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v

Psoriasis is a chronic, inflammatory condition with an estimated prevalence 
of 3–4% in the US population. It is a systemic disease with many known seri-
ous comorbidities including psoriatic arthritis, cardiovascular disease, and 
diabetes. In addition, psoriasis is associated with depression, anxiety, and 
self-consciousness, which causes patients to limit social interactions and pre-
vents them from forming close, intimate relationships with others.

Although there are many other textbooks focusing on dermatologic treat-
ments, there are very few specific books with the aim of guiding physicians 
through the diagnosis and treatment of psoriasis in a practical and evidence- 
based manner. Given the multitude of new treatment options for this disease 
including topicals, phototherapy, oral systemic therapy, and injectable bio-
logics, the treatment of psoriasis has truly become an art of individualizing 
treatments to each patient based on the available evidence. This book will 
attempt to pass on this art to practicing physicians in a very practical and easy 
to use form in the hopes of improving care of psoriasis patients around the 
world.

San Francisco, CA, USA Tina Bhutani
 Wilson Liao
 Mio Nakamura

Preface
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Psoriasis: Overview and Diagnosis

Grace W. Kimmel and Mark Lebwohl

 Introduction and Epidemiology

Psoriasis is a common, chronic inflammatory 
skin disease that is characterized by the forma-
tion of sharply demarcated, scaly, erythematous 
plaques. It is a prevalent disease, both in the USA 
and globally. According to the large population-
based Multinational Assessment of Psoriasis and 
Psoriatic Arthritis (MAPP) survey, the prevalence 
of psoriasis ranges from 1.4% in Spain to 3.3% in 
Canada, with an overall prevalence of 1.9%. The 
prevalence in the USA is slightly higher than the 
average at 2.2% [1]. Worldwide, the prevalence 
has been found to vary both geographically and 
among different ethnic groups within the same 
region and is overall reported at higher rates 
in locations distant from the equator [2, 3].

Psoriasis can present at any age. However, the 
disease onset appears to follow a bimodal distri-
bution, peaking around 20–30 years of age and 
again around 50–60  years of age [4]. A family 
history of the disease is common. Approximately 
30% of patients have a first-degree relative with 
psoriasis, and the risk of psoriasis increases with 
the number of affected relatives a patient has [5]. 
Some studies suggest that this bimodal distribu-
tion represents two distinct forms of psoriasis; 
compared to patients whose psoriasis presents 

later in life, patients with early onset psoriasis are 
much more likely to possess a genetic marker 
that is highly associated with psoriasis and to 
have a parent with psoriasis. Earlier onset psoria-
sis is also associated with more severe disease 
[4]. In most cases, the disease waxes and wanes 
throughout a patient’s life, and spontaneous 
remission without treatment is unlikely [6].

The plaques of psoriasis can be disfiguring 
and severely pruritic and/or painful. Itching is 
often the most bothersome symptom of psoriasis 
[1]. Quality of life can be substantially affected, 
and many psoriasis patients report a significant 
social and emotional burden along with the nega-
tive impact of psoriasis on their physical well-
being [7, 8]. Functional disability due to psoriasis 
is comparable or even greater compared to those 
seen in other serious diseases including cancer, 
depression, and heart disease [9].

In the MAPP survey, there was a 2-year median 
delay from symptom onset to time of diagnosis. In 
terms of disease severity, approximately 30% of 
psoriasis patients and 50% of those with both pso-
riasis and psoriatic arthritis rated their disease as 
severe. Despite this, nearly half of psoriasis patients 
had not seen a physician in the past year, and many 
were on either no treatment or topical therapy 
alone. One of the reasons for this undertreatment 
was lack of tolerability or efficacy of available oral 
or biologic agents [1]. These statics highlight the 
importance of improving disease detection and the 
need for improved therapeutic choices.
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 Associated Conditions 
and Complications

In recent years, the impact of psoriasis has been 
found to extend beyond the skin, and psoriasis 
has been found to be associated with a variety of 
systemic conditions. Approximately 75% of 
patients will have at least one comorbid condi-
tion, and many will have multiple comorbidities 
[10]. The association is thought to be due to the 
chronic inflammatory changes and elevated pro-
inflammatory cytokines found in psoriasis that 
lead to a systemic inflammatory state.

The most well-recognized associated condi-
tion is psoriatic arthritis, a seronegative inflam-
matory arthritis. The exact proportion of patients 
with psoriasis who will develop psoriatic arthritis 
is unknown but is estimated to be <10 to 40%. 
Psoriatic arthritis typically occurs in patients who 
have had preexisting skin findings of psoriasis for 
5–12  years; however, approximately 20% of 
patients will present with joint symptoms first [1, 
11]. The most common presentation of psoriatic 
arthritis is polyarticular peripheral arthritis but 
can vary widely with peripheral and/or axial, 
monoarticular, or polyarticular patterns. The 
severity of psoriatic arthritis can also vary drasti-
cally among individuals but does not necessarily 
correlate with the severity of skin findings. At its 
most severe, the arthritis can be erosive and 
deforming (arthritis mutilans) [11]. Even among 
psoriasis patients without a diagnosis of psoriatic 
arthritis, 50% report joint pain [10]. Given the 
high prevalence and disease burden of psoriatic 
arthritis, it is important to screen for arthritis 
symptoms in every patient with psoriasis at each 
visit [11].

Of notable concern, psoriasis is also associ-
ated with an increased risk of cardiovascular dis-
ease. Psoriasis patients are more likely to have 
cardiovascular risk factors including diabetes 
mellitus (especially type 2), obesity, hyperlipid-
emia, hypertension, and tobacco and alcohol 
abuse [12–14]. However, psoriasis patients have 
been found to have an increased risk of myocar-
dial infarction even after controlling for these 
cardiovascular risk factors, signifying that psori-

asis itself may be an independent risk factor for 
cardiovascular disease. The risk of cardiovascu-
lar disease appears to be highest in patients with 
more severe psoriasis at a younger age [15, 16]. 
Other significant associated conditions include 
depression, autoimmune diseases, Parkinsonism, 
and cancers, such as skin cancers and lymphomas 
[6, 17, 18].

 Overview of Pathogenesis

The pathophysiology of psoriasis is characterized 
by excessive epidermal growth and altered kerati-
nocyte differentiation. The underlying pathogen-
esis is multifactorial and complex with genetic, 
immunologic, and environmental contributions. 
Certain environmental triggers are thought to dis-
rupt the homeostasis of the skin immune system 
in genetically predisposed individuals [19]. 
Medications implicated in the induction and exac-
erbation of psoriasis include angiotensin-convert-
ing enzyme (ACE) inhibitors, angiotensin II 
receptor blockers (ARBs), antimalarials, lithium, 
and nonsteroidal anti-inflammatory drugs [20–
22]. Despite the association with ACE inhibitors 
and ARBs, a population-based case-control study 
found that beta-blockers and other anti-hyperten-
sives are not associated with psoriasis [23]. Other 
potential triggers include infections (i.e., human 
immunodeficiency virus [HIV] and streptococ-
cus) and trauma to the skin (the Koebner phenom-
enon) [20, 24].

In recent years, a variety of genes have been 
identified that predisposes an individual to psori-
asis, many of which involve mediators of immune 
signaling pathways, emphasizing the importance 
of the immune system in the pathogenesis of pso-
riasis [25–28]. Early genetic linkage studies iden-
tified a major genetic determinant of psoriasis in 
the susceptibility-1 locus (PSORS1) of the major 
histocompatibility complex (MHC). Later, the 
human leukocyte antigen (HLA)-Cw6 was iden-
tified as the diseased allele at PSORS1 [26]. In 
recent years, genome-wide association studies 
have identified 63 genes that account for approxi-
mately 28% of the heritability of psoriasis. These 

G. W. Kimmel and M. Lebwohl
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genes include those of inflammatory interleukins 
and immune mediators [27]. In particular, a 
review of single-nucleotide polymorphism (SNP) 
analyses from multiple studies has shown an 
association between psoriasis and the loci for the 
T-helper type 2 (Th2) pathway (including inter-
leukin [IL]-4 and IL-13), the T-helper type 17 
(Th17) pathway (including subsets of IL-12 and 
IL-23), innate immune signaling pathways for 
nuclear factor kappa-light-chain-enhancer of 
activated B cells (NFkB) and interferons (IFN), 
and adaptive immune pathways involving CD8 T 
cells [28].

Although early research focused on aberrant 
keratinocyte activity as the primary cause of pso-
riasis, more recent studies have shown that pso-
riasis is an immune-mediated disease, as the skin 
inflammation of psoriasis is dependent on 
immune cells and their cytokines [29]. This has 
been supported by the genetic studies mentioned 
above. Abnormal activation of inflammatory 
mediators from the innate and adaptive immune 
systems has been implicated in the pathogenesis 
of psoriasis. Involved cells include keratinocytes, 
dendritic cells, and T cells, and important inflam-
matory mediators include tumor necrosis factor 
(TNF)-α, IL-17, IL-12, and IL-23 [30]. Recent 
advances in understanding the underlying inflam-
matory mechanisms have been pivotal in the 
development of new and more efficacious tar-
geted therapies such as TNF-α, IL-12 and/or -23, 
and IL-17 inhibitors.

 Diagnosis

Psoriasis is a clinical diagnosis, and a skin biopsy 
is usually not necessary for classic presentations 
of the disease. The characteristic lesions are 
sharply demarcated, scaly, erythematous plaques. 
The plaques may be pruritic and/or painful. They 
can be ovoid, round, or irregular in morphology 
and are often symmetrically distributed. When 
the xerotic scale is removed with scraping, points 
of fine bleeding may be seen (the “Auspitz sign”). 
Lesions may develop at sites of trauma or injury, 
known as the Koebner phenomenon.

The plaques are most frequently found on the 
extensor surfaces (elbows and knees), the scalp, 
and the intergluteal cleft. The palms and soles 
may be affected in the variants of palmoplantar 
psoriasis and palmoplantar pustulosis. Other 
forms of psoriasis include generalized pustular, 
guttate, erythrodermic, and inverse psoriasis.

The extent and severity of psoriasis can be 
measured using the Psoriasis Area and Severity 
Index (PASI), which includes evaluations of body 
surface area (BSA) involvement, erythema, indu-
ration, and scaling. This generates a severity 
score ranging from 0 to 72 [31]. Although more 
commonly used in clinical trials than in the con-
text of clinical practice, the PASI can be a useful 
measurement in assessing response to a given 
treatment. For example, PASI-75 indicates that 
the patient’s psoriasis has improved by 75% or 
greater from baseline. The Physician Global 
Assessment (PGA) is another simplified mea-
surement tool that rates the severity of psoriasis 
at a single point in time [32]. It is important to 
note that one of the limitations of the PASI and 
PGA is that there can be high interobserver 
variability.

In addition to assessing the severity of psoria-
sis, it is also important to include evaluations of 
subjective symptoms and quality of life burden. 
Furthermore, given the high probability of sys-
temic comorbidities, including arthritis and car-
diovascular, metabolic, and psychiatric disorders, 
patients should be screened for such conditions 
and have an established primary care physician 
who can help manage the patient’s overall health.

 Clinical Characteristics of Psoriasis 
and Its Variants

 Plaque Psoriasis

Also known as psoriasis vulgaris, plaque psoria-
sis is the most common form of psoriasis, 
accounting for 80–90% of cases [33]. The lesions 
are characteristically well-defined, erythematous, 
scaly plaques and often have the distribution 
detailed above (elbows, knees, scalp, intergluteal 

1 Psoriasis: Overview and Diagnosis
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cleft) (Figs.  1.1, 1.2, 1.3, 1.4, and 1.5). The 
plaques vary in size, and patients may present 
with only a few lesions or with widely general-
ized disease. Lesions are often symmetrically 
distributed. Mild to moderate disease, classified 
as involving less than 10% of the BSA, repre-
sents approximately 80% of cases of plaque pso-
riasis. The remainder of patients have moderate 
to severe disease and may have involvement of 
the majority of the BSA [6].

Palmoplantar psoriasis is characterized by 
erythematous, desquamative plaques in the acral 
distribution (Fig. 1.6). Palmoplantar psoriasis can 
be an isolated entity or may coexist in the context 
of plaque psoriasis [34].

 Guttate Psoriasis

Guttate psoriasis presents with the sudden 
appearance of many small (1–10 mm) erythema-
tous papules, often covered with fine scale 
(Figs. 1.7 and 1.8). It is found more commonly in 
children and young adults and represents less 
than 2% of psoriasis cases [6]. The lesions of gut-
tate psoriasis are widely disseminated, particu-
larly on the proximal extremities and trunk. 
Lesions may also be found on the face [35]. 
Guttate psoriasis can occur in patients with and 
without a history of plaque psoriasis. It is associ-
ated with group A beta-hemolytic streptococcal 
infections, which often precedes the skin findings 
by 2–3 weeks [6]. This disease is often self-limit-
ing in nature and can resolve spontaneously or 
with treatment [17]. Some patients with guttate 

psoriasis can go on to develop chronic guttate 
psoriasis or chronic plaque psoriasis [36].

 Generalized Pustular Psoriasis

Generalized pustular psoriasis is characterized by 
the formation of sterile pustules on a background 
of erythematous skin, which are widespread and 
can be generalized (Figs. 1.9 and 1.10). The etiol-
ogy remains unclear; however, administration of 
certain medications, including lithium and non-
steroidal anti-inflammatory drugs, may precede 
the onset of pustular psoriasis [24]. Other pre-
cipitating factors include infection and abrupt 
cessation of systemic corticosteroids [17]. 
Generalized pustular psoriasis may follow a mild 
and chronic course or appear severely and acutely 
(von Zumbusch type). Pustules can coalesce, and 
the whole body may be involved, including 
mucosal areas [37].

Given the widespread involvement, these 
patients can lose the skin’s protective function. 
Loss of the thermoregulatory function of the skin 
may cause fever or hypothermia. Fluid loss 
through the skin can result in volume depletion, 
dehydration, and even shock. There can be sig-
nificant loss of electrolytes, iron, and protein 
through the skin. Patients with acute generalized 
pustular psoriasis often meet systemic inflamma-
tory response syndrome (SIRS) criteria on pre-
sentation, and associated lab abnormalities 
include neutrophilia, leukocytosis up to 
30,000 WBC/μL, elevated erythrocyte sedimen-
tation rate (ESR), and elevated liver function tests 

Fig. 1.1 Plaque 
psoriasis: classic 
morphology 
characterized by a 
sharply demarcated, 
erythematous plaque 
with silver scale

G. W. Kimmel and M. Lebwohl
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[37]. Most importantly, these patients lose the 
protective function of the skin against the entry of 
pathogens, leaving them susceptible to bactere-
mia. There are multiple reports of staphylococcal 
sepsis and death in patients with generalized pus-
tular psoriasis [38–40]. Another potential fatal 
complication is the development of aseptic neu-
trophilic pneumonitis, which can lead to acute 
respiratory distress syndrome (ARDS) [37]. 
Severe cases of generalized pustular psoriasis 
therefore necessitate admission to the burn unit 
or intensive care unit (ICU). Treatment of gener-
alized pustular psoriasis with rapidly acting 
agents like cyclosporine can reduce the need for 
hospitalization.

 Palmoplantar Pustulosis

Unlike generalized pustular psoriasis, pustular 
psoriasis can be limited to the palms and soles, 
referred to as palmoplantar pustulosis. This dis-
ease is characterized by recurrent eruptions of 
sterile pustules on the palmar and plantar sur-
faces [34] (Figs.  1.11 and 1.12). Although this 
form is not life-threatening as in generalized pus-
tular psoriasis, it is a debilitating condition with 
high morbidity, as patients can have severe pain. 
Patients with psoriasis on the hands and feet have 
been found to have a worse quality of life than 
patients with extensive involvement on the trunk 
[41, 42]. Palmoplantar pustulosis typically pres-
ents between 30 and 40 years of age, and the pal-
mar lesions typically precede plantar involvement 
by a few months [43]. Notably, the majority of 
patients are female, with a female to male ratio of 
9:1. Palmoplantar pustulosis is also highly asso-

Fig. 1.2 Plaque psoriasis: this lesion is less severe with 
mild scaling but is diagnostic for psoriasis

Fig. 1.3 Plaque psoriasis: this patient has widespread 
involvement of the majority of the body surface area

Fig. 1.4 Scalp 
psoriasis: scaling is 
prominent with notable 
background erythema

1 Psoriasis: Overview and Diagnosis
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ciated with smoking with 95% of patients having 
a previous or current smoking history [17]. 
Roughly 25% of palmoplantar psoriasis patients 
will also have a diagnosis of chronic plaque pso-
riasis, although genetic studies indicate that they 
are distinct entities [25].

 Erythrodermic Psoriasis

Erythrodermic psoriasis is another potentially 
life-threatening form of psoriasis associated with 
the loss of skin function. In addition to being one 
of the most severe forms of psoriasis, it is also 
one of the rarest, affecting only 1% of psoriasis 
patients [44]. Among patients with a history of 
psoriasis who presents with erythroderma, the 
erythroderma is due to the preexisting psoriasis 
in only 20% of patients [45]. Even in patients 
with known psoriasis, it is important to consider 
other possible causes of erythroderma, of which 
there are many (see section “Differential 
Diagnosis”).

In erythrodermic psoriasis, the skin over the 
entire body surface area is inflamed, erythema-
tous, and scaly. Desquamation may occur 
(Figs.  1.13, 1.14, and 1.15). Although erythro-
dermic psoriasis can develop over time in 
patients with chronic plaque psoriasis, it may 
also occur suddenly in patients without a previ-
ous psoriasis history [6]. It can be precipitated 
by antimalarial drugs, the rapid discontinuation 
of either topical or systemic corticosteroids, 
overexposure to sun or UV light, and infections 
[35]. As in generalized pustular psoriasis, the 
loss of thermoregulatory and barrier functions of 
the skin can lead to fever, hypothermia, fluid 
loss, dehydration, and shock [6]. Patients are 
also at a high risk of sepsis and even death, espe-
cially staphylococcal sepsis [46].

 Inverse Psoriasis

Inverse psoriasis, also known as intertriginous 
or flexural psoriasis, affects 3–7% of psoriasis 
patients [47]. It involves the skinfolds, includ-
ing the axillae, genital regions, and inframam-
mary and inguinal creases. The face can also be 
involved. These lesions are less likely to be 
scaly given the high moisture in these areas and 
mainly present as shiny, erythematous plaques 
[6] (Fig.  1.16). Fissuring and superimposed 
bacterial or fungal infections may occur. 
Histologically, there is no difference between 
inverse and plaque psoriasis, and thus the two 

Fig. 1.5 Scalp psoriasis: severe scaling involving the 
periauricular region

Fig. 1.6 Palmoplantar psoriasis: notable severe scaling 
and erythema on the palmer surface of the distal finger

G. W. Kimmel and M. Lebwohl
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are differentiated on clinical presentation alone 
[47]. Notably, psoriasis patients with palmar 
involvement are approximately five times more 
likely to have inverse psoriasis than classic 
plaque psoriasis [48].

 Nail Changes

Nail changes can occur in any type of psoriasis. 
Among patients with psoriasis, fingernail changes 
occur in 50% of patients and toenail changes 
occur in 35% of patients. Nail changes are com-

Fig. 1.7 Guttate 
psoriasis: widespread 
small, erythematous 
papules generalized over 
the entire body surface 
area

Fig. 1.8 Guttate psoriasis: a close-up image showing the 
characteristic fine scale

Fig. 1.9 Pustular psoriasis: pustules on a background of 
erythema. Desquamation is also prominent here

Fig. 1.10 Pustular psoriasis: severe erythema and des-
quamation are present

Fig. 1.11 Palmoplantar pustulosis: a severe case on the 
plantar surface

1 Psoriasis: Overview and Diagnosis
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mon in psoriatic arthritis patients, occurring in up 
to 90% of cases [6]. Many of the structures within 
the nail unit can be affected, resulting in a broad 
range of clinical presentations, include pitting, 
onycholysis, “oil drop” spots, discoloration, 
splinter hemorrhages, and subungual hyperkera-
tosis (Fig. 1.17).

Pitting is the most common nail finding in pso-
riasis. These superficial depressions in the nail 
plate are caused by psoriatic lesions within the nail 
matrix, resulting in parakeratotic foci in the nail 
plate that slough off upon exposure to the environ-
ment. “Oil drop” or “salmon-colored” spots repre-
sent psoriatic lesions that are completely contained 
within the nail bed of the affected nail. If the lesion 
involves the hyponychium, onycholysis can occur. 
Subungual hyperkeratosis results in the raising of 
the nail plate off the nail bed secondary to deposits 
of cells underneath the nail plate that have not 
undergone desquamation. Leukonychia and ony-
chorrhexis (longitudinal ridges and splinting) may 
also be seen in the nail plate. Splinter hemorrhages 
occur secondary to rupture of capillaries in the 
dermis of the nail bed. A variety of other dystro-
phic nail changes may also be found. Nail psoria-
sis is particularly difficult to treat and is often a 
persistent condition [49].

Fig. 1.12 Palmoplantar 
pustulosis: a mild case 
on the palmar surface

Fig. 1.13 Erythrodermic psoriasis: widespread erythro-
derma covers the majority of the body surface area

Fig. 1.14 Erythrodermic psoriasis: a close-up of the face 
shows erythema with areas of desquamation

G. W. Kimmel and M. Lebwohl
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 Differential Diagnosis

The differential diagnosis of psoriasis is broad, 
depending on the patient’s presentation. When 
the skin findings are characteristic with erythem-

atous, sharply demarcated, scaling plaques found 
symmetrically on the extensor surfaces, the diag-
nosis is straightforward. Involvement of the skin 
in the periumbilical region and gluteal cleft and 
nail findings are clues to the diagnosis of psoria-
sis. However, the variants of psoriasis and atypi-
cal cases may present more diagnostic difficulty.

Common conditions on the differential diag-
nosis for plaque psoriasis include atopic dermati-
tis, nummular dermatitis, lichen simplex 
chronicus, pityriasis rosea, pitryiasis rubra pila-
ris, and tinea. If clinical diagnosis is unclear, a 
biopsy may be helpful. Drug reactions may also 
result in erythemato-papulosquamous psoriasi-
form eruptions. If this is a consideration, the 
presence of bright red lesions with intense pruri-
tus and eosinophilia point more toward a drug 
eruption [35]. Mycosis fungoides can also pres-
ent as inflammatory papulosquamous lesions and 
can be misdiagnosed as psoriasis.

In the differential diagnosis for scalp psoria-
sis, seborrheic dermatitis or tinea capitis may be 
considered. The lesions of psoriasis can be distin-
guished by the findings of well-demarcated, 
xerotic plaques with silvery scale, which may 
advance beyond the border of the hairline. Tinea 
can be distinguished from psoriasis by fungal 
culture, potassium hydroxide (KOH) preparation 
of skin scrapings, or histologically if a biopsy is 
performed [35, 45]. Palmoplantar psoriasis can 
also be confused with lichen simplex chronicus, 
lichen planus, secondary syphilis, hand dermati-
tis, or contact dermatitis. Clinical presentations 
of these conditions usually have distinct charac-
teristics, but in unclear cases, a biopsy may be 
necessary to distinguish these conditions [35, 
50].

Pustular psoriasis on the palms and the soles 
can resemble dyshidrotic eczema, irritant derma-
titis, folliculitis, or allergic contact dermatitis. 
Infectious causes should also be ruled out. Work 
up may include cultures, KOH preparation, PAS 
or GRAM stains, and patch testing [35, 43]. 
Generalized pustular psoriasis may be mistaken 
for Stevens-Johnson syndrome (SJS) or toxic epi-
dermal necrolysis (TEN) given the widespread 
erythema and desquamation [37]. Another impor-
tant differential diagnosis is that of acute general-

Fig. 1.15 Erythrodermic psoriasis: severe erythema can 
be observed

Fig. 1.16 Inverse psoriasis: an erythematous plaque in 
the axilla with minimal to no scale

1 Psoriasis: Overview and Diagnosis
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ized exanthematous pustulosis (AGEP), a febrile 
drug eruption also characterized by small sterile 
pustules on an erythematous base. The short 
latency period between drug administration and 
the skin reaction can help differentiate this from 
pustular psoriasis. Biopsy findings can also be 
helpful [35]. Subcorneal pustulosis is another 
consideration, but clinical and histological clues 
often help to differentiate the two [35].

The differential diagnosis for guttate psoriasis 
includes lymphomatoid papulosis, pityriasis 
rosea, pityriasis lichenoides chronica, tinea versi-
color, and secondary syphilis, although these con-
ditions often have distinctive presentations [35].

It is important to distinguish erythrodermic 
psoriasis from the other causes of generalized 
erythroderma, including drug reactions, atopic 
dermatitis, congenital ichthyoses, bullous derma-
toses, cutaneous T cell lymphoma, and pityriasis 
rubra pilaris. If present, a prior personal or family 
history of psoriasis can be very helpful. 
Identifying the underlying etiology of erythro-
derma is difficult, and in many cases, even with 
biopsies and other tests, the cause is never identi-
fied [35].

In cases of inverse psoriasis, the differential 
diagnosis often includes fungal and bacterial 
infections. KOH examination of skin scrapings, 
Wood’s lamp examination, and bacterial cultures 
are useful to rule out infections. Intertrigo sec-
ondary to skin friction can also be very similar in 
appearance to inverse psoriasis. Other causes of 
intertriginous plaques include Hailey-Hailey dis-
ease, flexural Darier disease, extra-mammary 
Paget’s disease, Langerhans cell histiocytosis, 
and glucagonoma syndrome. These conditions 

may be differentiated by clinical and histological 
findings, lab abnormalities, and systemic symp-
toms [35, 47].

The nail findings of psoriasis have a broad dif-
ferential diagnosis. Pitting, a common feature of 
psoriatic nail disease, can also be seen in alopecia 
areata and contact dermatitis. However, the pit-
ting seen in psoriasis is usually deeper than that 
seen in the other conditions. Oil spots can be seen 
in other inflammatory diseases, including sys-
temic lupus erythematosus (SLE). Subungual 
hyperkeratosis can be seen in onychomycosis, 
pityriasis rubra pilaris, contact dermatitis, or with 
trauma. A positive KOH or nail culture would 
suggest onychomycosis; however, it is important 
to note that onychomycosis and nail psoriasis can 
occur concurrently. Lastly, onycholysis is also a 
feature of many other systemic, infectious, trau-
matic, or congenital syndromes [35].

 Histopathology

As previously stated, a skin biopsy is not usually 
necessary to diagnose psoriasis. However, in the 
event that a biopsy is deemed necessary, certain 
key features can be seen. Classic histopathologi-
cal findings of plaque psoriasis include hyper-
keratosis, parakeratosis, loss of the granular cell 
layer, epidermal acanthosis, dilated and tortuous 
vasculature, and a leukocytic infiltrate [35]. The 
histology of uninvolved skin will be normal [17].

Hyperproliferation and impaired differentia-
tion of keratinocytes are the two key features that 
lead to the skin findings of psoriatic plaques. This 
can be seen histologically as epidermal thicken-

Fig. 1.17 Onychody-
strophy due to psoriasis: 
findings include nail 
yellowing, onycholysis, 
and subungual 
hyperkeratosis

G. W. Kimmel and M. Lebwohl
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ing (hyperkeratosis) with regularly elongated rete 
ridges [51]. The rete ridges display increased 
thickening toward the tips, resulting in a club-like 
appearance (Fig.  1.18). The capillaries of the 
interdigitating dermal papillae will be dilated and 
tortuous (Fig. 1.19). Fine fibrillary collagen bun-
dles can also be seen in the papillae. The supra-
papillary plate is thinned, particularly in the 
stratum spinosum and stratum granulosum [45]. 
Terminal differentiation begins in the granular 
cell layer of the epidermis, which is absent in the 
areas subajacent to the observed parakeratosis. 
The stratum corneum therefore develops from 
keratinocytes that have not undergone normal 
differentiation, leading to the finding of parakera-
tosis (aberrant retention of nuclei in the stratum 
corneum) [45, 52] (Fig.  1.20). Orthokeratosis 
(hyperkeratosis without parakeratosis) is also 
often seen, alternating with areas of parakerato-
sis. Another finding related to hyperproliferation 
includes increased mitoses in the basal and supra-
basal layer [45]. A mononuclear leukocytic infil-

trate can be seen in the epidermis and dermis 
consisting of predominately lymphocytes [51].

Two key histological markers of psoriasis are 
the findings of foci of neutrophils in the parakera-
totic stratum corneum, otherwise known as 
“Munro’s microabscesses,” and spongiform neu-
trophilic micropustules in the spinous layer of the 

Fig. 1.18 Histological 
findings of plaque 
psoriasis: epidermal 
hyperkeratosis and 
elongated, clubbed rete 
ridges are seen

Fig. 1.19 Histological 
findings of plaque 
psoriasis: elongated, 
club-like rete ridges are 
visualized, along with 
dilatation and ectasia of 
the interdigitating 
dermal capillaries

Fig. 1.20 Histological findings of plaque psoriasis: clas-
sic findings include hyperkeratosis, acanthosis, and para-
keratosis of the epidermis

1 Psoriasis: Overview and Diagnosis
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epidermis, termed “spongiform pustules of 
Kogoj” [45, 51] (Figs. 1.21 and 1.22). Munro’s 
microabscesses are found commonly and can be 
seen in 75% of cases [45]. These features, along 
with dilated and tortuous dermal capillaries, are 
diagnostic for psoriasis, especially when com-
bined with the findings detailed above [45].

It is important to note that the histopathologic 
features will vary depending on the stage of the 
lesion that is biopsied, and the histology described 
above for a typical psoriatic lesion may not be 
found in all cases. For example, biopsy of a very 
early lesion may show predominantly dermal 
changes including a mild perivascular lympho-
cytic infiltrate, along with dilation and minimal 
tortuosity of the vasculature, in a background of a 
slight edema and spongiosis [45]. Once the lesion 
evolves, further changes can be seen, including 

mild epidermal hyperplasia, mounds of parakera-
tosis, ectatic superficial dermal vasculature, neu-
trophilic exocytosis, and Munro’s microabscesses 
with nearby hypogranulosis [45]. Conversely, a 
resolving plaque may show a decrease in neutro-
phils, less parakeratosis and orthokeratosis, and a 
reforming granular cell layer. Key findings that 
may lead to the correct diagnosis in resolving 
psoriasis lesions include residual epidermal 
hyperplasia and dermal capillary dilatation and 
tortuosity [45] (Fig. 1.23).

