects; most likely to occur within first few days

100–200 MG DAILY (acne) Acute vestibular side effects reduced with weight-based dosing (using ER 
tablet) for acne

1 MG/KG DAILY using extended-
release (ER) tablet formulation 
(acne)

Drug hypersensitivity syndrome (DHS) most often occurs within the first 
2–8 weeks after starting therapy; flu-like symptoms, facial edema, hepatotoxicity 
common; systemically may present with interstitial pneumonitis as predominant 
finding; watch for delayed development of autoimmune thyroiditis weeks to 
months after resolution of lupus-like syndrome that develops most often after 
months to years of use, usually without any skin changes, with polyarthralgias/
arthritis of small peripheral joints (fingers/hands) most common; ANA* positive 
with several other autoantibodies potentially positive on serologic testing

Monitor patients with cutaneous and/or mucosal dyspigmentation; may present 
as blue scars, blue lunula, gray or blue color of skin and/or mucosa (oral, 
ocular), brown macular discoloration often on legs

Severe intractable cephalgia/visual disturbances/nausea and vomiting warrant 
evaluation for presence of papilledema

Take minocycline at least 1–2 h before oral ingestion of iron

TRIMETHOPRIM-
SULFACETAMIDE

160 MG/800MG BID (infection) 
(double-strength [DS] tablet)

Use for MRSA suggested if patient has failed or is unable to use doxycycline or 
minocycline

Use for acne in selected cases that have failed other therapies and patient not a 
candidate for or refusing oral isotretinoin

Lower dose may be effective in selected cases of acne; may use BID or DAILY

Watch for potential signs of emerging DHS, Stevens- Johnson syndrome, and 
toxic epidermal necrolysis especially in the first few months after starting therapy

Consider baseline and periodic monitoring of complete blood cell counts if to 
be administered for prolonged duration (acne)

CIPROFLOXACIN 500–750 MG BID Take ciprofloxacin/fluoroquinolone agent at least 1 h before and not within 4 h 
after ingestion of dairy foods (i.e., milk, yogurt), fortified cereals, antacids, and/
or vitamin/mineral supplements as failure to do so results in reduced GI 
absorption of the drug; this predisposes to antibiotic treatment failure
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morbilliform skin eruptions to urticarial reactions to fatal 
or near-fatal anaphylaxis [3]. From a clinical perspective, it 
should be considered that all penicillins may cross-react. 
Therefore, if a patient is truly allergic to a penicillin (or 
cephalosporin) antibiotic, especially with a severe allergic 
reaction, avoidance of other penicillin and cephalosporin 
agents is recommended [3]. Other AEs associated with oral 
penicillins are antibiotic-associated diarrhea and C. 
difficile- associated colitis (much less common than the for-
mer); more serious AEs such as hemolysis, blood dyscra-
sias, and seizures are most commonly associated with 
high-dose parenteral administration of specific penicillin 
derivatives [3]. Assuming the clinical benefit is felt to out-
weigh the potential risks of therapy during pregnancy, the 
oral penicillins are generally rated as pregnancy category B 
[3, 10].

 Dermatologic Applications of Oral 
Cephalosporins

Cephalosporins are beta-lactamase-resistant agents that have 
been divided into “generations” depending primarily on their 
spectrum of antibiotic activity; the first-generation cephalo-
sporins, cephalexin and cefadroxil, and the third-generation 
cephalosporin, cefdinir, exhibit the most favorable antibacte-
rial activity among oral cephalosporin agents against MSSA 
and non-enterococcal streptococci, with some activity 
against certain Gram-negative organisms [3, 11]. With the 
exception of cefdinir, which exhibits favorable antibacterial 
activity against MSSA and non-enterococcal streptococcal 
pathogens, it is generally accepted that second-, third-, 
fourth-, and fifth-generation cephalosporins exhibit increased 
activity against Gram-negative pathogens and lesser activity 
against Gram-positive pathogens, with many agents avail-
able for parenteral use only. Notably, individual differences 
in antibacterial coverages exist among specific agents in all 
generations [3, 11].

From a practical perspective, two oral cephalosporins that 
are commonly used in dermatology to treat uncomplicated 
cutaneous bacterial infections caused by susceptible patho-
gens are cephalexin and cefdinir. As with other cephalospo-
rins, these agents are inactive against Pseudomonas spp. 
including P. aeruginosa, and unlike cefaclor (a second- 
generation agent), they are not active against Haemophilus 
influenzae [3, 11]. Cephalexin is best absorbed from an 
empty stomach, rapidly undergoes renal excretion, and war-
rants oral administration three to four times daily due pri-
marily to its short serum half-life [3]. Unlike oral cephalexin, 
cefdinir exhibits a longer serum half-life and more prolonged 
persistence in the skin after oral administration, with favor-
able antibiotic activity against MSSA and S. pyogenes with 
twice daily or once daily administration [3, 11, 12].

Oral cephalosporins are often used in dermatology prac-
tice to treat uncomplicated superficial cutaneous infections 
caused by MSSA or non-enterococcal streptococci, such as 
folliculitis, cellulitis, and furunculosis [3, 11]. Other selected 
uses of oral cephalosporins that may be helpful in certain 
clinical situations include treatment of H. influenzae celluli-
tis with cefaclor and treatment of selected cases of gonorrhea 
or Lyme borreliosis with cefuroxime axetil [3].

Dosing of selected major oral cephalosporins used in out-
patient dermatology is depicted in Table 46.1.

 Adverse Effects Associated with Oral 
Cephalosporins

Hypersensitivity and urticarial skin reactions are reported to 
occur in 1–3% of patients treated with cephalosporin antibi-
otics, inclusive of both oral and parenteral administration 
[11]. Potential cross-reactivity/cross allergenicity between 
penicillins and cephalosporins has been noted to occur in 
anywhere from 1 to 10% of patients [3]. Overall, oral cepha-
losporin antibiotics are very well tolerated; GI toxicity such 
as nausea, vomiting, or diarrhea may occur, with antibiotic- 
associated colitis noted to be rare with oral formulations [3]. 
Vaginal candidiasis may occur in some cephalosporin-treated 
patients [3, 11]. Serum sickness-like reaction has been occa-
sionally reported in association with oral cefaclor use, espe-
cially in children [13]. More serious AEs, such as hematologic 
toxicities, are infrequent and are usually seen in association 
with parenteral cephalosporin use [3].

 Oral Macrolides and Azalide Agents

 Dermatologic Applications of Macrolide 
and Azalide Agents

Macrolides and azalides are compounds that are structurally 
very similar; the major oral macrolide antibiotics used in 
dermatology are erythromycin and clarithromycin, with 
azithromycin being the major azalide agent [3, 14]. Oral 
erythromycin use for the treatment of acne, and also for 
treatment of commonly encountered superficial cutaneous 
staphylococcal bacterial infections, has been limited due to 
the prominent emergence of erythromycin-resistant caus-
ative organisms (i.e., P. acnes in acne; S. aureus in superficial 
cutaneous infections) [1, 4, 8, 14–17]. Clarithromycin is 
equally absorbed from the GI tract when administered with 
or without food, while azithromycin is absorbed better in the 
absence of food (1–2 h before food ingestion) [3]. 
Azithromycin elimination is predominantly via hepatic 
metabolism, while clarithromycin is primarily eliminated by 
renal excretion [3].
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Oral macrolide/azalide agents have demonstrated efficacy 
for a variety of uncomplicated superficial cutaneous infec-
tions caused by susceptible bacteria, including folliculitis, 
infected wounds/skin ulcers, and cellulitis; MRSA is not 
responsive to macrolide or azalide therapy [3, 17, 18]. Other 
mucocutaneous infections that may be treated with macro-
lide/azalide agents include Lyme disease, erythrasma, ery-
sipeloid, and several sexually transmitted diseases (STDs; 
non-gonococcal urethritis, syphilis, chancroid, lymphogran-
uloma venereum) [3, 19–21]. Azithromycin has demon-
strated efficacy in the treatment of cat scratch disease, 
donovanosis, human and animal bites caused by Pasteurella 
spp. and Eikenella spp., and urethritis or cervicitis caused by 
N. gonorrhea or C. trachomatis [3, 19, 20]. Clarithromycin 
has demonstrated efficacy in the treatment of leprosy and 
atypical mycobacterial skin infections caused by a variety of 
Mycobacterium spp. [3, 19–22]. Both azithromycin and clar-
ithromycin are active against H. influenzae, Treponema pal-
lidum, Toxoplasma gondii, and Borrelia burgdorferi [3].

Although not considered a first-line agent, oral azithro-
mycin has been used in selected cases to treat both acne and 
rosacea [1, 3, 7, 9, 14, 23–28]. Due to its prolonged persis-
tence in cutaneous tissue, a variety of intermittent regimens 
have been suggested with oral azithromycin for acne and 
rosacea [3, 7–10, 14, 24–28]. Due to the marked global prev-
alence of P. acnes strains resistant to erythromycin, the use 
of this agent for the treatment of acne has diminished; oral 
erythromycin is also associated with a higher potential for GI 
upset than azithromycin and clarithromycin and is associated 
with some potentially significant drug-drug interactions with 
an enhanced risk of systemic toxicity when co-administered 
with certain other drugs (i.e., cyclosporine, carbamazepine) 
[1, 3–5, 7–9, 15, 29]. Dosing of selected major oral macro-
lide/azalide agents used in outpatient dermatology is depicted 
in Table 46.1.

 Adverse Effects Associated with Oral Macrolide 
and Azalide Agents

The most predominant AEs associated with oral macro-
lide/azalide use are GI disturbances associated with eryth-
romycin and metallic taste associated with clarithromycin 
[3, 14, 19]. Cardiac conduction abnormalities, including 
QT prolongation and torsades de pointes, have been asso-
ciated primarily with systemic erythromycin use, with risk 
factors including higher age, high dosage, rapid adminis-
tration, and history of cardiac disease [3]. Animal data 
support that macrolides/azalides can induce reactive oxy-
gen species formation, mitochondrial membrane permea-
bilization, mitochondrial swelling, and cytochrome C 
release in cardiomyocyte mitochondria providing some 

plausible scientific explanation for cardiac conduction 
changes and arrhythmias, including QT prolongation and 
torsades de pointes [30]. Sporadically reported AEs poten-
tially associated with these agents have been fixed drug 
eruption, leukocytoclastic vasculitis, and hypersensitivity 
reactions with clarithromycin and hearing loss, angio-
edema, and hypersensitivity syndrome with azithromycin 
[3, 14, 19].

 Oral Tetracyclines

 Dermatologic Applications of Tetracycline 
Agents

Tetracycline agents are the most frequently utilized antibiot-
ics in dermatology, representing approximately 75% of all 
oral antibiotics prescribed by dermatologists in the ambula-
tory practice setting; they are used to treat a broad range of 
cutaneous infections and even more commonly for noninfec-
tious inflammatory dermatoses such as acne, rosacea, and 
perioral dermatitis [1, 3, 7, 8, 14]. Currently, doxycycline and 
minocycline are the most commonly prescribed tetracycline 
agents in the USA, with the majority of their use for facial 
inflammatory dermatoses (acne, rosacea, perioral dermatitis); 
these two agents offer advantages over tetracycline, including 
greater GI absorption, greater activity against P. acnes, lower 
prevalence of P. acnes resistance, reduced frequency of 
administration, and less binding within the GI tract by co-
ingested metal ions found in dairy products, vitamin/mineral 
supplements, and antacids [1, 3, 4, 8, 9, 14, 29, 31].

Because of their broad range of antibiotic activity 
against MRSA and a diverse array of bacterial pathogens 
and spirochetes, doxycycline and minocycline are com-
monly used to treat a wide variety of cutaneous infections, 
including uncomplicated MRSA infections, several STDs, 
and Lyme disease [1, 3, 17, 21]. The biologic properties of 
tetracyclines which include anti-inflammatory effects unre-
lated to antibiotic activity appear to contribute therapeuti-
cally to their established efficacy for treatment of acne, 
rosacea, perioral dermatitis, and other noninfectious 
inflammatory and bullous skin disorders [2, 3, 14, 32, 35]. 
These biologic/anti- inflammatory properties unrelated to 
antibiotic effects include inhibition on neutrophil migra-
tion, diminished production of neutrophil chemoattractants 
by P. acnes, inhibition of matrix metalloproteinases associ-
ated with derma matrix degradation and modulation involv-
ing collagen and elastic tissue (e.g., collagenase, gelatinase), 
scavenger effect on reactive oxygen species, downregula-
tion cytokines involved innate immune response, and inhi-
bition of protein kinase C-associated granuloma formation 
[2, 3, 14, 32–35]. Sub-antibiotic dosing of doxycycline is 
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achieved with the use of doxycycline 20 mg twice daily or 
with once daily administration of a specific modified-
release 40 mg capsule formulation (doxycycline-MR) 
which is approved in the USA for treatment of papulopus-
tular rosacea [34, 35].

The high lipophilicity of minocycline and doxycycline 
allows for concentrations in the skin, including the sebum- 
rich pilosebaceous unit [3, 4, 14, 31]. Co-ingestion of mino-
cycline or doxycycline with iron may markedly reduce GI 
absorption; however, intake with food or with other metal 
ions has a more modest effect on impairing GI absorption [3, 
29]. Doxycycline is primarily excreted via the GI tract; how-
ever, renal impairment prolongs the serum half-life of other 
tetracycline agents [3]. An extended-release (ER) tablet for-
mulation of minocycline is available, specifically indicated 
only for treatment of acne and not for cutaneous infections, 
which allows for a slower drug accumulation, lower maxi-
mum drug concentration, and decrease in systemic drug 
exposure over time; minocycline-ER is dosed based on 
weight, with a target dose of 1 mg/kg/day [36]. Weight-based 
dosing of minocycline-ER has been shown to reduce the 
potential for acute vestibular side effects associated with 
minocycline use, such as vertigo [37].

For the purpose of clarification, the words doxycycline 
and minocycline refer to dosing and formulations that pro-
vide both the antibiotic and biologic properties and can be 
used to treat cutaneous infections; minocycline-ER and dox-
ycycline- MR refer to formulations that are used to treat 
inflammatory acne and papulopustular rosacea, respectively, 
and not for cutaneous infections. Dosing of selected major 
oral tetracycline agents used in outpatient dermatology is 
depicted in Table 46.1.

Doxycycline and minocycline are the predominant tetra-
cycline agents currently used by dermatologists in the USA 
[1, 2, 8, 14]. The predominant use of these agents in derma-
tology is for acne and rosacea, including primarily papulo-
pustular rosacea, but also for ocular rosacea and 
granulomatous rosacea [1, 3, 4, 8, 14]. For acne and papulo-
pustular rosacea, their use is continued usually over at least a 
few months in order to gain adequate control of the eruption, 
allowing for transition to topical therapy alone to sustain 
control of the disorder and reduce continued risk of antibi-
otic resistance [1, 3, 4, 7–9, 14, 23]. Sub-antibiotic dose 
doxycycline is amenable for more prolonged treatment of 
papulopustular rosacea, including as monotherapy, due to 
lack of antibiotic selection pressure and avoidance of emer-
gence of antibiotic-resistant bacterial strains; data for use in 
acne are limited but may be beneficial in some cases of mild 
to moderate acne severity, especially with more prolonged 
use over at least 6 months [1, 5, 32, 34, 38–40].