The histopathology of pustular psoriasis is 
characterized by sterile intraepidermal pustules. 
These are analogous to the spongiform pustules of 
Kogoj but are larger than those seen in other forms 
of psoriasis. A mixed inflammatory infiltrate may 
be seen in the dermis (Figs. 1.24, 1.25, and 1.26). 
Munro’s microabscesses can also form from neu-

Fig. 1.21 Histological 
findings of plaque 
psoriasis: scattered 
collections of 
neutrophils are present 
within the stratum 
corneum, forming 
Munro’s microabscesses

Fig. 1.22 Histological 
findings of plaque 
psoriasis: neutrophils 
replace keratinocytes in 
the epidermis, forming a 
classic spongiform 
pustule of Kogoj
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Fig. 1.23 Histological 
findings of a partially 
treated psoriasis plaque: 
telangiectasias and 
ectatic vessels are still 
present. Thinning of the 
suprapapillary plate can 
be seen, along with 
some residual thickening 
of the epidermis. The 
neutrophilic infiltrate is 
less prominent 
compared to active 
psoriasis lesions

Fig. 1.24 Histological 
findings of pustular 
psoriasis with a 
prominent 
intraepidermal pustule

Fig. 1.25 Histological 
findings of pustular 
psoriasis: a spongiform 
pustule of Kogoj is 
observed near the 
intraepidermal pustule

1 Psoriasis: Overview and Diagnosis
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trophils that have made their way up to the stra-
tum corneum (Fig.  1.27). In acute cases, the 
neutrophilic infiltrate occurs before any epider-
mal hyperplasia is seen, and thus the histologic 
changes associated with chronic plaque psoriasis 
will not be visualized [45].

In erythrodermic psoriasis, common histolog-
ical changes include absence of the stratum cor-
neum and an even more notable dilation of the 
dermal vasculature than that seen in plaque pso-
riasis. Some of the changes seen in early plaque 
psoriasis lesions may also be visualized. Overall, 
this is a difficult diagnosis to make, as the histo-
logical findings may be nonspecific. Often, mul-
tiple biopsies are required [45].

The histology of palmoplantar psoriasis is 
characterized by multiple foci of alternating 
parakeratosis and orthokeratosis with an inflam-
matory infiltrate [50]. Palmoplantar pustulosis 

will show similar findings to those seen in gener-
alized pustular psoriasis including epidermal 
sterile pustules. Other features that are typically 
seen in plaque psoriasis may also be seen, includ-
ing mild acanthosis and parakeratosis [43].
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Topical Treatments

Caleb Jeon, Sahil Sekhon, Tina Bhutani, 
and John Koo

 Introduction

Psoriasis is a chronic inflammatory skin disease 
that affects 2–4% of the world’s population. 
Approximately 80% of psoriasis patients have 
limited, localized mild-to-moderate disease 
where topical therapies serve as the mainstay of 
treatment. Topical therapies can provide both 
high efficacy as well as safety in this population. 
Furthermore, in patients with moderate-to-severe 
disease, short-term topical treatments may pro-
vide symptomatic relief, minimize doses of 
photo- or systemic therapy, and be of benefit for 
resistant lesions as part of a combination regi-
men. The aim of this chapter is to provide an 
evidence-based concise overview of the available 
topical treatments for chronic plaque psoriasis.

 Topical Corticosteroids

Topical corticosteroids are the primary treatment 
option for psoriasis in the United States. At least 
three out of four psoriasis patients are treated with 
topical corticosteroids [1]. When individualized 
appropriately to a patient, they are fast-acting, 
highly effective, and relatively safe compared to 
other types of therapies (e.g., photo-, systemic, 
and biologic therapies). There are a great number 
of topical corticosteroid agents that can be catego-
rized by potency, formulation (e.g., creams, oint-
ments, lotions, sprays, etc.), or the combination of 
active agents (e.g., betamethasone plus calcipotri-
ene). Thus, understanding the subtle yet dynamic 
differences of topical corticosteroid potencies and 
formulations can translate into flexibility and max-
imum therapeutic benefit to patients.

 Mechanism of Action 
and Pharmacology

The mechanism of action of corticosteroids is both 
specific and nonspecific and involves modulation 
of the skin at multiple levels, including anti-inflam-
matory, immunosuppressive, vasoconstrictive, 
and antiproliferative effects. The pharmacological 
effects of topical and systemic corticosteroids are 
overall similar but differ in the amount of the effec-
tive dose of the drug delivered to the target organ 
and the enhanced effect of systemic corticosteroids 
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on suppressing recruitment of immune cells from 
the blood and bone marrow [2]. Generally, topical 
corticosteroids have three essential abilities in the 
treatment of psoriasis: (1) suppression of localized 
immune response through local reduction in cyto-
kines, (2) vasodilatory effects, and (3) slowing 
hyperproliferation of keratinocytes.

A corticosteroid is a fat-soluble molecule that 
can freely diffuse through the cell membrane and 
bind to a corticosteroid receptor in the cytoplasm. 
This complex of corticosteroid and its receptor 
then enters the nucleus where it alters gene tran-
scription and expression of mRNA. This process 
leads to alteration in protein expression, includ-
ing decrease in the production of cytokines (e.g., 
interleukin [IL]-1, IL-2, IL-6, and interferon 
[IFN]-α) [3]. Corticosteroids also decrease the 
production of key vasodilatory substances and 
consequently lead to vasoconstriction [4]. The 
ability of corticosteroids to decrease cytokines 
and vasodilatory substances lead to suppression 
of localized inflammation and further immune 
cell recruitment. The antiproliferative effect of 
topical corticosteroids is mediated by inhibition 
of DNA synthesis and mitosis and is known to 
reduce keratinocyte size and proliferation [5].

Topical corticosteroids are made in several for-
mulations with varying potency that are appropri-
ate for use in certain body sites. In the United 
States, the potency of corticosteroids is scaled I to 
VII in the Stoughton-Cornell classification based 
on their ability to cause vasoconstriction [6]. 
Table  2.1 summarizes the topical corticosteroids 
available in the United States by potency. While the 
potency of systemic corticosteroids generally 
translates into predictable clinical results depen-
dent on their route of administration (e.g., oral or 
intramuscular injection), topical corticosteroids 
must penetrate the stratum corneum to reach their 
target cells. The penetration of the stratum corneum 
varies according to the body site due to differences 
in skin thickness and the vascular supply to the 
area. For example, inflamed, moist, or denuded 
skin areas have greater penetration than the skin of 
the scalp, palms, and soles. Therefore, while the 
inherent potency of topical corticosteroids is ranked 
based on their vasoconstrictive properties, this does 
not necessarily accurately predict the ability of a 
formulation to deliver the medication to a target 

area. Furthermore, in addition to the skin barrier, 
the potency of topical corticosteroids is also 
affected by its chemical modification, its vehicle 
formulation, and its application (e.g., patient com-
pliance and application with or without occlusion) 
(see Special Considerations below).

 Efficacy

Superpotent (class I) topical corticosteroids are 
well established for effective treatment of mild-
to-moderate plaque psoriasis [7–10]. Katz et al. 
showed that clobetasol-17-propionate and beta-
methasone dipropionate are effective in clearing 
or markedly improving psoriasis in 75–80% of 
patients after approximately 3 weeks [11]. Blum 
et  al. demonstrated rapid onset of efficacy of 
halobetasol propionate 0.05% occurring within 
5  days of initiating treatment. There was also 
clearance or marked improvement in 88% of 
patients over the course of 4 weeks compared to 
64% of patients treated with betamethasone val-
erate [9]. Studies on the use of highly potent 
(class II) topical corticosteroids showed less effi-
cacy in that only an average of 50% of patients 
achieved at least 75% improvement and less than 
10% achieved clearance [8, 12, 13, 14].

Betamethasone dipropionate spray (Sernivo™) 
is a new mid-potent (class IV) formulation of 
betamethasone dipropionate 0.05% that has been 
recently approved for the treatment of mild-to-
moderate psoriasis in 2016. When assessed using 
the Investigator’s Global Assessment (IGA) and 
Total Severity Score (TSS) in phase III clinical tri-
als, betamethasone dipropionate spray showed 
equivalent efficacy to augmented, superpotent 
formulation (lotion) of betamethasone dipropio-
nate 0.05% and superiority to vehicle at day 15 
(19% versus 18.9% and 2.3%, respectively) [15, 
16]. These studies also showed superiority of this 
new medication in terms of its faster onset of 
action in improving erythema and scaling by day 
4. Furthermore, improvements were also seen 
in locations that are typically difficult to treat such 
as the knees and elbows. The mid-potency desig-
nation suggests its superiority in safety and lim-
ited systemic absorption compared to superpotent 
topical corticosteroids.
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Table 2.1 Topical corticosteroids available in the United States

Potency Corticosteroid Vehicle form Trade name (United States)
Class I (superpotent) Betamethasone dipropionate, 

augmented
Ointment Diprolene
Lotion Diprolene
Gel Diprolene

Clobetasol propionate Ointment Temovate
Lotion Clobex
Gel Temovate
Cream Temovate
Cream, emollient 
based

Temovate E

Foam, aerosol Olux-E
Foam, aerosol 
(scalp)

Olux

Shampoo Clobex
Solution (scalp) Temovate, Cormax
Spray (aerosol) Clobex

Fluocinonide Cream Vanos
Flurandrenolide Tape (roll) Cordran
Halobetasol propionate Ointment Ultravate

Lotion Ultravate
Cream Ultravate

Class II (high 
potency)

Amcinonide Ointment Cyclocorta, Amcorta

Betamethasone dipropionate Ointment Diprosone
Cream, augmented Diprolene, augmented

Desoximetasone Ointment Topicort
Gel Topicort
Cream Topicort

Diflorasone diacetate Ointment ApexiCona, Floronea

Cream, emollient Apexicon E
Fluocinonide Ointment Lidexa

Gel Lidexa

Cream, anhydrous Lidexa

Solution Lidexa

Halciononide Ointment Halog
Cream Halog

Class III (high 
potency)

Amcinonide Lotion Amcorta

Cream Cyclocorta, Amcorta

Betamethasone dipropionate Cream, hydrophilic 
ointment

Diprosone

Betamethasone valerate Ointment Valisonea

Foam Luxiq
Desoximetasone Cream Topicort
Diflorasone diacetate Cream Floronea

Fluocinonide Cream aqueous 
emollient

Lidex-Ea

Fluticasone propionate Ointment Cutivate
Mometasone furoate Ointment Elocon
Triamcinolone acetonide Ointment Kenaloga

Cream Triderm, Aristocort HPa

(continued)
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Table 2.1 (continued)

Potency Corticosteroid Vehicle form Trade name (United States)
Class IV (medium 
potency)

Betamethasone dipropionate Spray Sernivo
Clocortolone pivalate Cream Cloderm
Fluocinolone acetonide Ointment Synalara

Flurandrenolide Ointment Cordran
Hydrocortisone valerate Ointment Westcort
Mometasone furoate Lotion Elocon

Cream Elocon
Solution Elocona

Triamcinolone acetonide Ointment Kenaloga

Cream Kenaloga

Aerosol spray Kenalog
Class V 
(lower-mid-potency)

Betamethasone dipropionate Lotion Diprosone
Betamethasone valerate Cream Beta-Val, Valisonea

Desonide Ointment DesOwen, Tridesilona

Gel Desonate
Fluocinolone acetonide Cream Synalara

Flurandrenolide Lotion Cordran
Cream Cordran

Fluticasone propionate Lotion Cutivate
Cream Cutivate

Hydrocortisone butyrate Ointment Locoid
Lotion Locoid
Lotion, spray Cortizone 10 maximum
Cream Locoid, Locoid Lipocream
Solution Locoid

Hydrocortisone probutate Cream Pandel
Hydrocortisone valerate Cream Westcorta

Prednicarbate Ointment Dermatop
Cream, emollient Dermatop

Triamcinolone acetonide Ointment Kenaloga

Lotion Kenaloga

Class VI (low 
potency)

Aclometasone dipropionate Ointment Aclovate
Cream Aclovate

Betamethasone valerate Lotion Beta-Val, Valisone
Desonide Lotion DesOwen, Tridesilon

Cream DesOwen, LoKara
Foam Verdeso

Fluocinonide acetonide Cream Synalara

Shampoo Capex
Solution Synalara

Oil (scalp) Derma-Smoothe/FS
Oil (body) Derma-smoothe/FS

Triamcinolone acetonide Lotion Kenaloga

Cream Kenaloga, Aristocorta

(continued)
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 Special Considerations

The choice of vehicle can significantly affect the use 
and penetration of topical corticosteroids and there-
fore translates to differences in efficacy. Patient 
compliance to topical therapy can be positively or 
negatively impacted depending on the topical agent’s 
esthetic appeal. There are numerous types of vehi-
cles including ointment, lotion, cream, shampoo, 
gel, solution, spray, foam, oil, and tape (see 
Table 2.1). Different vehicles are indicated for differ-
ent body sites, but the optimal choice will generally 
be the vehicle that the patient is most likely to use 
(e.g., a patient may have a different preference of 
vehicle [shampoo, gel, solution, spray, or foam ver-
sus cream or ointment] for psoriasis on the scalp).

Occlusion of topical corticosteroids can also 
alter the penetration, thereby altering the effec-
tiveness. For example, a lower-mid-potent (class 
V) topical corticosteroid, flurandrenolide 0.1%, 
has been shown to act as a superpotent topical 
corticosteroid when applied with tape [8].

 Application

Generally, for thick psoriasis plaques on the 
extensor surfaces, super- or high-potency topical 
corticosteroids (e.g., betamethasone 0.05% or 

clobetasol propionate 0.05%) are needed. Low-
potency cream (e.g., hydrocortisone 1%) is suit-
able for the face and intertriginous areas.

 Side Effects

The risk of cutaneous and systemic side effects 
associated with long-term topical corticosteroid 
use increases with higher potency formulations 
(see Table  2.2). Thus, it is important to avoid 

Table 2.1 (continued)

Potency Corticosteroid Vehicle form Trade name (United States)
Class VII (least 
potent)

Hydrocortisone (base, ≥2%) Ointment Hytone
Lotion Hytone, ala scalp, 

Scalacort
Cream Hytonea, Nutracorta

Solution Texacort
Hydrocortisone (base, <2%) Ointment Cortaid, Hytone, Nutracort

Lotion Aquanil HC, Sarnol-HC, 
Cortizone 10

Cream Cortaid, Hytone, Synacort
Solution Cortaid, Noble, scalp relief
Spray Cortaid

Hydrocortisone acetate with 
pramoxine 1% combination

Ointment Pramosone
Lotion Pramosone, Analpram-HC
Cream Pramosone, Analpram-HC
Aerosol foam Epifoam

aInactive US trade name; the brand may be available outside the United States

Table 2.2 Side effects of topical corticosteroids

Cutaneous Systemic
Irritation
Burning
Pruritus
Atrophy of the skin
Striae
Telangiectasia
Acneiform eruption
Rosacea
Perioral dermatitis
Folliculitis
Infection (bacterial, fungal)
Contact dermatitis
Hypopigmentation
Purpura/ecchymoses
Folliculitis
Rebound of psoriasis
Tachyphylaxis

HPA axis suppression
Cushing syndrome
Glaucoma

2 Topical Treatments



22

excessive frequency, duration, or application of 
topical corticosteroids to sensitive areas such as 
the face or intertriginous areas.

 Vitamin D Analogs

The vitamin D analogs include calcitriol and its 
synthetic derivatives calcipotriene (also called 
calcipotriol) and tacalcitol. Of these, only calci-
potriene and calcitriol are available in the United 
States. Calcitriol is only available in ointment 
form, while calcipotriene can be found in solu-
tion, cream, ointment, foam, and gel suspension 
formulations. Calcipotriene is also available in 
combination with betamethasone in ointment, 
suspension, or foam formulations.

 Mechanism of Action 
and Pharmacology

Although the mechanism of action of vitamin D 
analogs is not completely known, binding of 
these analogs to vitamin D receptors leads to 
inhibition of keratinocyte proliferation and 
enhancement of keratinocyte differentiation [17, 
18]. In addition, vitamin D analogs have immu-
nosuppressive properties including inhibition of 
production of several proinflammatory cyto-
kines, including IL-2 and IFN-γ, that may be 
equally important to their anti-psoriatic effects 
[19, 20].

Vitamin D analogs are often used in combina-
tion with other topical agents including halo-
betasol propionate, tazarotene, and crude coal tar 
to maximize efficacy while reducing the risk of 
skin atrophy that is associated with chronic cor-
ticosteroid use [21, 22]. However, calcipotriene 
is a relatively unstable molecule that is inacti-
vated by acidic substances, and as such, it is not 
compatible with some topical therapies used in 
psoriasis treatment such as salicylic acid. It is 
also known to be degraded to some extent in the 
presence of hydrocortisone valerate and ammo-
nium lactate.

 Efficacy

In randomized controlled trials, calcipotriene was 
found to be at least as effective as calcitriol, potent 
topical corticosteroids, hydrocortisone 0.5%, and 
coal tar [23]. Calcipotriene cream is less efficacious 
than ointment with efficacy comparable to beta-
methasone valerate and coal tar derivatives. 
However, many patients prefer to use the cream for-
mulation on the body, and there is some evidence 
that patients are more likely to adhere to use of cal-
cipotriene twice daily if they alternate between 
cream in the morning and ointment in the evening 
[24]. Monotherapy with calcipotriene foam is effi-
cacious and is the preferred vehicle of calcipotriene 
in scalp psoriasis, with 40.9% of patients achieving 
clear or almost clear scalp after 8 weeks [25].

 Side Effects

Skin irritation is the most common side effect of 
vitamin D analogs. This usually presents as 
lesional or perilesional burning, stinging, ery-
thema, or scaling. Hypercalcemia is the only seri-
ous concern with the use of topical vitamin D 
preparations; however, this risk is minimized 
when using less than the recommended weekly 
maximum of 100 g of calcipotriene [26].

 Combination Preparations 
with Corticosteroids

While mixing vitamin D analogs and corticoste-
roids is not always possible (due to the degradation 
of calcipotriene by some steroids as mentioned 
above), there are currently three stable combination 
preparations available in the United States: calci-
potriene and betamethasone dipropionate ointment 
and suspension (Taclonex®) and calcipotriene and 
betamethasone dipropionate foam (Enstilar®).

The ointment, suspension, and foam prepara-
tions all contain calcipotriene 0.005% (equiva-
lent to 50 μg/g) and betamethasone dipropionate 
0.064% (equivalent to betamethasone 0.5 mg/g) 
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and are indicated for the treatment of psoriasis in 
adults for up to four consecutive weeks [27]. 
When applied twice daily for 4 weeks, the com-
bination ointment led to a greater mean Psoriasis 
Area and Severity Index (PASI) reduction 
(74.4%) than the individual components applied 
twice daily (betamethasone dipropionate 61.3% 
and calcipotriene ointment 55.3%) [28]. Once 
daily application of the combination ointment, 
which has been shown to lead to greater patient 
compliance than twice daily application, pro-
duced mean PASI reduction of 69–71% over 
4 weeks [28, 29, 30].

The once daily application of the combination 
foam significantly reduced the mean modified 
PASI (mPASI) scores compared to once daily 
application of either individual component of 
calcipotriene or betamethasone foam alone (71% 
mean reduction versus 42% and 55%, respec-
tively). Once daily application of the combina-
tion foam also achieved significantly greater 
PASI-75 response (≥75% improvement from the 
baseline PASI score) than either calcipotriene or 
betamethasone alone (49% versus 18% and 34%, 
respectively) [31]. The combination foam is effi-
cacious not only on the body but also on the 
scalp. Compared to a gel formulation used for 
8 weeks, the foam formulation of calcipotriol and 
betamethasone was more efficacious after just 
4  weeks of treatment with a PASI-75 response 
rate of 52% versus 35% and a PASI-90 response 
rate of 22.2% versus 10.7% [32]. Furthermore, a 
greater proportion of patients using the foam 
reported that it was easier to apply and preferred 
it to their previous topical regimens. Once daily 
use of the foam formulation was more effective 
than the calcipotriol/betamethasone combination 
ointment in terms of treatment success rate and 
mPASI improvement (54.6% versus 43.0%). 
However, the PASI-75 and PASI-50 response 
rates were not statistically different between the 
foam versus ointment [33].

Based on above, the combination of a vitamin 
D analog and betamethasone dipropionate 
applied either once or twice daily in either oint-
ment or foam vehicle appears to have superior 
efficacy compared to either component of the 
combinations applied as monotherapy.

 Tazarotene

Tazarotene (Tazorac®) is a topical retinoid that 
was approved for treatment of psoriasis in 1997. 
It is available as a 0.1 and 0.05% gel and cream. 
While approved for use as a single agent, patients 
can often experience minimal effectiveness and 
significant local skin irritation that limits its use. 
The combination of this agent with other thera-
pies (e.g., topical corticosteroids) has been used 
to minimize irritation and to increase efficacy, 
which has allowed tazarotene to become part of a 
long-term combination maintenance regimen. 
Tazarotene has also been used with ultraviolet 
(UV) B therapy for more rapid improvement, 
increased efficacy, and lower cumulative UV 
dosage exposure.

 Mechanism of Action 
and Pharmacology

Tazarotene is a vitamin A-derived acetylene reti-
noid that selectively binds to the retinoic acid 
receptors (RARs) β and γ [34]. The active metab-
olite, tazarotenic acid, binds to RARs that leads to 
alteration of gene expression. The precise mecha-
nism of action in psoriasis is unclear but may be 
related to both anti-inflammatory and antiprolif-
erative actions (e.g., inhibition of transglutamin-
ase expression and keratin 16 expression) [35].

A study by Hecker et  al. demonstrated that 
tazarotene exhibits minimal degradation in vitro 
(<10%) when combined with a variety of topical 
corticosteroids and with calcipotriene [22]. It 
also did not appear to affect the stability of other 
compounds. A similar in  vivo study analyzing 
tazarotene with these topical products in combi-
nation is needed.

 Efficacy

Tazarotene gel at both 0.1 and 0.05% concentra-
tions applied once daily has been shown to be 
similar in efficacy to fluocinonide 0.05% cream 
[36]. In one study, tazarotene 0.1% gel applied as 
a single agent once daily resulted in 70% of 
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patients reaching the clinical endpoint of treat-
ment success (≥75% improvement from base-
line), with 41% maintaining significant 
improvement 12  weeks after stopping the drug 
[34]. When combining tazarotene with interme-
diate and superpotent topical corticosteroids, 
more rapid improvement, improved efficacy, and 
decreased irritation have been reported [37–39]. 
Combination of tazarotene and corticosteroids 
may also prevent atrophy [40, 41]. When com-
bining tazarotene with calcipotriene, Bowman 
et  al. showed comparable efficacy to clobetasol 
dipropionate 0.05% ointment [42]. Tazarotene 
has also been successfully combined with broad-
band and narrowband UVB for more rapid and 
effective clearing of psoriasis compared to either 
treatment alone [43–45].

 Application

As monotherapy, tazarotene should be applied 
directly on the thick and scaly psoriatic lesions 
and the surrounding unaffected skin should be 
avoided. Application of tazarotene to sensitive 
areas such as the face and the neck may easily 
cause irritation. Genital areas should be avoided 
for the same reason. If significant irritation 
occurs, decreasing the frequency of application, 
starting at the lower 0.05% concentration and 
increasing the concentration as tolerated, switch-
ing formulations (e.g., gel to cream), or utilizing 
the “short-contact” method may be of benefit 
(Table 2.3) [46].

 Side Effects

Application of tazarotene may lead to teratogenic 
systemic concentrations if applied to more than 

20% of the total body surface area [47]. Therefore, 
women of childbearing potential must be cau-
tioned of the risk before starting treatment. 
Adequate birth control measures must be utilized 
while on therapy.

Adverse local effects include a burning and 
stinging sensation, as well as peeling, erythema, 
and localized edema of the skin. This sensitivity 
occurs more commonly with the 0.1% concentra-
tion compared to 0.05% [46]. Burns and photo-
sensitivity are of concern in those receiving UVB 
phototherapy and taking photosensitizing medi-
cations, respectively [50]. These patients should 
be cautioned to minimize sunlight exposure and 
to use sunscreens and protective clothing.

 Calcineurin Inhibitors (Tacrolimus 
and Pimecrolimus)

Topical calcineurin inhibitors, tacrolimus 0.1% 
(Protopic®) and pimecrolimus 1% (Elidel®), have 
been shown to be effective in the treatment of 
psoriasis [48–51]. However, they are not offi-
cially FDA approved for the treatment of psoria-
sis and are commonly used off-label. Their use 
can be of benefit particularly in areas where topi-
cal corticosteroids should ideally be avoided 
(e.g., facial and intertriginous areas). Tacrolimus 
and pimecrolimus are available as topical therapy 
in ointment and cream formulations, 
respectively.

 Mechanism of Action 
and Pharmacology

The mechanism of action of calcineurin inhibi-
tors involves the reduction of T-cell proliferation 
through inhibition of calcineurin, a calcium- and 
calmodulin-dependent phosphatase enzyme [51, 
52, 53]. This process inhibits the translocation of 
a family of transcription factors called nuclear 
factor of activated T cells (NFAT), leading to 
reduced transcriptional activation of cytokine 
genes, including IL-2, IL-3, IL-4, TNF-α, and 
IFN-γ.

Table 2.3 Tazarotene short-contact therapy

Apply tazarotene to plaques for a short time (5–20 min)
Wash medication off with water after prescribed time 
period
Gradually increase application time by 1–5 min as 
tolerated
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 Efficacy

Topical tacrolimus and pimecrolimus are gener-
ally well-tolerated when used to treat facial and 
intertriginous psoriasis and allow avoidance of 
chronic topical steroid use in these sensitive 
areas. However, it appears to be less effective in 
other areas, which may be due to differences in 
absorption.

In a clinical trial with tacrolimus 0.1% oint-
ment, twice daily application to facial and inter-
triginous psoriasis lesions resulted in more 
patients achieving clear or almost clear psoriasis 
compared to placebo (65% versus 32%) [54]. 
Furthermore, the addition of 6% salicylic acid to 
tacrolimus 0.1% ointment has been shown to pro-
duce greater improvement of plaques than tacro-
limus alone [55].

In a clinical trial with pimecrolimus 1% 
cream, twice daily application resulted in more 
patients achieving clear or almost clear inverse 
psoriasis compared with placebo (71% versus 
21%) [56]. However, compared to topical corti-
costeroids, pimecrolimus appears to be less effec-
tive [57].

 Application

A thin layer of tacrolimus 0.1% ointment or 
pimecrolimus 1% cream can be applied to the 
psoriatic lesions twice daily. Patients should be 
instructed to rub the ointment/cream gently and 
completely to the affected area. Burning and 
stinging is most common in the first few days of 
application but generally improve as the lesions 
improve. Application should continue as long as 
signs and symptoms persist and discontinued if 
resolution occurs.

 Side Effects

Tacrolimus ointment and pimecrolimus cream 
are commonly associated with burning and sting-
ing, particularly tacrolimus. There is also a black 
box warning regarding the possible link between 

topical calcineurin inhibitors and cases of lym-
phoma and skin cancer [58]. No definite causal 
relationship has been established, and subsequent 
studies have not found an increased incidence of 
lymphoma [59, 60].

 Anthralin (Dithranol)

Topical anthralin (also known as dithranol) has 
been used effectively in the treatment of psoriasis 
since the early twentieth century. Anthralin is a 
synthesized version of the natural product chrysa-
robin, which comes from the South American ara-
roba tree. Due to problem of staining and irritancy, 
anthralin has not been widely used as a first-line 
agent in treating psoriasis. Rather, it has been 
most commonly used in treating localized psoria-
sis plaques resistant to other therapies. It is 
approved for the treatment of chronic plaque-type 
psoriasis in the United States and is available as 
1% and 1.2% creams and as a 1% shampoo.

 Mechanism of Action 
and Pharmacology

Anthralin inhibits monocyte proinflammatory 
activity and induces extracellular generation of 
reactive oxygen species [61]. It also has an anti-
Langerhans cell effects [62]. However, the pre-
cise mechanism of action of anthralin in psoriasis 
is not completely known. Its actions include the 
inhibition of DNA synthesis and a decrease in the 
mitotic rate of epidermal cells in psoriasis [63]. 
Anthralin also suppress the IFN-γ-induced 
upregulation of cytokeratin 17, which may be 
implicated in the pathogenesis of psoriasis [64].

 Efficacy

Anthralin is typically used for short durations. 
Approximately 30% of psoriasis patients achieve 
clearance after an average of 5  weeks [65–67]. 
The efficacy of anthralin is increased when used 
in combination with other therapies.
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 Application

The adverse effects of anthralin, the permanent 
red-brown staining of clothing, and the tempo-
rary staining of the skin have limited the use of 
anthralin in the United States. As a result, the 
“short-contact anthralin therapy (SCAT) is often 
used in the outpatient setting where 1% or 1.2% 
anthralin is applied for 5–10  min per day.” 
Subsequently, the application time is titrated up 
to 20–30 min as tolerated.

 Side Effects

Skin irritation is a common side effect of anthra-
lin and includes contact dermatitis, erythema, 
edema, and temporary staining of the hair, nails, 
and skin.

 Salicylic Acid

Salicylic acid is a keratolytic agent that has been 
commonly used for the treatment of mild-to-
moderate psoriasis for years. Its mechanism of 
action in psoriasis involves desquamation of 
hyperkeratotic epithelium via dissolution of the 
intercellular cement which causes thinning and 
scaling of the plaques [68]. Its use is limited as 
monotherapy since it only removes scales in the 
treatment of psoriasis. More commonly, salicylic 
acid is used as an adjunct to other topical medica-
tions. Although not commercially available as a 
compound with other types of topical agents, 
salicylic acid has been shown to increase the pen-
etration and efficacy of topical corticosteroids, 
and the combination is overall more effective 
than either agent alone [69]. Salicylic acid can be 
used for the treatment of psoriasis as a 6% gel or 
shampoo and works well in combination with 
other psoriasis therapies including topical corti-
costeroids and coal tar. Of note, salicylic acid 
inactivates calcipotriol upon contact and blocks 
UVB; thus, it should not be used with calcipotriol 
or prior to UVB phototherapy [70]. Side effects 
of salicylic acid, such as tinnitus and fatigue, can 
occur if applied to >20% of the body surface area 

[76]. While rare, cases of hypoglycemia in dia-
betic patients have also been reported following 
the application of salicylic acid over a large sur-
face area [76].

 Coal Tar

Coal tar is the ancient modality of treating psoria-
sis, although its popularity has decreased since 
the development of newer and less messy topical 
treatment options. While long-existed as a treat-
ment option for psoriasis, its mechanism of action 
is uncertain due to the countless ingredients in 
coal tar. However, clinically, it provides antipru-
ritic, anti-inflammatory, and anti-psoriatic effects 
[71]. Coal tar can be found in several prepara-
tions, including ointment, lotion, cream, sham-
poo, gel, solutions, and soaps in multiple 
concentrations. Crude coal tar used in 
Goeckerman therapy includes 2, 5, and 10% con-
centrations. The Goeckerman therapy was first 
developed in 1925 and involves the application of 
crude coal tar to the entire body, including unaf-
fected areas, for several hours a day along with 
UVB therapy.

 Lactic Acid

Lactic acid is a less commonly used keratolytic 
agent for the treatment of psoriasis. This is an 
effective and useful second-line keratolytic agent 
when salicylic acid is not an option. It is com-
monly used in diabetic patients when salicylate 
toxicity is a concern. It has been shown that hair-
less mice exhibit increased desquamation of nor-
mal skin when this agent is applied [72].
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 Introduction

Since the start of its use over 3000 years ago, 
ultraviolet (UV)-based therapy has remained a 
cornerstone in the management of cutaneous 
conditions. It first attained this status when 
ancient Hindu and Egyptian healers discovered 
the synergistic effects of ambient sunlight and 
psoralen-containing plants in the repigmentation 
of vitiligo [1]. Over the subsequent centuries, this 
photochemotherapy began to be used in other 
conditions and continents. However, significant 
advances in the field of photomedicine did not 
occur until the early twentieth century with the 
advent of artificial UV lamps.

Shortly after Niels Finsen introduced artificial 
UV radiation (UVR) to the management of cuta-
neous disease, the field of photomedicine began 
to rapidly advance. In 1925, Goeckerman revolu-
tionized the treatment of psoriasis by incorporat-
ing crude coal tar with UV light therapy [2]; this 
was later modified by Ingram with the substitu-
tion of anthralin (dithranol) for coal tar [3, 4]. 
With the subsequent development of the broad-
band UVB (BB-UVB) light source, BB-UVB 
phototherapy became an important treatment 
modality for psoriasis. As the light sources con-

tinued to improve, refinements in photosensitiz-
ers also occurred. Fahmy et al. isolated crystalline 
methoxsalen, 8-methoxsalen (8-MOP) and 
5-methoxsalen (5-MOP), from the plant Ammi 
majus Linnaeus [5, 6]. This advancement was 
later utilized by Parish et  al., who reported the 
successful treatment of psoriasis with oral 
8-MOP and a newly developed, high-intensity 
UVA lamp in 1974 [7, 8]. This marked the devel-
opment of what would later be termed psoralen 
plus ultraviolet A (PUVA) photochemotherapy. 
In 1982, the US Food and Drug Administration 
(FDA) approved the use of PUVA in the manage-
ment of cutaneous psoriasis. With PUVA exhibit-
ing superior efficacy over BB-UVB, more 
efficacious forms of UVB, including narrowband 
UVB (NB-UVB) and excimer laser, were devel-
oped as treatment options for psoriasis in 1988 
and 1997, respectively [9–11]. More recently, 
two visible light therapies, pulsed dye laser and 
photodynamic therapy, have also been utilized in 
the management of psoriasis with varying 
degrees of efficacy [12, 13].

This chapter will include a brief review of the 
basic principles behind photomedicine before 
presenting a more thorough discussion of PUVA, 
NB-UVB, targeted UV phototherapies, pulsed 
dye laser, photodynamic therapy, and future 
directions of phototherapy in the management of 
psoriasis. For the purposes of this discussion, 
devices irradiating a significant portion of one’s 
body surface area (BSA), such as a standing light 
box, will be considered conventional phototherapy 
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devices, while those that limit irradiation to a 
localized anatomical area or psoriatic lesion will 
be termed targeted phototherapy.

 Basic Principles of Photomedicine 
and Photochemistry

Phototherapy is the therapeutic use of nonionizing 
electromagnetic radiation to induce a biologic 
response in irradiated tissue. Therapies are classi-
fied by the spectrum of their electromagnetic 
radiation (Table  3.1). Wavelengths within each 
spectrum display distinct, major photobiologic 
responses; however, overlaps do occur. For 
example, UVB is more effective than UVA in 
producing erythema, deoxyribonucleic acid 
(DNA) photodamage, and urocanic acid photoi-
somerization. UVA is more effective in produc-
ing immediate pigment darkening and delayed 
tanning; however, it also contributes to photocar-
cinogenesis [14–21]. If a photosensitizing chemi-
cal, such as psoralen, is added to modulate the 
photobiologic reaction, the therapy is termed 
photochemotherapy. When aminolevulinic acid 
(ALA) is used as part of the treatment, the term 
photodynamic therapy is preferred to reflect the 
essential requirement of oxygen in the process. 
Absorption of photons by the target molecule 
(i.e., chromophore) can result in the production 
of heat, emission of fluorescence, or change in 
the target molecule’s chemical structure. The 
degree of these reactions depends upon several 
variables, including the wavelength(s) of radiation, 

total energy delivered, and rate at which this 
energy is delivered.

Each wavelength has its own unique probabil-
ity of being absorbed by molecules within the tis-
sue. Molecules capable of absorbing photons 
from nonionizing radiation are known as chro-
mophores. Most chromophores absorb photons 
across a wavelength range but retain one wave-
length where the photons are most efficiently 
absorbed, known as the absorption maxima. For 
example, NADH can absorb UVB and UVA 
wavelengths, but displays an absorption maxima 
of 340  nm; protoporphyrin IX absorbs photons 
along a broad range of the visible light (VL) 
spectrum, but it absorbs most intensely at 405 nm 
with smaller peaks at 510, 545, 580, and 630 nm 
[22]. VL is also absorbed by riboflavin, hemoglo-
bin, and bilirubin, while melanin absorbs UVB, 
UVA, and VL without displaying an absorption 
maxima. It should be noted that the absorption 
maxima does not necessarily equate to the spe-
cific chromophore’s associated action spectrum, 
which is the spectrum that induces a biologic 
response; this difference is due to the effect of 
other chromophores within the tissue. For exam-
ple, although purine and pyrimidine bases in 
DNA and RNA have an in vitro absorption max-
ima of 260 nm, the in vivo peak is approximately 
300 nm because of the optical screening proper-
ties of other chromophores in the epidermis [17].

The degree of erythema and other photobio-
logic responses is usually proportional to the 
dose (fluence) and rate of energy delivered 
(power). While this generalization appears to 
remain true for UV radiation, recent evidence 
indicates that some wavelengths may incur 
greater photobiologic responses at lower powers; 
this understanding is the basis for low-level laser 
therapies. Similarly, visible light, which was 
once thought to be biologically inert, can induce 
greater levels of immediate and persistent pig-
ment darkening than UV radiation. Visible light’s 
therapeutic utility in the management of psoriasis 
is discussed later in this chapter [23–27].

While lamps in UV medical devices gener-
ally emit a narrow or broad spectrum of wave-
lengths peaking around a specific wavelength, 
xenon chloride excimer laser devices emit only 

Table 3.1 Spectrums of radiation and their correspond-
ing wavelengths

Spectrum of radiation Abbreviation
Wavelength 
(nm)

Broadband ultraviolet 
B

BB-UVB 290–320

Narrowband 
ultraviolet B

NB-UVB 311–312

Ultraviolet A UVA 320–400
Ultraviolet A-1 UVA1 340–400
Ultraviolet A-2 UVA2 320–340
Visible light VL 400–760
Infrared IR 760–1000
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the 308-nm wavelength. Monochromatic 
excimer lights (MEL), also known as excimer 
lamps, emit an incoherent, nearly monochro-
matic spectrum (308  ±  2  nm). Excimer laser 
derives its name from the unstable “excited 
dimers” (excimer) of xenon and chloride gas 
[28]. When combined with a high-energy elec-
tric current, these dimers dissociate to their 
ground state and emit 308-nm coherent, mono-
chromatic wavelengths in short pulses [28]. It is 
theorized that these 308-nm photons affect tis-
sue by breaking the chemical bonds in mole-
cules, which leads to the decomposition of 
organic matter [28]. This process is known as 
cold ablation. Therefore, when these photons 
penetrate keratinocytes, T-lymphocytes, 
Langerhans cells, fibroblasts, and other cells, 
the chromophore for the 308-nm photons (cel-
lular DNA) absorbs this UVB radiation fractur-
ing the DNA. Ultimately, this DNA damage 
leads to results in increased apoptosis and 
decreased proliferation of T-lymphocytes [29].

 Ultraviolet Radiation (UVR)

 Mechanism of Action in Psoriasis

Our understanding of the role of UV radiation in 
the management of cutaneous psoriasis has 
shifted from the inhibition of cellular turnover 
toward a focus on its immunosuppressive effects. 
While UV radiation induces a normalization of 
p53, cyclin D1, and antiproliferative proteins, the 
direct change in the cytokine profile of psoriatic 
plaques appears to be the key driver behind the 
therapeutic effects of UV-based therapy [30]. 
Both NB-UVB and PUVA shift the cytokine pro-
file of localized psoriatic plaques and that of 
serum from a pro-inflammatory, T helper (Th) 1/
Th 17 environment to a suppressive Th 2 pheno-
type with increased regulatory T cells [30, 31]. 
This altered cytokine profile, in turn, downregu-
lates the immunologically driven hyperprolifera-
tion of keratinocytes. Additionally, UV radiation 
activates apoptotic cascades leading to the deple-
tion of T cells, epidermal keratinocytes, and 
Langerhans cells [30, 31]. Thus, by reducing 

antigen-presenting cells, effector T cells, kerati-
nocyte hyperproliferation, and Th 1/17 pheno-
types, phototherapy induces a series of 
multifaceted changes leading to an efficacious 
and prolonged therapeutic response.

The photobiologic effects of UV radiation can 
also be enhanced with topical or systemic pso-
ralens. These naturally occurring tricyclic furo-
coumarins possess potent photosensitizing 
properties capable of cross-linking two strands of 
DNA. It does this through a bimolecular photore-
action between psoralen and pyrimidine nucleo-
tides. Upon excitation by UVA radiation, 
psoralen, which intercalates between DNA 
nucleotides, reacts with thymine and cytosine to 
form monoadducts and cyclobutyl ring struc-
tures. Additional UV radiation can excite two 
cyclobutyl rings to react and cross-link two sepa-
rate stands of DNA [32]. As the peak action spec-
trum for psoralen-induced erythema is 
approximately 335 nm, its primary action spec-
trum is UVA. Although plant-derived psoralens 
are still utilized by some practitioners of photo-
medicine, such as Ayurvedic doctors, synthetic 
forms of these plant-derived psoralens are more 
commonly used in Western medicine. Synthetic 
forms of methoxsalen include 8-methoxypso-
ralen (8-MOP), 5-methoxypsoralen (5-MOP), 
and trimethylpsoralen. 8-MOP is used world-
wide, while 5-MOP is only available in Europe. 
Trimethylpsoralen is primarily used for bath-
PUVA in Scandinavia.

 UVR: Indications 
and Contraindications

After topical treatments, phototherapy is com-
monly recommended as the next therapeutic 
option for moderate-to-severe psoriasis before 
initiating oral, injectable, or intravenous systemic 
therapies [11, 33]; this is due to its high response 
rate, relative low cost, and minimal generalized 
immunosuppression compared to other systemic 
therapies [33]. UV therapy should be considered 
in patients with (a) moderate-to-severe psoriasis 
(BSA > 3–5%, Psoriasis Area and Severity Index 
[PASI]  >  7–12) resistant to topical therapy, (b) 
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severe psoriasis affecting limited areas 
(BSA < 5%, such as the scalp, palms, and soles) 
but causing disability and a poor quality of life, 
and (c) uncontrolled guttate psoriasis [11, 33, 
34]. Phototherapy can be useful in cases of eryth-
rodermic psoriasis, but requires cautious initial 
dosing and escalations to avoid exacerbating this 
condition. Topical corticosteroid wraps can be 
used to calm the inflammation before initiating 
phototherapy to avoid worsening the erythro-
derma. Application of topical corticosteroids 
after each phototherapy session may also help 
reduce the risk of exacerbation. Depending upon 
the extent of body surface area involvement 
(BSA) and lesions location, conventional NB- or 
BB-UVB phototherapy, targeted phototherapy, or 
oral, bath, or hand-foot PUVA photochemother-
apy can be considered. Targeted phototherapy is 
an excellent choice for those with limited cutane-
ous involvement (BSA < 10%) or lesions involv-
ing difficult to irradiate locations, such as the 
scalp and genitals. Current targeted UVB modali-
ties consist of excimer laser, MEL, and localized 
NB-UVB (i.e., handheld UVB devices or UVB 
scalp combs). Excimer laser and localized 
NB-UVB light sources are available in the United 
States, while MEL is not. For those with recalci-
trant psoriasis on the palms and soles, excimer 
laser or topical or soak PUVA may be appropriate 
considerations.

If a patient is unable to regularly attend twice 
to thrice weekly office-based phototherapy, home 
phototherapy may be an appropriate therapeutic 
consideration in motivated, compliant patients. 
Additional considerations and practical issues 
regarding the use of home phototherapy are pre-
sented later in this chapter.

The National Institute for Clinical Health 
and Excellence (NICE) and the European S3 
guidelines recommend a trial of NB-UVB prior 
to PUVA due to the increased skin cancer risk 
of PUVA and possible compounded risk with 
prior, future, or comcomitant use of systemic 
medications (e.g., cyclosporine) [33, 34]. 
PUVA should not be used in patients who are 
pregnant or nursing. Given the associated 
increased risk of skin cancer, particularly with 
PUVA therapy, careful consideration is recom-

mended before prescribing UV-based therapy 
to patients with a history of melanoma or non-
melanoma skin cancers, atypical or dysplastic 
nevi, organ transplantation (who are currently 
on immunosuppressive medications), arsenic 
exposure (e.g., Fowler’s solution), ionizing 
radiation therapy, high cumulative number of 
PUVA treatments (>150–250), photosensitivity, 
epilepsy, or poor compliance [11, 33, 34]. 
While long-term concomitant use of cyclospo-
rine and PUVA is associated with increased 
risks of squamous cell carcinoma, limited data 
is available on the risk with short-term adminis-
tration [11, 34]. Therefore, concurrent treat-
ment with cyclosporine and UVR is a relative, 
but not an absolute, contraindication. 
Furthermore, any physical or emotional inabil-
ity to tolerate the prolonged heat and standing 
in a closed space may hinder the safe adminis-
tration of phototherapy; this may be particu-
larly true for pediatric or elderly populations.

Absolute contraindications for UVB and 
PUVA include photodermatoses or photoaggra-
vated dermatoses (e.g., systemic lupus erythema-
tosus) with action spectrum either in the UVB or 
UVA range, respectively. However, it should be 
noted that NB-UVB and PUVA are regularly 
used in the management of polymorphous light 
eruption. UVB and PUVA should not be adminis-
tered in patients with diseases associated with 
increased skin cancer formation (e.g., xeroderma 
pigmentosum, Cockayne and Bloom syndrome) 
[11, 33, 34]. Additional PUVA-specific contrain-
dications include its administration in patients 
with porphyrias (this is an absolute contraindica-
tion; the action spectrum in porphyrias is in the 
Soret band, which is immediately adjacent to the 
emission spectrum of UVA lamps), significant 
hepatic or renal impairment (relative contraindi-
cation for oral PUVA), and medically necessary 
photosensitizing medications (this is a relative 
contraindication; the action spectrum of practi-
cally all photosensitizing medications is limited 
to the UVA spectrum) [11, 17, 34, 35]. NB-UVB 
lamps, excimer laser, and MEL used in targeted 
phototherapy all emit negligible to no amounts of 
UVA; they can safely be administered in patients 
on photosensitizing medications.
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 Ultraviolet B (UVB): BB-UVB, NB-UVB, 
Goeckerman, and Targeted UVB 
Phototherapy

 UVB: Efficacy

BB-UVB
BB-UVB therapy (emission, 270–390 nm with a 
peak at 313  nm) was one of the first treatment 
modalities for psoriasis. Its initial efficacy sig-
nificantly improved with the addition of crude 
coal tar, anthralin (dithranol), and transparent 
emollients [2–4]. Although some transparent top-
ical medications may limit or prevent the trans-
mission of UVB, the addition of mineral oil, 
transparent cream, or white petroleum can mini-
mize the reflection of UVB photons by psoriatic 
scales and therefore enhance the penetration of 
UVB, resulting in shorter treatment times and 
lower cumulative doses of UVB [36, 37]. The 
incorporation of these transparent topicals 
allowed the transition of BB-UVB from a tar-
based inpatient or day-hospital treatment known 
as Goeckerman therapy to the outpatient setting 
[38, 39]. Improvement from BB-UVB can be 
noted after 4 weeks of daily therapy or 20–25 
treatments, but remission persists in only 5% of 
patients after 1 year [11]. This remission can be 
prolonged with the addition of maintenance ther-
apy [40–42]. Currently, BB-UVB’s role in the 
management of psoriasis has been largely 
usurped by NB-UVB due to the better efficacy of 
the latter [43–46].

NB-UVB
NB-UVB has been shown to be more effective 
than BB-UVB in the management of psoriasis 
[45]. The clearance rate of psoriasis with 
NB-UVB (peak emission, 311–312 nm) occurs in 
approximately 70% of patients [47]. Initial 
improvement may be seen within the first 2 
weeks. Based upon one study by Fowler et  al., 
approximately 50% of patients who do not attain 
a PASI 50 by week 4 of NB-UVB will also fail to 
attain a PASI 75 by the completion of one course 
(about 18–24 sessions) of NB-UVB [48]. In con-
trast, 92% and 47% of those meeting this goal at 
week 4 will attain PASI 75 and PASI 90, respec-

tively, by the end of the treatment course [48]. 
NB-UVB has a relatively high 1-year remission 
rate of 38% [11]. This rate can be enhanced with 
maintenance therapy [39].

Goeckerman Therapy
Goeckerman therapy consists of the use of crude 
coal tar in combination with UVB.  Because of 
the messiness of the tar preparation, this is usu-
ally done in a day-hospital setting. Despite the 
limited number of centers practicing this therapy, 
Goeckerman is a very effective treatment option 
for inducing clearance and a prolonged remission 
in patients with psoriasis. Menter et al. noted that 
100% of their 300 patients achieved 75% 
improvement within 3 months of starting 
Goeckerman therapy [49]. Similar results have 
been echoed in publications from the University 
of California, San Francisco, and Mayo Clinic 
[50, 51]. These two US centers also noted its util-
ity for cases recalcitrant to at least one biologic 
agent [52, 53]. In addition, Goeckerman therapy 
provided a prolonged remission (greater than 1 
year) in the majority of patients undergoing treat-
ment [49, 54–56]. The use of home phototherapy 
as maintenance treatment may further prolong 
remission to 2 years [54]. Alternatively, another 
round of Goeckerman therapy may be utilized 
upon recurrence, often with fewer treatments 
being needed [57]. When compared to NB-UVB, 
a small retrospective study with 65 patients dem-
onstrated Goeckerman therapy to outperform 
NB-UVB with and without acitretin [58]. 
Therefore, even though a few centers continue to 
practice this therapy, Goeckerman remains one of 
the most efficacious, light-based treatment 
options for psoriasis [59].

Targeted UVB
Targeted phototherapy devices offer an effective 
therapeutic modality for the treatment of psoriasis 
with limited BSA (<10%) and involvement of 
anatomical areas with limited UV exposure with 
conventional phototherapy, such as the scalp, 
palms, and soles. Excimer laser is the most effica-
cious form of targeted UVB phototherapy, fol-
lowed by excimer light, and localized NB-UVB, 
with a 75% improvement reported in 70%, 59%, 

3 Phototherapy and Photochemotherapy



36

and 49% of patients, respectively [12]. Targeted 
phototherapy with excimer laser is also amenable 
to body site-specific dosing as individual psoriatic 
lesions can be irradiated. Excimer laser requires 
fewer treatment sessions (less than 12) and lower 
cumulative UVB dose than conventional NB-UVB 
to achieve clearance [60, 61]. Thus, there is less 
concern for carcinogenicity and photoaging with 
targeted phototherapy [62, 63].

 UVB: Dose and Administration
UVB phototherapy is indicated for generalized 
psoriasis and its variants, such as guttate psoria-
sis, which are unresponsive to topical therapy 
[11]. Patients should have a baseline full-body 
skin examination prior to starting phototherapy. 
Regular full-body skin examinations should 
also occur with phototherapy to monitor for 
response to treatment, development of photo-
dermatoses (most commonly polymorphous 
light eruption), photoaging, and cutaneous 
malignancies [11]. Basic phototherapy educa-
tion should be provided to all patients, including 
the necessity of goggles and, in male patients, 
shielding of genitalia. If BB-UVB is to be 
administered, a careful review of all medica-
tions must occur at baseline and with each treat-
ment to minimize the risk of phototoxic 
reactions because BB-UVB light sources do 
emit a small amount of UVA.

BB-UVB and NB-UVB
BB-UVB and NB-UVB may be dosed according 
to skin phototype (SPT) or minimal erythema 
dose (MED) [11, 34, 64]. Guidelines for dosing 
per SPT differ among different organizations, 
with SPT I-VI addressed by the American 
Academy of Dermatology (AAD) and SPT I-IV 
by the European S3 guidelines [11, 34]. Initial 
dosing for both BB-UVB and NB-UVB are lower 
in the AAD guidelines for both SPT and MED 
regimens [11, 34]. Subsequent treatments should 
increase either by a set amount, with a maximum 
dose of NB-UVB specified according to SPT or 
by a percentile of the previous dose [11] 
(Table  3.2 [11, 34, 65, 66]). The European S3 
guidelines recommend the dose to be increased 
based upon cutaneous findings from the last treat-

ment [34]. The AAD recommends capping the 
dose between 2000 and 5000 mJ/cm2 based upon 
skin phototype [11]. However, the authors will 
often limit the dose administered to the face to 
1000 mJ/cm2 and place a soft cap of 3000 mJ/cm2 
for the body regardless of skin phototype; in our 
practice, it is uncommon that this soft cap 
needs to be limited or increased for skin photo-
types I–VI.

A 2012 meta-analysis of five studies evaluat-
ing the role of various dose-increment strategies 
in the clearance rate of psoriasis found no signifi-
cant differences between the ultimate efficacies 
of various initial dosing and dose escalation strat-
egies [47]. However, there appears to be a poten-
tial difference in the initial speed of improvement 
with a more aggressive protocol of dose incre-
ments resulting in a more rapid response. The 
AAD has issued recommendations on dose de-
escalation when phototherapy sessions are 
missed (Table 3.3 [11]).

Each course of treatment involves 15–30 ses-
sions administered at a frequency of 2–5 sessions 
per week [11, 34]. While improvement can often 
be appreciated within 2–3 weeks for NB-UVB 
and 4 weeks for BB-UVB [11], the onset of this 
improvement can be hastened by more frequent 
treatments (e.g., five sessions per week). As max-
imum erythema occurs approximately 24 hours 
after NB-UVB irradiation, daily treatment is safe 
but may not be practical for most patients. 
Therefore, twice to thrice weekly phototherapy is 
more commonly practiced.

In the authors’ experience, it is prudent to 
decrease the next treatment dose by 20% when 
new lamps are installed and the unit is recali-
brated. If one lamp needs to be replaced, all 
lamps in the device should also be replaced to 
limit variations in radiation.

Home NB-UVB devices are effective and safe 
methods for extending this standard therapeutic 
option to those unable to attend regular in-office 
phototherapy. As additional considerations and 
patient instructions are required to safely pre-
scribe home phototherapy, intricacies of patient 
selection, safety, and dosing are reviewed later in 
this chapter under the section entitled “UVB: 
Home Phototherapy.”
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Goeckerman Therapy
Gupta et  al. provide an excellent description of 
the step-by-step approach to Goeckerman ther-
apy, which will be briefly summarized here [57]. 
Goeckerman therapy consists of treatment with 
NB-UVB, which is used more commonly than 
BB-UVB for psoriasis, followed by at least 4 h of 
occlusion with a 2–10% crude coal tar in 
Aquaphor or 20% liquid carbonis detergens in 
Nutraderm for the body and scalp, respectively. 
Thick psoriatic lesions are treated with a com-
pounded 2–10% salicylic acid and 10% crude 

coal tar. This process is repeated at least three 
times a week for at least the first month before 
tapering down to twice weekly and once weekly 
treatments. A more intensive 6-day per-week out-
patient regimen has also been reported [54]. If the 
patient is erythrodermic, a “cooldown” procedure 
can be performed with topical corticosteroid 
occlusion before the treatment begins. A typical 
course of Goeckerman therapy requires 20–30 
sessions before clearance is achieved; if further 
improvement is needed, treatment can be 
extended. Patients failing to improve with 
Goeckerman therapy should be reevaluated and 
the diagnosis confirmed with a skin biopsy to rule 
out other disorders.

Targeted Phototherapy
For excimer laser and MEL, the starting dose 
is usually based on SPT with consideration of 
plaque thickness [12]; other starting doses, 
which have been reported, include a minimal 
erythema dose (MED)-based protocol , a 
fixed-dose protocol, and an anatomically 
based dosing protocol [67–69]. The combined 
approach of SPT and plaque thickness is rec-
ommended by the AAD [11]. Initial and esca-
lating dosages for excimer laser and light can 

Table 3.2 Initial and escalating dosages for NB-UVB

Approach 
strategy SPT

AAD initial 
dose (mJ/cm2)

European S3 initial 
dose (mJ/cm2)

AAD dose escalations 
[max dose] (mJ/cm2)

European S3 
dose escalations

NB-UVB SPT I 130 200 15 [2000] bBased upon the 
degree of 
erythema

II 220 300 25 [2000]
III 260 500 40 [3000]
IV 330 600 45 [3000]
V 350 – 60 [5000]
VI 400 – 65 [5000]

MED – 50% 70% aBased upon treatment 
number

SPT skin phototype
MED minimal erythema dose
aAAD dose escalation for NB-UVB according to treatment number:
Tx 1-20: 10% of initial MED
Tx 21+: Per ordering physician
bEuropean S3 dose escalation by the degree of erythema for NB-UVB
No erythema: increase by 30%
Minimal erythema: increase by 20% (15% after two treatments)
Persistent asymptomatic erythema: no increase
Painful erythema: break in therapy until symptoms fade, and then resume at 50% last dose with subsequent increases 
limited to 10%
Adapted from: Pathirana et al., Vassantachart et al., Herzinger et al., and Menter et al.

Table 3.3 Dose adjustment for missed treatment sessions

Days since last 
treatment (days) Dose adjustment

NB-UVB and 
BB-UVB

<4 Continue original 
dose protocol

4–7 Hold at last 
treatment dose

8–14 Decrease the 
dose by 25%

15–21 Decrease the 
dose by 50%

>21 Restart at initial 
dosing

Adapted from Menter et al.
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be found in Table 3.4 [34, 70]. The treatment 
protocol for localized NB-UVB, such as a 
handheld UVB device, is similar to that of 
total body NB-UVB.

 UVB: Adverse Effects
BB-UVB and NB-UVB have similar acute and 
chronic effects on the skin. Symptoms of acute 
exposure include sunburn (erythema, itching, 
burning, and stinging), tanning, vitamin D pro-
duction, and the uncommon reactivation of her-
pes simplex virus, while those of chronic 
exposure are photoaging (wrinkling, lentigines, 
and telangiectasias) and theoretical risk of skin 
cancer. Although there is concern for photocar-
cinogenesis, no study to date has demonstrated 
an increased risk of skin cancer in psoriasis 
patients without a prior exposure to PUVA, a 
known risk factor for non-melanoma skin cancer 
(NMSC) formation [50, 71, 72]. Males are rec-
ommended to adhere to genital shielding as long-
term exposure (>300 treatments) could potentially 
increase the risk of genital tumors [73, 74]. 
Shielding the face or limiting its dose, if treat-
ment of this area is required, is considered pru-
dent practice.

NB-UVB and BB-UVB display a few differ-
ences of their adverse effect profiles. BB-UVB is 
more erythemogenic than NB-UVB, therefore 
requiring approximately a 5–10 times lower dose of 
radiation to produce the same biologic effect (e.g., 
erythema). In murine models, carcinogenicity per 
MED of irradiation has been estimated to be 2–3 
times greater with NB-UVB than with BB-UVB 
[75, 76]. However, due to the higher efficacy of 
NB-UVB, for a given treatment course, the total 
MED dose-equivalent of NB-UVB is less than that 
of BB-UVB, indicating that NB-UVB may not have 
a higher long-term risk of carcinogenesis [77]. To 
date, there has been no significant association of 
UVB phototherapy with basal cell carcinoma, squa-
mous cell carcinoma, or melanoma [72].