Importantly, doxycycline and minocycline are frequently 
used to treat uncomplicated cutaneous MRSA infections and 

are commonly utilized as first-line therapy, with incision and 
drainage incorporated when cutaneous abscess is present [3, 
17, 18, 41, 42]. Doxycycline is considered the treatment of 
choice for rickettsial infections such as Rocky Mountain 
spotted fever and African tick bite fever, and for lympho-
granuloma venereum, and is also used for spirochete infec-
tions, including primary syphilis (second line), early Lyme 
disease, yaws, and pinta [3, 21]. Tetracyclines are no longer 
considered to be a therapeutic option for uncomplicated or 
disseminated gonorrhea, and use of any tetracycline agent 
for granuloma inguinale, despite initial improvement or 
clearance, has been associated with a high risk of therapeutic 
failure [3, 21]. Minocycline or doxycycline have been used 
successfully for treatment of cutaneous M. marinum infec-
tions (e.g., fish tank granuloma), used preferably at maxi-
mum dose (200 mg/day) and ideally for durations of at least 
12–16 weeks [3, 22]. Management of other atypical myco-
bacterial infections is dependent on type of organism, sever-
ity/extent of disease, and immunologic status of the patient, 
with many cases involving combination therapy with other 
agents; further details on management have been reviewed 
elsewhere [3, 22].

Tetracyclines have been sporadically reported in small 
studies and case reports to be effective, alone and/or in com-
bination with other agents, in the treatment on several nonin-
fectious dermatologic disorders, including immunobullous 
disorders (e.g., bullous pemphigoid; combination with nia-
cinamide), sarcoidosis (minocycline, doxycycline), pityria-
sis lichenoides et varioliformis acuta (tetracycline), pityriasis 
lichenoides chronica (tetracycline, minocycline), pyoderma 
gangrenosum (minocycline), oral lichen planus (doxycy-
cline, minocycline), cetuximab-related acneiform eruption 
(minocycline and topical tazarotene), and hidradenitis sup-
purativa [2, 3, 32, 43, 44]. Minocycline is considered to be 
first-line therapy for confluent and reticulate papillomatosis 
[2, 3].

 Adverse Effects Associated with Oral 
Tetracycline Agents

Tetracycline is no longer commonly used in dermatology 
due to need for greater frequency of administration, higher 
prevalence of P. acnes-resistant strains than doxycycline and 
minocycline, less predictable GI absorption with higher che-
lation by co-administered metal ions in foods (e.g., milk, 
yogurt, fortified cereals) and vitamin/mineral supplements, 
and intermittent problems with supply and manufacturing 
[3–5, 7–9, 14, 29, 31].

The most common AEs associated with doxycycline use 
are dose-related phototoxicity and GI side effects (“pill 
esophagitis”) [3, 8, 9, 14]. The former may be obviated by 
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ultraviolet light (i.e., sun) avoidance and broad-spectrum 
sunscreen use, and the latter mitigated by administration 
with food and use of an enteric-coated formulation or the 
small tablet formulation of doxycycline [3, 14, 45].

Minocycline is associated with acute vestibular side 
effects (vertigo, dizziness, tinnitus) in some patients, which 
develops early on after starting therapy, and may be obvi-
ated by use of minocycline-ER weight-based therapy if 
treating acne [3, 9, 14, 37]. Cutaneous and mucosal hyper-
pigmentation may also occur with use of minocycline, espe-
cially with more prolonged durations of use [3]. Multiple 
cases of drug hypersensitivity syndrome (DHS; drug reac-
tion with eosinophilia and systemic symptoms [DRESS]) 
have been reported in association with minocycline use; 
patients commonly present within 2–6 weeks after initiation 
of therapy with flu- like symptoms, diffuse erythema, phar-
yngitis, facial swelling, and systemic effects such as hepati-
tis and/or pneumonitis and/or delayed autoimmune 
thyroiditis [3, 8, 9, 14, 46, 47]. Systemic lupus-like syn-
drome and autoimmune hepatitis have also been associated 
with minocycline use, usually occurring after chronic 
administration over months to years, although some cases 
may occur earlier [3, 9, 46].

Sporadic reports of benign intracranial hypertension 
(BIH; pseudotumor cerebri) have been reported with use of 
tetracycline agents, including tetracycline, minocycline, and 
doxycycline [3, 7–9, 14]. Affected patients may present with 
intractable cephalgia, diplopia, photophobia, nausea, and/or 
vomiting. If BIH is suspected, the suspected agent should be 
discontinued, and ophthalmologic evaluation is recom-
mended to evaluate for presence of papilledema.

 Oral Trimethoprim-Sulfamethoxazole

 Dermatologic Applications 
of Trimethoprim-Sulfamethoxazole

Trimethoprim-sulfamethoxazole (TMP-Sulfa) is well 
absorbed after oral administration with biotransformation of 
both components partially by hepatic metabolism and the 
remainder dependent on renal excretion (20–60% of parent 
compounds excreted unchanged) [3]. The antibacterial activ-
ity of TMP-Sulfa includes MRSA, MSSA, several strepto-
coccal stains, and some Pseudomonas spp. other than P. 
aeruginosa [3]. In dermatology, TMP-Sulfa is used selec-
tively as an alternative agent for refractory inflammatory 
acne and for treatment of uncomplicated cutaneous MRSA 
infections [3, 7–9, 14, 25, 41, 42, 48]. Use of TMP-Sulfa in 
combination with incision and drainage proved to be supe-
rior in achieving clearance of uncomplicated MRSA-induced 
skin abscesses than incision and drainage alone [49]. Dosing 
of oral trimethoprim-sulfamethoxazole used in outpatient 
dermatology is depicted in Table 46.1.

 Adverse Effects Associated with Oral 
Trimethoprim-Sulfamethoxazole

Due to the potential for TMP-Sulfa to induce rare yet severe 
AEs that are often associated with significant morbidity or 
mortality, use of this agent warrants careful consideration of 
the anticipated therapeutic benefits versus possible risks 
along with dedicated patient education. Less severe cutane-
ous reactions which often occur within the first few weeks of 
use in up to 5% of immunocompetent patients include mor-
billiform eruptions, urticaria, fixed drug eruption, and pruri-
tus [3]. The most concerning AEs associated with use of 
TMP-Sulfa are cutaneous reactions and hematologic effects 
[3, 46, 48]. TMP-Sulfa may induce DHS (DRESS), Stevens- 
Johnson syndrome (SJS), or toxic epidermal necrolysis 
(TEN), usually manifesting within 2–6 weeks after starting 
therapy; approximately 30% of cases of SJS/TEN are 
induced by sulfonamide antibiotics, most often TMP-Sulfa 
[46, 48]. The risk of TEN associated with the use of TMP- 
Sulfa in adults is estimated overall to be 2.6/100,000 expo-
sures, increasing to 8.4/100,000 exposures in HIV-infected 
individuals [3, 46, 48]. The development of flu-like symp-
toms, “hives,” painful skin, “sore throat,” or mouth “sores” 
reported by the patient warrants discontinuation of therapy 
and clinical assessment as these findings may suggest the 
onset of DRESS or SJS/TEN. Onset of a very severe “sore 
throat” may suggest the presence of agranulocytosis.

A diverse array of hematologic reactions can occur at any 
point during therapy with TMP-Sulfa, including thrombocy-
topenia, neutropenia, agranulocytosis, aplastic anemia, and 
pure red cell aplasia [3, 48]. TMP-Sulfa should be used cau-
tiously in patients with folate deficiency or in those with 
megaloblastosis [3]. If long-term treatment with TMP-sulfa 
is anticipated, baseline and periodic monitoring of complete 
blood cell counts may be prudent; however, there are no spe-
cific monitoring recommendations [3].

 Oral Fluoroquinolones

 Dermatologic Applications of Oral 
Fluoroquinolones

There are several oral fluoroquinolones available in the market-
place, with ciprofloxacin and levofloxacin the most commonly 
prescribed [3]. Fluoroquinolones are concentration-dependent 
antibiotics, are well absorbed from the GI tract with or without 
food (with the exception of norfloxacin), and are predomi-
nantly eliminated via renal excretion (with the exception of 
moxifloxacin) [3, 50–52]. Importantly, administration within 
1 h before or 4 h after ingestion of metal ions found in dairy 
products (e.g., milk), fortified cereals, antacids, and vitamin/
mineral supplements markedly reduce the GI absorption of 
most fluoroquinolones, including ciprofloxacin [3, 29, 50–52].
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The antibacterial spectrum of fluoroquinolones is primar-
ily against Gram-negative organisms including P. aerugi-
nosa, with variable activity against Gram-positive bacteria; 
in vitro and clinical activity against S. aureus (including 
MRSA) and S. pyogenes has been reported with some fluoro-
quinolones; however, emergence of resistance is often rapid, 
especially with S. aureus (including MRSA) [3, 17, 18, 41, 
42]. Ciprofloxacin exhibits antibacterial activity against 
Bacillus anthracis; ciprofloxacin and levofloxacin demon-
strate activity against Mycobacterium spp., including M. for-
tuitum, M. kansasii, and M. tuberculosis [3].

The ability of fluoroquinolone agents to achieve high con-
centrations in the skin supports their use for treatment of 
uncomplicated cutaneous infections caused by Gram- 
negative bacterial pathogens, such as infected ulcers, follicu-
litis (including hot tub folliculitis caused by P. aeruginosa), 
cellulitis, toe web space infections, lower extremity ulcers in 
diabetic patients, and abscesses [3, 50, 51]. Ciprofloxacin 
has the greatest activity against P. aeruginosa compared to 
other fluoroquinolones, is a treatment of choice for cutane-
ous anthrax, and may be used as a second-line agent for 
treatment of chancroid and granuloma inguinale [3, 21]. 
Dosing of oral fluoroquinolones used in outpatient dermatol-
ogy is depicted in Table 46.1.

 Adverse Effects Associated with Oral 
Fluoroquinolones

The most common AEs associated with use of fluoroquino-
lones are GI related, including nausea, vomiting, and diar-
rhea [3, 51, 52]. A diverse array of CNS side effects have 
also been reported with these agents, including cephalgia, 
dizziness, sleep disturbance, seizures, hallucinations, and 
depression [3, 52]. Avoidance of fluoroquinolones in chil-
dren is recommended due to concerns about impairment in 
cartilage formation [3]. Multiple cases of tendonitis and ten-
don rupture have been reported associated with fluoroquino-
lone use, may be delayed in onset, and appear to be associated 
with risk factors such as corticosteroid use, increased age, 
sports-related physical activity, renal failure, diabetes, rheu-
matologic disease, and history of tendinopathy [3, 53]. 
Hypersensitivity reactions, including anaphylaxis/anaphy-
lactoid reactions, and photosensitivity, have been reported 
with fluoroquinolones, including ciprofloxacin [3, 51, 52].

 Summary Points with Selected Oral Antibiotics

• Oral clindamycin is sometimes utilized to treat cutaneous 
MRSA infections; however, resistance to this agent may 
be prevalent in some communities [3, 17, 41, 42]. The D 
zone test should be utilized by laboratories to confirm that 
inducible resistance to clindamycin is not present as 

cross-resistance may occur when S. aureus strains are 
erythromycin-resistant [3, 42].

• Rifampin is sometimes used in combination with other oral 
antibiotics, such as clindamycin or TMP-Sulfa for treat-
ment of MRSA infections. Monotherapy with rifampin is 
avoided due to rapid emergence of resistance [3, 41, 42].

• Rifampin is potent enzyme inducer resulting in increased 
metabolism of several other drugs. This can result in 
reduced therapeutic effects of the drugs undergoing 
enhanced metabolic clearance. An illustrative example is 
decreased efficacy of oral contraceptives resulting in break-
through bleeding and/or unintended pregnancy [3, 29].

• Oral linezolid, an oxazolidinone antibiotic, exhibits com-
plete oral bioavailability and has activity against 
multidrug- resistant MRSA, vancomycin-resistant staphy-
lococci, penicillin-resistant streptococci, and vancomycin- 
resistant enterococci; with regard to MRSA therapy, its 
use should be reserved for cases that have failed other 
agents including doxycycline, minocycline, TMP-Sulfa, 
clindamycin/rifampin, and/or vancomycin [3].

• Oral tedizolid is a newer oxazolidinone antibiotic that 
exhibits properties similar to those of linezolid; however, 
some in vitro microbiologic evaluations have suggested 
that tedizolid may be active against some staphylococcal 
and enterococcal strains that are resistant to linezolid and/
or vancomycin [54–56]. Tedizolid, administered 200 mg 
once a day for 6 days, has been shown to be equivalent in 
efficacy to linezolid, given 600 mg every 12 h for 10 days 
[54–56]. Tedizolid is recommended for the treatment of 
adult patients with cutaneous infections caused by sus-
ceptible Gram-positive bacteria, including MSSA, 
MRSA, several streptococcal bacterial strains including 
S. pyogenes, and Enterococcus faecalis [54, 56]. As with 
linezolid, this agent is reserved for cases that have failed 
other agents

 General Management Considerations 
with Oral Antibiotic Therapy

• Although product labeling with some oral antibiotics 
includes general and non-specific statements suggesting 
periodic laboratory monitoring, there are no specific pub-
lished laboratory monitoring guidelines with penicillins, 
cephalosporins, macrolides/azalides, tetracyclines, and 
fluoroquinolones [3, 8, 9, 14, 52].

• Other than with rifamycin antibiotics, such as rifampin, 
there is no definitive evidence that oral antibiotics 
(including penicillins, cephalosporins, macrolides, tetra-
cyclines, fluoroquinolones) reduce the efficacy of combi-
nation oral contraceptives [3, 29]. Population-based data 
suggest that such interactions do not appear to occur; 
however, it is not possible to totally exclude the potential 
for such interactions if the potential risk is low. Physicians 
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are encouraged to suggest to patients to utilize additional 
precautions to prevent pregnancy.

• Dermatologic conditions where oral antibiotic use is not 
usually needed are inflamed epidermal cysts and chronic 
venous leg ulcers; oral antibiotic therapy has not been 
shown to accelerate healing of noninfected venous ulcers; 
however, colonization with drug-resistant bacteria is pro-
moted [17].

• More recent published guidelines on perioperative antibi-
otic prophylaxis and studies evaluating the risk of post-
surgical infection after dermatologic surgical procedures 
have resulted in a definite shift away from routine periop-
erative administration of prophylactic antibiotics [17]. 
The reader is encouraged to refer to published guidelines 
in order to review recommendations in detail as several 
clinical scenarios may need to be considered [57–60].

• The use of oral antibiotics is discussed in guidelines and 
“consensus” publications that address the management 
of both acne and rosacea [1, 7, 23, 61, 62]. These are sug-
gested as further reading to those clinicians who regu-
larly treat patients with these common dermatologic 
disorders.

• Treatment of moderate and severe acne with oral antibi-
otic therapy should always be coupled with a rational 
topical regimen; the goal is to discontinue oral antibi-
otic therapy once adequate suppression of new acne 
lesion development is achieved, with topical therapy 
continued to sustain the therapeutic benefit [1, 3–5, 7–
9, 14–16, 23].