Adverse effects from Goeckerman photother-
apy typically consist of irritant dermatitis, mild 
local burning, and phototoxic reactions due to the 
use of tar [54, 57]. Folliculitis has also been 
reported [57]. Although there is a potential carci-
nogenic risk associated with crude coal tar, clini-
cal studies have not identified an increased risk of 
the development of skin cancer with crude coal 
tar therapy compared to topical corticosteroids in 
psoriasis or atopic dermatitis patient cohorts [57].

Table 3.4 Initial and escalating dosages for excimer laser and light

Approach strategy SPT Plaque thickness AAD initial dose (mJ/cm2) AAD dose escalations

Excimer SPT and plaque 
thickness

I
II
III

None – aBased upon the degree of 
erythemaMild 300

Moderate 500
Severe 700

IV
V
VI

None – aBased upon the degree of 
erythemaMild 400

Moderate 600
Severe 900

Approach strategy – – European S3 initial dose European S3 dose escalation
MED – – 2–4× MED bBased upon the degree of 

erythema
aAAD dose escalation by degree of erythema for Excimer laser and light
No erythema: increase by 25%
Slight erythema: increase by 15%
Mild to moderate erythema, tenderness, or significant improvement with plaque thinning, reduced scaliness, or pigmen-
tation occurred: maintain or reduce dose by 15%
Moderate to severe erythema ± blistering: reduce by 25% avoiding the blistered area until it resolves
bEuropean S3 dose escalation by the degree of erythema for excimer
Persistent asymptomatic erythema: increase by 1–2× MED
Painful erythema: break in therapy until symptoms fade, and then repeat with the last dose
Adapted from: Pathirana et al. and XTRAC Treatment Guidelines [34, 70]
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 UVB: Combination Therapies

Topical Therapies
Emollients increase the therapeutic efficacy of 
UVB phototherapy by enhancing the optical 
properties of psoriasis [78, 79]. Topical tazaro-
tene enhances therapeutic efficacy, reduces the 
number of treatment sessions, and lowers the 
cumulative UVB exposure [77]; however, cau-
tion must be used as it enhances susceptibility to 
UV-induced erythema. Goeckerman therapy with 
topical crude coal tar and Ingram therapy with 
topical anthralin (dithranol) are efficacious but 
not commonly employed due to their time-con-
suming nature, messy formulations, and require-
ment for inpatient or day-hospital treatment with 
uncertain reimbursements [2, 4, 80, 81]. Short-
contact anthralin does not sufficiently improve 
efficacy when combined with UVB [82, 83]. The 
role of topical corticosteroids in combination 
therapy with UVB is not recommended due to the 
lack of added efficacy and higher relapse rates 
despite initial early trials suggesting a beneficial 
role [84–87]. There is conflicting evidence 
regarding the role of vitamin D analogues, such 
as calcipotriol, with both BB-UVB and 
NB-UVB.  Beneficial effects have been demon-
strated with this combination therapy including 
reduction in relapse rate and reduced UVB expo-
sure [88, 89]. However, a meta-analysis did not 
find this beneficial effect [90]. Unlike emollients, 
which are applied prior to phototherapy, vitamin 
D analogues can be degraded with UV exposure, 
necessitating application to occur after photo-
therapy [91, 92].

Systemic Therapies
Combining phototherapy with systemic therapies 
often provides additive or synergistic improve-
ments but may also generate new therapeutic 
considerations. For example, methotrexate plus 
NB-UVB phototherapy produces heightened 
therapeutic efficacy [93]. If flaring occurs, the 
dose or frequency of NB-UVB can be increased, 
or the rate of the methotrexate dose taper can be 
reduced [94]. Cyclosporine reduces the 

 cumulative UVB dose needed, and it improves 
clearance rates without the increased risk of an 
acute flare [95]. Despite this desirable outcome, 
the combination of cyclosporine and UVB should 
be used with caution as it can potentially increase 
the risk of NMSC development. It should also be 
noted that data on the risk of short-term cyclo-
sporine with UVB phototherapy has not been 
published. In practice, this combination can be 
considered in severe, recalcitrant cases, as long 
as the combination is not used for longer than 
2–3 months.

Acitretin is efficacious with concomitant 
BB-UVB, NB-UVB, Goeckerman phototherapy, 
and home phototherapy [57, 96–98]. It reduces 
the cumulative UVB and retinoid dosages in 
addition to accelerating the response to photo-
therapy [99–101]. In patients already undergoing 
phototherapy, the UVB dose should be reduced 
by approximately 20% upon initiating acitretin 
therapy. This is due to thinning of the epidermis 
as a result of the administration of acitretin, hence 
enhancing the penetration of UVB.  However, 
ideally, acitretin should be started 2 weeks prior 
to beginning phototherapy. Standard dosing for 
acitretin is 25  mg per day for those weighing 
≥70 kg or 10 mg per day for patients weighing 
<70 kg.

With the increasing development of biologics, 
there is need for large-scale studies and long-
term data with three study arms: combination 
therapy, monotherapy with a biologic, and mono-
therapy with UVB. These data are currently lack-
ing. However, alefacept and etanercept in 
combination with UVB have proven to be more 
effective than biologic monotherapy in most 
studies [102–104]; alefacept has been withdrawn 
from the US market due to adverse post-market-
ing safety data.

Phototherapy
PUVA in combination with UVB therapy has 
demonstrated more rapid clearing compared to 
either as monotherapy [105]; however, the long-
term side effects are unknown; hence this combi-
nation is not typically used.
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 UVB: Special Patient Populations

Pregnancy
NB-UVB is the first-line therapy for patients with 
plaque or guttate psoriasis who are inadequately 
controlled with topical therapy [106–108]. UVB 
phototherapy is safe for use in pregnant patients, 
and expert opinion has also deemed it safe in 
nursing mothers [11, 109]. While there are no 
studies evaluating the use of the excimer laser 
and MEL in pregnant and nursing patients, they 
may be used safely, as the targeted nature of the 
therapy is unlikely to produce teratogenic effects 
[11]. There are no known teratogenic effects for 
BB-UVB or NB-UVB, but pregnant patients 
should be informed of the possible increased 
incidence of melasma [11, 109].

Data on UV-induced degradation of folate are 
still somewhat controversial. However, folate is 
known to have a crucial role in fetal neural tube 
development, which takes place in the first 4 
weeks of gestation before women may know that 
they are pregnant. As such, it is now recom-
mended that all women of childbearing age, 
whether or not they are receiving phototherapy, 
should take 0.8–1 mg of folate supplement daily 
[110, 111] .

Pediatrics
NB-UVB and excimer phototherapy are the 
appropriate treatment options in the pediatric 
population when topical therapies have failed. 
Both types of UVB demonstrate efficacious 
responses without serious side effects in this pop-
ulation [112–114]. The most common side effect 
reported is erythema with an increased incidence 
of UVB-induced blisters in lesional skin with the 
excimer laser. Other reported adverse effects in 
the pediatric population include anxiety, two 
cases of herpes simplex virus reactivation, and 
one episode of varicella zoster treated with oral 
acyclovir [113].

Administering phototherapy in the pediatric 
population requires unique considerations. In 
addition to careful selection of those with appro-
priate demeanors to safely administer photo-
therapy, allowing the child to explore the 
phototherapy booth and become familiar with 

the environment before the first treatment may 
help reduce anxiety regarding this procedure. 
Additionally, decorating the area with child-
friendly decorations, such as stickers or chil-
dren’s drawings, playing music during treatment, 
positioning a photo-protected parent in or near 
the booth with the door ajar, or incorporating a 
break during long-treatment sessions may help 
relieve a child’s anxiety [112, 115–117]. To 
accommodate a school schedule, phototherapy 
may be arranged in the early morning or late 
afternoon [115].

 UVB: Home Phototherapy
Home phototherapy with NB-UVB has equal 
efficacy and safety compared to outpatient 
NB-UVB in complaint, motivated, and educated 
patients when practiced under the supervision of 
experienced healthcare practitioners. A large ran-
domized controlled trial involving 195 patients 
with psoriasis found no significant differences in 
the efficacy of home phototherapy to outpatient 
phototherapy. PASI scores decreased by 74% and 
70% in home and outpatient treatment cohorts, 
respectively. Similar improvements in quality of 
life were also observed [118]. Home photother-
apy is also associated with greater patient satis-
faction, lower direct and indirect treatment 
burdens (e.g., medical costs and secondary costs 
of travel and loss of income), and superior patient 
access [118–120]. Home phototherapy is a cost-
effective treatment for psoriasis and is less expen-
sive than biologic therapies [121–124]. Ideally, 
patients should first demonstrate a clinical 
response to and familiarize themselves with in-
office phototherapy before choosing to proceed 
with home phototherapy.

Common reasons to consider home photother-
apy include but are not limited to distance from a 
local phototherapy unit, inability to access the 
unit due to limited transportation, inability to 
afford transportation costs for the entire treatment 
course, inability to regularly attend sessions due 
to work commitments, operational hours of the 
phototherapy unit, or responsibilities in the care 
of dependent children, elderly, or disabled family 
members [123]. Furthermore, if the patient is 
unable to attend periodic in-office appointments 
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or does not have reliable access for contacting 
one’s office, home phototherapy may not be 
appropriate. Inappropriate candidates for home 
phototherapy include the patients who are unable 
to attend office visits due to noncompliance, 
unwillingness, or inability to agree to supervision 
of home phototherapy service, inability to safely 
perform home phototherapy, or inability to toler-
ate the heat or standing required for treatment due 
to one’s physical or mental state.

Dosing protocols for home NB-UVB photo-
therapy vary. Like office-administered NB-UVB, 
initial dosing may be based upon MED, SPT, or a 
fixed dose. While MED-based therapy may opti-
mize the starting dose, SPT-based dosing is more 
convenient and commonly practiced; as previ-
ously discussed, office-based studies revealed no 
significant differences between MED and SPT 
approaches. Instructions on phototherapy safety 
and administration must be thoroughly reviewed 
prior to prescribing home phototherapy. These 
instructions include, but are not limited to, dis-
cussing protective eyewear, appropriate distance 
to stand from the lamps, and how to escalate or 
de-escalate treatment based upon clinical ery-
thema, subjective burning sensations, and missed 
treatments. Since it is often difficult for patients 
to endure prolonged heat and standing, the 
authors limit the irradiation time for conventional 
home phototherapy devices to a maximum of 
10 min of irradiation per side of the body.

Many types of phototherapy units are available 
on the market for home phototherapy. Often, 
depending upon the patient’s preference and insur-
ance coverage, the authors prescribe conventional 
NB-UVB devices with 6 foot panels with or with-
out reflective wings or doors, which provide 
greater irradiation to the sides of the body. Patients 
are instructed to administer phototherapy 3 or 6 
days per week. Most commonly, the patient is 
asked to expose the anterior and posterior body 
surfaces every other day, with increasing doses as 
tolerated with each treatment. In patients with sig-
nificant involvement on the lateral trunk or extrem-
ities, a 6-day-a-week treatment may be used. This 
is accomplished by exposing the anterior and pos-
terior body on day 1 and the left and right side of 
body on day 2, with the dose kept constant from 

day 1. The dose is increased on day 3 (front-back) 
and day 4 (left-right sides). As with office-admin-
istered devices, it is prudent to decrease the dose 
by 20% when new lightbulbs are installed. All 
lamps should be replaced at the same time to pro-
vide even irradiation from the device.

It should be noted that the newer home photo-
therapy unit comes with a laminated table of irra-
diation times and doses. Therefore, the physician 
can have a clear idea on the dose that the patient 
is receiving. In addition, all units now have a 
computerized treatment number cutoff; once the 
maximum number of prescribed treatments is 
reached, the patient must contact the office of the 
dermatologist to obtain a new authorization code 
for additional treatment sessions.

 Psoralen and UVA (PUVA)

 PUVA: Efficacy

Systemic PUVA
PUVA is an effective therapeutic option for gen-
eralized psoriasis that is resistant to topical medi-
cations or NB-UVB therapy in adults [125, 126]. 
According to a meta-analysis, approximately 
80% of patients on PUVA photochemotherapy 
achieve clearance of their lesions compared to 
70% of those receiving NB-UVB [47]. This 
clearance with PUVA was on average 2.7 times 
more likely than NB-UVB to persist 6 months 
after the discontinuation of therapy. The average 
number of PUVA sessions needed for clearance 
in this analysis was 17, but a confidence interval 
could not be ascertained due to a lack of clear-
ance data in almost half of these studies. Still, 
this finding supports the recommendation to 
define one PUVA treatment course as 20–30 ses-
sions [127, 128]. Additional courses may be pre-
scribed if needed.

It should be noted that one prospective study, 
which evaluated the efficacy of PUVA compared 
to NB-UVB, found that both forms of UV-based 
therapy were significantly less effective in clear-
ing psoriatic lesions in patients with skin photo-
types V and VI compared to those with lighter 
skin phototypes [129].
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Topical, Soak, or Bath PUVA
Topical or soak PUVA is primarily utilized in the 
management of psoriasis of the palms and soles, 
and bath PUVA is used for generalized psoriasis 
in adults and children. These methods reduce 
systemic psoralen exposure compared to oral 
PUVA [130–133]. Bath PUVA is uncommon in 
the United States due to the prohibitive cost of 
operating bath PUVA units [11].

The recent meta-analysis by Almutawa et al. 
revealed that approximately 75% of patients 
achieve at least a 75% improvement in psoriatic 
lesions with topical PUVA therapy [12]. No sta-
tistically significant differences were identified 
between topical PUVA and targeted UV therapy, 
but none of the three comparative randomized 
controlled trials included in this meta-analysis 
utilized a xenon chloride laser. The typical treat-
ment course for topical PUVA entails 30–40 ses-
sions with improvement often evident within 30 
sessions. Remission can last anywhere from 3 to 
12 months; maintenance therapy is optional.

 PUVA: Dosing and Administration

Systemic PUVA
Prior to starting oral (systemic) PUVA, patients 
should undergo a full-body skin screening, eye 
examination, and additional workup, if indicated, 
including ANA, anti-Ro/La antibodies, and liver 
enzyme profiles [11]. Throughout the course of 
therapy, regular full-body skin examinations and 
annual ophthalmologic examinations should be 
performed.

The dosage for oral 8-MOP and 5-MOP is 
weight-based at 0.4–0.6  mg/kg (maximum 
70 mg) and 1.0–1.2 mg/kg, respectively. Although 
the time to peak serum levels may vary among 
individuals, patients are advised to ingest the 
methoxsalen 1 h before exposure to UVA. Ideally, 
food should be avoided 1 h before and after the 
methoxsalen dose to limit impaired absorption. A 
light meal, particularly one containing milk, may 
help alleviate nausea, a common side effect of 
methoxsalen. In such cases, it is important that 
patients standardize the type, amount, and timing 
of the food ingested to limit variations in pso-
ralen absorption. Dividing the dose into two 

administrations taken twenty minutes apart can 
also help reduce one’s nausea.

A typical course of systemic PUVA therapy 
consists of 20–30 treatments. The initial and final 
fluence of UVA, along with interval escalations 
during therapy, is based upon Fitzpatrick skin 
type. The recommended treatment frequency is 
two to three times per week with at least 48  h 
between sessions to permit assessment of UVA-
induced erythema. The degree of erythema deter-
mines the next dose administered (Table 3.5 [34, 
65, 66]). Once clearance has been achieved, the 
frequency of treatment can be tapered to every 
1–2 weeks. Applying a thin layer of a clear emol-
lient or mineral oil will improve the penetration 
of ultraviolet radiation, particularly in areas with 
thick adherent scale.

Topical, Soak, and Bath PUVA
In the United States, topical PUVA is delivered 
most commonly by diluting a 1% 8-MOP solu-
tion to 0.1% in either an ointment or lotion base 
for topical application onto lesional skin. UVA 
irradiation is administered 20–30 min later [11]. 
Care should be taken that topical 8-MOP is 
applied to the same area at each session to pre-
vent an inadvertent, severe phototoxic reaction as 
the UVA dose is increased. The medication 
should be thoroughly washed off following irra-
diation. No baseline or routine monitoring is nec-
essary [11].

For hand or foot soak PUVA, 10  mg of 
methoxsalen is dissolved in two quarts of warm 
water. For bath PUVA, 50 mg of methoxsalen is 
dissolved in a bathtub with 100 L of warm water. 
The patient then soaks the affected areas (hands, 
feet, or the entire body from the neck down) for 
approximately 30  min and then dries off com-
pletely without showering prior to receiving light 
exposure.

 PUVA: Adverse Effects

Systemic PUVA
Oral 8-MOP can cause nausea and vomiting and, 
less commonly, dizziness and headache. PUVA can 
cause erythema peaking at 48–96 h post-therapy, 
xerosis, irregular pigmentation, and tanning (onset 
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1 week after PUVA initiation); in some, pruritus 
may occur. Erythema can be managed by adjusting 
the dose of UVA or, if necessary, the dose of 
8-MOP. Pruritus can be managed by using emol-
lients and antipruritics. Nausea can often be 
improved using the previously discussed strategies. 
Other side effects include blisters, photo-onycholy-
sis (Fig  3.1), melanonychia (especially in dark-
skinned individuals) (Fig 3.2), and hepatotoxicity.

Chronic effects of PUVA include photocar-
cinogenesis, especially squamous cell carcino-
mas (SCC) of the body and male genitalia and 
basal cell carcinomas [74, 134–136]. The risk 
of melanoma remains unclear, with conflicting 
data between United States and European stud-
ies [137–142]. SCC is the most common NMSC 
associated with PUVA occurring primarily in 
Caucasians with skin phototypes I–III who 

Table 3.5 Initial and escalating dosages for PUVA

Approach 
strategy SPT

AAD initial 
dose (J/cm2)

European S3 initial 
dose (J/cm2)

AAD dose escalations 
[max dose] (J/cm2)

European S3 dose 
escalations

PUVA SPT (oral) I 0.5 0.3 0.5 [8] aBased upon the 
degree of erythemaII 1.0 0.5 0.5 [8]

III 1.5 0.8 1.0 [10]
IV 2.0 1.0 1.0 [10]
V 2.5 – 1.5 [20]
VI 3.0 – 1.5 [20]

MPD (oral) – – 75% – aBased upon the 
degree of erythema

SPT (bath) I 0.2 aBased upon the 
degree of erythemaII 0.3

III 0.4
IV 0.6
V –
VI –

MPD (bath) – – 30% – aBased upon the 
degree of erythema

SPT skin phototype, MPD minimal phototoxic dose
aEuropean S3 dose escalation by the degree of erythema for PUVA
No erythema: increase by 20–30% (no more than 2×/week)
Minimal erythema: no further increase
Persistent asymptomatic erythema: no increase
Painful erythema: break in therapy until symptoms fade, and then resume at 50% last dose with subsequent increases 
limited to 10%
Adapted from Pathirana et al., Vassantachart et al., and Herzinger et al.

Fig. 3.1 PUVA-induced 
distal onycholysis
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received over 200–400 treatments [143]. This 
increased risk of NMSC has not been reported 
in non-Caucasian populations or those treated 
with bath-PUVA therapy [144]. Long-term 
coadministration of PUVA with cyclosporine is 
associated with a significantly greater risk of 
developing SCC than either therapy alone 
[145].

In addition, photoaging with elastosis and poi-
kiloderma and PUVA lentigines are more com-
mon in skin types I–III and are associated with 
higher cumulative UVA doses. Hypertrichosis is 
another uncommon reported side effect. In ani-
mal models, PUVA has been associated with 
cataract formation. Therefore, the current recom-
mendations include wearing protective goggles 
during treatment and sunglasses when outdoors 
for 8–12  h after ingestion of oral psoralen. It 
should be noted that, in humans, studies have not 
demonstrated an increased risk of cataract forma-
tion with oral PUVA, which could be due to 
adherence to eye protection or lack of other risk 
factors [11, 146].

Drug interactions with PUVA may occur. 
These include carbamazepine-, phenytoin-, or 
phenobarbital-induced reduction of 8-MOP lev-
els, increased serum levels of caffeine or theoph-
ylline with 8-MOP, and an increased risk of 
phototoxicity when taken with other photosensi-
tizers, such as NSAIDs, sulfonamides, diuretics 
(furosemide, chlorothiazide), sulfonylurea drugs, 
antifungals, neuroleptics, tetracyclines, and fluo-
roquinolones; UVA is the action spectrum for 
these phototoxic medications [143]. In patients 
who are already on PUVA, additional administra-
tion of systemic retinoids would necessitate a 

reduction in the UVA dose by 20–30% to prevent 
a phototoxic reaction due to retinoid-induced 
thinning of the epidermis.

Topical PUVA
Acute toxicity includes erythema, blistering, and 
hyperpigmentation. While there is a potential 
increased risk of skin cancer formation, no asso-
ciation with topical PUVA therapy has been 
reported [144, 147, 148].

 PUVA: Combination Therapy
Combination therapies are an appealing alterna-
tive to PUVA monotherapy, with the goal of 
reducing PUVA dosage to decrease side effects 
[149].

Topical Therapies
Topical calcipotriol is a useful adjunct to PUVA 
therapy for decreasing the duration of PUVA 
therapy and improving clinical response if 
applied after irradiation [150–152]. Tazarotene 
also may improve the efficacy of PUVA. However, 
more research is needed to verify these anecdotal 
reports [153, 154]. The role of topical corticoste-
roids remains unclear. While topical corticoste-
roids have been shown to hasten clearance of 
psoriatic lesions, there is conflicting evidence 
about its effect on the duration of remission [155, 
156].

Systemic Therapies
Oral retinoids, when used in conjunction with 
PUVA, are more effective than PUVA or retinoid 
monotherapy [157–159]. The concomitant use of 
these treatments decreases both the number of 

Fig. 3.2 PUVA-induced 
transverse melanonychia
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PUVA sessions and the total UVA dose [159, 
160]. In addition, acitretin in combination with 
PUVA decreases the incidence of SCC [161]. 
This decrease is likely due to the known suppres-
sive effect of acitretin on the formation of NMSC 
[162–165]. Methotrexate and PUVA therapy are 
more effective together than as monotherapies 
[166, 167] ; however, the long-term safety profile 
of this combination is unclear [168]. Cyclosporine, 
on the other hand, should be avoided when pos-
sible, due to the increased risk of SCC [145]. No 
increased risk of malignancy has been reported 
from concomitant biologic and PUVA therapies, 
but no systematic studies have been performed 
utilizing this dual therapy.

Phototherapy
Combinations of PUVA with BB-UVB, 
NB-UVB, and excimer laser have demonstrated 
efficacy but are seldom used in current practice 
due to concerns regarding the long-term side 
effects of such combinations [60, 105, 169, 170].

 Special Patient Populations

Pregnancy

Systemic PUVA
Systemic PUVA is a category C therapy. The 
AAD recommends against its use in pregnant 
patients and recommends cautious use in those 
breastfeeding [11]. Nursing mothers should wait 
at least 24  h after ingesting psoralen before 
breastfeeding. The European S3 guidelines list 
pregnancy and breastfeeding as contraindications 
for PUVA therapy [34]. In practice, due to the 
availability of many other therapeutic options, it 
is prudent and appropriate to avoid PUVA in 
these groups of patients.

Topical PUVA
Because of the short duration of contact and the 
short treatment course, topical PUVA is likely 
safe for use in pregnancy. However, there is no 
data on this topic; in view of other available treat-
ment modalities, including targeted photother-
apy, alternative treatments should be used in 
pregnancy or in nursing mothers. Of note, pso-

ralen has not been demonstrated in the blood of 
patients using topical PUVA [171]. However, 
bath PUVA or other topical preparations could 
potentially involve enough BSA to induce a mea-
surable quantity in the blood from cutaneous 
absorption [172].

Pediatrics

Systemic PUVA
Caution is advised in pediatric patients <18 years 
of age due to the long-term risk of photocarcino-
genicity [11, 173].

Topical PUVA
Topical PUVA is safe in the pediatric population 
if the patient is able to follow directions. Bath 
PUVA is not approved by the FDA for use in chil-
dren; however, this approach would be preferred 
over oral PUVA due to lower systemic absorption 
[11, 174].

 Visible Light Radiation (VLR)

 VLR: Indications 
and Contraindications

The use of VL as monotherapy in the manage-
ment of psoriasis has been investigated. While VL 
has less carcinogenic potential compared to the 
already low-risk option of NB-UVB and excimer 
phototherapies, no VL treatment option has con-
sistently demonstrated superior efficacy com-
pared to UVB in the management of psoriasis.

 Photodynamic Therapy (PDT)

Historically, PDT has demonstrated poor thera-
peutic utility in the management of psoriasis. 
Studies investigating topical ALA-PDT have 
consistently revealed a low degree of efficacy and 
intolerable pain in up to one-third of patients 
[12]. In addition, PDT performed on ALA-soaked 
immune cells harvested by apheresis, a process 
known as extracorporeal PDT, failed to consis-
tently demonstrate efficacious outcomes for 
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 psoriasis when used as monotherapy [175–179]. 
Thus, after reviewing the evidence for extracor-
poreal PDT in the management of psoriasis, the 
British Photodermatology Group and the UK 
Skin Lymphoma Group stated that there was poor 
evidence to support its use in the management of 
cutaneous psoriasis or psoriatic arthritis [180]. 
Similarly, a systematic review and meta-analysis 
evaluating the evidence for topical PDT agreed 
with the British Association of Dermatologists 
guidelines on the limited therapeutic role of 
ALA-PDT for psoriasis [12].

 Future Frontiers of Phototherapy 
in Psoriasis

 Blue Light Therapy and Psoriasis

Over the past 10 years, scientific investigations 
have revealed that blue light is not in the inert 
spectrum as previously thought. Investigations on 
pigmentation demonstrated blue light to have a 
greater impact on the induction of immediate and 
persistent pigment darkening than UVA [23]. 
With regard to psoriasis, the most relevant spec-
tra were proposed to be at 420 and 453 nm [181]. 
Unlike UVR, blue light is not absorbed by DNA 
nor leads to cell death below fluences of 500 J/
cm2 [27]. Instead, blue light’s chromophores are 
flavins, cryptochromes, and porphyrins [181]. 
These chromophores are thought to mediate the 
effects of blue light irradiation primarily through 
the release of nitric oxide and reactive oxygen 
species. These downstream effects lead to a 
reduction in keratinocyte proliferation and den-
dritic cell activation while inducing differentia-
tion of keratinocytes [181]. Additional effects of 
blue light that are not fully understood include 
T-cell-induced apoptosis, altered immune 
response, and decreased inflammation after treat-
ment. Like other photobiologic responses, these 
effects appear to be wavelength and fluence 
dependent.

Clinical investigations with blue light radia-
tion have generally supported its role in the man-
agement of mild to moderate, localized psoriatic 
lesions. Of the four clinical investigations on blue 

light in psoriasis, only the initial investigation by 
Maari et al. revealed no statistical difference fol-
lowing treatment [182]. The subsequent three tri-
als and a computational model demonstrated blue 
light to be a potentially beneficial therapy for 
psoriasis [24–26]. Interestingly, the computa-
tional model predicts blue light to transiently 
improve psoriatic lesions with limited utility for 
producing a prolonged remission [182]. Unlike 
UVR, blue light does not induce apoptosis of 
keratinocytes [27]. Therefore, the population of 
hyperproliferating keratinocytes experiences 
only a transient decrease in their proliferating 
capacity during blue light therapy, lacking the 
long remissions brought about with PUVA, 
Goeckerman, and NB-UVB therapies. This 
steady decline in posttreatment remission was 
also noted clinically by Weinstabl et al. [24].

 Nail Psoriasis

Nail psoriasis is a common and notoriously dif-
ficult to treat cutaneous manifestation of psoria-
sis without the use of systemic medications. In 
recent years, laser and light-based therapies have 
become increasingly investigated in the manage-
ment of nail psoriasis. Initially, most of the inves-
tigations were limited to UVR.  Although a 
human cadaveric study suggested that a limited 
amount of UVA and nearly no UVB penetrates 
through the nail plate, in  vivo clinical studies 
have reported some beneficial effects from oral 
PUVA, solar PUVA, NB-UVB, excimer light, 
and excimer laser [13]. More recently, pulsed dye 
laser (PDL, 595 nm) has gained traction in the 
literature as an effective therapeutic modality for 
psoriatic nail dystrophy [183–185]. In fact, a 
42-patient, left-to-right comparison study of PDL 
versus excimer laser observed a significantly 
greater improvement in the PDL cohort [183]. 
Onycholysis and subungual hyperkeratosis are 
the most likely manifestations to respond to PDL 
treatment. Nail pitting often remains recalcitrant 
to treatment. The addition of methyl aminolevu-
linic acid, a known photosensitizer, or a change 
in pulse duration does not improve the response 
to PDL [185, 186]. Long-pulse PDL is associated 
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with a higher frequency of transient petechial 
hyperpigmentation and significant pain. Intense 
pulsed light with a 550-nm filter has also been 
reported to improve nail dystrophy from nail bed 
and nail matrix disease [187]. Nail matrix dis-
ease, particularly nail pitting, is less responsive to 
IPL treatment. Future refinements in the delivery 
of laser and light therapy may offer an effective 
therapeutic modality for the management of 
recalcitrant nail psoriasis.

 Summary

Phototherapy and photochemotherapy remain 
some of the most cost-effective and safe thera-
peutic strategies for the management of cutane-
ous psoriasis. For these reasons, NB-UVB has 
been endorsed by the AAD and S3 European 
guidelines as a first-line UV-based therapy for 
this disorder. It can safely be administered to 
pregnant women and most pediatric patients. 
PUVA and Goeckerman therapy are both effica-
cious therapeutic options for recalcitrant psori-
atic lesions but pose greater carcinogenic risks 
and difficulty in administration, respectively, 
than NB-UVB. These, in turn, limit their clinical 
use and availability. As not all patients can com-
ply with twice or thrice weekly office-based pho-
totherapy, home NB-UVB phototherapy is also 
an excellent therapeutic option for the appropri-
ate patient. Like the new VL devices in the field 
of acne, UV-free, VL devices have emerged as 
another potential tool in the management of pso-
riasis. Future randomized controlled trials are 
needed to determine the true efficacy and longev-
ity of remission for such devices compared to 
existing technologies such as NB-UVB.
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 Methotrexate

 Background

The antifolate agent aminopterin was first syn-
thesized in 1947 to treat childhood leukemia [1] 
but was soon found to have efficacy in various 
nonneoplastic disease states. In 1951, aminop-
terin was shown to improve symptoms of psoria-
sis and psoriatic arthritis [2, 3]. This initial folate 
analog was subsequently modified to produce 
amethopterin, now termed methotrexate (MTX), 
a safer antifolate compound that continued to 
demonstrate efficacy in improving psoriasis 
symptoms [4–8]. By 1972, MTX was officially 
approved by the FDA for use in patients with 
severe, recalcitrant, disabling psoriasis [9] and 
has remained a mainstay of treatment for psori-
atic disease for the last 50 years. 

 Mechanism of Action

MTX inhibits dihydrofolate reductase (DHFR), 
an enzyme that catalyzes the reduction of dihy-
drofolic acid to tetrahydrofolic acid, the active 
form of folate. Without tetrahydrofolic acid, 
thymidylate synthase is unable to methylate 
deoxyuridine monophosphate to produce thy-
midine, a nucleoside essential for DNA synthe-
sis. Although the mechanism of action of MTX 
in psoriasis has not been fully elucidated, this 
process obstructs the S phase of the cell cycle, 
which inhibits epidermal cell hyperprolifera-
tion [10, 11], prevents the growth of activated 
lymphocytes [12], triggers T-cell apoptosis 
[13], and impedes neutrophil chemotaxis [14]. 
MTX also reduces levels of pro-inflammatory 
cytokines such as interleukin (IL)-6, IL-8, and 
IL-1 [15–17].

 Pharmacokinetics

Oral doses of MTX are rapidly absorbed across 
the gut but demonstrate highly variable incom-
plete absorption [18]. Food intake does not affect 
MTX absorption in adults [19] but may reduce 
MTX bioavailability in children [20]. Once 
absorbed, the mean half-life of MTX in adults 
is 5–8  h [18]. MTX has a mean protein bind-
ing to serum albumin of 42–57% and is active 
when unbound [18]. Thus, drugs that decrease 
protein binding of MTX, such as salicylates, 
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 sulfonamides, and probenecid, can increase the 
risk of toxicity of this medication [21–23]. MTX 
is primarily excreted through renal clearance of 
the drug in its unchanged form, which is filtered 
through the glomeruli and also undergoes active 
tubular secretion [18, 24].

 Indications

MTX is approved in dermatology for patients 
with severe, recalcitrant, disabling psoriasis that 
is not adequately responsive to other forms of 
therapy [25, 26]. MTX has also demonstrated 
efficacy in treating various forms of psoriasis, 
including plaque, guttate, pustular, and erythro-
dermic subtypes [9] and efficacy for patients with 
concurrent psoriatic arthritis as well.

 Efficacy

The use of MTX for psoriasis predates the 
FDA requirement for randomized controlled 
trials in new drug applications. Although MTX 
has long been used as a treatment for psoriatic 
disease, to date there are only a few clinical 
studies to guide evidence-based use of MTX in 
psoriasis.

The first placebo-controlled clinical trial of 
oral MTX in psoriasis, CHAMPION, examined 
the efficacy MTX to adalimumab and placebo 
[27]. In this study, patients with moderate-to- 
severe plaque psoriasis were randomized to 
receive a starting oral dose of 7.5 mg of MTX 
that was increased to 25 mg weekly as needed 
(n  =  110), adalimumab (n  =  108), or placebo 
(n = 53). After 16 weeks, 36% of patients in the 
MTX group using a mean weekly dose of 
19 ± 5 mg reached psoriasis area severity index 
(PASI) 75 response, significantly more than the 
placebo group (19%) but lower than the adalim-
umab group (79.6%). In trials that compared 
MTX to cyclosporine without a placebo arm, 
the PASI 75 response rate varied from 60% 
(maximum dose 22.5  mg/week MTX) [28] to 
24% (maximum dose 15  mg/week MTX) at 
16 weeks [29].

 Combination Therapy

A variety of therapies, including other oral 
agents, phototherapy, and biologics may be used 
concurrently, in rotation, or sequentially with 
MTX. Combination therapy is often more effec-
tive than monotherapy and should be considered 
in patients for whom MTX alone is ineffective or 
in patients who desire a faster skin response or 
greater likelihood of skin clearance [30]. 
Synergistic effects of combining MTX with other 
treatment modalities may also result in clinical 
improvement at lower doses than those used in 
MTX monotherapy, which reduces of the risk of 
liver toxicity.

Several studies have shown that the effects of 
phototherapy in combination with MTX are syn-
ergistic [30], with faster clearance achieved with 
lower doses of MTX and ultraviolet B (UVB) or 
narrowband UVB (NBUVB) compared to mono-
therapy with either modality alone [31, 32]. 
Combination treatment of psoralen plus ultravio-
let A (PUVA) and MTX may lead to faster skin 
clearance compared to MTX alone with fewer 
PUVA sessions compared to PUVA alone [33, 
34]; however this advantage must be weighed 
against the risks of carcinogenesis, especially 
with regard to increased risk for squamous cell 
carcinoma [35, 36].

MTX and cyclosporine have been an espe-
cially successful treatment combination for pso-
riatic arthritis and generalized pustular psoriasis, 
as well as plaque psoriasis. Studies of MTX 
(7.5–15  mg/week) and cyclosporine (3  mg/kg/
day) resulted in superior clearance with fewer 
side effects compared to either alone [37, 38]. 
These two drugs may also be used in rotation, 
alternating use of each for several months at full 
dose with a one-week washout period in 
between, so as to avoid nephrotoxicity and hep-
atotoxicity [30].

Although acitretin and hydroxyurea have been 
used in combination with MTX, this is generally 
not recommended. The primary concern of using 
acitretin and MTX together is the increased risk 
of hepatotoxicity. Hydroxyurea is generally con-
traindicated with MTX out of concern for bone 
marrow suppression. However, each of these has 
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been used in combination with MTX success-
fully without an increase in liver toxicity or wors-
ening of blood counts, respectively [14, 39–42]. 
Careful laboratory monitoring is imperative if 
either of these combinations are prescribed.

MTX may be considered for use with biolog-
ics. Most evidence is for either etanercept [43] or 
infliximab, since both of these are frequently 
used with MTX in rheumatoid arthritis [30, 44]. 
In one study, psoriasis patients who had not 
responded to MTX monotherapy showed signifi-
cantly more improvement when etanercept was 
added to MTX compared to switch to etanercept 
monotherapy [45]. MTX is also often added to 
etanercept therapy to preserve the efficacy of the 
medication, an effect at least partially explained 
by its effects on neutralizing antibodies [46]. In a 
small study, psoriasis patients with treatment fail-
ure on etanercept monotherapy had significant 
improvement when switched to a combination of 
etanercept with low-dose MTX therapy [47].

 Adverse Effects and Monitoring

MTX is most commonly associated with hepato-
toxic effects, ranging from elevated liver enzymes 
to hepatic steatosis, cirrhosis, and fibrosis [25, 
26]. Patients with psoriatic disease are at 
increased risk of developing hepatotoxicity with 
MTX use compared to rheumatoid arthritis 
patients [48]. Risk factors for hepatotoxicity 
include a history or current excessive use of alco-
hol, diabetes, hyperlipidemia, persistently abnor-
mal liver tests, personal history of liver disease, 
family history of heritable liver disease, and past 
exposure to hepatotoxic compounds. The 
American Academy of Dermatology (AAD) and 
the National Psoriasis Foundation (NPF) recom-
mend separate monitoring strategies for patients 
based on the presence or absence of risk factors 
for hepatotoxicity [9, 49]. To minimize the risk of 
hepatotoxicity, patients should be counseled to 
avoid or minimize alcohol intake while using 
MTX.

Myelosuppression is another potential serious 
adverse effect of MTX therapy. Risk factors for 
hematopoietic toxicity include advanced age, 

renal insufficiency, hypoalbuminemia, and exces-
sive alcohol consumption. A complete blood 
count should be monitored every 2–4 weeks for 
the first few months of therapy and then every 
1–3 months thereafter. Folic or folinic acid may 
be added in 1–5 mg oral doses to protect against 
MTX toxicity [9, 49–51]. MTX should be tempo-
rarily ceased or decreased if leukocyte or platelet 
counts become abnormally low. If toxicity is 
detected, folinic acid (leucovorin) should be 
administered without delay.

Potential short-term side effects of MTX 
include nausea, anorexia, headache, and fatigue 
[25, 26]. Other side effects associated with MTX 
include infections such as Pneumocystis carinii 
pneumonia, nocardiosis, cryptococcosis, and var-
icella zoster. MTX pneumonitis is very rare in 
psoriasis patients but can be fatal and irrevers-
ible, so age-appropriate vaccinations before com-
mencing therapy are recommended. HIV testing 
and tuberculosis screening may be considered in 
patients with a history of risk factors for these 
infections [9].

Medications known to interact with MTX and 
possibly increase toxicity include nonsteroidal 
anti-inflammatories, antibiotics (trimethoprim/
sulfamethoxazole, ciprofloxacin, minocycline, 
and penicillins), barbiturates, colchicine, dipyri-
damole, sulfonylureas, furosemide, phenytoin, 
and thiazide diuretics [9].

 Contraindications

Absolute contraindications to MTX include cir-
rhosis and bone marrow abnormalities such as 
leukopenia, severe anemia, or thrombocytopenia 
[25, 26, 49]. MTX is pregnancy category X. The 
benefits and risks of MTX should be carefully 
weighed prior to initiating therapy in women of 
childbearing potential, due to the known terato-
genic effects of this medication. Although MTX 
is not thought to have mutagenic effects, males 
are advised to wait 3 months after discontinuing 
MTX before attempting to conceive a child [49].

Relative contraindications to MTX use include 
renal impairment, liver dysfunction, active or recur-
rent hepatitis, alcoholism, and  immunosuppression. 
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Obesity, diabetes mellitus, and active severe infec-
tions such as HIV or tuberculosis are also relative 
contraindications.

 Dosing

MTX is usually given as a single weekly dose 
[25, 26] but may be divided into three doses, 
each given 12  hours apart, which aims to 
decrease gastrointestinal side effects [49, 52]. 
The weekly dose typically ranges from 7.5 to 
25  mg per week [52] and should not exceed 
30 mg [53]. The AAD recommends an initial test 
dose of 2.5–5 mg prior to therapeutic dosing to 
evaluate for myelosuppression in susceptible 
patients [49]. Improvement is typically seen 
after 16 to 24 weeks. A minimum of 4–8 weeks 
is recommended before dose modification or 
cessation [52]. Once therapeutic results are 
achieved, MTX can be gradually titrated to the 
minimum dose necessary to achieve optimal 
control of symptoms. MTX may be used indefi-
nitely at the lowest effective dose of the drug as 
long-term maintenance therapy [52].

Patients with impaired renal function, ascites, 
or pleural effusions require reduced dosing due to 
diminished MTX elimination [25, 26, 53]. MTX 
may also be used in children with recalcitrant, 
severe psoriasis for up to 6 months at 0.2–0.7 mg/
kg weekly [54].

 Acitretin

 Background

Acitretin, the active metabolite of etretinate, is 
the most widely used systemic retinoid in the 
treatment of psoriasis. Etretinate was previously 
used for psoriasis since the 1970s but was 
removed from the market in 1997 due its terato-
genicity and ability to be detected for years after 
cessation of the medication [55, 56]. Acitretin is 
50 times less lipophilic, resulting in a much 
shorter half-life. Thus, acitretin has replaced 
etretinate for the treatment of psoriasis due to a 
more favorable pharmacokinetic profile.

 Mechanism of Action

Acitretin is unique in comparison to other psoria-
sis treatments as it does not directly suppress 
immune system pathways. Retinoids activate 
receptors in the nucleus that mediate gene tran-
scription, ultimately resulting in a broad range of 
downstream effects. Acitretin has been shown to 
decrease the quantity of Th1 and Th17 cells, 
resulting in reduced expression of pro- 
inflammatory cytokines implicated in the patho-
genesis of psoriasis, such as IFN-γ and IL-17 
[57]. Additionally, retinoids play a critical role in 
promoting keratinocyte differentiation and matu-
ration, ultimately resulting in decreased skin cell 
turnover and decreased epidermal hyperplasia 
[58, 59].

 Pharmacokinetics

Due to the lipophilic nature of retinoids, bioavail-
ability of acitretin is enhanced by food, particu-
larly fatty meals [60]. Acitretin is considerably 
less lipophilic than etretinate, with a half-life of 
approximately 50–60 h and is undetectable in the 
serum 1  month after stopping medication [58, 
61]. Retinoids are metabolized in the liver via 
oxidation and chain shortening, processes which 
are induced by retinoic acid and possibly cyto-
chrome P450 3A4 inducers [62, 63]. The result-
ing metabolites are then primarily excreted in the 
urine and feces. Notably, transesterification of 
acitretin into etretinate can occur with concurrent 
ethanol ingestion [64]. Due to the lipophilicity of 
etretinate, it may stay in the body for up to 3 years 
and contribute to increased risk of toxicity and 
teratogenicity [58]. Thus, patients are advised to 
refrain from alcohol intake during treatment.

 Indications

Acitretin is used for moderate-to-severe psoria-
sis, with notable efficacy in pustular and erythro-
dermic subtypes. Since the mechanism of action 
of acitretin does directly not involve immuno-
logical pathways, acitretin is a particularly good 
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choice in immunosuppressed individuals and 
those affected with chronic infections, such as 
viral hepatitis or HIV [65].

 Efficacy

Acitretin monotherapy is particularly efficacious 
in pustular [66] and erythrodermic psoriasis [58, 
67, 68]. A systematic review of 12 clinical trials 
found that among patients receiving acitretin, 
there was marked improvement in 100% of 
patients with pustular, 83% with erythrodermic, 
and 77% with other forms of psoriasis [69]. 
Several studies report improvement following reti-
noid use for pustular psoriasis [70–73]. Acitretin 
in HIV-associated psoriasis has also shown excel-
lent results [65]. In comparison, studies of acitretin 
in chronic plaque psoriasis demonstrate relatively 
modest results. A study of 28 patients found high 
doses of acitretin (50 and 75 mg) for 8 weeks to 
significantly reduce PASI score versus placebo, 
while low doses (10 and 25 mg) did not; however, 
high doses were accompanied by an increase in 
adverse events [74]. However, other studies have 
reported improvement at lower doses. In a double-
blind trial of 175 patients on 10, 25, or 50 mg/day 
of acitretin or 50  mg of etretinate for 8  weeks, 
PASI 50 was achieved in 50%, 41%, 54%, and 
61% of patients, respectively [68]. One study 
looking at various dosing regimens in chronic 
plaque psoriasis patients found comparative effi-
cacy among patients treated for 6  weeks with 
acitretin by either dose escalation (starting at 
10 mg, increasing to 50 mg), constant dosing at 
30 mg, or dose de-escalation (starting at 50 mg, 
tapering down to 10  mg) [75]. All three groups 
demonstrated more than 80% clinical improve-
ment, while group 1 experienced the lowest drug 
toxicity rate [75]. Another study also demonstrated 
a higher safety profile with similarly low dose 
despite excellent efficacy [76].

 Combination Therapy

Acitretin is a useful addition to other oral agents, 
phototherapy, and biologics, due to its non- 

immunomodulatory mechanism of action and 
anticarcinogenic qualities. Acitretin is synergist 
with phototherapy, allowing for lower doses of 
both to achieve therapeutic effect [36]. Re-PUVA 
refers to use of acitretin (typically 10–25 mg) in 
combination with PUVA, while Re-UVB refers 
to use with UVB. Acitretin is photosensitizing 
and results in clinical response at lower levels of 
UVA and UVB. Notably, acitretin is also the only 
psoriasis agent used in combination with photo-
therapy that is thought to be preventative against 
skin cancer, owing to its tumor-suppressing prop-
erties [77]. Use of acitretin in combination with 
MTX was discussed previously in this chapter. 
Sequential therapy of acitretin with cyclosporine 
has also been described [78].

 Adverse Effects

Systemic retinoid use is associated with a variety 
of adverse effects that are primarily related to 
hypervitaminosis A. The risk is dose-dependent, 
particularly with doses greater than 25 mg [79]. 
Aside from the possible musculoskeletal effects, 
most of these adverse effects resolve or subside 
with drug tolerability, a reduced dosing regimen, 
or drug discontinuation.

Mucocutaneous adverse effects are expected 
to occur in nearly every patient. Cheilitis occurs 
in about 70–75% of patients, even on low doses 
[80]. However, incidence of xerosis and skin 
peeling is substantially increased at higher doses 
(high dose, 50% and 50–75%; low dose, 4% and 
30%, respectively). Other mucocutaneous side 
effects include rhinitis, dry mouth, pruritus, pho-
tosensitivity, sticky skin, dermatitis, alopecia, 
paronychia, and nail deformities. Most of these 
are generally mild and reversible [81] and can be 
managed with bland emollients or mild topical 
steroids. A reduction in the retinoid dose can also 
be considered if these effects prove intolerable.

Acitretin is potentially hepatotoxic. About 
15% of patients develop elevated serum liver 
enzymes, generally 2–8  weeks after initiating 
treatment [36, 82]. The risk increases with higher 
doses [83]. This increase in serum liver enzymes 
is usually transient and subsides with dose 
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 reduction; severe or persistent cases are rare, 
though alcoholics, diabetics, and obese patients 
are at increased risk. Patients are advised to 
refrain from alcohol intake while on acitretin.

Hyperlipidemia is observed in 25–40% of 
patients taking systemic retinoids, with hypertri-
glyceridemia more common than hypercholester-
olemia [82, 84]. Obese patients, alcoholics, 
smokers, and diabetics are at especially high risk. 
Patients with familial hyperlipidemia or those 
who are taking medications such as beta- blockers, 
contraceptives, and thiazides are also at increased 
risk. Elevations can be managed with an initial 
trial of lifestyle modifications, but if this proves 
insufficient, use of anti-lipidemic drugs may be 
indicated [83].

Musculoskeletal side effects are less common, 
associated with cumulative long-term therapy, 
and generally irreversible. Specific associated 
musculoskeletal effects include premature fusion 
of epiphyses, diffuse idiopathic skeletal hyperos-
tosis syndrome, calcification of ligaments, osteo-
porosis, as well as modeling abnormalities of 
long bones. Overall, conflicting reports within 
the literature have made it challenging to eluci-
date the true risk of skeletal toxicity with the use 
of systemic retinoids [85–91].

Major human fetal abnormalities are associ-
ated with retinoid use during pregnancy [81]. 
Other side effects include xerophthalmia, night 
blindness, nausea, and abdominal pain. Although 
acitretin is implicated in the development of 
pseudotumor cerebri, however, no evidence 
exists demonstrating a causal role [92]. 
Concomitant therapy with tetracyclines increases 
the risk and should be avoided [93–96]. Patients 
should be counseled on the signs and symptoms 
and the need for prompt ophthalmic evaluation if 
necessary.

 Contraindications

There are very few absolute contraindications to 
the use of acitretin outside of hypersensitivity 
reactions. Relative contraindications to the use of 
retinoid therapy include women of childbearing 
age, liver and/or kidney dysfunction, and severe 

hyperlipidemia. Retinoid therapy should be used 
with caution in patients taking drugs with poten-
tial for drug interactions and/or hepatic toxicity 
as well as in patients with a history of alcohol 
abuse [49].

Acitretin is considered a pregnancy category 
X drug and highly teratogenic [89]. Women of 
childbearing potential should not take acitretin 
unless monitored with monthly pregnancy tests. 
Women of childbearing age should be counseled 
on contraception during and after use of acitretin 
for a minimum of 3 years after drug.

 Monitoring

Laboratory assessments should include a com-
plete blood cell count, liver function tests, basic 
metabolic panel, and lipid panel prior to initiation 
of therapy and with period reassessments no less 
than every 3 months while on treatment [49, 97].

 Dosing

Usual dosing of acitretin ranges from 25 to 
50 mg, every day or every other day. Typically 
initiation starts with a low dose (10–25  mg or 
less) and is titrated up, with dose adjustments no 
sooner than every 2–4  weeks, until psoriasis 
improvement or maximal tolerated side effects 
[98]. Therapeutic benefit is generally observed 
after 3–6  months, after which the dose can be 
tapered to a lower maintenance dose. Initial high 
doses may be necessary for acute flares of gener-
alized pustular psoriasis or erythrodermic 
psoriasis.

 Cyclosporine

 Background

The immunomodulatory role of cyclosporine was 
originally demonstrated by its successful preven-
tion of renal transplant rejection in 1978 [99]. 
The following year, it was incidentally observed 
that organ transplant patients receiving the 
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 medication experienced improvement in their 
psoriasis [100]. This resulted in a paradigm shift 
regarding the pathogenesis of psoriasis. 
Previously considered a disease of keratinocyte 
hyperproliferation, psoriasis was recognized for 
the first time as an immune-mediated disease. 
Eighteen years later, the FDA approved cyclo-
sporine for treatment of psoriasis. Since then, 
cyclosporine has proven to be an excellent thera-
peutic option for psoriasis, especially in severe 
cases and flares requiring immediate control.

 Mechanism of Action

Cyclosporine’s various effects on immune func-
tion are well-characterized. Cyclosporine inhibits 
calcineurin, an enzyme important in mediating 
cytokine gene expression, primarily in T cells 
[101]. T-cell receptor activation leads to the acti-
vation of calcineurin, which subsequently acti-
vates nuclear factor of activated T cell (NFAT), a 
key transcription factor for the expression of 
many cytokines implicated in the psoriasis patho-
genesis, such as interleukin-2 (IL-2), interferon 
gamma (IFN-γ), and tumor necrosis factor (TNF- 
α). Thus, cyclosporine inhibition of calcineurin 
prevents activation of NFAT and consequently 
expression of the NFAT-dependent cytokines. 
Cyclosporine’s inhibition of IL-2 production 
results in substantial reductions of CD4 and CD8 
T cells in the epidermis [102]. Decreased expres-
sion of genes within the Th1 and Th17 pathways 
in psoriatic skin with cyclosporine use likely also 
contribute to its efficacy in psoriasis [103]. 
Cyclosporine also downregulates intercellular 
adhesion molecule 1 (ICAM-1) expression on 
keratinocytes and endothelial cells, thus impair-
ing leukocyte extravasation and inflammatory 
signaling [104, 105].

 Pharmacokinetics

Due to the high lipophilicity of cyclosporine, its 
bioavailability is enhanced by food [106–108]. 
Thus patients should take cyclosporine at consis-
tent times each day to ensure consistent levels 

[109, 110]. Cyclosporine is metabolized in the 
liver by the CYP3A4 enzyme [111]. Patients with 
severe liver disease will have impaired break-
down of cyclosporine, and thus require careful 
monitoring and possible dosing adjustment [49]. 
This medication has a half-life of approximately 
20  hours [109]. Cyclosporine metabolites are 
mainly eliminated via biliary excretion, with only 
6% of the drug being excreted in the urine [109]. 
Of note, the two primary marketed formulations 
of cyclosporine, Sandimmune® and Neoral® 
(modified cyclosporine), are not bioequivalent 
and cannot be used interchangeably; the bioavail-
ability of Sandimmune® is 76% that of Neoral® 
[112].

 Indications

Cyclosporine is used for severe psoriasis. It is 
recommended as first-line treatment by the 
NPF and AAD for severe flares of erythroder-
mic and pustular psoriasis [49, 113, 114]. 
Cyclosporine is also particularly useful when a 
patient requests temporary but quick and com-
plete clearance of their psoriasis—often in the 
context of major life events, such as weddings. 
Although cyclosporine is fast-acting and highly 
efficacious, its use is limited by its high toxic-
ity profile. Importantly, patients must be coun-
seled to expect only temporary use of 
cyclosporine since, despite its efficacy, long-
term use carries serious risk of irreversible 
adverse effects.

 Efficacy

The ability of cyclosporine to lead to rapid clear-
ing of severe psoriasis is well-documented. A 
study of refractory erythrodermic psoriasis 
patients treated with cyclosporine 3–5 mg/kg/day 
led to full remission in 67% of patients and 
marked improvement in 27% [115]. Several stud-
ies of cyclosporine (2.5–5  mg/kg/day for 
12–16 weeks) for severe, recalcitrant plaque pso-
riasis yielded rapid improvement in 80–90% of 
patients [116–118].
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Subsequent studies have been performed to 
test the optimal dose of cyclosporine to achieve 
comparable efficacy while also reducing the tox-
icity profile. A 16-week double-blind placebo- 
controlled trial compared cyclosporine doses of 
3, 5, or 7.5 mg/kg/day and found after 8 weeks of 
fixed-dose therapy that 35%, 65%, and 80% of 
patients achieved clearing or almost clearing of 
their psoriasis, respectively, and the 5 mg/kg/day 
group required the least amount of dosage 
changes [116]. In a study of “step-up therapy” 
(2.5 mg/kg/day with a standard increase in dose) 
versus “step-down therapy” (5 mg/kg/day with a 
gradual decrease), more patients in the step-down 
therapy group achieved PASI 75 in a shorter aver-
age timeframe, more rapidly [119].

A randomized, double-blind study comparing 
the efficacy of two formulations of cyclosporine, 
Sandimmune® and Neoral®, for severe, chronic 
plaque psoriasis found that while both had simi-
lar rate of adverse events, Neoral® required a 
~10% lower dose and fewer dose adjustments 
[120]. Most patients require 3–4  mg/kg/day of 
Neoral® to achieve desired response and could be 
tapered down to 2.5–3.0 mg/kg/day for the main-
tenance period [121–123].

 Adverse Events

Adverse effects of cyclosporine are dose- 
dependent and cumulative [49, 53, 124–128]. 
The two most clinically significant side effects 
are hypertension and nephrotoxicity. Although 
the exact mechanism for the new-onset or 
cyclosporine- induced hypertension is not clearly 
understood, an increase of 5 mmHg in mean arte-
rial blood pressure has been observed when 
3–5  mg/kg/day of cyclosporine is used [129]. 
Management options for new-onset hypertension 
include reducing the dose of cyclosporine or ini-
tiating antihypertensive medication [49, 53]. 
Nephrotoxicity is another serious concern in 
patients taking cyclosporine. Low-dose regimens 
can minimize the risk of nephrotoxicity and 
should be used whenever possible. Changes in 
serum creatinine may be observed as early as a 
few weeks after starting therapy and are gener-

ally reversible once the drug is discontinued 
[116, 130]. Hypomagnesemia may also occur, 
requiring replacement therapy. However, perma-
nent renal dysfunction can develop after pro-
longed therapy at high doses (greater than or 
equal to 5 mg/kg/day). An increase in creatinine 
to 25–30% from baseline warrants a reduction in 
the cyclosporine dose [49, 53, 128].

Cyclosporine is also associated with an 
increased risk for certain cancers and infections. 
There may be a slight increase in non-melanoma 
skin cancers in patients with cyclosporine for 
psoriasis [131, 132] and increased in squamous 
cell carcinoma particularly in patients who 
received greater than 200 PUVA treatments prior 
to cyclosporine [131, 133]. Other reported side 
effects of cyclosporine include dyslipidemia, 
headaches, tremors, seizures, pseudotumor cere-
bri, gingival hyperplasia, and hypertrichosis 
[128, 134–139].

 Contraindications

Absolute contraindications include hypersensi-
tivity reactions to cyclosporine, abnormal renal 
function, uncontrolled hypertension, current 
malignancy, pregnancy, breastfeeding, history of 
>200 PUVA treatments, or concomitant use of 
any of the following: phototherapy, immunosup-
pression, coal tar therapy, or radiation therapy 
[49]. Relative contraindications include active 
infection, dyslipidemia, poorly controlled diabe-
tes, elderly, morbid obesity, history of less than 
200 cumulative PUVA treatments, and immuno-
suppression [49]. Cyclosporine use in any of 
these special populations requires close monitor-
ing if it is initiated.

Cyclosporine is considered pregnancy cate-
gory C. The AAD has not provided any specific 
guidelines for the use of cyclosporine in preg-
nancy but do recommend that nursing mothers 
avoid cyclosporine [49]. Cyclosporine capsules 
contain 12.7% alcohol, and both cyclosporine 
and alcohol enter breastmilk. Cyclosporine has 
been used in children and infants for several indi-
cations, including psoriasis, without any unex-
pected side effects [109].
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 Monitoring

The AAD recommends the following studies 
prior to initiation of cyclosporine: blood pres-
sure, creatinine (obtain at least two measure-
ments), basic metabolic panel (including BUN 
and electrolytes), complete blood count, magne-
sium, urinalysis, urine sediment, uric acid, lipid 
panel (including cholesterol and triglycerides), 
hepatic function (including enzymes and biliru-
bin), and a urine pregnancy test [49, 53]. Testing 
for tuberculosis should also be performed and all 
vaccinations current. Screening for HIV and 
Hepatitis B and C can be performed in high-risk 
patients. A thorough review of current medica-
tions to particularly assess for use of immuno-
suppressive agents, nephrotoxic agents, or other 
agents that may interfere with cyclosporine use 
should be performed. Review of concurrent med-
ications or dietary regimens that inhibit or induce 
hepatic CYP3A4 activity is also necessary. 
Contraception should be encouraged for women 
of childbearing age.

 Dosing

The usual dose of cyclosporine for psoriasis is 
3–5 mg/kg per day, divided into two doses daily. 
The therapeutic benefit of doses higher than 
5 mg/kg/day is offset by an increase in toxicity 
[140]. Most patients can be effectively main-
tained on 2.5–3.0  mg/kg/day [121–123]. AAD 
guidelines recommend initial doses of 2.5–3 mg/
kg/day for 4–6  months, followed by gradual 
increases as needed. Once near-clearing is 
achieved, doses can be tapered 0.5–1.0  mg/kg/
day at 2-week intervals or 1  mg/kg/day every 
week over 4  weeks to minimize chances of 
relapse [49, 53]. High initiation doses may be 
used for severe flares of erythrodermic or gener-
alized pustular psoriasis. If rapid improvement is 
necessary, then generally, the maximum dose 
(5 mg/kg/day) is initiated followed by stepwise 
decreases (0.5–1.0  mg/kg per week) after ade-
quate response.