• As the pathophysiology of rosacea has not been associ-
ated with the presence of causative bacteria, an antibiotic 
effect is not believed to be needed in order to achieve 
improvement of papulopustular rosacea [62, 63]. It is sug-
gested that when oral therapy for papulopustular rosacea 
is felt to be warranted, that sub-antibiotic dose doxycy-
cline be on azelaic acid, ivermectin, in order to avoid 
 antibiotic selection pressure and emergence of antibiotic-
resistant bacterial organisms [1, 3, 5, 62, 64].
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Sonic Hedgehog Pathway Inhibition 
in the Treatment of Advanced Basal 
Cell Carcinoma

Patrick Armstrong, Stephanie Martin, and Gary Lask

 Introduction

Basal cell carcinoma (BCC) is the most common type of skin 
cancer, comprising about 80% of non-melanoma skin cancer. 
In the United States, there are over 2.8 million new cases diag-
nosed each year [1]. Incidence is highest in those who have fair 
skin and thus less pigmentary protection and a tendency to burn 
with sun exposure. Men are more commonly affected than 
women, at a ratio of 1.5–2:1. The incidence of BCC is increas-
ing over time, up to 20–80% over the last 30 years in the USA, 
with similar increasing rates reported in other areas of the 
world [2]. Speculation for this increase includes an aging popu-
lation, changes in sun protective habits, changes in the environ-
ment, and increased prevalence of immunosuppression.

Despite the high incidence of BCC, mortality from BCC 
remains low. The significant majority of BCCs remain local-
ized to the skin and are most commonly treated with surgical 
procedures such as standard excision, curettage and elec-
trodessication, or Mohs micrographic surgery. Radiation 
therapy can also be utilized as primary treatment when sur-
gery is either contraindicated or the patient is not amenable 
to surgery. Radiation can also be used as adjuvant treatment 
in certain high-risk patients. Additional superficial treat-
ments have utility in select situations and include photody-
namic therapy (PDT), intralesional injections (5-fluorouracil 
or bleomycin), and topical therapies (such as imiquimod or 
5-fluorouracil). However, approximately 1% of patients with 

BCC develop advanced disease and may have little efficacy 
or significant morbidity from standard therapies [3].

 Pathogenesis of Basal Cell Carcinoma

Most cancers in humans arise from epithelial cells and are 
thought to result from genotoxic insults causing mutations 
responsible for abnormal growth and proliferation. The most 
frequent insult that contributes to the development of non- 
melanoma skin cancer is ultraviolet (UV) radiation, which is 
known to produce genetic mutations through the formation of 
dipyrimidine dimers in cell DNA. Episodes of intense sun 
exposure and resulting sunburns appear to be the primary 
environmental risk factor for development of BCC, as opposed 
to cumulative UV exposure that has been demonstrated a 
major risk factor for squamous cell carcinoma (SCC) [4].

Basal cell carcinoma has unique growth requirements as 
it is reliant on a specific connective tissue stroma to promote 
growth. Such a relationship is analogous to the interdepen-
dent relationship between the epithelium of a developing 
hair follicle and its surrounding stroma. It has been hypoth-
esized that the characteristic indolent nature and low rate of 
transformation to a metastasizing tumor is likely due to an 
unconditional dependence on growth factors produced by 
mesenchymal fibroblasts. Since malignant epithelial cells 
are unable to travel in the body en masse with their stroma, 
metastatic growth is inhibited. This concept is supported by 
experimental data in which autotransplantation of BCC 
without supporting stroma resulted in development of kerati-
naceous cysts, rather than proliferating tumors [5].

 The Role of the Hedgehog Pathway in Basal 
Cell Carcinoma

Research into the genetics of nevoid basal cell carcinoma 
(NBCC) syndrome (Gorlin-Goltz syndrome) has shed sig-
nificant light into the molecular and signaling processes in 
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BCC, most importantly the critical involvement of hedgehog 
(Hh) signaling pathway in driving tumorigenesis. The 
Hedgehog (HH) and patched genes were initially discovered 
from genetic analysis of the fruit fly Drosophila melanogas-
ter. The genes were found to be involved in embryogenesis 
and normal tissue development. The human hedgehog path-
way is complex, with three identified hedgehog genes (Sonic 
hedgehog (SHH), Desert hedgehog (DHH), and Indian 
hedgehog (IHH)) and two patched genes (PTCH1 and 
PTCH2). The effects of the Hh pathway are primarily exerted 
by proteins encoded by the glioblastoma (GLI) family of 
genes through altering nuclear gene expression with resul-
tant increase in proliferation, inhibition of apoptosis, and 
stem cell self-renewal. Specifically in human skin, the SHH 
signaling plays an integral role in the differentiation and pro-
liferation of hair follicles and sebaceous glands, as well as 
the maintenance of stem cell populations [6]. A constant 
supply of cutaneous stem cells is crucial for skin homeosta-
sis through continual tissue turnover and wound healing.

Family-based linkage analysis of individuals affected 
with NBCC syndrome led to the identification of mutations 
of human homolog Patched 1 (Ptch1) gene on chromosome 
9 [7]. PTCH1 is a highly conserved 12-pass transmembrane 
protein that regulates the hedgehog signaling pathway 

through its inhibitory effect on the 7-pass transmembrane 
G-protein-coupled receptor smoothened (SMO) through 
constitutive binding. When PTCH1 is bound in the extracel-
lular domain by the human homolog hedgehog protein 
ligands (SHH, DHH, IHH), the inhibitory effect on SMO is 
released, allowing SMO migration to the tip of the primary 
cilium resulting in downstream activation of the hedgehog 
pathway through GLI transcriptional activity (Fig. 47.1).

NBCC syndrome is a rare autosomal dominant condition in 
which a nonfunctional single copy of Ptch1 is either inherited 
or acquired through a germline mutation. It is associated with 
characteristic developmental defects including odontogenic 
keratocysts, calcification of the falx cerebri, palmoplantar pits, 
neurologic defects (agenesis of the corpus callosum, develop-
mental delay), and skeletal abnormalities (bifid ribs, syndac-
tyly, craniofacial malformations) [8]. Ptch1 is thought to act as 
a tumor suppressor gene, following Knudson’s two-hit model 
for neoplasia. Given that there is only one functional Ptch1 
gene expressing allele in NBCC syndrome, an inactivating 
“second-hit” mutation of the functional copy leads to com-
plete loss of Ptch1 expression and thus constitutively active 
signaling through the Hh pathway. This explains the signifi-
cant propensity for neoplasia in NBCC syndrome, with 
patients developing numerous basal cell carcinomas, predomi-
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nantly in sun-exposed areas. Additionally, there is an increased 
risk of developing other neoplasms, including medulloblas-
toma, ovarian fibromas, and cardiac fibromas. Murine mutant 
models of Ptch +/− knockout mice, analogous to humans with 
NBCC syndrome, have been shown to develop only a few 
BCCs over their life span, similar to sporadic human BCCs. 
Exposure to ultraviolet B (UVB) or X-rays in these mice pro-
duces growth of numerous BCCs, further supporting the role 
of Ptch1 as a tumor suppressor and the role of UV and ionizing 
radiation in BCC development [9].

The vast majority of human BCCs are sporadic and, like 
NBCC syndrome, are similarly driven by hedgehog pathway 
signaling. Genetic analysis has shown Ptch1 to be the most 
frequently mutated gene in sporadic BCCs, with up to 80% 
demonstrating loss of function in at least one allele and the 
remainder having activating downstream gain-in-function 
mutations in the SMO gene [10]. These mutations, which 
upregulate Hh signaling and increase GLI expression, appear 
to be necessary and possibly sufficient for sporadic BCC for-
mation. The second most commonly found mutation in spo-
radic BCCs is seen in the p53 tumor suppressor gene. Point 
mutations with UV signatures have been observed in over 
50% of cases of BCC [11]. Interestingly, those with inherited 
mutations in p53 (Li-Fraumeni syndrome) have a signifi-
cantly increased risk of multiple malignancies, but do not 
have an increased propensity to develop BCCs, suggesting 
that p53 mutations may be a secondary event and not neces-
sary for tumorigenesis [12].

Despite common molecular signaling pathways, a wide 
variation in clinical and histological features of BCC sub-
types exists. There has been significant controversy over the 
cell of origin. Recently, mouse models have provided evi-
dence that BCCs can arise from both the bulge of the follicle, 
as well as the interfollicular epidermis [13, 14].

 Advanced Basal Cell Carcinoma

Advanced BCCs fall into two categories, locally advanced 
BCC (laBCC) and metastatic BCC (mBCC). LaBCC 
includes primary tumors that invade surrounding structures 
(i.e., cartilage, bone, muscle, or local lymph nodes). 
Metastatic BCC is defined as spread to distant sites from the 
primary tumor, including the skeletal system, other organ 
systems, and non-regional lymph nodes. Management of 
laBCC can be challenging, as surgery may be appear to be a 
feasible treatment but can have a high risk of recurrence or 
result in significant morbidity from functional impairment or 
disfigurement. The utility of radiation therapy for laBCC is 
often limited due to high risk of recurrence, prior failure of 
radiation, sensitivity to radiation (i.e., radiation-sensitive dis-
eases such as xeroderma pigmentosa or NBCC), or limited 
access to treatment.

The incidence of metastatic BCC is exceedingly rare 
(0.0028–0.5%) and typically evolves from large, ulcerated, 
locally invasive cases subjected to prolonged neglect or 
avoidance of medical care [15]. Metastasis most commonly 
spreads to the lymph nodes, lungs, and bones. The natural 
history of metastatic BCC has a poor prognosis with reported 
median survival time of approximately 8 months when sign 
of nodal metastases are present [16].

Until recently, there were few options for patients with 
laBCC and mBCC. New BCC-targeted treatments acting 
through inhibition of the Shh pathway have demonstrated 
significant efficacy in the treatment of advanced BCC.

 Sonic Hedgehog Inhibition in the Treatment 
of Basal Cell Carcinoma

 Smoothened Inhibitors

SMO has been the primary target in the development of Shh- 
inhibitive treatments. Cyclopamine, a naturally occurring 
alkaloid derived from the corn lily, Veratrum californicum, 
was the first compound discovered to inhibit SMO [17]. It 
was found that sheep who consumed the plant during preg-
nancy gave birth to offspring with birth defects including 
holoprosencephaly and cyclopia. The mechanism of action 
of cyclopamine involves binding to SMO, preventing active 
configuration of the protein and antagonizing downstream 
Hh signal transduction [18]. This observation led to testing 
cyclopamine as an anticancer drug in light of the recent 
implications of Shh signaling in BCC tumorigenesis. A 
small, clinical, proof-of-concept study demonstrated efficacy 
of topical cyclopamine to cause regression of BCCs in 
humans prior to surgical excision, but was not a practical for 
therapy given the need for reapplication every few hours 
[19]. Murine studies demonstrated BCC growth inhibition 
in vivo with systemic cyclopamine; however, the medication 
had many limitations for human use secondary to significant 
toxicity, poor oral bioavailability, and suboptimal pharmaco-
kinetic/pharmacodynamic profiles [20]. The shortcomings of 
cyclopamine lead to the development of additional SMO 
inhibitors in the treatment of cancer.

 Vismodegib
Vismodegib is an orally dosed, second-generation cyclopa-
mine derivative that acts by binding directly to SMO, inhibit-
ing its function in downstream Shh signal transduction. It 
was approved by the FDA in January 2012 as the first-in- 
class Shh pathway inhibitor for the treatment of laBCC and 
mBCC [21]. Approval was based on the pivotal Phase II 
study ERIVANCE, a multicenter study of 104 patients with 
two treatment cohorts: unresectable laBCC and mBCC [22]. 
A control group was not assigned given the small sample 
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size. Based on Phase I safety data, all patients received 
 vismodegib 150 mg daily. The primary endpoint was the 
objective response rate (RR). A response in laBCC was 
defined as ≥30% tumor size reduction or complete resolu-
tion of tumor ulceration (if present at baseline). A response 
in mBCC was defined as ≥30% decrease in sum of the lon-
gest diameter of target lesions. Efficacy analysis by indepen-
dent review of the laBCC group (n = 63) revealed an RR of 
43% (95% CI, 31–56) and in the mBCC group (n = 33) an 
RR of 30% (95% CI, 16–48). A complete response (absence 
of residual BCC on analysis of a biopsy specimen) was 
observed in 21% of the laBCC.

Side effects with vismodegib are frequent and can be sig-
nificant. The side effect profile is often the limiting factor in 
continued treatment and should be weighed with the drug’s 
potential benefits. In the initial ERIVANCE study, all patients 
reported a treatment-related adverse event, although the 
majority of these were low grade (ranked mild-to-moderate) 
in severity. The most frequently encountered side effects were 
muscle spasms (68%), alopecia (63%), dysgeusia (51%), 
weight loss (46%), fatigue (36%), nausea (29%), anorexia 
(23%), and diarrhea (22%). There was a moderate rate of seri-
ous adverse events during the study (25%), including seven 
deaths. These deaths were seen in patients with underlying 
comorbidities, and there was no consistent pattern of adverse 
events or evidence for causality by vismodegib. Of note, the 
high observed rate of alopecia and dysgeusia are considered 
to be on-target effects due to inhibition of normally active 
Shh signaling in hair follicles and taste buds.

Since the approval of vismodegib, multiple additional 
clinical trials have been performed providing additional effi-
cacy and safety data. A recent systematic review and pooled 
analysis of 704 patients demonstrated higher efficacy than the 
independent review analysis from the ERIVANCE study [23]. 
Objective RR in laBCC had a weighted average of 64.7% 
(95% CI: 63.7–65.6) and average complete response rate of 
31.1% (95% CI: 30.4–31.8); mBCC had an objective RR 
average of 33.6% (95% CI: 33.1–34.2) and complete response 
average of 3.9% (95% CI: 3.3–4.4). Additionally, one ran-
domized, double-blinded, placebo-controlled study examined 
the use of vismodegib in the treatment of 41 patients with 
NBCC syndrome and found that the annual incidence of new 
BCCs per group decreased significantly (2 vs. 29, p < 0.001), 
and the size of pre-existing BCCs decreased as well (−65% 
vs. 11%, P = 0.003) [24]. Side effects in the NBCC patients 
were significant, resulting in 54% of patients discontinuing 
treatment. Upon cessation of vismodegib, nearly all of the 
BCCs that regressed while on therapy subsequently recurred. 
Although the medication demonstrated efficacy in prevention 
and treatment of BCCs in NBCC syndrome, there are no clear 
guidelines for the use of vismodegib for long-term prevention 
of BCC given patients have a relatively normal life span and 
the side effect profile may not be tolerable for lifelong treat-
ment if started at a younger age.

Analysis of long-term treatment data has also suggested 
seemingly paradoxical increased risk for developing non- 
BCC malignancies in patients treated with vismodegib. A 
case-control study of 55 patients and 125 controls demon-
strated a hazard ratio of 6.37 (95% CI: 3.39–11.96), indicat-
ing increased risk of developing non-BCC malignancies 
[25]. The most common malignancy observed in the study 
was cutaneous SCC, with a hazard ratio of 8.12 (95% CI: 
3.89–16.97). The majority of SCCs developed within 1 year 
of starting treatment. A possible explanation observed in 
SMO inhibitor-treated medulloblastoma cells is the selec-
tion for cancer cells with upregulation in alternative signal-
ing pathways, such as RAS/MAPK [25, 26]. Such 
upregulation permits these cells to escape dependence on 
upstream signaling from the hedgehog pathway. Increased 
RAS signaling has been associated with many cancers and 
could increase risk of developing other malignancies. A 
notable weakness of the case-control study was the inability 
to control for UV exposure. The vismodegib group was 
noted to have a statistically significant earlier onset of their 
first BCC (mean age difference of 7 years) and may have a 
higher amount of UV exposure, predisposing them to 
develop other cutaneous malignancies. Until future prospec-
tive studies fully evaluate this potential risk, it may be pru-
dent for patients on SMO inhibitors to be monitored at 
frequent intervals for development of non-BCC cutaneous 
malignancies.