Although the cyclosporine package insert rec-
ommends dosing is based on ideal body weight, 

the AAD recommends dosing obese patients at 
their actual body weight [49]. Cyclosporine with-
drawal due to ineffectiveness is recommended 
following a 3-month trial period at the maximum 
dose of 5  mg/kg/day [49]. For intolerable side 
effects, the dosage can be decreased by 1 mg/kg/
day and if side effects persist, then further reduc-
tions can be employed. Ultra-low doses (1.5 mg/
kg/day) can be administered for patients who are 
unable to tolerate higher doses [141].

 Duration of Use

In general, cyclosporine is used as intermittent 
short-term therapy, not long-term maintenance 
therapy [49, 53, 142, 143]. Once an adequate 
response is reached, cyclosporine can be tapered 
off to prevent relapses. After a brief rest period, 
treatment can be restarted and followed by subse-
quent intervals if clinically indicated. AAD 
guidelines limit the continuous maximum dose of 
5 mg/kg/day use of cyclosporine to 1 year [125]; 
European guidelines allow up to 2 years [143]. 
Cyclosporine is also suitable as a bridge or 
sequential therapy. Sequential therapy of acitretin 
with cyclosporine is one example of this [78]; for 
example, patients typically start with 1 month of 
cyclosporine 5  mg/kg/day, then add acitretin 
25  mg and increase as tolerated over the next 
months, and then slowly taper off cyclosporine 
and continue on maintenance acitretin [78]. 
However, in cases when cyclosporine is the only 
efficacious option available for severe,  recalcitrant 
disease, long-term continuous therapy may be 
used with vigorous monitoring [130, 144–146]. 
In these cases the goal is not for remission, but 
rather acceptable improvement with the most 
minimal dose.

 Apremilast

 Background

Prior to use in psoriasis, small molecule inhibi-
tors of phosphodiesterase 4 (PDE4) inhibitors 
were successfully used in other inflammatory 
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diseases. Following the success of roflumilast 
in COPD, interest arose in PDE4 inhibitors as 
promising candidates for psoriatic disease. 
Apremilast is the first PDE4 inhibitor for pso-
riasis, approved for use in 2014. With its 
unique mechanism of action and ease of use, 
apremilast has already proven to be a valuable 
new addition to the armamentarium of psoria-
sis treatments. With more long-term data and 
clinical experience, a clearer picture of apremi-
last’s niche among psoriasis therapeutics will 
emerge.

 Mechanism of Action

Apremilast is a potent and selective small mol-
ecule inhibitor of PDE4, which mediates degra-
dation of cyclic adenosine monophosphate 
(cAMP), an intracellular secondary messenger 
that promotes anti-inflammatory processes 
[147]. PDE4 inhibition increases cAMP accu-
mulation, which activates protein kinase A 
(PKA) and other effector proteins that in turn 
activate transcription factors like cAMP-respon-
sive element-binding protein (CREB) and acti-
vating transcription factor- 1 (ATF-1), and 
inhibit nuclear factor kappa B (NF-κB) [147, 
148]. These effects lead to decreased transcrip-
tion of gene coding for cytokines and other 
inflammatory mediators and increased expres-
sion of anti-inflammatory genes [148]. PDE4 is 
overexpressed in psoriatic skin [149]. PDE4 
inhibition in psoriasis reduces epidermal thick-
ness, decreases dermal and epidermal T cells, 
and reduces Th1, Th2, and Th17 immune 
responses [150]. PDE4 inhibition blocks the 
production of pro-inflammatory cytokines 
implicated in the pathogenesis of psoriasis, 
including IFN-γ, TNF-α, IL-17, and IL-23 [151, 
152], and increases levels of anti-inflammatory 
IL-10 [153, 154]. Since apremilast prevents 
T-cell activation and inflammatory cytokine 
production, it intervenes earlier in the inflam-
matory cascade than biologic antibodies that 
target TNF- alpha, IL-12/23, and IL-17A.

 Pharmacokinetics

Apremilast reaches maximum plasma concentra-
tion in approximately 1.5–2.5 h and has a half- 
life of 5–7  h [155]. Oral administration has an 
absolute bioavailability of 73% [153] and is not 
altered by food consumption [155]. Apremilast 
metabolized predominantly by the isoenzyme 
CYP3A4 [156]. Concurrent use of CYP450 
inducers and apremilast may reduce the efficacy 
of apremilast and should be avoided [155].

 Indications

Apremilast is approved for the treatment of adult 
patients with moderate to severe plaque psoriasis 
who are candidates for systemic or phototherapy. 
Apremilast also has FDA approval for psoriatic 
arthritis.

 Efficacy

Apremilast was approved for use in psoriasis 
based on one phase 2 and two phase 3 clinical 
trials ESTEEM1 and ESTEEM2 [157–159]. A 
phase 2b study of 352 patients with moderate to 
severe psoriasis demonstrate dose-dependent 
clinical response for apremilast, with PASI75 
achieved by week 16 in 29% of those on 20 mg 
twice daily and 41% of those on 30  mg twice 
daily, compared to 6% on placebo [157]. 
ESTEEM 1 (n = 844) and ESTEEM 2 (n = 413) 
were randomized, placebo-controlled phase 3 
trial that evaluated the safety and efficacy of 
apremilast in adults moderate to severe plaque 
psoriasis in three phases. In phase 1 of these stud-
ies, patients were randomly assigned to treatment 
with apremilast 30 mg twice daily or placebo. In 
both studies, subjects on apremilast arm had sig-
nificantly higher PASI 75 response at week 16 
compared to placebo (ESTEEM1: 33% vs. 5% 
[158]; ESTEEM 2: 29% vs. 6%) [159]. Nail, 
scalp, and palmoplantar psoriasis were all noted 
to have significant improvement, as well [159].
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 Combination Therapy

Due to the relatively recent approval of apremi-
last, clinical experience with combination ther-
apy is limited. Results from a retrospective 
review suggest that apremilast may be a safe and 
effective addition to biologics, traditional sys-
temic, and phototherapy [160]. In psoriatic arthri-
tis, one study found concurrent use of apremilast 
and MTX is overall well-tolerated [161].

 Adverse Effects

The most common adverse effects of apremilast 
are diarrhea, nausea, upper respiratory tract 
infection, headache, and weight loss. Most of 
these effects are mild in severity, occur within the 
first 2 weeks of treatment, and resolve without 
intervention [159, 162]. Diarrhea and nausea are 
most common, occurring in 15–20% of patients. 
Initiating a low dose and slowing ramping up to 
maintenance levels improves tolerability and 
reduces the risk of diarrhea. Although the mecha-
nism by which apremilast causes diarrhea is yet 
unknown, it is thought that it may be due to inter-
action between the PDE4 isoforms and the cystic 
fibrosis transmembrane regulator (CFTR) in the 
gut, leading to inappropriate activation of CFTR 
and excessive fluid secretion [163].

Patients on apremilast may also experience 
weight loss and depression. In clinical trials, 
roughly 10% of patients lost 5–10% of their body 
weight [158, 159]. Weight loss did not lead to any 
medical complications and was not associated 
with nausea or diarrhea [159]. There is no evi-
dence of cardiac, renal, or hepatic adverse effects. 
Apremilast is not associated with risk of malig-
nancy, reactivation of occult infection, or oppor-
tunistic infections [164].

 Monitoring

Unlike most other systemic therapies for psoria-
sis, apremilast does not require routine laboratory 

monitoring. Periodic monitoring of body weight 
is recommended [153, 155]. In the event of unex-
plained or clinically significant weight loss, ces-
sation of apremilast may be considered. Patients 
and their caregivers should also be alert to any 
changes in mood, depression, or suicidal ide-
ations during treatment [155].

 Contraindications

Apremilast is contraindicated in those with a his-
tory of hypersensitivity to apremilast, or to any 
component of its formulation. While depression 
is not an absolute contraindication, apremilast is 
marketed with a warning label for the potential to 
increase the risk of depression [162].

Apremilast is designated as pregnancy cate-
gory C [153]. Due to limited pre-market data in 
humans, the FDA has mandated a post- marketing, 
prospective, pregnancy registry to follow preg-
nant women who have been exposed to apremi-
last. Apremilast is not approved for use in 
children; however, use in 14-year-old boy with 
severe psoriasis at the usual adult dosage has 
been reported [165].

 Dosing

The usual dose of apremilast is 30  mg twice 
daily. Initiation dosing follows a 5-day dose 
escalation regimen to minimize the risk of gas-
trointestinal side effects [153]. Day 1 of the ini-
tiation regimen starts with one dose of 10  mg. 
On day 2, the dose is doubled to two doses of 
10 mg, one in the morning and one in the eve-
ning. On day 3, the evening dose is increased to 
20  mg, and on day 4, the morning dose is 
increased to 20 mg. The evening dose is again 
increased on day 5–30  mg. On day 6, patients 
begin maintenance therapy at a dose of 30  mg 
twice daily. Patients with severe renal impair-
ment should be given an alternative titration 
schedule using only the morning dose, followed 
by 30 mg once daily [155].
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 Classes

 TNF-α

Biologics that affect TNF-alpha signaling include 
adalimumab, etanercept, and infliximab 
(Table  5.1). These work by binding to TNF- 
alpha, resulting in attenuation of the downstream 
effects of the cytokine.

 Etanercept
Etanercept was approved for the treatment of 
psoriatic arthritis in 2002 after initially being 
approved for use in rheumatoid arthritis in 1998. 
Then in 2004, it was approved for use in 
moderate- to-severe plaque psoriasis. It was the 
first biologic approved for use in the treatment of 
moderate-to-severe psoriasis vulgaris.

Other Indications
Etanercept is also approved for the treatment 
of  rheumatoid arthritis, juvenile rheumatoid 
arthritis, psoriatic arthritis, and ankylosing 
spondylitis.

Mechanism of Action
Etanercept is a recombinant molecule of the 
TNF-alpha p75 receptor fused to the Fc portion 
of human IgG1. It binds to TNF-α and prevents 
its interaction with in vivo TNF-alpha receptors, 
thereby preventing its downstream cell signaling 
[20].

Dosing
In adults with psoriasis, etanercept is dosed at 
50 mg twice weekly for the first 3 months, fol-
lowed by 50 mg weekly for maintenance.

In pediatric patients (ages 4–18 years), etaner-
cept is dosed by weight, with pediatric patients 
weighing 63  kg or greater receiving a dose of 
50 mg weekly, while patients weighing less than 
63 kg receiving 0.8 mg/kg weekly.

Efficacy
The initial phase II trial for etanercept showed 
significant improvement in psoriasis severity in 
patients treated with just 25  mg of etanercept 
administered twice weekly; 30% and 56% of 
patients in the treatment arm achieved PASI-75 
response, a reduction in Psoriasis Area Severity 
Index (PASI) of 75% or greater from baseline, at 
weeks 12 and 24, respectively [21]. A phase III 
trial showed that 50  mg of etanercept adminis-
tered twice weekly led to a PASI-75 response rate 
of 49% at week 12 and 59% at week 24, 25 mg 
administered twice weekly led to PASI-75 
response rates of 34% at week 12 and 44% at 
week 24, while 25 mg administered weekly led to 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90107-7_5&domain=pdf
mailto:sahil.sekhon@ucsf.edu
mailto:caljeon@hawaii.edu
mailto:Wilson.liao@ucsf.edu
mailto:Wilson.liao@ucsf.edu
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PASI-75 response rates of 14% at week 12 and 
25% at week 24 [4].

Another phase III trial evaluated the mainte-
nance of treatment effect after dose reduction of 
etanercept [5]. Patient received 50 mg or 25 mg 
of etanercept or placebo twice weekly for 
12 weeks, followed by receiving etanercept at a 
dose of 25 mg twice weekly. At week 12, PASI- 
75 response rates were 49% for patients receiving 
50 mg twice weekly and 34% for patients receiv-
ing 25  mg twice weekly. At week 24, PASI-75 
response rate was 54% in the patients that had 
dose reduced from 50 mg twice weekly to 25 mg 
twice weekly, while the group maintained on 
25 mg twice weekly had PASI-75 response rate 
of 45%. There was no apparent decrease in effi-
cacy after dose reduction. Another trial evaluated 
time to relapse after discontinuation of etanercept 
as well as retreatment efficacy. Patients who 
achieved at least PASI-50 response by week 24 
were discontinued from receiving etanercept and 
monitored for disease relapse, defined as loss of 
more than 50% of the PASI improvement at week 
24. On average, patients experienced relapse 
after 3 months, with retreatment of these patients 
resulting in similar PASI improvements at 
12  weeks as were experienced in the first 
12 weeks of treatment [22].

A phase IV study treating patients with etaner-
cept who had lost response to treatment with 
adalimumab found that these patients achieved 
satisfactory response to etanercept therapy. These 
findings held true regardless of the anti- 
adalimumab antibody status of the patients [23].

Anti-Etanercept Antibodies
Studies have not shown a clear association 
between formation of anti-etanercept antibodies 
and reduced treatment efficacy across studies of 
patients being treated for psoriasis, rheumatoid 
arthritis, and ankylosing spondylitis [24].

Efficacy in Pediatric Patients
The initial phase III clinical trial evaluating etan-
ercept in pediatric patients involved 211 patients 
between 4 and 17  years of age, with patients 
receiving either etanercept at a dose of 0.8 mg/kg 
(up to a maximum dose of 50 mg) per week or 

placebo for 12  weeks [25]. After 12  weeks, all 
patients received etanercept at the same dose for 
24  weeks. At week 36, 138 patients were re- 
randomized to placebo or etanercept treatment to 
evaluate the effect of withdrawal and retreatment. 
At week 12, 57% of patients receiving etanercept 
achieved PASI-75 response. At week 36, PASI- 
75 response rates were 68% for patients contin-
ued on etanercept and 65% for patients who were 
initially on placebo treatment and started etaner-
cept at week 12. After withdrawal at week 36, 
42% of patients experienced loss of response by 
week 48.

The 5-year open-label extension study 
enrolled 182 patients from the initial study. One 
hundred forty patients completed participation 
through 96 weeks, and 69 patients completed the 
full 264  weeks [25]. Most commonly, subjects 
discontinued due to withdrawal of consent, loss 
to follow up, or noncompliance. PASI-75 
response rates were maintained from the initial 
study through week 264.

Treatment with etanercept has been shown to 
improve quality of life of pediatric patients. At 
baseline, pediatric psoriasis patients have reduced 
quality of life, as measured by Children’s 
Dermatology Life Quality Index (CDLQI) and 
Pediatric Quality of Life Inventory (PedsQL), 
when compared to the general pediatric popula-
tion. CDLQI scores improved significantly after 
12  weeks of treatment compared to placebo 
(52.3% versus 17.5%), and improvement from 
baseline in the CDLQI was greater in patients 
who achieved PASI-75 response compared to 
those with less than PASI-75 response [26].

Safety
Given that etanercept has been approved for 
nearly 15 years in psoriasis, and for longer in the 
treatment of other diseases, it has a well-known 
safety profile. TNF-alpha blockers are associated 
with an increased risk of infection, such as upper 
respiratory tract infections, with most infections 
mild in severity.

A rare but serious side effect that has been 
observed in patients using etanercept is demye-
linating disease (this was first observed in patients 
taking etanercept for various inflammatory arthri-
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tides) [27–29] . This risk will be discussed in a 
later section of this chapter.

The most common adverse events (AEs) in 
pediatric patients in clinical trials were upper 
respiratory tract infection, headache, and naso-
pharyngitis, with four serious adverse events 
(SAEs) seen in the open-label portion of the ini-
tial phase III clinical trial. Three of these SAEs 
were infections and all SAEs resolved with treat-
ment without sequelae. In the long-term, open- 
label study, there were 8 SAEs, with 4 events 
before week 96 and 4 reported after week 96. Of 
the SAEs, only one, a case of cellulitis, was 
deemed as related to the etanercept by the 
investigator.

Out of eight randomized placebo-controlled 
trials, one open-label extension study, and two 
meta-analyses of randomized controlled trials 
and long-term extension studies using etanercept, 
only injection site reactions were consistently 
significantly increased [30]. The incidence of 
cutaneous squamous cell carcinoma (SCC) in 
patients treated with etanercept is unclear, as 
incidence is significantly increased in one meta- 
analysis and not in another meta-analysis when 
compared to population-based skin cancer regis-
tries in Arizona and Minnesota [31, 32].

The OBSERVE-5 registry that included 2510 
patients with psoriasis treated with etanercept 
found the cumulative incidence of SAEs over the 
5 years of collection of registry data to be 22.2% 
with a decrease in incremental yearly incidence 
(meaning that fewer SAEs were reported in each 
subsequent year of the registry, which is consis-
tent with long-term safety of the medication). The 
most commonly reported SAEs were infections 
(1.2% of patients reported pneumonia and 0.9% 
of patients reported cellulitis), followed by myo-
cardial infarction and coronary artery disease 
(0.7% and 0.6% of patients, respectively) [33].

 Adalimumab

Introduction
Adalimumab was first approved for the treatment 
of psoriasis vulgaris in 2008, after receiving 
approval for use in treatment of rheumatoid 
arthritis in 2002 and later psoriatic arthritis in 

2005. Of all the psoriasis biologics, it carries the 
most FDA-approved disease indications, with 
approval for eight other diseases as below.

Other Indications
Adalimumab carries indications for rheumatoid 
arthritis, Crohn’s disease (adult and pediatric), 
ulcerative colitis, psoriatic arthritis, hidradenitis 
suppurativa, ankylosing spondylitis, juvenile idio-
pathic arthritis, and noninfectious uveitis [34].

Mechanism of Action
Adalimumab is a human, recombinant IgG 
monoclonal antibody that binds to TNF-alpha 
and prevents it from interacting with TNF recep-
tors found on cell surfaces.

Dosing
Doses are administered subcutaneously with an 
initial dose of 80 mg followed by 40 mg every 
other week starting 1 week after the initial dose. 
It is available to patients as both a pre-filled 
syringe and pen.

Efficacy
Key clinical trials for adalimumab include 
REVEAL and CHAMPION [1, 2]. The REVEAL 
trial included three treatment phases over 
52 weeks. Initially, patients were randomized in a 
2:1 ratio to receive either 40 mg of adalimumab 
every other week or placebo every other week for 
16  weeks, followed by a 17-week phase where 
patients who achieved at least PASI-75 response 
in either placebo or treatment arms were started or 
continued on adalimumab (if initially in the pla-
cebo arm or treatment arm, respectively). Patients 
who did not achieve PASI-75 response were 
enrolled in a separate, open-label extension study 
with adalimumab. Patients who were initially in 
the treatment arm in the first phase of the study 
who also maintained at least PASI-75 response at 
week 33 were then re-randomized in a 1:1 ratio to 
continue treatment with adalimumab or receive 
placebo. Patients who were initially in the placebo 
arm in the first phase of the study and who 
achieved at least PASI-75 response were contin-
ued on adalimumab treatment. Patients at week 
33 who achieved between PASI- 50 and PASI-75 
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responses were continued in the open-label exten-
sion study, while patients who failed to achieve 
PASI-50 response were discontinued in the trial. 
At week 16, 71% of adalimumab- treated patients 
achieved PASI-75 response. The third phase of 
the study was performed to evaluate for the per-
centage of patients losing adequate response, 
defined as less than a PASI-50 response from 
week 0 baseline PASI score and at least a 6-point 
increase in PASI score relative to PASI score at 
week 33. Patients randomized to placebo had a 
significantly higher rate of loss of adequate 
response, 28% versus 5% in treatment group.

In the 3-year open-label study from the 
REVEAL study, patients who were on adalim-
umab from the beginning of the initial study 
showed good maintenance of PASI-75 response 
rates, with 83% PASI-75 response at week 100 
and 76% PASI-75 response at week 160 [3].

The CHAMPION trial compared the efficacy 
of adalimumab to that of methotrexate. At week 
16, 79.6% of patients in the adalimumab treat-
ment group achieved PASI-75 response, which 
was significantly higher than the 35.5% of 
methotrexate- treated patients [2]. A subgroup 
analysis of patients stratified by BMI showed that 
adalimumab significantly improved patients’ 
PASI scores across normal weight, overweight, 
and obese subgroups, as well as improved DLQI 
scores [35].

In a pooled post hoc analysis of PASI response 
data from the REVEAL, CHAMPION, and M02- 
528 (a phase 2 trial) clinical trials, PASI-75 
response rates were significantly greater in 
adalimumab- treated patients overall and in 
patients with prior systemic treatment or failed 
prior treatments compared to placebo-treated 
patients [36]. The PASI-75 response rates 
between the adalimumab-treated groups were 
similar, indicating that adalimumab is efficacious 
in patients with prior exposure to systemic ther-
apy. Other studies have shown similar results. 
Patients in one sub-analysis involving 282 
patients from the BELIEVE trial with prior 
TNF-α antagonist use had PASI-75 response at 
week 16 of adalimumab treatment of 53.8% in 
patients who had not responded to other TNF 
antagonists and 65.7% of patients who lost 

response to other TNF antagonists [37]. In the 
PROGRESS trial, 61% of patients who failed 
methotrexate in the past achieved “clear” or 
“minimal” scores on the physician global assess-
ment (PGA) at week 16 of adalimumab treat-
ment. Forty-nine percent and 48% of patients 
with inadequate response to etanercept and pho-
totherapy, respectively, also achieved PGA scores 
of “clear” or “minimal” [38].

Anti-Adalimumab Antibodies
Adalimumab, as with various other biologic 
agents, can induce the formation of antibodies 
in  vivo. In one multicenter cohort study, 80 
patients being treated with adalimumab for psori-
asis were followed, with 49% of patients forming 
anti-adalimumab antibodies [39]. The vast major-
ity of these patients (90%) formed antibodies 
before week 24. Antibodies to adalimumab are 
neutralizing antibodies, and so the study authors 
concluded that the presence of antibodies against 
adalimumab inversely correlates with adalim-
umab concentration and clinical response. A sys-
tematic review of antidrug antibodies in psoriasis 
treatment found that antibodies against adalim-
umab are associated with lower serum adalim-
umab concentrations and lower PASI-75 response 
rates [25]. In addition, in rheumatoid arthritis, for-
mation of anti-adalimumab antibodies is associ-
ated with lower serum adalimumab levels and 
significantly fewer treatment responders.

Safety
In the first 16 weeks of the REVEAL trial, injec-
tion site reactions occurred in 3.2% of 
adalimumab- treated patients. Infectious AEs 
reported in the initial 16 weeks of the REVEAL 
trial with incidence greater than 2% were upper 
respiratory tract infection, nasopharyngitis, and 
sinusitis. The SAE rate was the same in the treat-
ment and placebo treatment group at 1.8%. Any 
patients who received at least one dose of adalim-
umab during the 52  weeks of the study were 
placed in the “all-adalimumab treatment group.” 
This group had similar AE rates as the 
adalimumab- treated group through the first 
16  weeks. Seven patients developed NMSCs, 
with three developing SCCs, three with BCCs, 
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and one with an atypical endophytic epidermoid 
proliferation not further classified. Notably, of 
these seven patients, two had a history of pso-
ralen plus UVA therapy (with an undisclosed 
number of total treatments), and another patient 
had done narrowband UVB therapy [1].

In the open-label extension of the REVEAL 
study, AE and SAE rates were similar to those 
observed in the 52-week period of the trial. No 
cases of lymphoma, demyelinating disorder, or 
lupus-like syndrome were observed through the 
3 years of the extension trial.

Long-Term Safety
Across four randomized controlled trials (RCTs), 
one open-label extension study, and three meta- 
analyses of RCTs and long-term extension stud-
ies, rates of non-melanoma skin cancer (NMSC) 
and NMSC designated as “serious” were signifi-
cantly increased when compared to the general 
population in the NCI survey from 1978 to 1997. 
When compared to the Arizona or Minnesota 
databases, NMSC rate was not significantly 
increased [40, 41]. The rate of upper respiratory 
tract infections was also significantly increased 
in patients treated with adalimumab [1]. The 
rates of malignancies, other than NMSC, were 
not significantly elevated in patients treated with 
adalimumab [40–42].

 Infliximab
Infliximab, approved first for use in Crohn’s dis-
ease in 1998, is now used for the treatment of 
several diseases, including gastrointestinal dis-
eases (pediatric and adult Crohn’s disease and 
ulcerative colitis) and rheumatologic diseases 
(rheumatoid arthritis, ankylosing spondylitis, 
psoriatic arthritis). It was approved for use in the 
treatment of moderate-to-severe psoriasis vul-
garis in 2006. It is a chimeric IgG1 monoclonal 
antibody, made of human and mouse antibody 
components (human Fc domain and mouse vari-
able domain).

Mechanism of Action
Infliximab works by affecting the TNF-α signal-
ing pathway. It does this by binding to and neu-
tralizing the activity of TNF-α [6].

Dosing
Infliximab is dosed by weight, with a dose of 
5 mg/kg administered intravenously at weeks 0, 
2, and 6 and then every 8 weeks thereafter.

Efficacy
Phase III clinical trials using infliximab in psoria-
sis showed that the medication was highly effica-
cious. The EXPRESS trial evaluated the response 
to infliximab dosed as above compared to pla-
cebo [6]. Eighty percent of patients in the 
infliximab- treated group achieved PASI-75 
response at week 10, with maintenance of effect 
through week 24 with PASI-75 response of 82%. 
After 50 weeks, the PASI-75 response rate was 
61%. Nail psoriasis also significantly improved 
after 10  weeks of treatment, with continued 
improvement from week 10 to week 24 and 
improvement generally maintained through week 
50. Patients who had detectable levels of serum 
infliximab pre-infusion tended to maintain their 
PASI-75 response through 1 year, while patients 
with undetectable serum infliximab were less 
likely to maintain their PASI-75 response.

Another study evaluated continuous versus 
intermittent infliximab maintenance regimens 
using two doses of infliximab (3 mg/kg and 5 mg/
kg) and found that continuous maintenance regi-
mens (infliximab infusions every 8 weeks) were 
superior to intermittent regimens (infliximab 
infusions only when observed improvement from 
baseline PASI score decreased below 75%) [7]. 
This was especially true when evaluating PASI- 
90 response rates, where 34.3% and 25.0% of the 
continuously treated 5 mg/kg and 3 mg/kg inflix-
imab groups achieved PASI-90 response, respec-
tively, versus 10.4% and 9.5% in the intermittently 
treated groups at 5  mg/kg and 3  mg/kg doses, 
respectively. The long-term superiority of effi-
cacy of continuous therapy over intermittent ther-
apy was evaluated in the RESTORE2 trial [43]. 
Although this trial was terminated early due to 
serious infusion-related reactions occurring in 
4% of the intermittently treated patients without 
formal efficacy analyses being conducted, PASI- 
75 response was greater in the continuously 
treated group after 52 weeks, with a rate of 80% 
versus a rate of 47% in the intermittently treated 
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group with infliximab dosed at 5 mg/kg. It was 
also suggested that intermittent therapy may be 
less safe than continuous therapy due to the seri-
ous infusion-related reactions observed in the 
intermittent group.

Infliximab has been used successfully for the 
treatment of many cases of erythrodermic and 
pustular psoriasis, although controlled studies of 
the efficacy of this medication in the treatment of 
these variants of psoriasis are lacking [44].

Infliximab has also been shown to be fast act-
ing. Patients treated with infliximab in the 
EXPRESS trail showed significantly greater 
PASI-50 response rates as early as week 2, while 
40% of patients receiving 5 mg/kg of infliximab 
in another trial achieved PASI-50 response at 
week 2 with 47% of patients achieving PASI-75 
response at week 4 [6, 8].

Safety
In phase III clinical trials, infliximab was gener-
ally well tolerated. In the EXPRESS trial, 82% of 
patients reported at least one adverse event 
through week 24, compared to 71% of placebo- 
treated patients, and 11% of patients receiving 
infliximab discontinuing from the study by week 
24 due to adverse events. Notably, the percentage 
of patients experiencing infections and infusion 
reactions in placebo and infliximab treatment 
groups was similar, with 40% versus 42% of 
patients in the placebo and infliximab groups 
experiencing infections, respectively, and 2% 
versus 3%, respectively, experiencing infusion 
reactions. Lab abnormalities experienced in the 
infliximab treatment group but not in the placebo 
group included markedly abnormal increases 
(>150  U/L and 100% or greater increase from 
baseline) in aspartate aminotransferase and ala-
nine aminotransferase (2% and 6%, respectively, 
at week 24). These patients were generally 
asymptomatic, and most were able to complete 
their infusions. In a prospective, observational, 
open-label long-term study with 660 patients, 
7.7% of patients experienced infusion-related 
reactions or hypersensitivity, 2.3% experienced 
serious infections, and 2.3% experienced upper 
respiratory tract infections through the first 
50  weeks of the study [45]. From week 50 to 

week 98, adverse events occurred in 20.7% of 
patients, with the most commonly reported 
adverse events being nasopharyngitis or pharyn-
gitis (4.2% of patients) and upper respiratory 
tract infections (1.6%), with 1% of patients 
reporting serious infection or new or worsening 
congestive heart failure.

Anti-Infliximab Antibodies
Anti-infliximab antibodies are associated with 
lower serum infliximab concentrations and 
decreased clinical effect. It is thought that inflix-
imab is more immunogenic than some other bio-
logic agents because of the murine component in 
the chimeric antibody [46].

 Special Considerations for Patients 
Using TNF-Alpha Inhibitors

TNF-Alpha Inhibitor-Induced Psoriasis
In the literature for TNF-alpha inhibitors used for 
other diseases including inflammatory bowel dis-
ease (Crohn’s disease and ulcerative colitis), 
rheumatoid arthritis, ankylosing spondylitis, and 
juvenile idiopathic arthritis, among other dis-
eases, there have been numerous cases of patients 
using these agents with de novo development of 
psoriasis. This phenomenon is called TNF-α 
inhibitor-induced psoriasis. The most common 
culprit is infliximab, followed by adalimumab 
and then etanercept [47]. The most common con-
ditions treated with TNF-alpha inhibitors with 
the development of psoriasis are Crohn’s disease 
and rheumatoid arthritis, and most patients do not 
have a family history of psoriasis. The most com-
mon presentations of psoriasis in this condition 
are plaque and palmoplantar psoriasis, with the 
soles, palms, and scalp commonly involved. 
Typically patients develop psoriasis in the first 
2  years of therapy with a TNF-alpha inhibitor, 
with most patients developing psoriasis in the 
first year.

Demyelinating Disease with TNF-Alpha 
Inhibitors
The FDA has placed a class warning label on all 
TNF-alpha inhibitors stating, “demyelinating 
disease, exacerbation or new onset, may occur,” 
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[20] including multiple sclerosis (MS), trans-
verse myelitis, optic neuritis, and peripheral 
demyelinating diseases including Guillain-Barré 
syndrome. The package insert for etanercept also 
states that “new onset or exacerbation of seizure 
disorders have been reported in post-marketing 
experience” with etanercept. It is recommended 
that prescribers exercise caution when prescrib-
ing TNF-alpha inhibitors and should carefully 
consider prescribing TNF-alpha inhibitors in 
patients with preexisting or recent-onset central 
or peripheral nervous system demyelinating dis-
orders. A review of TNF-inhibitors in psoriasis 
treatment found that in clinical trials, there was 
one reported case of MS in 6990 patients receiv-
ing etanercept for psoriasis treatment, zero cases 
of demyelinating disorders in 5204 patients 
treated with adalimumab, and one case of demy-
elinating polyneuropathy in 2322 patients treated 
with infliximab [48]. Outside of clinical trials, at 
least 19 cases of TNF-alpha inhibitor-associated 
demyelinating diseases have been presented in 
case reports and series. Although the absolute 
risk of developing demyelinating neurologic dis-
eases is small with treatment of psoriasis using 
TNF-alpha inhibitors, it is important to assess for 
history of demyelinating disorders and monitor 
for signs and symptoms, with prompt discontinu-
ation of therapy and possible referral to neurol-
ogy if signs and symptoms develop.

 IL-12 and IL-23

 Ustekinumab

Intro
Ustekinumab has been approved for use in the 
treatment of moderate-to-severe plaque psoriasis 
since 2009 (Table 5.1). It is also approved for the 
treatment of psoriatic arthritis and Crohn’s dis-
ease. It is well known that IL-12 and IL-23 are 
both cytokines involved in the differentiation of T 
cells into Th1 and Th17 cells, both of which are 
important in the pathogenesis of psoriasis [49, 
50]. It is well known that Th17 and Th1 cells are 
involved in the production of pro-inflammatory 
cytokines including IL-17, IL-22, IL-21, IL-6, 

TNF-alpha, interferon gamma, and IL-2 [51–53] 
. IL-23 is important in maintaining survival of 
Th17 cells, as well as promoting their prolifera-
tion, while IL-12 is important in differentiation 
of Th1 cells. IL-12 also plays a role in keratino-
cyte pro-inflammatory responses by promoting 
production of interferon gamma [54].

Mechanism of Action
Ustekinumab is a fully human monoclonal anti-
body to the p40 subunit of IL-12 and IL-23. As a 
result, it affects and blocks the downstream signal-
ing that results from binding of these cytokines to 
their receptors. It is able to affect both IL-12 and 
IL-23 signaling because both the IL-12 and IL-23 
cytokines are heterodimeric proteins that have a 
shared subunit (the p40 subunit), while also having 
their own unique subunits (IL- 12 has the p35 sub-
unit, while IL-23 has the p19 subunit).

Dosing
Ustekinumab has the most convenient dosing 
schedule of all of the biologics. It is dosed by 
weight and administered subcutaneously; patients 
weighing less than 100  kg receive doses of 
45 mg, while patients weighing 100 kg or greater 
receive 90  mg doses. These doses were deter-
mined by evaluation of data from phase II clinical 
trials that found both doses to be effective in 
improving psoriasis and subgroup evaluation of 
data from phase III clinical trials that found 
decreased response of patients weighing 100 kg 
or greater to doses of 45 mg but not to doses of 
90 mg [55, 56]. Doses of ustekinumab are admin-
istered at week 0 and week 4 and then every 
12 weeks thereafter.

Efficacy
The two pivotal phase III studies for ustekinumab 
were PHOENIX 1 and 2 [9, 10]. Both studies 
compared ustekinumab to placebo. Efficacy anal-
ysis was done according to intention-to-treat 
groups, while safety analyses were done accord-
ing to actual treatment received. A third study, 
ACCEPT, compared ustekinumab head-to-head 
against etanercept [57].

PHOENIX 1 involved 766 patients random-
ized to receive 45 mg or 90 mg of ustekinumab at 
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weeks 0 and 4 and then every 12 weeks or pla-
cebo at weeks 0 and 4, with crossover to treat-
ment with ustekinumab at week 12. 
Ustekinumab-treated patients since week 0 who 
had achieved PASI-75 at weeks 28 and 40 were 
re-randomized at week 40 to either continue with 
maintenance dosing of ustekinumab or to discon-
tinue treatment to measure loss of response. 
Subjects also were randomized according to 
weight (>90 kg and ≤90 kg) and the number of 
conventional systemic therapies to which sub-
jects had inadequate response, intolerance, or 
contraindication (≤3 or >3). After 12  weeks 
67.1% of subjects receiving 45 mg and 66.4% of 
subjects receiving 90  mg achieved PASI-75 
response. Maximum effect was seen after 
24  weeks, with PASI-75 response achieved by 
76.1% of subjects receiving 45 mg of ustekinumab 
and 85% by subjects receiving 90  mg of 
ustekinumab. At week 40, more patients in the 
90  mg group maintained long-term response. 
Ustekinumab also improved nail psoriasis, with 
significant improvements in Nail Psoriasis 
Severity Index and nail PGA’s observed through 
24 weeks of treatment [58]. Patients in the treat-
ment arms also experienced improvement of their 
quality of life, measured with the Dermatology 
Life Quality Index (DLQI). Patients with treat-
ment withdrawal at week 40 experienced worsen-
ing in their DLQI scores, while patients continued 
on treatment maintained their DLQI scores. In 
extension studies of PHOENIX 1, 68.7% of 
patients completed treatment through week 244, 
with initial clinical response well maintained 
through week 244; 63.4% and 72% of subjects 
receiving 45  mg and 90  mg, respectively, had 
PASI-75 response at the end of the study [59].

The PHOENIX 2 trial involved more subjects, 
1230, with initial randomization into the same 
three groups as PHOENIX 1. The placebo group 
was randomized at week 12 into 45 and 90 mg 
dosing groups with doses administered at weeks 
12 and 16 and then every 12  weeks. Partial 
responders in the initial active treatment groups 
were randomized to continue treatment with dos-
ing every 8  weeks and every 12  weeks at their 
original randomized doses. Partial responders 
were defined as subjects who achieved between 

PASI-50 and PASI-75. A higher proportion of 
partial responders were seen in the 45 mg treat-
ment group versus the 90  mg treatment group 
(22.7% vs. 15.8%). Partial responders were more 
likely to have higher body weight and more 
severe disease. Escalation of dosing from every 
12  weeks to every 8  weeks improved PASI-75 
response rates in the 90  mg dose group from 
33.3% to 68.8% by week 52; this effect was not 
observed in the 45 mg treatment group. Based on 
the results of this study, it was determined that it 
may be helpful for partial responders to be given 
higher and more frequent doses, at 90  mg and 
every 8 weeks. Patients who achieved less than 
PASI-50 response were discontinued at week 28. 
At week 12, 66.7% of patients treated with 45 mg 
of ustekinumab and 75.7% in the 90  mg treat-
ment group achieved PASI-75 response. Sixty- 
eight percent and 73.5% of patients in the 45 mg 
and 90  mg treatment groups, respectively, 
achieved a PGA of clear (0) or minimal (1). 
Maximum response was seen after 20  weeks, 
with 74.9% and 83.5% of patients in the 45 mg 
and 90 mg treatment groups achieving PASI-75 
response. PASI-75 responders at week 28 main-
tained their PASI response through week 52, and 
patients without dosing adjustments maintained 
PASI-75 through week 244. Patients who 
required dosing adjustments also usually experi-
enced improved response after dose adjustments 
were made [60].

In the ACCEPT trial, patients that received 
two doses of either 45 mg or 90 mg of ustekinumab 
at week 0 and week 4 achieved greater PASI-75 
response rates measured at week 12 compared to 
patients treated with 50 mg of etanercept twice 
weekly (68% in 45 mg treated patients and 74% 
in 90  mg treated patients versus 57% for 
etanercept- treated patients).

Health-related quality of life measures 
(HRQoL) in PHOENIX 1 study participants 
showed that nearly all patients at baseline prior to 
beginning treatment had significantly decreased 
quality of life with an average DLQI  >  10. At 
week 12, DLQI scores were significantly 
improved for patients treated with both 45 and 
90  mg of ustekinumab. In PHOENIX 2, DLQI 
scores of 0 or 1 were observed in 55.3% and 
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56.4% of patients in the 45 mg and 90 mg treat-
ment groups, respectively. Using the Work 
Limitations Questionnaire (WLQ) and visual 
analog scale (VAS) in subjects in PHOENIX 2, 
researchers found that ustekinumab significantly 
improved productivity VAS scores at week 12 in 
both 45 and 90 mg treatment groups, while sig-
nificantly fewer subjects missed days of work 
compared to placebo and significantly improved 
work limitations as measured by the WLQ with 
maintenance of these improvements through 
week 24 [61]. In PHOENIX 1 at week 12, short 
form-36 health survey domains showed signifi-
cant improvement with ustekinumab treatment, 
with the greatest improvements in bodily pain 
and social functioning domains. Regression anal-
ysis controlling for improvements in PASI and 
PGA scores also showed that DLQI improved 
significantly beyond what would be expected 
according to clinical measures, indicating that 
treatment with ustekinumab independently 
improved DLQI scores [62].

Anti-Ustekinumab Antibodies
Through the long-term extension study of 
PHOENIX 1, 5.2% of patients (39/746) devel-
oped antibodies to ustekinumab. Sixty-four per-
cent of these antibodies were neutralizing, and 
titers of antibodies were ≤1:40  in 67% of the 
cases. No patients developed antibodies between 
years 3 and 5, while one patient developed anti-
bodies between week 76 and year 3 [63]. In 
PHOENIX 2, it was observed that partial respond-
ers had a higher likelihood of developing neutral-
izing antibodies to ustekinumab when compared 
to PASI-75 responders (12.7% vs. 2%). The long- 
term extension of PHOENIX 2 showed that 5.4% 
of patients had developed antibodies by week 52, 
but that between that time point and week 264, no 
additional patients developed antibodies.

Safety
Adverse events in the clinical trials generally did 
not require adjustments to treatment. In PHOENIX 
1, adverse events occurred in 54.5% of patients 
receiving ustekinumab and in 48.2% of subjects 
in the placebo treatment group. SAEs occurred in 
1.2% of subjects receiving ustekinumab and 0.8% 

of subjects receiving placebo. In PHOENIX 2, 
53.1%, 47.9%, and 49.8% of patients in the 
45  mg, 90  mg, and placebo treatment groups, 
respectively, experienced AEs in the placebo-con-
trolled phase. SAEs were seen in 2%, 1.2%, and 
2% of patients in the 45 mg, 90 mg, and placebo 
treatment groups, respectively.

The most commonly observed AEs were 
upper respiratory tract infection, nasopharyngi-
tis, headache, and arthralgia, in both PHOENIX 1 
and 2.

SAEs in PHOENIX 1 occurred in six patients 
receiving ustekinumab. SAEs that were observed 
were stroke, hypertension, serious infections 
(two patients), hospitalization for coronary artery 
bypass grafting, and worsening psoriasis during 
the screening period that later responded to 
ustekinumab therapy. The two serious infections 
were bilateral lower extremity cellulitis and her-
pes zoster reactivation with dissemination beyond 
the primary dermatome, both of which resolved 
with appropriate therapy. SAEs in PHOENIX 2 
occurred in 13 subjects in the placebo-controlled 
phase, with 5 subjects in the 90  mg treatment 
group and 8 in the 45 mg treatment group. In the 
placebo crossover phase of the study, 8 subjects 
experienced SAEs in the 45 mg treatment group, 
4 in the 90 mg treatment group, 6 in the placebo 
crossover to 45 mg treatment group, and 2 in the 
placebo crossover to 90 mg treatment group. In 
the dose intensification phase, 2 subjects who had 
dosing every 8  weeks and 6 subjects who had 
dosing every 12 weeks experienced SAEs. In the 
placebo-controlled phase, SAEs were angina, 
dactylitis, clavicular fracture, sciatica, nephroli-
thiasis, seroma of amputation stump, death due to 
nonischemic sudden cardiac death in a patient 
with underlying dilated cardiomyopathy, celluli-
tis, benign meningioma, alcohol withdrawal syn-
drome, a syndromic complex of symptoms 
including transient palpitations, vertigo, ventric-
ular extrasystoles, hypertension after administra-
tion of ustekinumab, and two cases of 
intervertebral disc protrusion. Eight subjects in 
the placebo arm also experienced SAEs. One 
case of basal cell carcinoma was reported in the 
90 mg treatment group, while one subject in the 
placebo group developed squamous cell carci-
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noma. By the end of the 52  weeks of the trial, 
infections (nine patients) and cardiac disorders 
(nine patients) were the most common serious 
adverse events reported.

3104 patient-years of follow-up showed that 
the overall rates of adverse events (AEs), serious 
AEs, serious infections, malignancies, and major 
adverse cardiovascular events were consistent 
over time and comparable between 45  mg and 
90 mg doses [59].

In the PHOENIX 2 extension study, 60 
patients receiving ustekinumab for at least 3 years 
were selected, and 56 patients with psoriasis who 
were not receiving systemic therapy were 
selected to receive vaccinations with the 23-valent 
pneumococcal vaccine and the tetanus toxoid 
vaccine. Serum was checked pre-vaccination and 
4  weeks postvaccination to assess for antibody 
response, finding that there was no less of an anti-
body response in the ustekinumab treatment 
group compared to control [64].

Injection site reactions rarely occurred in sub-
jects receiving ustekinumab. One percent of 
injections resulted in injection site reactions in 
PHOENIX 1. In the 12-week placebo-controlled 
periods across phase 2 and PHOENIX 1 and 2, 
3.4% of patients treated with 45 mg experienced 
injection site reactions, while 4.0% in the 90 mg 
group experienced injection site reactions [65].

Long-Term Safety
In the long-term PHOENIX 1 study, rates of AEs, 
SAEs, major adverse cardiovascular events 
(MACE), infections, and malignancies were sim-
ilar between 45 and 90 mg treatment groups. Of 
753 subjects, 30 developed serious infections (32 
cases of serious infections—13 cases in patients 
receiving 45  mg and 19  in patients receiving 
90  mg), 14 (10 patients treated with 45  mg, 4 
patients treated with 90  mg) developed non- 
melanoma skin cancer in a 3:1 ratio of basal cell 
carcinoma to squamous cell carcinoma, 15 devel-
oped other malignancies, 10 subjects developed 
MACE (8 patients treated with 45  mg and 2 
patients treated with 90 mg), and 5 deaths were 
reported.

One death occurred in the 45 mg group that 
was thought to be cardiovascular in origin, while 

in the 90 mg treatment group, patients died from 
complications from bilateral pneumonia, perfo-
rated bowel secondary to trauma, cervical verte-
bral fracture secondary to a fall, and suicide. 
Another patient also died after the study period 
ended due to metastatic pancreatic cancer that 
was also the cause of premature discontinuation 
from the study. Zero cases of active tuberculosis 
or other infections of interest were reported 
through year 5 in this study. A study combining 
the results of five trials where ustekinumab was 
used to treat psoriasis showed no latent tubercu-
losis infection reactivation in patients receiving 
concomitant isoniazid prophylaxis for latent TB 
infection [66].

 IL-17 Agents

The Th17 T-cell lineage plays a key role in the 
pathogenesis of psoriasis. One of the key cyto-
kines in this pathway is IL-17 [67]. Binding of 
IL-17 to its receptor on keratinocytes leads to 
increased inflammation, including recruitment of 
multiple inflammatory cell types, resulting in the 
characteristic plaques of psoriasis [68]. There are 
three biologic medications currently approved 
for psoriasis that target the IL-17 pathway 
(Table 5.1).

 Ixekizumab
Ixekizumab is a humanized IgG subclass 4-kappa 
(IgG4-κ) anti-interleukin-17A monoclonal anti-
body approved in 2016 for the treatment of 
moderate- to-severe plaque psoriasis [69]. It 
exerts its action through binding to IL-17A, pre-
venting its interaction with the IL-17A receptor. 
There were three pivotal clinical trials for ixeki-
zumab, UNCOVER-1, UNCOVER-2, and 
UNCOVER-3.

Mechanism of Action
Ixekizumab exerts its action by binding to IL-17A, 
preventing it from binding to its target IL-17 
receptor. As a result, downstream effects of IL-17 
receptor activation are attenuated and decreased 
expressions of several cytokines that play a key 
role in psoriasis pathogenesis are observed. Some 
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of these cytokines include interferon gamma, 
IL-17, IL-22, and IL-23, all of which have been 
implicated in the pathogenesis of psoriasis. These 
reductions, in part, lead to reduction in keratino-
cyte proliferation and epidermal thickness as well 
as reductions in epidermal infiltration by inflam-
matory dendritic and T-cells. It has also been 
shown that ixekizumab decreases the expression 
of inflammation- associated gene products [70].

Dosing
Ixekizumab is delivered subcutaneously accord-
ing to the following induction and then mainte-
nance schedule. An initial dose of 160  mg is 
given at week 0, followed by 80 mg every 2 weeks 
until week 12. After the week 12 dose, the main-
tenance period of therapy commences, with 
80  mg doses administered every 4  weeks. 
Ixekizumab is available in 80 mg/mL pre-filled 
syringes and auto-injectors.

Efficacy
Ixekizumab’s efficacy was assessed in three piv-
otal phase III clinical trials [18, 19, 71]. 
UNCOVER-1 involved three treatment arms, 
ixekizumab doses given every 4 weeks and every 
2 weeks and a placebo group. UNCOVER-2 and 
UNCOVER-3 had four treatment arms, ixeki-
zumab doses given every 4  weeks and every 
2 weeks, etanercept 50 mg twice a week, and a 
placebo treatment group. In all of these trials, the 
12-week induction period was performed, with 
ixekizumab-treated patients administered 160 mg 
of ixekizumab at week 0 followed by 80  mg 
given every 2 or 4 weeks, according to their ran-
domized treatment arm. At week 12  in 
UNCOVER-1, patients treated with ixekizumab 
at either 2- or 4-week intervals had significantly 
greater improvement in their psoriasis when 
compared to the placebo-treated group. Patients 
treated with ixekizumab every 2  weeks had a 
PASI-75 response rate of 89.1% and a PASI-90 
response rate of 70.9%, which were both better 
than the PASI-75 (82.6%) and PASI-90 (64.6%) 
response rate in the group of patients treated with 
ixekizumab every 4  weeks [18]. Similar results 
were seen in UNCOVER-2 in terms of PASI-75 
and PASI-90 response rates in the every 2-week 

group, 89.7% and 70.7%, respectively, and every 
4-week group, 77.5% and 59.7%, respectively. 
UNCOVER-3 reinforced these results, with sig-
nificantly greater PASI-75 and PASI-90 response 
rates in the every 2-week and every 4-week treat-
ment groups as compared to the etanercept- 
treated group. The every 2-week treatment group 
had rates of 87.3% and 68.1%, while the every 
4-week treatment group had 84.2% and 65.3%, in 
PASI-75 and PASI-90 response, respectively. 
Interestingly, by week 4  in both UNCOVER-2 
and UNCOVER-3, about 50% of patients 
achieved PASI-75 response in the ixekizumab- 
treated groups at both dosing frequencies.

In UNCOVER-2 and UNCOVER-3, quality 
of life, as measured by Dermatology Life Quality 
Index (DLQI), was also significantly improved in 
the ixekizumab treatment groups as compared to 
both placebo and etanercept treatment groups at 
week 12. DLQI improvements were also posi-
tively correlated with improved PASI response, 
such that patients who had PASI-90 response 
were more likely to have DLQI scores of 0 or 1 
than patients with PASI-75 response.

Two percent of patients developed neutraliz-
ing anti-ixekizumab antibodies, while 22% of 
patients developed anti-ixekizumab antibodies. 
The presence of anti-ixekizumab antibodies did 
not seem to affect response to ixekizumab 
through at least week 60 of treatment [72].

Safety
Across the UNCOVER trials, ixekizumab was 
generally well tolerated. The most common 
adverse events reported included nasopharyngi-
tis, upper respiratory tract infections, injection 
site reactions/erythema/pain, pruritus, headache, 
and arthralgia. The most common serious adverse 
event reported was cellulitis, with a rate of 0.4% 
across all patients exposed to ixekizumab in clin-
ical trials.

No cases of active or reactivated tuberculosis 
were observed throughout the clinical research 
trials involving ixekizumab.

Rates of non-melanoma skin cancers and 
other malignancies were not significantly differ-
ent than the rates that would be expected in the 
psoriasis population [73].
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Major adverse cardiovascular events (MACE) 
were rare in the clinical trials, with one patient 
receiving ixekizumab every 4 weeks experienc-
ing a stroke. The rate of MACE was less than 
0.2% in the induction period with incidence rate 
less than 0.7 per 100 patient-years during the 
long-term component of the clinical trials.

Among patients treated with ixekizumab in 
the combined treatment period up through week 
60, seven patients reported ulcerative colitis, with 
four having a prior history of UC, while four 
patients reported Crohn’s disease. When evaluat-
ing the 4209 patients who had exposure to ixeki-
zumab, there was in incidence rate of 1.1/1000 
patient-exposure years of definite or probable 
Crohn’s disease and 1.1/1000 patient-exposure 
years of definite or probable ulcerative colitis. 
Overall, 29 cases of suspected IBD adverse 
events were reported with 19 thought to be defi-
nite or probable with fewer than 1% of patients 
had Crohn’s disease or ulcerative colitis [74].

Between the every 2-week and every 4-week 
dosing groups, there was a higher frequency of 
cases of oral candidiasis in the every 2-week 
group that was significantly greater when com-
pared to placebo.

Overall frequency of serious infections was not 
increased in patients on ixekizumab during the 
induction phase (first 12 weeks of therapy) [75].

 Secukinumab
The FDA approved secukinumab in 2015 for 
treatment of moderate-to-severe plaque psoriasis 
[76]. It also carries FDA approval for use in treat-
ment of psoriatic arthritis and ankylosing spon-
dylitis. Like ixekizumab and brodalumab, it 
exerts its effects by affecting the signaling of 
IL-17.

Mechanism of Action
Secukinumab is a fully human, IgG1κ, monoclo-
nal antibody to IL-17A [68]. It selectively binds 
to IL-17A and prevents it from binding to its 
receptor.

Dosing
Dosing for secukinumab involves an induction 
phase and a maintenance phase. The induction 

phase consists of subcutaneous administration of 
300  mg of secukinumab weekly for five doses 
(weeks 0, 1, 2, 3, and 4), followed by 300  mg 
administered every 4 weeks. Secukinumab is cur-
rently available in 150 mg/mL pre-filled syringes 
and auto-injectors.

Efficacy
In phase III clinical trials, secukinumab’s effi-
cacy was assessed compared to placebo, etaner-
cept, and ustekinumab [77].

In the ERASURE and FIXTURE studies, there 
were four study periods: a screening period, a 
12-week induction period, a 40-week mainte-
nance period, and an 8-week follow-up period 
[14]. The ERASURE study randomized patients 
to placebo or secukinumab treatment at two doses, 
300 and 150 mg, while the FIXTURE study ran-
domized patients to treatment with placebo, etan-
ercept 50  mg twice weekly, or secukinumab at 
doses of 300  mg and 150  mg. Patients in each 
study who were assigned to placebo treatment 
who did not achieve PASI-75 response at week 12 
were randomized to receive either secukinumab at 
either 150 mg or 300 mg. In both ERASURE and 
FIXTURE studies, secukinumab-treated patients 
had significantly greater PASI-75 response rates 
than placebo- treated groups, with patients treated 
with 300 mg showing higher rates of response in 
all efficacy end points than patients treated with 
150 mg. PASI-75 and PASI-90 response rates in 
the ERASURE study at week 12 were, respec-
tively, 81.6% and 59.2% in the 300  mg-treated 
group and 71.6% and 39.1% in the 150 mg-treated 
group. 80.5% of patients receiving 300 mg main-
tained their PASI-75 response through week 52, 
while 72.4% of patients treated with 150  mg 
maintained PASI-75 response through 1  year. 
Similar PASI-75 and PASI-90 response rates and 
maintenance through week 52 of PASI-75 
response rates were observed in patients in the 
FIXTURE study. At week 12, 54.2% of patients 
treated with 300  mg of secukinumab achieved 
PASI-90 response, while 77.1% of these patients 
achieved, PASI-75 response, with maintenance of 
this PASI-75 response in 84.3% of patients 
through week 52. 41. Nine percent of patients 
achieved PASI-90 response at week 12, 67.0% of 
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patients achieved PASI-75 response at week 12, 
and 82.2% of these patients maintained PASI-75 
response through week 52 in the group of patients 
treated with 150 mg of secukinumab. The PASI- 
75 and PASI-90 response rates were significantly 
better for both secukinumab treatment groups 
than those achieved by the group of patients 
treated with etanercept, as was the rate of mainte-
nance of PASI-75 response through week 52 for 
both secukinumab treatment groups compared to 
the etanercept-treated group. The FEATURE trial 
proved that administration of the medication with 
a pre-filled syringe was just as effective as in the 
ERASURE and FIXTURE trials, while the 
JUNCTURE trial proved the same for administra-
tion of the medication with an auto-injector [15, 
16, 78] .

The CLEAR trial showed that PASI-90 
response in secukinumab-treated patients was 
significantly greater than that of the group treated 
with ustekinumab at week 16, with 79.0% PASI- 
90 response versus 57.6%. One hundred percent 
PASI improvement at week 16 was also signifi-
cantly greater in the secukinumab-treated group 
(44.3%) than in the ustekinumab group (28.4%) 
[17].

Quality of life scores were also significantly 
better in patient groups treated with secukinumab. 
In the ERASURE study, DLQI scores of 0 or 1 
were observed in 58.8% of patients treated with 
300  mg and 46.1% in patients treated with 
150 mg of secukinumab at week 12. These DLQI 
scores were well maintained through week 52, 
with 66.3% of patients treated with 300 mg and 
48.6% of patients treated with 150  mg of 
secukinumab having DLQI scores of 0 or 1 [14]. 
Similarly, in FIXTURE, DLQI scores were 0 or 
1 in a significantly greater proportion of patients 
in the 300  mg (56.7%) and 150  mg (50.6%) 
secukinumab-treated groups at week 12 when 
compared to placebo (6.6%) and etanercept 
(34.5%)-treated groups. Rates of DLQI scores of 
0 or 1 were maintained through week 52, with 
69.7% of 300 mg secukinumab-treated patients, 
56.2% of 150 mg secukinumab-treated patients, 
and 46.9% of etanercept-treated patients having 
DLQI scores of 0 or 1 [14]. In the CLEAR trial, 
71.9% of patients treated with secukinumab had 
DLQI scores of 0 or 1 at the end of the trial, 

which was significantly greater than the 57.4% of 
patients in the ustekinumab-treated group [77].

The SCULPTURE trial evaluated fixed interval 
dosing versus retreatment as needed dosing for 
maintenance in psoriasis [79]. The patients treated 
with fixed interval maintenance dosing maintained 
PASI-75 response better than the retreatment as 
needed patients, with 78.2% versus 67.7% of 
patients treated with 300 mg secukinumab in the 
fixed interval versus retreatment as needed groups, 
respectively. This study did not prove non-inferi-
ority of retreatment as needed maintenance dos-
ing, which suggests that it is better to dose 
secukinumab every 4 weeks and not as needed.

Secukinumab has been studied in use for pal-
moplantar psoriasis in the GESTURE clinical 
trial [80]. Efficacy was evaluated using a 
palmoplantar- specific IGA (ppIGA) that was 
based on the IGA modified version 2011 specifi-
cally applied to the palms and soles. 33.3% of 
patients treated with 300  mg and 22.1% of 
patients treated with 150  mg of secukinumab 
achieving a score of 0 or 1 on the ppIGA indicat-
ing either clear or almost clear/minimal severity 
of their palmoplantar psoriasis at week 16. DLQI 
scores were also significantly improved at week 
16 in both treatment groups, and pain and func-
tion of the palms and soles were greatly improved 
with treatment. HRQoL is improved overall by 
55% as measured by subject’s global assessment, 
and 12.5% of patients reported absence of diffi-
culty due to their palms and soles at week 16.

Secukinumab has also been shown in phase II 
clinical trials to be helpful in treatment of nail 
psoriasis [81, 82].

Development of anti-secukinumab antibodies 
was rare in both the ERASURE (0.3%) and 
FIXTURE (0.4%), and no neutralizing antibodies 
were formed in either trial. Antibody develop-
ment did not correlate with loss of efficacy.

Safety
Incidence of adverse events in both ERASURE 
and FIXTURE studies showed that the most 
common adverse events in secukinumab-treated 
groups were nasopharyngitis, headache, and 
upper respiratory tract infection and diarrhea. 
There were higher rates of infection in 
secukinumab-treated patients compared to 
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placebo- treated patients, with only 1% and 0.7% 
of patients in the ERASURE study developing 
serious infections in the 300  mg and 150  mg 
treatment groups, respectively. In FIXTURE, 
1.1% and 0.6% of patients treated with 300 and 
150 mg of secukinumab developed serious infec-
tions. MACE occurred in 0.7% of patients in both 
300 and 150 mg treatment groups in ERASURE 
and 0.4% of patients treated with 150  mg of 
secukinumab (0 patients treated with 300 mg of 
secukinumab developed MACE). Very rarely, 
patients taking secukinumab experienced exacer-
bation or new onset of ulcerative colitis and 
Crohn’s disease. Injection site reactions were 
rare, with only 0.7% of patients developing injec-
tion site reactions in the FIXTURE study.