 Sonidegib
Sonidegib is an orally dosed SMO inhibitor that acts by 
binding to SMO. It is not derived from cyclopamine and is 
structurally distinct from vismodegib. It was approved by the 
FDA in June 2015 for treatment of locally advanced basal 
cell carcinoma that has either recurred following surgery or 
radiation therapy or in patients who are not candidates for 
surgery or radiation therapy [27]. Approval was based on 
results from the multicenter Phase II BOLT trial on patients 
with mBCC or laBCC not amenable to surgery or radiation 
[28]. Patients were randomized in a 1:2 ratio to receive either 
200 mg (lowest active dose; n = 79) or 800 mg (maximum 
tolerable dose; n = 151) daily. The primary endpoint was an 
objective RR in both treatment arms. An objective RR in the 
200 mg group was 43% for laBCC and 15% for mBCC, and 
in the 800 mg group was 38% for laBCC and 17% for 
mBCC. Although the 800 mg dose was anticipated to have 
higher antitumor activity, no additional efficacy was found 
over the 200 mg dose. The 200 mg dose also exhibited a 
more benign side effect profile, with a lower rate of serious 
adverse events (14% vs. 30%).

The side effect profile for sonidegib is similar to that of 
vismodegib, presumably due to on-target effects from SMO 
inhibition. The most frequently reported adverse events with 
sonidegib 200 mg daily were muscle spasms (49%), alopecia 
(43%), dysgeusia (38%), nausea (33%), elevated creatinine 
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kinase (29%), fatigue (29%), weight loss (27%), diarrhea 
(24%), and myalgia (19%). An increased frequency of these 
adverse events was observed in the 800 mg dose group. 
Differences from vismodegib’s side effect profile were ele-
vated creatine kinase and increased lipase levels (8%), which 
were also the most common of the severe adverse effects 
reported. Of note, one case of rhabdomyolysis was reported by 
investigators in the 200 mg dose group. Due to these musculo-
skeletal adverse reactions, a baseline CPK prior to initiation is 
recommended, as well as regular interval monitoring as clini-
cally indicated [27]. Furthermore, clinicians should monitor 
patients closely if they are taking additional medications with 
known myotoxic side effect profiles, such as statins.

The advent of a second commercially available SMO 
inhibitor offers additional options in the treatment of advanced 
BCC. Vismodegib appears to be the treatment of choice for 
mBCC, as it has explicit FDA approval for this indication and 
seems to have a superior efficacy to sonidegib in treating 
mBCC based on indirect comparison of response rates. 
However, some have suggested that sonidegib may have simi-
lar efficacy to vismodegib in treatment of laBCC based on 
indirect comparison after adjusting for the more stringent 
response rate criteria used in the BOLT study [29]. At this 
time, the true comparative efficacy between sonidegib and 
vismodegib are not known and will require head-to-head ran-
domized controlled trials to elucidate. Additionally, given that 
sonidegib is a relatively novel drug, additional safety data is 
needed to assess its use in long-term treatment of BCC.

 Neoadjuvant Use of SMO Inhibitors for Locally 
Advanced BCC

The role of SMO (and other hedgehog pathway) inhibitors as 
a neoadjuvant treatment to surgery has possible utility in 
treatment of laBCC, but evidence for its use is not yet well 
established. Advantages of neoadjuvant SMO inhibition fol-
lowed by definitive surgical treatment include transient 
exposure to poorly tolerated SMO inhibitor side effects and 
potential decreased postsurgical defect size. A small, open- 
label study evaluated the use of vismodegib 150 mg daily for 
3–6 months to decrease tumor size in high-risk BCCs prior 
to surgery [30]. There was a dropout rate of 29% due to side 
effects of vismodegib. Of patients who completed adjuvant 
treatment (average 4-month treatment duration), there was a 
reduction of surgical defect size by 27% (95% CI, −45.7 to 
−7.9%, P = 0.006). After a mean follow-up of 11.5 months, 
recurrence was observed in one patient who was being 
treated for a previously recurrent infiltrative BCC and did not 
complete a full course of vismodegib. The findings of this 
study provide some support for the role of SMO inhibitor use 
to decrease defect size in laBCCs where surgery could be 
curative but might otherwise be avoided due to risk of exces-
sive disfigurement and morbidity.

 Resistance to SMO Inhibitors

Despite the significant clinical response of many advanced 
BCCs to SMO inhibitors, approximately 5–10% of patients 
demonstrate primary resistance with progression and no 
response. In patients who do respond, long-term efficacy is 
often mitigated by the development of tumor-acquired resis-
tance to these medications with regrowth of tumors despite 
continued therapy. This phenomenon was first described in 
the treatment of BCCs with vismodegib in a case series that 
demonstrated regrowth of at least one tumor in 21% of 
patients with advanced BCC after a mean of 56 weeks [31]. 
Several potential mechanisms have been proposed that have 
been demonstrated in mouse models of medulloblastoma, a 
malignancy known to be dependent on increased Shh path-
way signaling similar to BCC.

Multiple point mutations in SMO have been described 
that appear to confer resistance to SMO inhibitors. The first 
documented mutation associated with resistance was in a 
vismodegib Phase I trial for medulloblastoma. A patient with 
a PTCH1 mutation initially responded but then progressed 
after 1 month of treatment and was found to have acquired a 
new mutation in SMO (D473H) [32]. A subsequent study 
analyzed protein configuration in resistant BCC tumors 
using computer simulation of SMO in a similar D473Y 
mutation, as well as a new SMO mutation identified in a case 
of primary resistance (G497W). Both mutations were found 
to interfere with the vismodegib binding site, conferring a 
mechanism for SMO inhibitor resistance [33]. Interestingly, 
distinct point mutations have been described in tumors resis-
tant to sonidegib in mice, suggesting that different SMO 
inhibitors may select for different mutations [34]. The degree 
of cross-resistance to different SMO inhibitors conferred by 
these point mutations is not known.

Another mechanism of SMO inhibitor resistance is seen 
through amplification (duplication) of genes. One study 
demonstrated amplification of GLI genes in medulloblas-
toma tumors resistant to sonidegib that was mutually exclu-
sive from resistance conferred through point mutations [34]. 
These GLI-amplified resistant tumors were found to have a 
2–20-fold higher expression of GLI mRNA. Not all of the 
resistant tumors analyzed in the study were found to have 
amplification of GLI genes, leading to investigation of pos-
sible upregulation of GLI signaling through compensatory 
pathways. An increase in PI3K signaling was found in many 
of the resistant tumors, occurring in those both with and 
without concurrent amplification of GLI genes. These find-
ings provide evidence for mechanisms allowing GLI signal-
ing in tumors to escape SMO inhibition. Based on these 
findings, the investigators found combined treatment with 
sonidegib and PI3K/mTOR inhibitors in a mouse model 
appeared to delay development of tumor resistance and pro-
duce a greater number of complete responses compared to 
sonidegib alone.
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 Additional Hedgehog Pathway Inhibitors

Currently, vismodegib and sonidegib are the only Shh inhibi-
tors approved in the treatment of BCC in humans. Several 
medications with other FDA-approved treatment indications 
have also been demonstrated to inhibit parts of the Shh path-
way. Additionally, there are multiple molecules that are 
known to inhibit the Shh pathway that are in preliminary 
stages of research. This section reviews additional select Shh 
inhibitors with some prospect for treatment of BCC (sum-
marized in Table 47.1).

 Alternate SMO Inhibitors
Itraconazole, an FDA-approved antifungal, has been shown 
to inhibit the Shh pathway in a mechanism distinct from vis-
modegib and sonidegib. It appears to block SMO migration 
to the tip of the primary cilium [35]. Itraconazole has been 
demonstrated to effectively inhibit GLI expression in vitro 
cells with the vismodegib-resistant mutation, SMOD477G 
[36]. These investigators also exhibited that in vitro treat-
ment with both itraconazole and arsenic trioxide, which tar-
get different loci in the Shh pathway, cumulatively inhibited 
all other known SMO mutants and GLI2 overexpression. 
These findings suggest combination therapies targeting 
more than one component of the Shh pathway may be more 
effective in combating resistance. A small, open-label, 
Phase II clinical study treating BCC patients with itracon-
azole alone was performed and found a reduction in GLI 
mRNA by 65% and a reduced tumor area of 24%; patients 
previously treated with vismodegib did not show significant 
changes in tumor size or proliferation [37]. Another small 
clinical study of patients with mBCC resistant to typical 
SMO inhibitors found that combination treatment with itra-
conazole and arsenic trioxide decreased GLI mRNA expres-
sion by 75% [38]. The best clinical responses observed were 

stable disease; no regression of tumors occurred. The 
authors concluded that the scheduling and dosing in the 
study may not have been frequent or high enough to obtain 
maximal inhibition of the Shh pathway. Further studies are 
needed to better evaluate ideal dosing and the efficacy of 
itraconazole in the treatment of BCCs in humans.

 GLI Inhibitors
GLI transcription factors are the terminal effectors in Shh 
pathway signaling that promote proliferation and survival of 
BCCs. Although inhibition of upstream Shh signaling has 
shown to be effective in decreasing GLI function, upregula-
tion of GLI activity by Shh and SMO independent pathways 
can occur, as seen in SMO inhibitor-resistant tumors. Direct 
targeting of GLI makes for an ideal target in the treatment of 
advanced BCCs, especially in the context of SMO inhibitor 
resistance.

Arsenic trioxide (ATO) is a chemotherapeutic agent that 
is FDA approved for the treatment of promyelocytic  leukemia 
[39]. Its mechanisms appear to be multiple and are not com-
pletely understood. Relevant to the inhibition of the Shh 
pathway, ATO has been demonstrated to have inhibitive 
properties through binding directly to GLI1 and GLI2 [40]. 
It has also been found to prevent the accumulation of GLI in 
the primary cilium, a necessary step for downstream Shh sig-
naling [41]. There have been some studies exploring ATO in 
combination with itraconazole for the inhibition of GLI and 
treatment of BCC, as described above.

GLI antagonists, or GANTs, are small molecules that 
were discovered to inhibit GLI-mediated gene transcription 
within the nucleus of cells [42]. Two molecules have been 
described: GANT-58 and GANT-61. Both compounds have 
been shown to have in vitro and in vivo activity against GLI 
function. GANT-61 was found to inhibit GLI binding to 
DNA in the nucleus and is speculated to have the most 

Table 47.1 Signaling Pathway Driving Tumorigenesis in BCCs

Shh inhibitor Mechanism of action Notable side effects Statusa

Vismodegib SMO inhibition via direct binding Muscle spasms, alopecia, dysgeusia, 
weight loss, fatigue, nausea, vomiting

FDA approved

Sonidegib SMO inhibition via direct binding Elevated CPK, elevated lipase; 
otherwise similar profile to vismodegib

FDA approved

Itraconazole Prevents translocation of SMO to primary cilium Nausea, diarrhea, rash, headache Researchb

Arsenic 
trioxide

GLI inhibition via (1) direct binding and (2) 
prevention of GLI migration to primary cilium

Numerous toxicities of multiple organ 
systems, metabolic dysregulation

Researchb

GANT 58 Blocks GLI function within the nucleus by 
unclear mechanism

Under investigation Research

GANT 61 Interferes with GLI binding to DNA Under investigation Research

Forskolin 
(topical)

GLI degradation in proteasomes mediated by 
increased cAMP and phosphorylation by PKA

Under investigation Research

aStatus in clinical treatment of basal cell carcinoma
bFDA approved for clinical indications other than treatment of BCC
SMO smoothened protein, GANT GLI antagonist, PKA protein kinase A

P. Armstrong et al.
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potential as a GLI inhibitor. GANTs have not yet been 
 evaluated for Shh pathway inhibition in BCC and have yet 
to be tested in clinical trials for cancer.

Activation of the PKA pathway has also been demon-
strated to nonselectively decrease GLI activity, apparently 
through phosphorylation and subsequent degradation of GLI 
proteins by proteasomes [43, 44]. A mouse model of SMO 
inhibitor-resistant mice showed significant GLI mRNA reduc-
tion and inhibition of BCC growth via PKA activation with 
the topical application of cyclic-AMP agonist forskolin [45].

 Future Directions

The discovery of the Shh pathway and its role in the patho-
genesis of basal cell carcinoma has led to the development of 
novel therapies. SMO inhibitors are a significant milestone 
in the targeted treatment of malignancy, offering major 
improvements in morbidity and mortality in many cases of 
advanced BCC. Further evaluation of these medications as 
neoadjuvant therapies to surgery to decrease morbidity and 
disfigurement in laBCC is warranted. Although the multiple 
mechanisms of SMO inhibitor resistance convey challenges 
to treatment, continued research and further understanding 
will assist in improving systemic therapies in advanced 
BCC. Development of newer Shh pathway inhibitors, such 
as those targeting GLI further downstream in the Shh path-
way, may exhibit more efficacy than the current SMO inhibi-
tors. Furthermore, combinations of drugs that act on different 
loci of the Shh pathway, as well as concurrent targeting of 
other pathways implicated in upregulation of GLI activity, 
may prove more efficacious than monotherapy alone. 
Combination therapies may become especially relevant in 
the context of managing drug resistance in advanced BCC.

Case Report
A 68-year-old Caucasian male presented with a large, non-
healing tumor of the scalp that had been progressively 
enlarging for many years. A punch biopsy demonstrated 
infiltrative basal cell carcinoma. The lesion had not been 
treated previously. A total body computed tomography scan 
demonstrated evidence of local invasion of the underlying 
temporal bone but no distant metastases, consistent with a 
tumor stage of T3.

Past Medical History
• Hypertension

Social History
• Smokes cigarettes, 1 pack per day
• Drinks 6 beers daily
• Divorced
• Retired, formerly worked in construction

Previous Therapies
• None

Physical Exam
• 6 × 9 cm friable tumor with 1.5 cm central ulceration 

located on the left frontotemporal scalp
• Significant male-pattern alopecia involving the vertex, 

frontal scalp, and temples

Management
The patient’s basal cell carcinoma was classified as locally 
advanced; due to the involvement of underlying bone struc-
tures, he was not an ideal surgical candidate. He was sent for 
a radiation-oncology consultation for possible radiation ther-
apy. However, the patient had limited transportation and 
lived a far distance from the radiation treatment center. The 
patient instead opted for treatment with vismodegib. He was 
started on the standard vismodegib dose of 150 mg daily. On 
follow-up 2 months later, the patient was noted to have a 
significant decrease in tumor size and resolution of central 
ulceration. He experienced grade 1 adverse effects from 
treatment with muscle spasms, dysgeusia, and worsening of 
scalp alopecia. The patient found these side effects tolerable 
and has remained on vismodegib for a total of 8 months with 
clinical remission of his tumor and no disease progression.
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Update in Immunotherapies 
for Melanoma

Sabrina Martin and Roger Lo

 Introduction

The initial treatment of many melanoma cases is surgical, as 
most thin melanomas can be cured with wide local excision. 
However, once a patient develops disseminated disease, sys-
temic medications are warranted. In the past, traditional che-
motherapy agents did little to improve survival. Among 
those, dacarbazine was the most effective. In recent years, a 
deeper understanding of the pathogenesis of melanoma has 
led to an expansion in the treatment options. These new med-
ications can be organized into two categories: those that tar-
get pathway alterations caused by gene mutations (“targeted 
therapy”) or those that augment the immune system to fight 
off the cancer (“immunotherapy”).

 Targeted Therapy

The key to targeted melanoma therapy revolves around the 
mitogen-activated protein (MAP) kinase pathway (Fig. 48.1). 
As a regulator of cell proliferation, constitutive activation of 
the MAP kinase pathway can lead to the progression of mel-
anoma [1]. Around 40–60% of melanomas contain an acti-
vating mutation in BRAF. A majority of those are activating 
mutations that cause a change at codon 600 from valine to 
glutamic acid (BRAF V600E) [2, 3].

Vemurafenib and dabrafenib are inhibitors of mutated 
BRAF and therefore used to treat melanoma. In a phase III 
trial, vemurafenib was compared to dacarbazine in 675 
patients with either untreated stage IIIc or stage IV disease. 
Overall survival was calculated at 6 months and found to be 
84% for vemurafenib and 64% for dacarbazine. Overall sur-
vival and progression-free survival were 13.6 and 9.7 months 

for vemurafenib versus 5.3 and 1.6 months for dacarbazine. 
The most common side effects were grade 1–2 adverse events 
such as arthralgia (50%), fatigue (43%), photosensitivity 
(37%), and rash (32%). The more severe, grade 3–4 adverse 
events included squamous cell skin cancer (SCC) (19%), 
keratoacanthomas (KA) (10%), rash (9%), and abnormal 
liver function tests (11%) [3]. Although rare, it should be 
noted that vemurafenib may cause QT prolongation [4].

In a phase III trial, dabrafenib was compared to dacarba-
zine in 250 patients with either untreated stage III or stage IV 
disease. Overall survival favored dabrafenib but was not stati-
cally significant. Progression-free survival was 5.1 months 
for dabrafenib versus 2.7 months for dacarbazine. The most 
common grade 2 adverse events were hyperkeratosis (12%), 
palmar-plantar erythrodysesthesia (6%), pyrexia (8%), and 
fatigue (5%). More severe grade 3 or 4 events were uncom-
mon. SCCs or KAs occurred at 2% or 4% for grade 2 and 3, 
respectively.

Common to both BRAF inhibitors was the development of 
SCCs and KAs in patients. These cancers usually developed 

S. Martin, MD • R. Lo, MD, PhD (*)
Division of Dermatology, Department of Medicine,  
University of California, Los Angeles, 200 Med Plaza,  
Suite 450, Los Angeles, CA 90095, USA
e-mail: SLMartin@mednet.ucla.edu; RLO@mednet.ucla.edu

48

GRB2
SOS

Tyrosine kinase receptor

Gene transcription and cell
proliferation

Ras

Raf

MEK

ERK

Fig. 48.1 MAP kinase pathway. Activation of the tyrosine kinase 
receptor initiates a cascade that results in cell proliferation

mailto:SLMartin@mednet.ucla.edu
mailto:RLO@mednet.ucla.edu


550

shortly after initiation of the medication and were treated sur-
gically. Further studies demonstrated that these patients had 
pre-existing RAS mutations in their skin. When subjected to 
BRAF inhibition, these RAS mutations paradoxically 
increased signaling in the pathway, causing development of 
SCCs and KAs [5].

While the development of BRAF inhibitors was a consid-
erable breakthrough, it was not effective as monotherapy, as 
acquired resistance to the medication limited progression- 
free survival. The MAP kinase pathway was reactivated, 
usually facilitated through a secondary mutation in genes 
such as RAS, BRAF, and MEK [6–10]. MEK inhibitors, 
such as trametinib and cobimetinib, block the same MAP 
kinase pathway, but further downstream. These are used in 
combination with BRAF inhibitors for BRAF-positive mel-
anomas [11].

In a phase III trial, trametinib was compared to dacarba-
zine or paclitaxel in 322 melanoma patients that had not 
received prior BRAF inhibitor treatment. Overall survival 
rate at 6 months was 81% versus 67%. Progression-free sur-
vival was 4.8 months for dabrafenib versus 1.5 months for 
dacarbazine [11]. The most common side effects were rash, 
diarrhea, fatigue, and edema. Other notable side effects 
included cardiac issues such as a decreased ejection fraction 
or ventricular dysfunction and ophthalmologic issues such as 
vision changes and reversible chorioretinopathy. No SCCs or 
KAs were seen.

The combination of BRAF and MEK inhibitors results in 
improved outcomes. Cobimetinib plus vemurafenib versus 
vemurafenib alone has shown to increase mean survival to 
22.3 months from 17.4 months. Progression-free survival is 
also increased to 12.3 months from 7.2 months. Combination 
groups had higher rates of adverse events, including eleva-
tions in gamma-glutamyl transferase, creatine phosphoki-
nase, and alanine transaminase as well as serious side effects 
of fever and dehydration [12]. Trametinib in combination 
with dabrafenib compared to monotherapy with BRAF 
inhibitors (either dabrafenib or vemurafenib) has also shown 
increased mean survival and progression-free survival. 
Combination of trametinib with dabrafenib was more likely 
to cause diarrhea, chills, or fever [13]. Of note, combination 
therapy showed significantly less instances of SCC or KAs 
than BRAF monotherapy [14].

 Immunotherapy

Another strategy is to encourage the immune system to rec-
ognize and eradicate the melanoma. When an antigen- 
presenting cell (APC) displays intracellular proteins to the T 
cell, there needs to be a co-stimulatory signal for the T cell to 
become activated. This occurs when a B7 molecule binds to 
CD28 on the T cell. If an inhibitory signal is sent instead 
(creating a “checkpoint”), the T cell is not activated. This can 

occur when a B7 molecule on the APC binds to the cytotoxic 
T-lymphocyte antigen 4 (CTLA-4) receptor on the T cell or 
when a programmed cell death ligand (PD-L1) from a tumor 
cell binds to the programmed cell death 1 receptor (PD-1) on 
a T cell. The basis of immunotherapy is to bypass this 
immune system checkpoint so that the T cells recognize and 
target the cancer cells [15].

Ipilimumab is a monoclonal antibody that binds CTLA-4 
and approved for treatment of metastatic melanoma and as 
adjuvant therapy in high-risk cases. One phase III trial com-
paring ipilimumab plus dacarbazine versus dacarbazine 
alone found a 5-year survival rate of 18% versus 9%. A 
phase III trial examining ipilimumab to glycoprotein 100 
vaccine showed a 2-year survival rate of 24% versus 14% 
[16]. A larger 1861 patient pooled analysis found that median 
overall survival was 11.4 months and that the survival curve 
plateaued around 21% after 3 years regardless of prior ther-
apy [17]. The side effects of ipilimumab are immune related 
and very common, with up to 85% affected. Common grade 
3 or higher side effects include diarrhea, liver toxicity, and 
rash. Most cases can be treated with immunosuppression, 
either with corticosteroids or a TNF alpha inhibitor. Of 
importance, side effect treatment does not affect tumor 
response to ipilimumab [18].

Pembrolizumab and nivolumab are monoclonal antibod-
ies that bind PD-1. A study comparing two different doses of 
pembrolizumab (2 mg/kg or 10 mg/kg) versus chemotherapy 
found an overall 2-year survival rate of 36, 38, and 30% [19]. 
More impressively, the progression-free survival rate at 
2 years was 16, 22, and less than 1% [20]. Nivolumab has 
been compared to chemotherapy in a few phase 3 trials and 
has shown improved overall survival (73% vs. 42% in one 
study) as well as longer progression-free survival [21, 22]. 
Notably, tumors that expressed more PD-L1 did respond bet-
ter, but even some tumors without PD-LI expression showed 
a response [20]. The side effects are also immune related and 
occur in 71% of patients. Most common were fatigue, diar-
rhea, rash, and itching. Only 10% had grade 3 or higher reac-
tions [23].

PD-1 inhibitors are currently the most effective check-
point inhibitors for melanoma compared with CTLA-4 
inhibitors. Nivolumab has a better overall 2-year survival 
rate of 55% versus 43% with less adverse events than ipili-
mumab [24]. Combination of pembrolizumab or nivolumab 
with ipilimumab has also shown better response rates, but 
with more frequent and more severe adverse events [25]. 
More research is examining the option of combination or 
sequential treatment with both types of checkpoint inhibi-
tors. Some tumors are resistant to PD-1 inhibitors, such that 
no response or relapse is seen with treatment. Studies have 
shown that the resistant rate can be innate (60%) or acquired 
(25%) [26–28]. As this area is further explored, new medi-
cations and combined treatment regimens will likely 
develop.
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 Current Treatment Recommendations 
and Doses

Systemic medications are used in the setting of metastatic 
melanoma. Dosing regimens are listed in Table 48.1. 
Immunotherapy is central to treatment. Most patients are 
started on a PD-1 inhibitor, possibly in combination with ipi-
limumab. Treatment is administered until disease progres-
sion, intolerable side effects, or maximum clinical benefit is 
derived. If a tumor has a BRAF mutation, treatment course 
may be switched to a BRAF and MEK inhibitor, or the two 
may be added to immunotherapy. Radiation for brain metas-
tasis or palliative surgery may also be done. Studies are 
ongoing to determine the preferred sequence and combina-
tions of systemic treatments. Tumor sequencing information 
may help individualize treatment regimens in the future [29].

Surgery has long been the mainstay of treatment for ear-
lier stage melanoma. However, a renewed focus on adjuvant 
and neoadjuvant therapy has occurred as the target and 
immunotherapy options have expanded. For stage III dis-
ease, adjuvant therapy with ipilimumab or interferon alpha is 
approved but not commonly done. Interferon alpha is often 
poorly tolerated, and subsequent clinical trials have shown 
less consistent results with treatment. High dose ipilimumab 
can be given at 10 mg/kg every 3 weeks for four doses and 
then every 12 weeks for up to 3 years but also has significant 
side effects. Given this, one should consider enrollment in a 
trial for expanded systemic options. Several phase III trials 
are examining the use of nivolumab or pembrolizumab as 
well as low-dose ipilimumab, vemurafenib, or dabrafenib 
plus trametinib. Neoadjuvant therapy for high-risk mela-
noma is not approved, but phase I and II trials are underway 
for nivolumab with or without ipilimumab and dabrafenib 
plus trametinib [30].

Numerous clinical trials are ongoing and available to 
patients, especially in the setting of standard treatment fail-
ure. These trials are examining new medications, different 
dosing schedules, and different combinations of pre-existing 
medications. Given the impressive progression in the past 

few years, melanoma treatment is likely to change rapidly 
with the hope of improving patient outcomes.

Case
A 77-year-old Hispanic female developed a mole on her left 
ankle. It was initially small and dark in color, but, over the 
course of 4 years, grew in size and became more raised. Her 
podiatrist performed a biopsy that showed malignant mela-
noma. She underwent an excision with clear margins. 
Histological examination revealed a 6.2 mm nodular melanoma 
with positive lymphovascular involvement. Genetic testing was 
positive for the BRAF V600E mutation. She then underwent 
sentinel lymph node biopsy, which showed no evidence of dis-
ease. Brain MRI and whole-body PET showed no evidence of 
disease. However, 2 months later, two skin nodules on her left 
leg grew and biopsies revealed in transit melanoma metastases.

Past Medical History
Diabetes
Hypertension

Social History
No past or current smoking
No alcohol use

Physical exam
Large linear hypopigmented scar, left ankle
Two smaller linear scars, left thigh, left shin

Management
Patient was started on PD-1 therapy. She received nivolumab 
240 mg IV infusions every 2 weeks. Unfortunately, the 
patient developed multiple small and large interval nodules 
on her shin after 4 cycles, so treatment was discontinued. No 
other definitive metastases were found in scans of the chest, 
abdomen, or pelvis. She was enrolled in a clinical trial and 
started on a combination of pembrolizumab plus a TLR9 
agonist injected into the metastatic leg lesions. After 1 month 
consisting of two pembrolizumab infusions and 4 weekly 
TLR9 agonist injections, patient wished to discontinue the 
trial. All medications were stopped and discussions regard-
ing a dabrafenib plus trametinib trial were considered. 
However, in the interim, the patient noted a delayed response 
of her leg nodules to the prior trial injections. She was instead 
restarted on the original trial and will continue to be 
monitored.
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Patient Advocacy Organizations

Catie Coman

 Overview of a Patient Advocacy 
Organization

A patient advocacy organization is a type of nonprofit, chari-
table entity that focuses on improving the health and well- 
being of individuals who share a particular chronic disease 
or disability or a set of diseases or disabilities. Also known 
as a voluntary health agency, patient advocacy organizations 
typically work in one or more of the following service areas: 
disease education, patient support, government relations, 
public health communications, and access to care and 
research.

The work of patient advocacy organizations should not be 
confused with the work of a patient advocate. While there is 
some crossover in function, patient advocates largely focus 
on helping individuals navigate the health-care system using 
a case-management approach. Patient advocacy organiza-
tions work on systemic issues affecting the health of their 
patient population as well as provide “mass” education avail-
able to a wide audience. Rarely do patient advocacy organi-
zations offer direct service support such as access to 
community programs, counseling, transportation, or other 
types of services typically associated with social work.

There are about 20 organizations in the USA concerned 
with the range of dermatological diseases [1]. These include 
common, immune-mediated conditions such as atopic der-
matitis, psoriasis, and vitiligo to rare skin diseases like pem-
phigus and pemphigoid. These organizations are governed 
by a lay board of directors often comprised of patients and/or 
caregivers, and most have a separate medical or scientific 
advisory board of health-care providers and/or research 
scientists.

 Core Programs

All of the services provided by patient advocacy organiza-
tions in dermatology can be grouped into three central pro-
grammatic areas: education, advocacy, and research.

 Education

All dermatology patient advocacy organizations provide 
some level of basic disease education to their patient and 
caregiver audiences. This education takes the form of print 
booklets and pamphlets, disease-specific websites, support 
groups, Webinars, live health events, print magazines and 
newsletters, and e-newsletters.

Larger and more well-funded patient advocacy organiza-
tions offer expanded disease education through apps, videos, 
social media, and call centers. These services as well as those 
mentioned earlier are usually offered free of charge to 
patients and their families.

 Advocacy

Organization advocacy activities fall into two broad areas. The 
first focuses on advocating at a federal level for increased 
funding for disease-specific research at the National Institutes 
of Health (NIH), Centers for Disease Control (CDC), and 
other government agencies. Larger dermatology patient advo-
cacy organizations may also work to advocate for better health 
policies at the federal level for their patient communities.

The second area of advocacy activity is in ensuring 
patients have access to care. This includes access to safe, 
effective and affordable treatments, and access to health-care 
specialists able to treat the symptoms of the disease affecting 
their community and/or related comorbid conditions of that 
disease. These activities are undergirded by the philosophy 
that the decision for type and methods of care is one that 
belongs to the patient and their doctor only.
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Access to care advocacy is conducted in several different 
arenas. Patient advocacy organizations work directly with 
payors to articulate burden of disease and need for access to 
treatment without oppressive bureaucracy. These organiza-
tions also work with state and federal lawmakers to curb 
onerous health insurance practices such as step therapy, prior 
authorization, cost transference to patients in the form of 
higher co-payments and coinsurance for branded drugs, and 
outright denial to cover needed medications. Additionally, 
patient advocacy organizations work with drug manufactur-
ers to reduce costs of drugs and provide patients with finan-
cial support for prescription costs.

 Research

The motivation to accelerate the discovery of better treat-
ments and a cure is a key driver for research activities by 
patient advocacy organizations.

Many of the organizations serving patients with skin dis-
ease provide seed grants to researchers with innovative ideas 
in order that these researchers may get a body of data that 
supports an NIH or other large research grant applications. 
These grants fund basic science, translational research, and 
other research areas supporting understanding in population 
health such as burden of disease and health-related quality of 
life impacts.

Dermatology advocacy organizations also actively sup-
port and promote clinical trial participation among their 
patient community. Increasingly, these organizations are 
involving patients—at the request of industry researchers—
to provide input on clinical trial protocol with the goal of 
making the trial more patient centric. Some organizations 
create and populate tissue or biobanks and related clinical 
data in their specific disease areas for use by researchers.

Larger and more established advocacy organizations col-
lect, analyze, and publish patient-reported data with the goal 
of quantifying impacts of the disease on quality of life. This 
data also serves to identify other issues in the patient com-
munity such as mis- and underdiagnosis, symptom impact, 
side effects, disease complications, access to care issues, etc. 
As well, this data informs organization public health mes-
saging and program development and implementation.

 Benefits of Partnering with Patient Advocacy 
Organizations

Patient advocacy organizations can serve as an important 
adjunct to clinical care. At the most fundamental level, advo-
cacy organizations offer health-care providers medically 
reviewed, patient education materials for use in office. These 
materials range from disease overview pamphlets to specif-
ics on using topical, oral, and biological medications. Beyond 

patient literature, advocacy organizations offer patients 
ongoing education and peer support with the goal of creating 
activated patients, which in turn, lead to improved health 
outcomes [2].

Another key area of collaboration between the physician 
office and a patient advocacy organization is in the area of 
access to care. In addition to working at the state and federal 
level to influence policies and laws that ease barriers to 
patient access to treatments and medical specialists, advo-
cacy organizations also assist individuals in accessing care. 
These services include providing tools, templated letters, 
information and assistance on appealing insurance denials, 
and other insurer methods of controlling cost at the expense 
of patient access.

 National Eczema Association

National Eczema Association (NEA) is the sole patient 
advocacy organization serving people with eczema in the 
USA. NEA provides people with eczema and their families 
the information and services they need to best manage their 
condition while funding research to better understand and 
treat the disease.

NEA is dedicated to improving the health and quality of 
life for individuals with eczema through research, education, 
peer support, and advocacy initiatives.

 Research

The NEA research agenda focuses on high-value/high-yield 
projects that provide clues to eczema pathogenesis, symptom 
evolution, its impact on quality of life, and new approaches 
to treatment. Each year, the organization awards grants to 
qualified researchers with small but innovative projects that 
add to the canon of understanding eczema and its bearing on 
patients. In recent years, NEA has funded research exploring 
novel treatments for pruritus, atopic dermatitis comorbidi-
ties, and skin barrier function in atopic dermatitis [3].

The National Eczema Association also collects and ana-
lyzes patient-reported data from its community and pub-
lishes on the findings with the goal of elucidating the true 
impact of eczema symptoms on patient and family quality of 
life, treatment satisfaction, access to care issues, symptom 
progression, and patient preference.

 Education

The National Eczema Association provides approximately 
six million people a year with disease management and well-
ness education. The organization manages a large website 
that includes basic information on eczema, how it is treated, 
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potential triggers, etc. NEA provides additional digital 
patient education in the form of monthly e-newsletters, fre-
quent Webinars, live question and answer sessions on social 
media, and downloadable fact sheets.

Printed patient education materials include booklets and 
brochures on the range of disease topics and a biannual patient 
magazine. Patients receive these materials by requesting them 
directly from NEA or through their physicians’ office.

All NEA’s educational materials are written by health 
education experts and reviewed by members of their medical 
editorial board for accuracy.

Lastly, the organization hosts live health education events 
in the form of patient and physician conferences and forums 
in cities around the USA.

With regard to physician education, National Eczema 
Association leads a coalition of patients and physician 
thought leaders tasked with developing programs that pre-
pare health-care providers to effectively treat eczema 
patients. The coalition is spearheading the development of 
national medical education programs focused on the latest 
research and best practices in eczema care.

 Peer Support

NEA sponsors a growing online support group, Eczema Wise 
(www.inspire.com/groups/national-eczema-association), 
where patients exchange information, get answers to their 
questions about eczema, and provide each other with encour-
agement. The organization also hosts live support groups in 

11 states and facilitates telephone- and email- based support 
services staffed by volunteer peer mentors.

 Advocacy

NEA works with a network of patient leaders who advocate 
at the state and federal level, as well as in the private sector, 
on issues critical to the eczema community. The organization 
has a threefold advocacy strategy that includes, raising 
awareness among lawmakers on the impact of eczema; 
pressing for laws that ensure access to affordable, effective 
treatments; and increasing the amount of federal money for 
eczema research.

For more information on how the National Eczema 
Association supports health-care providers and their patients, 
go to www.nationaleczema.org or call, 415-499-3474.
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liver injury, 438
for onychomycosis, 436
terbinafine-induced SCLE, 438
tinea capitis, 437
with toenail/fingernail onychomycosis, 436, 437

Alopecia areata (AA), 191, 203, 298, 503
abatacept, 508
apremilast, 508
azathioprine, 507
case analysis, 510
corticosteroids, 506, 509
corticotropin stimulation test, 506
cyclosporine, 507
dosing regimens, 506
dupilumab, 508
glucocorticoids, 506
hydroxychloroquine, 507
immunomodulators, 509
immunosuppressants, 507, 509
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Alopecia areata (AA) (cont.)
interleukin-2, 509
intramuscular injections of triamcinolone, 506
JAK inhibitors, 508
methotrexate, 507
minoxidil, 509
mycophenolate mofetil, 507
non-scarring hair loss, 505
ophiasis, 505
patient’s health, 509
procollagen III peptide, 507
randomized controlled trial, 506
ruxolitinib, 508
safety profile, 508
simvastatin/ezetimibe, 507
sulfasalazine, 507
T-cell-mediated autoimmune conditions, 505
tofacitinib, 508
topical minoxidil, 506
totalis, 505
tralokinumab, 508
treatments, 505
universalis, 505
ustekinumab, 508, 509

Alopecia mucinosa, 500
Alpha inhibitors, see Tumor necrosis factor (TNF)
American College of Rheumatology (ACR), 18, 211
American trypanosomiasis, 479, 480
Amoebiasis, 472, 473
Ancylostomiasis, 474
Androgenetic alopecia (AGA), 503

androgen receptor antagonists, 505
angiotensin-converting enzyme inhibitor, 505
cyproterone acetate, 505
dutasteride, 504
finasteride, 504
flutamide, 505
genetic, 504
gynecomastia, 504
hair loss, 504
maternal/paternal relatives, 504
prostate-specific antigen levels, 504
sexual side effects, 504
spironolactone, 505
topical minoxidil, 504

Angioedema, 394
Antibodies, 267
Anti-CD20, 310
Anti-CD30, brentuximab, 335
Anti-CD52, alemtuzumab, 334
Anti-cytokine agents, 267
Antidrug antibodies (ADAs)

adalimumab, 96, 97
administration route, 95
clinical significant reduction, 93
concomitant use, 95
detection, 94
etanercept, 96
immunogenicity, 93
infliximab, 96, 97
ixekizumab, 97
safety, 97
ustekinumab, 96

Antifungals
clinical importance, 428
cure rates, 435–436

ergosterol biosynthesis pathway, 428
fluconazole, 426
forms, 440
fungicidal, 428
fungistatic agents, 428
nail pharmacokinetics, 435, 436
narrow-spectrum, 428
oral ketoconazole, 426
pharmacodynamic and pharmacokinetic properties, 432
pregnancy category, 440
superficial mycoses, 426
therapy, 426
treatment, 426

Antihelmintics, 476
Antiherpetic antivirals, 458, 459
Anti-idiotypic antibodies, 402
Anti-IL-31, 313
Anti-IL-4, 311
Anti-IL-5, 313
Anti-IL-6R, 314
Anti-immunoglobulin E (IgE) therapy, 310

adverse events, 395
allergic response, 391
anaphylaxis, 396
in BP, 394, 395
doses, 392
high-affinity receptor, 391
injection site reactions, 396
low-affinity receptor, 391
omalizumab, 391, 396

Anti-inflammatory cytokines, 210
Antimalarials

chloroquine, 379
clinical effects, 380
dosage, 381
effectiveness of, 379, 380
hydroxychloroquine, 381
plasmacytic dendritic cells, 379
side effects, 381
toll-like receptor-associated mechanisms, 379

Anti-neutrophil cytoplasmic autoantibody-associated  
vasculitides, 410

Antitumor necrosis factor inhibitor, 259, 264, 314
Antivirals

prevention measures, 451
viral replication, 451

Aphthous stomatitis, 301
Apremilast (Otezla®), 154, 161, 210–214

biologic agents, 289
inflammatory skin disease treatment

alopecia areata, 213
atopic dermatitis, 212–213
DLE, 213
lichen planus, 214
nail and scalp psoriasis, 212
palmoplantar psoriasis, 212
plaque psoriasis, 210–211
PRP, 213
psoriatic arthritis, 211–212
rosacea, 213

nail psoriasis, 170
scalp psoriasis, 166
systemic agents, 290

A proliferation-inducing ligand (APRIL), 346
Arterial lesions, 278
Ascariasis, 474
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Astekinumab, AD, 301
Atenolol, 278
Atopic dermatitis (AD)/eczema, 191, 212, 276, 301, 309, 311–314, 

319, 320, 391, 394, 409
adult and pediatric, treatment with systemic therapy, 326–327
alitretinoin, 324
azathioprine, 274

adverse events and dosage, 321
clinical efficacy, 320–321
drug monitoring and treatment duration, 321
mechanism of action, 320
overall recommendation, 321

cyclosporine, 273
adverse events and drug monitoring, 320
clinical efficacy, 320
dosage, 320
mechanism of action, 319
overall recommendation, 320
treatment duration, 320

development, oral agents in, 327
DGLA, 325
extracellular targets

anti-IgE therapy, 310
interferon-gamma, 311
rituximab, 310–311
T-cell inhibition, 310

fevipiprant, 325
JAK inhibitors, 325
management, 276, 314
methotrexate, 274

adverse events, 322
clinical efficacy, 321–322
dosage, 322
mechanism of action, 321
recommendations, 322

MMF, 275
adverse events, 323
clinical efficacy, 323
dosage, 323
mechanism of action, 322–323
recommendations, 323

OGCs
adverse events and drug monitoring, 324
clinical efficacy, 323–324
dosage, 324
mechanism of action, 323
recommendation, 324
treatment duration, 324

PDE4 inhibitors, 325
pediatric dosing ranges and monitoring  

considerations, 275
phase 2a randomized placebo-controlled clinical trial, 325
pruritus, 325
severity-based therapy, 309–310
type 2 cytokine inhibition

anti-IL-13, 312–313
anti-IL-31, 313
anti-IL-4 and -IL-13, 311–312
anti-IL-5, 313
anti-IL-6R, 314
anti-TNF-α, 314
Th17/IL12/IL-23 pathway, 313–314

Autoimmune blistering diseases, 408, 409
fatal conditions, 345
intercellular adhesion proteins, 343
rituximab, 343

Autoimmune bullous disease  
(AIBD), 517, 519

Autoimmune hepatitis, 536
Autoimmunity, 346
Average cost-effectiveness ratio (ACER), 87
Average manufacturer price (AMP), 85
Average wholesale price (AWP), 85
Azalides, 533, 534
Azathioprine (AZA), 274

AD
adverse events and dosage, 321
clinical efficacy, 320
drug monitoring and  

treatment duration, 321
mechanism of action, 320
overall recommendation, 321

gastrointestinal side effects, 152
Azole antifungals, 436

carbon-nitrogen bonds, 429
classification, 429
CYP450-dependent mode of action, 430
imidazoles

antimicrobial capability, 430
CYP3A4 inhibition, 430
fungistatic, 430
hepatotoxic properties, ketoconazole, 430
ketoconazole, 430

second-generation, 434, 435
testosterone synthesis, 430
triazoles

bone defects, 431
congestive heart failure, 431
cyclodextrins, 431
fluconazole, 433, 434
isavuconazole, 436
itraconazole, 431, 437
onychomycosis, 433
posaconazole, 435
during pregnancy, fluconazole, 434
voriconazole, 434, 435

B
Balanitis xerotica obliterans, 301
Basal cell carcinoma (BCC)

growth requirements, 541
incidence, 541
molecular signaling pathways, 543
pathogenesis, 541
patient management, 547
surgical procedures, 541

B cell-specific biologics, 343
Behçet disease (BD), 214, 299, 300, 410, 520
Benign intracranial hypertension (BIH), 536
Benzoxaborole PDE4 inhibitors, 215
Beta-blockers, 277, 278
Beta-glucoronidase, 284
Bexarotene, 228
Bilharziasis, 476
Biological agents, 267

adalimumab, 269
etanercept, 268–269
systemic medications, 267
TNF inhibitors, 268
ustekinumab, 269–270

Biological License Application (BLA), 257
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Biologics, 102–104, 234–237, 254, 255, 285–288, 295
AA, 298
acitretin

and cyclosporine, 236
and etanercept, 235
and ustekinumab, 236

alefacept (Amevive), 101
aphthous stomatitis, 301
apremilast, 289
atopic dermatitis, 301
balanitis xerotica obliterans, 301
CDC, 301
cell culture process, 104
cell line development

cell banks, 104
CHO cells, 103
effector functions, 103
glycosylation, 103
selection process, 103
transfection process, 102, 103

cellulitis of scalp dissection, 301
cicatricial pemphigoid, 299
definition, 101
dermatomyositis/polymyositis, 303
downstream process, 104
drug substance or active pharmaceutical ingredient, 105
EP, 295–296
expansion process, 104
FDA regulation, 107–109
formulation, 105
GA, 301
hidradenitis supportive, 297
interleukin-17 inhibitors

ixekizumab, 288
secukinumab, 288

isolation and purification steps, 105
LP, 302
manufacturing process, 101, 105, 106
methotrexate

and adalimumab, 235
and etanercept, 234
and infliximab, 234
and ustekinumab, 235

mild psoriasis, 291
MRH, 298
NB-UVB

and adalimumab, 237
and etanercept, 236–237
ustekinumab, 237

NL, 303
pediatric psoriasis, 268
PG, 302
predefined quality acceptance criterion, 105
PRP, 300
psoriasis

plaques, 291
treatment, 101, 102

purification steps, 101
pustular psoriasis, 296–297
reference standard, 105
regulatory authorities, 105
SAPHO, 303
separation techniques, 104
small-molecular-weight chemical compounds, 101, 102
Sweet’s syndrome, 303
systemic autoimmune diseases, 299
systemic sclerosis/morphea, 302

TEN, 297
therapies, 4

nail psoriasis, 161, 162
PPP, 169
PPPP, 169
scalp psoriasis, 166–167

TNF
adalimumab, 286
etanercept, 285
infliximab, 285–286
inhibitors, 286–287

ustekinumab, 287–288
virus inactivation/removal steps, 104
vitiligo, 299

Biologics Continuous Assessment of Psoriasis Treatment Use Registry 
(Bio-CAPTURE) database, 79

Biologics Price Competition and Innovation Act (BPCIA), 106, 257, 
260, 264

Biosimilars, 253, 254, 258, 259
adalimumab-atto, 261–263
AMJEVITA™, 106
antitumor necrosis factor, 264
approval process, 108
cancer and chronic inflammatory diseases, 106
dermatologists, clinical considerations for, 264–265
development, 257–258

animal studies, 258–259
clinical pharmacology, 259
functional assays, 258
safety and efficacy studies, 259
structural analyses, 258

Erelzi™, 106
extrapolation, 259–260
FDA, 106
interchangeability, 260
labeling, 260
manufacturing and structure, 107–109, 254–257
nonproprietary naming, 260–261
pharmacoeconomics, 264
regulatory approval pathway, 258
state laws,  biosimilar substitution, 263
Zarxio®, 106

B lymphocyte inhibition, 180
Body surface area (BSA), 12
Bone mineralization, 528
Breslow test, 30
Broad-spectrum antifungals, 428
Brocq’s alopecia, 500
Brodalumab, 77, 139
Bullous disorder, 347
Bullous lupus, 359
Bullous pemphigoid (BP), 357, 391, 394, 395, 408

rituzamib, 345

C
Cardiac abnormalities, 278
Cardiopulmonary disease, 386
CCAAT-enhancer-binding protein beta (C/EBPβ), 135
CCAAT-enhancer-binding protein delta (C/EBPδ), 135
Cell banks, 104
Cell culture process, 104
Central centrifugal cicatricial alopecia (CCCA), 500
Central nervous system vasculitis, 386
Chemotherapy-induced anagen effluvium, 503
Children’s Dermatology Life Quality Index (CDLQI) score, 268
Chinese hamster ovary (CHO), 103
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Chronic idiopathic urticaria (CIU), 310, 392, 393, 409, 519
Chronic plaque psoriasis, 222
Chronic spontaneous urticaria (CSU), 391–393
Cicatricial pemphigoid, 299
Circinate balanitis, 520
Clazakizumab, IL-6, 180
Clinical trial data, 29–33

advantages, 28
cluster randomization, 27
confidence intervals, 29
disadvantages, 28
evidence-based medicine, 27
experimental study, 27
handling missing data

alefacept, 32–33
anytime analysis, 31
apremilast, 31–32
as-observed analysis, 31
vs. biologic therapy, 33
ixekizumab, 32
LOCF, 31
NRI, 31
secukinumab vs. ustekinumab, 32

HRQoL, 27
limitations, 28
MAR, 30
MCAR, 30
meta-analysis, 28
MNAR, 30
phase I trials, 28
phase II trials, 28
phase III trials, 28
phase IV trials, 28
preclinical research, 28
p-value, 29
survival analysis

Breslow test, 30
Cox proportional hazards model, 30
event of interest, 29
fixed point, 29
hazard ratio vs. hazard rate, 30
log-rank test, 30
odds ratio, 30
regression model, 30
x-values, 29
y-value, 29

Cluster randomization, 27
Cochrane Skin Group Core Outcome Set Initiative  

(CSG-COUSIN), 7
Cold contact urticaria, 393
Collagenous colitis, 204
Comparability, 109
Compliance, see Adherence
Congenital atrichia with papular lesions, 503
Congestive heart failure (CHF), 286, 287
Core domain set, 7, 8
Cost analysis, 87
Cost-benefit analysis, 87
Cost-effectiveness analysis, 87, 89
Cost utility analysis, 87
Covagen FynomAb® technology, 139
Cox proportional hazards model, 30
C-reactive protein (CRP)

IL 12/23 inhibitors, 69
IL-17 inhibitors, 69
methotrexate, 66
TNF-inhibitors, 68

Creatinine phosphokinase (CPK), 224
Crisaborole, 215
Crohn’s disease (CD), 226, 260, 269
Cutaneous Crohn’s disease, 301
Cutaneous disease, JAK-STAT

AA, 191
AD, 191
cutaneous lupus erythematosus, 191
dermatomyositis, 191
Jakinibs (see Jakinibs)
psoriasis, 191
second- generation Jakinibs, lestaurtinib, 194
vitiligo, 191

Cutaneous larva migrans, 474
Cutaneous Lupus Area and Severity Index  

(CLASI), 8
Cutaneous lupus erythematosus  

(CLE), 191, 203, 409, 520
Cutaneous Lupus Erythematosus Disease Area and Severity Index 

(CLASI-A), 409
Cutaneous polyarteritis nodosa, 411
Cutaneous small-vessel vasculitis (CSVV), 520
Cutaneous T-cell lymphomas (CTCL)

anti-CTLA therapy, 335
bexarotene, 333
CPG oligodeoxynucleotide, 337
histone deacetyl transferase inhibitors, 333
interferon alfa, 335, 336
interferon gamma, 337
mogamulizumab, 335
nucleosomes, 333
retinoids, 332
toll-like receptor agonists, 337
Vorinostat, 333, 334

Cutaneovascular disease, 385
Cyclic adenosine monophosphate (cAMP), 209
Cyclic guanosine monophosphate (cGMP), 209
Cyclic immunosuppressive medications, 4
Cyclophilins, 149
Cyclosporine (CsA), 273, 319, 320

absorption and metabolism, 150
AD

adverse events and drug monitoring, 320
clinical efficacy, 320
dosage, 320
mechanism of action, 319
overall recommendation, 320

bile salts, 150
cyclophilins, 149
dosing, 150
efficacy, 150
hypertension, 149, 150
immunosuppressive effects, 150
intermittent therapy, 149
interstitial fibrosis, 149
mode of action, 149
palmoplantar psoriasis, 171
posttreatment, 151
pretreatment, 151
psoriasis, 277
renal biopsies, 149
renal dysfunction, 149
systemic agents, 283, 290
tubular atrophy, 149

Cysticercosis, 476
Cytokine production, 406
Cytopenias, 386
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D
Dapsone

antibacterial agent, 517
anti-inflammatory properties, 517
in breast milk, 521
cardiovascular events, 521
contraindications, 521, 522
gastrointestinal effects, 522
glucose-6-phosphate dehydrogenase deficiency, 521–522
hypersensitivity syndrome, 521
laboratory monitoring, 522
lactation, 521
mechanism of action, 517
patient management, 522
during pregnancy, 521
primary drug treatment, 517
side effects, 521
steroid associated side effects, 517
sulfones, 517
therapeutic uses, 518

Degos’ disease, 411
Delayed pressure urticaria, 393, 519
Delayed retinoid burn, 223
Dendritic cells, 405, 407
Denileukin diftitox, 334
Dermatitis, 360
Dermatitis herpetiformis (DH), 360, 517, 518, 522
Dermatology life quality index (DLQI), 17, 18, 52, 85, 146, 163, 211
Dermatolymphangioadenitis, 475
Dermatomyositis (DM), 191, 303, 409
Diabetic neuropathy, 426
Dihomo-γ-linolenic acid (DGLA), 325
Direct- acting antiviral agents

first-generation protease inhibitors, 467
second-generation protease inhibitors, 467

Dirofilariasis, 475
Discoid lupus erythematosus (DLE), 140, 213, 498
Disease-modifying antirheumatic drugs (DMARD), 211
Dissecting cellulitis of the scalp (DCS), 502
Dose-escalation strategy, 222
Downstream process, 104
Dracunculiasis, 476
Drug interaction studies, 283, 396
Dupilumab, 311, 312, 315
Duty, 59

E
Echinocandins, 438, 439
Echinococcosis, 477
Eczema, 324
Eczema Area and Severity Index (EASI), 8, 20, 212
Efalizumab, 73, 180, 310
Efficacy and Safety Trials Evaluating the Effects of Apremilast in 

Psoriasis, 211
Emollient therapy, 309
Enfuvirtide, FDA- approved fusion inhibitor, 464
Enterobiasis, 477
Enzyme-linked immunosorbent assay (ELISA), 94
Eosinophilic cellulitis, 520
Eosinophilic pustular folliculitis (EPF), 521
Epidermolysis bullosa acquisita (EBA), 358, 409

rituximab, 345
Erelzi®, 260
Erosive pustular dermatosis of the scalp (EPDS), 503, 520
Erythema elevatum diutinum (EED), 518

Erythrodermic psoriasis (EP), 147, 295
Etanercept, 257, 267, 268, 295

biologic agents, 285
immunogenicity, 96
infections, 76
MACE, 76
malignancy, 76
MRH, 299
nail psoriasis, 162
PG, 302
plaque psoriasis, 111
pustular psoriasis, 296
sarcoidosis, 300
systemic agents, 290

EuroQol-5 Dimension (EQ-5D), 85
Expansion process, 104
Extrapolation, 259
Eye abnormalities, 278

F
Familial Mediterranean fever (FMF), 520
Family-based linkage analysis, 542
Fevipiprant, 325
Flucytosine, 441
Folliculitis decalvans, 501, 502
Folliculitis (acne) keloidalis, 503
Folliculitis necrotica, 503
Free thyroxine (free T4), 228
Frontal fibrosing alopecia (FFA), 499, 500
Fumarates, see Fumaric acid esters
Fumaric acid esters (FAEs), 150, 201, 202

alopecia areata, 203
CLE, 203
collagenous colitis, 204
co-therapy, 206–207
dosing, 204
drug interactions, 206–207
granuloma annulare, 202–203
history, 199
lichen planus, 204
mechanism of action, 200–201
melanoma, 204
monitoring, 204–206
necrobiosis lipoidica, 203
pharmacological properties, 199–200
pityriasis rubra pilaris, 204
psoriasis

arthritis, 202
nail, 202
plaque, 201–202
PPP, 202

sarcoidosis, 202–203
side effects/toxicities, 204–205
treatment, 201

Fungi
cell walls, 427
ergosterol, 427
infections

classification, 426
morbidity and mortality, 426
prevalence, 425, 426

opportunistic invaders, hosts, 427
structure, 427
taxonomic kingdom, 427

Fusion proteins, 267
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G
Gastrointestinal discomfort, 275
Generalized pustular psoriasis (GPP), 296
Generic drugs, 254, 257, 258
German Psoriasis Registry PsoBest, 74, 79
Global Severity Scale (GSS), 164
Glucoronide of MPA (MPAG), 284
Gnathostomiasis, 474
Golimumab, nail psoriasis, 162
Gorlin-Goltz syndrome, 541
Graham-Little syndrome, 500
Granuloma annulare (GA), 202, 203, 301, 302

lesions, 304
Granulomatous rosacea, 520
Grenz ray therapy, 160, 161
Griseofulvin, 439, 440
Guinea worm disease, 476
Guselkumab, IL-23, 180

efficacy, 127
safety, 128

H
Handprint method, 12, 13
Harmonising Outcome Measures for  

Eczema (HOME), 7
Hazard ratio, 30
Head and neck portion of the PASI  

score (HN-PASI), 164
Health and Work Performance  

Questionnaire (HPQ), 84
Health belief model, 44
Health-related quality of life (HRQoL), 27

assesment, 52–54
Centers for Disease Control, 51
DLQI, 52
measurement, 52
SF-36, 52
treatment selection, 52

Heart failure
methotrexate, 66
TNF-inhibitors, 68

Heat urticaria, 393
Hedgehog (Hh) signaling pathway, 542, 543
Hemangioma,  infancy, 277

acebutolol and atenolol, 278
management, 278
propranolol, 277

Hematologic toxicity, 284
Hematopoietic stem cell transplantation, 338
Henoch-Schönlein vasculitis (H-SV), 520
Hepatitis B infection, 250
Hepatitis C virus (HCV) infection, 250

drugs, 466, 467
pegylated interferon alpha, 466, 467

Hepatotoxicity, 282
Herpesvirus infections, 452, 454, 455

acyclovir
adverse effects, 455
dose adjustments, renal failure patients, 455
mechanism of action, 452
pharmacokinetics, 454, 455
resistance mechanisms, 452
treatment regimens, 455

amenamevir, 463
antiviral therapy, 453

cidofovir, 459, 460
clinical diagnosis, 468
famciclovir, 457, 458
foscarnet, 462
ganciclovir, 460, 461
in humans, 452
nontoxic antivirals, 463
pritelivir, 463
valacyclovir, 455–457
valganciclovir, 461

Hidradenitis suppurativa (HS),  
297, 368, 369, 519

adalimumab, 367
Anakinra, 368
antibiotics

clindamycin, 368, 369
oral tetracycline, 369
rifampin, 368, 369

antimicrobial therapy, 373
disease pathogenesis, 365
evidence-based approach, 372
hormonal therapy, 370
Hurley stage classification, 366
infliximab, 368
interleukin-1 beta, 366
metformin, 370
quality of life impairment, 374
scarring, 365
sinus tract formation, 365
surgical intervention, 371, 372, 374
systemic retinoids, 371
therapeutic classes, 373
tumor necrosis factor alpha, 366, 367
ustekinumab, 368
zinc salts, 370

Hidradenitis suppurativa clinical response  
(HiSCR), 366

Hidradenitis suppurativa score (HSS), 366
Hidradenitis suppurativa severity index (HSSI), 368
Hookworm infection, 474
HRQoL, see Health-related quality of life (HRQoL)
Human immunodeficiency virus (HIV), 250

antiretroviral classes, 463
drugs, mechanism of action, 463
HAART, 463
prevention, 464
replication cycle, 463

Humira®, 261
Hydroxyurea, 152
Hypercholesterolemia, 224
Hypereosinophilic syndromes, 395
Hyperkalemia, 505
Hyperlipidemia, 281
Hypertriglyceridemia, 224

I
Idiopathic thrombocytopenic purpura (ITP), 519
Idiopathic urticaria, 396
Immune suppressives

and nonbiologic regimens, 384
azathioprine (Imuran), 383
cyclophosphamide (Cytoxan), 382
methotrexate, 383
mycophenolate mofetil, 383

Immune thrombocytopenic purpura (ITP), 402
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Immunobullous disorders, 352–354
anti-inflammatory treatments

colchicine, 353
dapsone, 352
methotrexate, 353
niacinamide, 352
nicotinamide, 352
tetracycline group of antibiotics, 352

corticosteroids, 351
glucocorticoid receptors, 351
immunosuppressive therapy

azathioprine, 354
cyclophosphamide, 354
cyclosporine, 354
mycophenolate mofetil, 354

mucosal epithelium, 351
rituximab, 351
variants of pemphigus, 351

Immunogenicity, 96, 97
ADAs, 93
biologic agents

adalimumab, 96
etanercept, 96
infliximab, 96
ixekizumab, 97
secukinumab, 96
ustekinumab, 96

biologic therapies, 93
biosimilar agents, 97
chimeric antibodies, 94
clinical implications, 97
concomitant medications, 95–96
drug survival, 97
drug, molecular structure, 95
efficacy, 97
ELISAs, 94
humanized antibodies, 94
impact, 93
implication, 93
mechanisms, 93
monoclonal antibodies, 94
neutralizing antibodies, 95
non-neutralizing antibodies, 95
patient related factors, 96
pH-shift anti-idiotype antigen-binding test, 95
RIA, 95
safety, 97
therapeutic antibodies, 94
treatment regimen, 95

Immunogenicity assessment, 259
Immunosuppression, 288
Immunotherapy, 550
Immunotoxins, 334
Incremental cost-effectiveness ratio (ICER), 87
Indirect costs, 84
Infantile hemangioma, 277

acebutolol and atenolol, 278
management, 278
propranolol, 277

Infections, 287
adalimumab, 75
etanercept, 76
infliximab, 74, 76
ustekinumab, 76

Inflammatory bowel disease (IBD), 226

Inflammatory bowel disease (IBD), 527
Inflammatory skin disease, 133

T17 cells (see Interleukin-17 Inhibition)
Inflectra®, 259
Infliximab, 295

adverse events, 74
biologic agents, 285
hidradenitis supportiva, 297
immunogenicity, 96
infections, 74, 76
LP, 303
MACE, 74, 75
malignancy, 74, 75
MRH, 298
pustular psoriasis, 296
safety of, 286
systemic agents, 290
TEN, 298
vitiligo, 299

Informed consent, 59
Infusion-related reactions, 346
Intangible costs, 84
Integrase strand transfer inhibitors (INSTIs), 466
Interchangeability, 260
Interferon-gamma (IFN-gamma), 210, 311
Interleukins (IL)

IL-2, 210
IL-4, 312
IL-6, 180
IL-12, 125
IL 12/23 inhibitors

biomarkers, 69
cardiovascular events, 68, 69
metabolic syndrome, 69
PsA, 178

IL-13, 311
IL-17 (see Interleukin-17 inhibition)
IL-22, 313
IL-23 (see Interleukin-23 inhibition)

Interleukin-17 inhibition, 125, 133–135, 313
Ablynx Nanobody® technology, 139
basic and translational research, 139
biomarker, 69
bispecific antibodies, 139
brodalumab, 135, 138, 139
cardiovascular events, 69
case analysis, 140
CD8+ T cells, 135
C/EBPδ, 135
Covagen FynomAb® technology, 139
feed forward molecular inflammatory response, 136
gene map, 136
immune mechanisms, 133
induced key proteins, 135, 136
innate lymphoid cells, 135
ixekizumab, 135, 137, 138, 288
lymphocyte-mediated dermatoses, 140
mechanisms, 139
metabolic syndrome, 69
next-generation IL-17 inhibitors, 139
noninfectious neutrophilic dermatoses, 140
PsA

bimekizumab, 179
brodalumab, 179
dual-TNF, 179
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ixekizumab, 179
scalp psoriasis, 166
secukinumab, 178

psoriasis immune pathways
clinical trials, 133
etanercept, 134
gene-hunting technologies, 134
vs. IL-22, 134
immune models, 134
multiple pathogenic T cell subset model, 134
PASI75, 135
pathogenic concepts, 133
phase II studies, 135
proof of concept study, 135
selective antagonists, 135
STAT1 activation, 134
T cell subsets, 134
tissue profiling studies, 134
upregulation, 134
ustekinumab, 134

psoriasis pathogenic model, 135
secukinumab, 137–138

Interleukin-23 inhibition, 125–128, 179, 313
Candida infections, 124
guselkumab

efficacy, 127
safety, 128

key cells and cytokine, 123
p35, 124
p40, 123
psoriasis pathogenesis, 124, 125
risankizumab

efficacy, 127
safety, 128

tildrakizumab
efficacy, 127
safety, 128

ustekinumab
efficacy, 125, 126
IL-23/Th17 inflammatory pathway, 125
p40, 125
pro-inflammatory cytokine genes, 125
safety, 125–127
TNF-α blocking agents, 125

International Dermatology Outcomes Measures organization 
(IDEOM), 7

Intravenous immunoglobulin (IVIg)
adverse reactions, 411, 412
anaphylactic reactions, 412
anti-idiotypic antibodies and autoantibodies, 401–403
arterial thromboembolism, 411
autoimmune and inflammatory disorders, 401
B-cells, 406
cell adhesion, 405
complement inhibition, 403, 404
corticosteroid-sparing effect, 413
cost effectiveness, 412
description, 401
Fas-mediated keratinocyte death in vitro, 404
Fc receptors blockade, 402
FcRn saturation, 404, 405
FcγRIIβ, 404
glucocorticoid receptor-binding affinity, 405
headaches, 411
IgE production, 406
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pharmacokinetics and metabolism, 225
pregnancy, 227–228
safety and tolerability, 226–227
therapy, 227
use and dosage, 225–226
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Neutrophilic urticaria, 519
Neutrophil predominant inflammatory primary scarring alopecia, 501
Nevoid basal cell carcinoma (NBCC) syndrome, 541–544
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Nonsteroidal anti-inflammatory agents (NSAIDs), 283, 299, 379
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mechanism of action, 391
pharmacology, 391
in pregnancy, 396
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management, 278–279
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plaque psoriasis, 168
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anti-TNF antibodies, 169
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interleukin-17 inhibitors, 169
methotrexate, 169
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ustekinumab, 169
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hand and feet, 168
phototherapy, 168
PUVA, 169
secukinumab, 169
standard of care, 168
topical corticosteroids, 168
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smoking, 168
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Patient Protection and Affordable Care Act, 257
Patient-reported outcome measures (PROM), 17, 85
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psoriasis, 88
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family and mechanism, 209–210
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topical inhibitors, 214–215

Photopheresis, 338
Phototherapy, 160
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Pinworm infection, 477
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Pityriasis rubra pilaris (PRP), 204, 213, 300, 301
Plaque psoriasis, 32, 201, 202, 262, 270

adalimumab, 112
alefacept, 32–33
apremilast, 31–32
DLQI, 211
etanercept, 111, 112
global study, 112
inflammatory cascade, 112
ixekizumab, 32
management, 116
medical history, 116
narrow band ultraviolet B, 211
PASI, 211
physical examination, 116
safety signals, 112
secukinumab vs. ustekinumab, 32
social history, 116
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Post-exposure prophylaxis (PEP), 464
Posttranslational modification (PTM), 103, 257
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Pre-exposure prophylaxis (PrEP), 464
Pregnancy prevention programs, 527
Pressure urticaria, 410
Primary scarring alopecia
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systemic therapies, 495, 497
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Pruritus, 325
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Psoralen-ultraviolet A (PUVA) therapy, 221, 339
Psoriasiform dermatitis, 168
Psoriasis, 57–59, 61–63, 65, 154, 201, 202, 241, 242, 276
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advancements, 2
ammoniated mercury, 3
ancient history, 1
anthralin, 3
arsenic, 3
azathioprine, 152
biologic agents

adalimumab, 57, 58
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drug reactions, 59
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litigation, 57
short-term treatment, 58
TNF-α inhibitors, 57
ustekinumab, 57
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Celsus’s description, 1
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cyclosporine, 277
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psoriatic arthritis, 202
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leflunomide, 153
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MACE (see Major adverse cardiovascular events (MACE))
malignancy, 248
management, 63
methotrexate, 3, 276
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tofacitinib (Xeljanz), 154

paradoxical anti-TNF pustular-induced psoriasis, 249
pathogenesis, 124, 125
pathophysiology of, 2, 267
pediatric dosing ranges and monitoring considerations, 275
pregnancy, 249, 250
prevalence, 61
psoriatic arthritis, 247
pustular psoriasis, 223
PUVA therapy, 3
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recalcitrant psoriasis, 247–248
response, loss of, 246–247
retinoids, 3
severe flare, 245–246
sulfasalazine, 153
surgery, 251
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patient perspective, 61–63
patient satisfaction, 63
physician perspectives, 62–63

tacrolimus, 153
6-thioguanine, 153
transition

adverse events, 241
biologic and systemic therapies, 242
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half-lives, 241
primary failure, 241
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theoretical washout periods, 241
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UVB therapy, 3
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Psoriasis area and severity index (PASI), 84, 134, 211, 261, 268
etretinate, 8
limitations, 10
prevalence, 8
primary efficacy measure, 8
psoriasis measures, 8
psychometric properties, 9

Psoriasis immune pathways
clinical trials, 133
etanercept, 134
gene-hunting technologies, 134
immune models, 134
multiple pathogenic T cell subset model, 134
PASI75, 135
pathogenic concepts, 133
phase II studies, 135
proof of concept study, 135
selective antagonists, 135
STAT1 activation, 134
T cell subsets, 134
tissue profiling studies, 134
upregulation, 134
ustekinumab, 134

Psoriasis Longitudinal Assessment and Registry (PSOLAR), 74–76
Psoriasis of the Scalp Severity Index (PSSI), 13–14
Psoriasis pustulosa palmoplantaris (PPP), 202
Psoriasis Scalp Severity Index (PSSI), 8

scalp psoriasis, 164
Psoriatic arthritis (PsA), 159, 163, 202, 211, 247

anti-TNF therapies, 176
B lymphocyte inhibition, 180
case analysis, 183
clinical domains, 182
co-stimulatory blockade modulating T- lymphocyte function

abatacept, 180
alefacept, 180
efalizumab, 180
IL-6 inhibition, 180

cyclosporine, 176
EULAR recommendations, 182
GRAPPA recommendations, 182
IL-17 inhibition

bimekizumab, 179
brodalumab, 179
dual-TNF, 179
ixekizumab, 179
secukinumab, 178

IL-23 inhibitors, 179–180
leflunomide, 176
methotrexate, 175
minimal disease activity, 182
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JAK inhibitors, 181
PDE4 inhibitor, 181
tofacitinib, 181

T–cell differentiation pathways, 177
TICOPA trial, 181
TNF inhibition

adalimumab, 176
certolizumab, 177
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safety, 177

Psoriatic arthritis long-term assessment of clinical efficacy  
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Psoriatic plaques, 242
biologic agents, 291

Psychiatric disorders, 528
Public Health Service (PHS) Act, 108
Pulmonary embolism, 386
Pulsed dye laser (PDL), 161
Pustular psoriasis, 168, 296, 521
PUVA treatment, 284
Pyoderma gangrenosum (PG), 302
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Quality of life (QOL), 51–53
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dermatologic conditions, 51
disease impact, 51
HRQoL
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Centers for Disease Control, 51
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measurement, 52
SF-36, 52
treatment selection, 52

measurement, 51
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systemic therapy, 146
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Randomized double-blind placebo-controlled trials  
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Recalcitrant psoriasis, 223, 247
Reference biologics, 258
Reference product, 253, 258
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Regression model, 30
Regulatory approval process, 108
Remicade®, 259
Renal impairment, 282
Reporter-gene assay, 94
Retinoic acid receptors (RAR), 221
Retinoid X receptors (RXR), 221
Rheumatoid arthritis
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adverse events, 262
etanercept, 385
infliximab, 385

Rifampin, 537
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Rituximab, 310

administration of, 345
adverse effects, autoimmue blistering diseases, 346
autoreactive T cells, 344
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tuberculosis reactivation, 346
variable response, 344

River blindness, 477
RNAse protection assay, 331
Robles disease, 477
Rosacea, 213
Ruxolitinib, 298
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Safety and tolerability

hepatotoxicity, 224
mucocutaneous toxicity, 224
teratogenicity, 224

Sarcoidosis, 203, 214, 300
Sarcoidosis activity and severity index (SASI), 214
Sartorius score, 366
Scabies, 471, 485
Scalpdex, 165
Scalp-modified PASI (S-mPASI), 164
Scalp psoriasis

anti-TNF agents, 167
biologic therapy, 166–167
clinical presentation, 164
measures, 164, 165
procedural therapies, 166
systemic therapy, 166, 167
topical therapies, 164–166
treatment algorithm, 167
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Scalp-specific Physicians Global Assessment (S-PGA), 164
Scarring alopecia, see Primary scarring alopecia
Schistosomiasis, 476
Scleroderma, 410
Scoring Atopic Dermatitis (SCORAD) index, 20, 21, 394, 409
Secukinumab, 77, 211

adverse effects, 139
biologic agents, 288
immunogenicity, 96
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pustular psoriasis, 297
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vitiligo, 299
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Sialic acid-binding Ig-like lectin (SIGLEC) 8, 402
Similar biotherapeutic product (SBP), 253
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Sneddon-Wilkinson’s disease, 520
Solar urticaria, 393, 410
Sonic hedgehog pathway inhibition, 543, 544
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inhibitor resistance, 545
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neoadjuvant treatment, 545
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vismodegib, 543, 544
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Sparganosis, 478
Spontaneous urticaria, 519
Squamous cell carcinom, 223
Static physician’s global assessment (sPGA), 10–12
Stem cell transplantation (SCT), 338
Steroid resistant bullous pemphigoid, 408
Stevens Johnson Syndrome (SJS), 407
Streptocerciasis, 478

Strongyloidiasis, 475
Subacute cutaneous lupus erythematosus (SCLE), 140
Subcorneal pustular dermatosis (SPD), 520
Subcutaneous injection, 347
Subungual dermatophyte onychomycosis, 433
Survival analysis
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Cox proportional hazards model, 30
event of interest, 29
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hazard ratio vs. hazard rate, 30
log-rank test, 30
odds ratio, 30
regression model, 30
x-values, 29
y-value, 29

Sweet’s syndrome (SS), 303, 520
Synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome 

(SAPHO), 303
Systemic agents, 295

AA, 298
advantages and disadvantages of, 290
aphthous stomatitis, 301
atopic dermatitis, 301
balanitis xerotica obliterans, 301
CDC, 301
cicatricial pemphigoid, 299
cyclosporine, 283–284
dermatomyositis/polymyositis, 303
dissecting cellulitis of scalp, 301
EP, 295
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LP, 302
MMF, 284
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NL, 303
PG, 302
PRP, 300
pustular psoriasis, 296
sacitretin, 281
SAPHO, 303
smethotrexate, 282–283
Sweet’s syndrome, 303
systemic autoimmune diseases, 299
systemic sclerosis/morphea, 302
TEN, 297
vitiligo, 299

Systemic autoimmune diseases, 299–300
Systemic lupus erythematosus (SLE), 140, 395. See also Lupus 

erythematosus (LE)
Systemic lupus-like syndrome, 536
Systemic retinoids (acitretin), 228–231
Systemic sclerosis, 302
Systemic therapies, 151–155

acitretin, 146–149
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case analysis, 155
cyclosporine, 147–150
depression, 145
DLQI, 146
fumaric acid esters, 149–151
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methotrexate, 146–147
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nail psoriasis, 161
PASI score, 146
in psoriasis

Apremilast (Otezla®), 154
azathioprine, 151–152
hydroxyurea, 152
leflunomide, 153
MMF, 151–152
sulfasalazine, 153
tacrolimus, 153
6-thioguanine, 153–154
tofacitinib (Xeljanz), 154–155

QOL, 146
scalp psoriasis, 166, 167

T
Targeted melanoma therapy, 549
T-cell inhibition, 310
T17 cells, see Interleukin-17 inhibition
Temporal triangular alopecia, 503
Tetracycline agents, 282, 534–536
Th2 cytokines, 310
Thiopurine-S-methyltransferase (TPMT), 274, 321
Thyroid-stimulating hormone (TSH), 228
Tildrakizumab, IL-23

efficacy, 127
safety, 128

Tinea capitis, 433, 434, 437, 443
Tinea corporis, 441
Tinea cruris, 441
Tinea pedis, 441, 442
Tocilizumab, 314
Tofacitinib (Xeljanz), 154, 181

AA, 298
Toll-like receptors (TLRs), 407
Topical benzoxaborole PDE4 inhibitor, 215
Topical corticosteroids (TCS), 312
Topical PDE inhibitors, 214
Topical therapy, nail psoriasis, 170
Total Plaque Severity Score (TPSS), 12
Total Severity Scale (TSS), 164
Toxic epidermal necrolysis (TEN), 297, 298, 407
Toxocariasis, 474
Toxoplasmosis, 478
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