 Brodalumab
Brodalumab is a fully human IgG2 anti-IL-17RA 
monoclonal antibody. It is the newest biologic 
medication approved for use in moderate to 
severe plaque psoriasis, gaining FDA approval on 
February 15, 2017. Unlike other biologic medi-
cations, brodalumab is subject to additional mon-
itoring under a Risk Evaluation and Mitigation 
Strategy (REMS) system that will be discussed in 
further detail below. The key phase III clinical tri-
als with brodalumab in psoriasis were 
AMAGINE-1, AMAGINE-2, and AMAGINE-3. 
AMAGINE-1 evaluated two doses of broda-
lumab (210 and 140 mg) and a placebo group and 
AMAGINE-2 and AMAGINE-3 evaluated the 
same two doses of brodalumab, ustekinumab 
dosed as labeled and a placebo group.

Mechanism of Action
Brodalumab exerts its actions by binding to 
IL-17RA (the interleukin-17A receptor) and 
inhibiting the activity of several IL-17 cytokines 
that typically bind to this receptor. These cyto-
kines include IL-17A, IL-17F, IL-17A/F het-
erodimer, IL-17C, IL-25, and IL-17E [83].

Dosing
Brodalumab is dosed according to this schedule: 
210 mg is administered subcutaneously at weeks 
0, 1, and 2 and then every 2 weeks. Brodalumab 
is available as a pre-filled syringe.

Efficacy
Through three phase III clinical trials, broda-
lumab exhibited excellent efficacy, with PASI-75 
response rates in the 83–86% range [12]. In 
AMAGINE-1, patients receiving brodalumab at 
210 mg and 140 mg doses achieved PASI-75 at 
week 12, 83.3% and 60.3%, respectively. 70.3% 
and 41.9% of patients treated with 210 mg of bro-
dalumab achieved PASI-90 and PASI-100 at 
week 12, while rates for patients receiving 
140 mg of brodalumab were 42.5% and 23.3% 
for PASI-90 and PASI-100 response [84]. 78.3% 
of patients receiving brodalumab at a dose of 
210 mg achieved PASI-90 response at week 52, 
while PASI-100 response rate at week 52 was 
67.5% [13]. In patients receiving 140 mg of bro-
dalumab, these rates were 66.7% for PASI-90 
response at week 52 and 43.9% for PASI-100 
response. 75.7% of patients receiving 210  mg 
and 53.9% of patients receiving 140 mg of broda-
lumab achieved sPGA scores of clear or almost 
clear/minimal. These results were sustained after 
52 weeks of treatment, where 83.1% and 70.2% 
of treatment responders maintained these clear or 
almost clear/minimal sPGA scores.

In both AMAGINE-2 and AMAGINE-3, bro-
dalumab dosed at 210 mg was statistically supe-
rior to ustekinumab in proportion of patients 
achieving PASI-90 and PASI-100 responses as 
well as in sPGA scores of 0 or 1 at week 12. In 
AMAGINE-3, brodalumab dosed at 210 mg was 
also superior to ustekinumab in proportion of 
patients achieving PASI-75 response, in addition 
to the measurements above.

In AMAGINE-1, HADS scores for depression 
and anxiety both improved significantly for 
patients who scored “moderate” or “severe” at 
baseline, with 73% of patients improving in the 
depression severity and 67% of patients improv-
ing in their anxiety severity in the 210 mg of bro-
dalumab treatment group.

Safety
In clinical trials, brodalumab was fairly well toler-
ated. In the 12-week randomized treatment period 
in the pooled trials, 57.6% of patients treated with 
210 mg and 55.6% of patients treated with 140 mg 
experienced adverse events [85]. The most fre-

5 Biologics



88

quent adverse reactions that occurred in 1% or 
more of patients treated with brodalumab were 
arthralgia, headache, fatigue, diarrhea, oropharyn-
geal pain, and nausea [83]. 25.4% of patients expe-
rienced infections, with the majority of these 
consisting of nasopharyngitis or pharyngitis, upper 
respiratory tract infection, urinary tract infections, 
bronchitis, and influenza infections. Most of these 
infections did not result in treatment discontinua-
tion. Patients treated with brodalumab did have an 
increased rate of non-serious skin and mucosal 
candida infections. One patient in the pooled trials 
attempted suicide and suicidal ideation or behav-
ior occurred in 2 of 4019 patients (0.2 per 100 
subject-years) that were treated with brodalumab. 
Suicidal ideation or behavior occurred in 34 of 
4464 patients treated with brodalumab at a rate of 
0.37 per 100 subject-years. Ten subjects attempted 
or completed suicide, of which eight had a history 
of depression and/or suicidal ideation or behavior. 
As a result, brodalumab was given a black box 
warning for risks in patients with a history of sui-
cidal thoughts or behavior and mandated to be pre-
scribed through a Risk Evaluation and Mitigation 
Strategy (REMS) system.

 Special Monitoring (REMS System)
Brodalumab is only available through a restricted 
monitoring system called the REMS program, 
where patients, prescribers, and pharmacies must 
be enrolled into the REMS system. Prescribers 
must be certified with the program, patients must 
sign a patient-prescriber agreement form, and 
pharmacies must be certified with the program 
and only dispense the medication to patients who 
are authorized to receive the medication.

 Special Considerations in Anti-IL-17 
Therapy

IL-17 and Candidiasis
IL-17 appears to play a key role in mucocutane-
ous defense against candida infections [86, 87]. 
Therefore, blocking of IL-17 and its downstream 
effects can lead to increased candida infections, 
which have been seen in the treatment of psoria-
sis with anti-IL-17 biologics. However, most of 
these infections are not considered to be serious 
and resolve with antifungal treatment.

IL-17 and IBD
IL-17 inhibitors have been evaluated in the treat-
ment of inflammatory bowel disease and have not 
been effective in treating IBD and may instead 
contribute to worsening of IBD [88, 89]. This 
phenomenon is not well studied, but it is sug-
gested that practitioners use caution in prescrib-
ing IL-17 antagonists until the relationship of 
IL-17 and IBD is furthered.

 Screening and Monitoring of All 
Biologics
Consensus guidelines do not exist for the moni-
toring of therapy with biologics. There have been 
some studies conducted to evaluate for evidence 
behind monitoring parameters and methods that 
many physicians may follow, which will be out-
lined below. These monitoring parameters apply 
to all biologics and not to any particular biologic 
agent. The FDA recommends that all patients on 
biologic therapy should be tested for tuberculosis 
infection with either a tuberculin skin test (TST) 
or with interferon gamma release assay (IGRA) 
[90]. Evaluation for hepatitis infection is at the 
provider’s discretion, although the Centers for 
Disease Control and Prevention (CDC) recom-
mends that individuals born between 1945 and 
1965 be tested at least once for hepatitis C virus 
regardless of risk factors of HCV infection [91]. 
Any patients with risk factors should also be 
tested for hepatitis infections, per physician judg-
ment, and for the concern for viral reactivation.

General laboratory monitoring with tests such 
as complete blood counts or basic metabolic pan-
els can be done, but the evidence behind testing 
for these as part of routine screening is weak or 
insufficient.

Screening for human immunodeficiency virus 
(HIV) infection is not mandatory with biologic 
treatment and is up to the discretion of the clini-
cian [92].

To summarize, the only well-established 
screening and monitoring testing with good sup-
porting evidence is testing for tuberculosis infec-
tion. All other tests, including viral infection 
testing, complete blood counts, and complete 
metabolic panels, can be tested at the physician’s 
discretion and if indicated by individual patient 
risk factors.

S. Sekhon et al.



89

 Biologics Now Off the Market
Two biologic medications previously FDA- 
approved for psoriasis have been withdrawn from 
the market. Alefacept (Amevive) blocked the 
binding of CD-2 on memory-effector T cells to 
the costimulatory molecule LFA-3, resulting in a 
decrease in number and activity of these T cells. 
It was voluntarily withdrawn from the market in 
2011 due to its modest efficacy and business con-
siderations. Efalizumab (Raptiva) was a mono-
clonal antibody directed against the CD11a 
subunit in lymphocyte function-associated anti-
gen- 1 (LFA-1). Efalizumab functioned by block-
ing T-cell adhesion that is mediated by LFA-1, 
which results in decreased T-cell activation, 
T-cell reactivation, and transmigration through 
blood vessel walls into inflamed tissues. 
Efalizumab was withdrawn from the market in 
2009 due to several case reports of associated 
progressive multifocal leukoencephalopathy.

 Future Biologics
As we have seen, biologics that are already avail-
able on the market have various immunologic 
targets, including TNF-α, IL-12, IL-23, and 
IL-17. Newer biologics under development have 
many of the same immunologic targets, includ-
ing in combination (such as a biologic targeting 
both IL-17 and TNF-α). Other biologics in 
development are aimed at additional molecular 
targets including IL-23 p19, TBK1, IKK1ε, and 
RORγt. [93].
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Future Therapeutics in Psoriasis

Abigail Cline, Kayla H. Felix, Elias Oussedik, 
Leah A. Cardwell, and Steven R. Feldman

 Introduction

Psoriasis is a complex systemic disease that has 
both genetic and environmental factors. The 
understanding of psoriasis pathophysiology has 
advanced from that of local keratinocyte dysfunc-
tion to a systemic disease with immune dysregu-
lation and T-cell-mediated inflammation [1]. This 
improved understanding of the mechanisms caus-
ing psoriasis is reflected in improved treatment 
modalities. Older treatments— such as cortico-
steroids, cyclosporine, and methotrexate—have 
considerable effects beyond the immune system 
and have given way to more selective small-mol-
ecule inhibitors and biologic therapies [2]. 
Nevertheless, many psoriasis patients experience 

recalcitrant disease. Traditional topical therapies 
offer limited treatment to patients with extensive 
disease. Systemic therapies such as methotrexate, 
cyclosporine, or retinoids carry a risk for long-
term toxicity and may fail to provide satisfactory 
improvement. Biologic agents are costly and are 
associated with rare adverse events (AEs) in 
patients [2].

To meet these growing needs, research has 
focused on specific inflammatory signaling path-
ways, causing a surge in drug development for 
psoriasis. In addition to biological therapies, sev-
eral small-molecule inhibitors that target phos-
phodiesterase (PDE), Janus kinase (JAK), and 
rho-associated kinase 2 (ROCK-2) are in clinical 
trials. While biologic agents neutralize cytokines 
or cytokine receptors, small-molecule agents 
block intracellular targets such as transcriptional 
factors or enzymes. Due to their low molecular 
size, these small-molecule agents allow for oral 
or topical administration. Some of these new 
treatments are close to Food & Drug 
Administration (FDA) approval, bringing new 
hope to patients with psoriasis.

The psoriasis treatment arsenal is expanding, 
with a variety of topical agents, oral systemic 
therapies, injectable biologics, and small-mole-
cule inhibitors. The purpose of this chapter is to 
review the clinical phase, efficacy, and safety of 
novel psoriasis treatments. We will discuss the 
evidence for therapeutic agents currently in clini-
cal trials that have the potential to become 
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 available in the next few years. A literature search 
was performed using the National Psoriasis 
Foundation, PubMed, and Google Scholar to 
investigate new drugs in development for the 
treatment of psoriasis. In this chapter, therapies 
are organized by method of administration (topi-
cals, orals, and injectables) and then phase of 
clinical trial (Tables 6.1, 6.2, and 6.3). This chap-
ter will also review the specific drug targets and 
how they contribute to our present understanding 
of psoriasis pathogenesis.

 Topical Psoriasis Medications

 P-3073

P-3073, calcipotriol or calcipotriene, is a vitamin 
D3 analog administered as a nail lacquer which is 
being studied in the treatment of nail psoriasis. 
Like other synthetic vitamin D3 analogs, calcipot-
riol decreases the proliferative capacity of CD29+ 
keratinocytes and enhances epidermal cell differ-
entiation in psoriatic skin [3]. Compared to the 
endogenous bioactive form of vitamin D3, calcipot-
riol and other synthetic analogs have a high affinity 
for the vitamin D3 receptor, yet low tendency of 
harmful effects on calcium metabolism [4].

A phase II, randomized, double-blind, 
vehicle- controlled, parallel-group study assessed 
the efficacy of calcipotriol 0.005% solution, 
cyclosporine 5% solution, and vehicle control in 
78 patients with fingernail psoriasis of the nail 
matrix or nail bed (Table 6.1). The primary out-
come measure was the percentage improvement 
of the Nail Psoriasis Severity Index (NAPSI) 
score from baseline after 24 weeks of daily treat-
ment. Calcipotriol 0.005% solution applied once 
daily to affected nails reduced signs of nail bed 
and nail matrix psoriasis and improved NAPSI 
score by 32% from baseline, compared to vehi-
cle control and cyclosporine 5% solution [5]. 
These results are promising, especially consider-
ing the lack of available treatments for psoriatic 
disease of the nail bed and nail matrix. Common 
side effects of calcipotriol ointment include irri-
tation at the application site, as well as other 
miscellaneous dermatologic reactions [6]. 
Hypercalcemia and hypercalciuria have also 

been reported with calcipotriol ointment use, 
most commonly in individuals who exceed the 
recommended dosage [7]. The calcipotriol nail 
solution is expected to have a similar side effect 
profile. This drug is currently in phase III of clin-
ical trials.

 IDP-118

IDP-118 is a combination of halobetasol propio-
nate 0.01% and tazarotene 0.045% in a solution 
vehicle. Individually, the active ingredients are 
already approved by the FDA for separate use in 
the treatment of psoriasis.

A phase III, randomized, double-blind, 
vehicle- controlled study assessed the efficacy of 
IDP-118 compared to vehicle control applied 
daily for 8 weeks in 203 adult subjects with mod-
erate-to-severe plaque psoriasis (Table 6.1). The 
primary outcome measure was the percent of 
patients with at least a two-grade improvement 
from baseline in the investigator’s global assess-
ment (IGA). At week 12, 35.8% of subjects 
achieved a “clear” to “almost clear” rating and at 
least two-grade improvement in IGA after 
8 weeks of treatment compared to vehicle control 
(7.0%). In a phase III, randomized, double-blind, 
vehicle-controlled study assessing the efficacy of 
IDP-118 in 215 adult subjects with moderate-to-
severe psoriasis, 45.3% of subjects achieved a 
“clear” to “almost clear” rating and at least two-
grade improvement in IGA after 8 weeks of treat-
ment compared to vehicle control (12.5%). These 
studies were preceded by a phase II randomized, 
double-blind, vehicle-controlled study compar-
ing IDP-118 to halobetasol propionate 0.01% and 
tazarotene 0.045% alone in 212 subjects. 
Treatment success was achieved in 52.5% of sub-
jects on the combination therapy, showing supe-
rior results compared to tazarotene alone (19%) 
and halobetasol propionate alone (33%) [8]. Use 
of topical corticosteroids and retinoids is associ-
ated with skin atrophy, erythema, and general 
irritation at the site of application. AEs of the 
combined medication have not yet been reported 
but are anticipated to be similar to that of the 
separate active ingredients. This drug is currently 
in phase III of clinical trials.

A. Cline et al.
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 M518101

M518101 is an ointment containing pefcalcitol, a 
novel vitamin D3 analog and a phosphodiester-
ase-4 (PDE-4) inhibitor. It is being evaluated as a 
topical treatment for plaque psoriasis. There has 
been no efficacy or safety data published about 
this drug. This drug has undergone a phase II, ran-
domized, double-blind, vehicle-controlled, and 
parallel group trial in 294 patients (Table 6.1). Two 
separate concentrations of M518101 were used, 
25 ug and 50 ug. M518101 was compared against 
calcipotriene and the vehicle control. Patients used 
the topicals twice a day, and the primary outcome 
was improvement of IGA at week 8. No results 
were posted from this trial [9]. Two phase III, ran-
domized, double-blind, vehicle-controlled trials 
were conducted in 537 patients and 788 patients, 
comparing M518101 to vehicle and comparing 
M518101 to vehicle and  calcipotriol, respectively, 
but no results were posted [10, 11]. This drug is 
currently in phase III of clinical trials.

 Crisaborole

Crisaborole (AN2728 2%) is a nonsteroidal, 
boron-based, small-molecule medication that was 
recently approved by the FDA for topical use in 
mild-to-moderate atopic dermatitis. This medica-
tion is a PDE-4 inhibitor that reduces the local pro-
liferation of pro-inflammatory cytokines [12]. In a 
phase II, randomized, double-blind, vehicle-con-
trolled study, crisaborole 2% ointment was com-
pared to vehicle control in 68 patients with 
mild-to-moderate plaque-type psoriasis 
(Table 6.1). The primary outcome was the percent-
age of subjects achieving “clear” to “almost clear” 
with a two-grade or greater improvement in physi-
cian’s global assessment (PGA) score at day 84. 
Crisaborole performed only slightly better than the 
vehicle control (17.4% versus 13.6%, with a 95% 
confidence interval—14.3 to 21.8). Adverse event 
incidence was comparable between the treatment 
and vehicle control groups [13]. Crisaborole has 
minimal systemic absorption, making it a safe 
option with low risk of systemic side effects [14].

 CT327

CT327 is a topical tropomyosin receptor kinase 
A (TrkA) inhibitor for treatment of psoriasis-
related pruritus (Fig. 6.1). TrkA contributes to 
inflammation, keratinocyte proliferation, 
plaque formation, and pruritus in psoriasis 
patients. A phase IIb, randomized, double-
blind, vehicle-controlled trial assessed the effi-
cacy of CT327 0.05%, CT327 0.1%, CT327 
0.5%, and vehicle control in treating psoriasis-
associated pruritus in 160 subjects (Table 6.1). 
The primary outcome was the percentage of 
patients who had changes in IGA score at week 
8. No improvements were seen for any dose of 
CT327 compared to vehicle. Controlled dis-
ease was achieved by 2.5–5% and 10% of 
patients on CT327 and vehicle, respectively. 
However, 70.6% of the study population 
reported statistically significant reductions in 
pruritus and modified Psoriasis Area and 
Severity Index (PASI) [15]. A measurement of 
pruritus severity using a 100  mm Visual 
Analogue Scale (VAS) in patients with at least 
moderate pruritus at baseline (VAS ≥ 40 mm) 
was included as a predefined secondary end-
point. At week 8, mean reductions in VAS from 
baseline were 37.1 mm, 31.5 mm, and 36.4 mm 
for CT327 0.05%, 0.1%, and 0.5% groups, 
respectively, versus 16.1  mm for the vehicle 
group. Compared to vehicle, the mean reduc-
tions were statistically significant for the 
CT327 0.05% and 0.5% treatment groups 
(−21.8 mm, 95% CI [−37.5, –6.2], p = 0.0067 
and −19.8  mm, 95% CI [−35.2, −4.4], 
p  =  0.0124, respectively; CT327 0.1%: 
−15.9 mm, 95% CI [−31.9, 0.2], p = 0.052). In 
assessing capsaicin-mediated calcium influx in 
sensory neurons, a measure of pruritus signal-
ing, CT327 inhibited capsaicin response, indi-
cating that the drug’s action is at the nerve 
growth factor-TrkA-transient receptor potential 
cation channel subfamily V member 1 (TRPV1) 
pathway. Overall, the medication appears to be 
well-tolerated, and no study participants 
reported reactions at the site of application. 
CT327 is in phase II of clinical trials [15].

6 Future Therapeutics in Psoriasis
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 LAS41004

LAS41004 is a topical medication composed of 
bexarotene and betamethasone dipropionate. 
This corticosteroid and retinoid combination is 
being evaluated for treatment of mild-to-moder-
ate plaque psoriasis. Betamethasone dipropionate 
binds to the glucocorticoid receptor within the 
cell cytoplasm forming a complex which translo-
cates into the nucleus, homodimerizes with the 
glucocorticoid responsive elements on DNA, and 
regulates the inflammatory response through 
stimulation or inhibition of gene transcription. 
Corticosteroids also modulate the activation of 
target cells, through second messengers and 
membrane-bound receptors, to reduce the inflam-
matory response [16]. Bexarotene, a vitamin A 
derivative and selective retinoic X receptor 
(RXR) agonist, binds and activates RXR sub-

types and modulates cell growth, differentiation, 
and apoptosis [17]. A phase II, randomized, dou-
ble-blind, vehicle-controlled, parallel-group trial 
has been conducted in 40 patients with mild-to-
moderate psoriasis; however, no results have 
been posted (Table 6.1) [18].

 PH10

PH10 is an aqueous hydrogel formulation of rose 
bengal (RB) disodium, a hydrophilic xanthine 
dye, which is being evaluated in the treatment of 
psoriasis. The mechanism of action of this medi-
cation is unclear; studies to elucidate this infor-
mation are currently underway. In a phase IIb 
non-randomized, single treatment group, open-
label study assessing the efficacy of PH10 in 30 
psoriasis subjects, 79% of subjects in the 
 treatment group had improved Psoriasis Scoring 

Fig. 6.1 Mechanism of action of selected future thera-
peutic agents for psoriasis. Future psoriasis treatment 
agents target a multitude of differing molecules and recep-
tors. Abatacept prevents an important pro-inflammatory 
cascade response between an antigen-presenting cell and 
a T cell. IMO-8400 is an antagonist of toll-like receptors 

(TLR) 7, 8, and 9. CT327 is a tropomyosin receptor kinase 
A (TrkA) inhibitor. KD-025 is a selective rho-associated 
kinase (ROCK) 2 inhibitor; it has been noted to reduce 
IL-17 and IL-21 levels. APC antigen-presenting cell, CD 
cluster of differentiation, CTLA cytotoxic T-lymphocyte-
associated protein

A. Cline et al.



103

Index (PSI), while 83% of subjects in the treat-
ment group had absent or mild pruritus (Table 6.1) 
[19]. In a more recent phase IIc randomized, sin-
gle-blind, vehicle-controlled study assessing effi-
cacy of PH10  in psoriasis, all three PH10 
treatment arms (0.002% RB, 0.005% RB, and 
0.01% RB) showed improved disease superior to 
the vehicle control arm as measured by the per-
centage of subjects who showed improvement for 
all Psoriasis Severity Index (PSI) efficacy param-
eters at day 28. 23–29% of subjects in the treat-
ment arms had complete or near complete 
resolution of erythema, induration, and desqua-
mation. No AEs have been reported [20, 21]. This 
drug is currently in phase II of clinical trials.

 WBI-1001

WBI-1001, also known as benvitimod, is a non-
steroidal anti-inflammatory drug which inhibits 
pro-inflammatory cytokines such as TNF-α and 
interferon (IFN)-γ [22]. A phase II, randomized, 
double-blind, vehicle-controlled study assessed 
the efficacy and safety of WBI-1001 1.0% cream 
compared against vehicle control in 61 patients 
with mild-to-moderate plaque psoriasis 
(Table 6.1). 62.8% of patients randomized to the 
treatment group had improvement in physician’s 
global assessment (PGA) at week 12 compared 
to 13.0% in the placebo group. At week 12, 
67.5% of subjects in the treatment arm achieved 
a PGA of “clear” or “almost clear” compared to 
4.8% in the placebo group; mean body surface 
area (BSA) decreased by 79.1% in the treatment 
group but increased by 9.4% in the placebo 
group [22]. AEs were either mild or moderate, 
localized to the application site and included 
hyperpigmentation, dermatitis, folliculitis, pap-
ules, pain, and pruritus [22]. Benvitimod cream 
doses up to 30 mg were well-tolerated. Exposure 
to the medication did not result in laboratory test 
abnormalities or electrocardiographic changes. 
Benvitimod was detected in less than 5% of 
plasma samples in patients who received the top-
ical drug [23].

 Tofacitinib

Tofacitinib is a JAK inhibitor that is being evalu-
ated for topical use in psoriasis, atopic dermati-
tis, and alopecia areata. The drug functions by 
competitively inhibiting the adenosine triphos-
phate (ATP) binding site of JAK proteins, 
thereby inhibiting activation of downstream sig-
nal transducer and activator of transcription 
(STAT) proteins which normally serve to upreg-
ulate pro-inflammatory genes. In a phase IIa, 
randomized, double-blind, vehicle-controlled 
study assessing the efficacy and safety of topical 
tofacitinib in patients with mild-to-moderate 
psoriasis, 71 patients were randomized to receive 
tofacitinib 2% ointment 1, vehicle ointment 1, 
tofacitinib 2% ointment 2, or vehicle ointment 2, 
each administered twice daily (BID) (Table 6.1). 
The only difference between vehicle ointment 1 
and 2 was the presence of a penetration enhancer 
in the vehicle ointment 1. At week 4, there was a 
greater percent change from baseline target 
plaque severity score in the tofacitinib ointment 
1 group (least squares mean  = −54.4%) com-
pared to vehicle ointment 1 (least squares 
mean  = −41.5%). AEs were mild to moderate 
across treatment groups [24].

A randomized, double-blind, vehicle- 
controlled, parallel-group, phase IIb study 
assessed the efficacy of tofacitinib 1% and 2% 
ointment applied once daily (QD) or BID in 435 
patients with mild-to-moderate plaque psoria-
sis. At week 8, calculated PGA of “clear” or 
“almost clear” was achieved in 18.6% of sub-
jects in the tofacitinib 2% ointment QD group 
and 22.5% of subjects in the tofacitinib 2% oint-
ment BID group compared to 8.1% and 11.3% 
in the vehicle control QD and BID groups, 
respectively [25]. Subjects reported rapid 
improvement in pruritus, even as early as day 2 
of the study, with improvement lasting almost 
continuously through week 12. AEs were typi-
cally mild to moderate and most commonly 
included pruritus, psoriasis, and pain at the 
application site [25]. This drug is currently in 
phase II of clinical trials.
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 Oral Medications

 Prurisol

Prurisol, abacavir acetate, is a nucleoside reverse 
transcriptase inhibitor analog of guanosine which 
is commonly used as therapy for human immuno-
deficiency virus (HIV) [26]. A phase I, random-
ized, open-label study evaluated the 
pharmacokinetics, safety, and tolerance of a single 
oral dose of abacavir acetate administered to 
healthy volunteers and the bioequivalence to aba-
cavir sulfate (Ziagen) (Table 6.2). Patients received 
either Prurisol 50 mg, Prurisol 100 mg, Prurisol 
200 mg, Prurisol 350 mg, or Ziagen 300 mg. The 
primary outcome measure was the area under the 
plasma concentration versus time curve (AUC) of 
abacavir derived from Prurisol and Ziagen 24  h 
after second and third dose of study drug or refer-
ence drug. No results of the trial have been posted 
[27]. Prurisol is currently in phase II of clinical tri-
als for the treatment of psoriasis.

 XP23829

XP23829 is a fumaric acid ester compound, a 
prodrug of monomethyl fumarate, with anti-
inflammatory effects. A phase II, randomized, 
double-blind, multicenter, parallel-group, placebo- 
controlled study assessed the efficacy and safety 
of three dose levels of XP23829 in 200 subjects 
with moderate-to-severe chronic plaque psoriasis 
(Table  6.2). Patients were administered either 
XP23829 400  mg QD, XP23829 800  mg QD, 
XP23829 400  mg BID, or placebo QD for 
12 weeks. The 12-week treatment period included 
a 3-week titration period followed by 9 weeks of 
treatment at the targeted dose. There was a wash-
out phase of up to 4 weeks prior to randomization 
for subjects who were previously taking systemic 
agents for the treatment of psoriasis. The primary 
outcome measure was the percent change in PASI 
score from baseline at week 12. At week 12, the 
subjects experienced a 38.1%, 48.2%, 50.7%, 
and 25.0% decrease in PASI score from baseline 
in the XP23829 400  mg once daily, XP23829 
800 mg once daily, XP23829 400 mg twice daily, 
and placebo group, respectively. Only the 800 mg 

once daily and 400 mg twice daily findings were 
statistically significant (p < 0.001). XP23829 was 
safe and generally well-tolerated. There were no 
deaths or life-threatening AEs. The majority of 
AEs were nonserious, with diarrhea being the 
most common. The AE rates were consistent with 
other drugs in the fumaric acid ester class, rang-
ing from 22 to 40% in the XP23829 treatment 
groups compared with 15% for placebo [28]. 
This drug is currently in phase II clinical trials.

 KD-025

KD-025 is a selective ROCK 2 inhibitor 
(Fig.  6.1). This agent reduced IL-17 and IL-21 
secretion in healthy subjects [29]. In a phase II, 
non-randomized, open-label, dose-finding study 
assessing the safety, tolerability, and activity of 
KD-025  in 38 patients with psoriasis, subjects 
were randomized to receive KD-025 200  mg 
BID, KD-025 400 mg QD, or KD-025 400 mg 
BID for the 12-week study period (Table  6.2). 
The primary outcome measure was the percent of 
patients achieving PASI50. At week 12, PASI50 
was achieved by 71%, 42%, and 29% of subjects 
in the 200 mg BID, 400 mg QD, and 400 mg BID 
groups, respectively [30]. This drug is currently 
in phase II of clinical trials for the treatment of 
psoriasis.

 Alitretinoin

Alitretinoin is a retinoic acid which binds to and 
activates RARs and RXRs. Once activated, the 
receptors regulate gene transcription and serve to 
inhibit cell proliferation and induce cell differen-
tiation [31]. This agent is being evaluated in the 
treatment of palmoplantar pustular psoriasis 
(PPP). In an open-label study assessing the effi-
cacy of alitretinoin in the treatment of PPP, seven 
subjects were treated with oral alitretinoin 30 mg 
QD for 12  weeks. Mean Palmoplantar Pustular 
Psoriasis Area Severity Index (PPPASI) score 
was 17.5 before treatment with alitretinoin and 
4.3 after treatment. One-hundred percent of sub-
jects achieved 50% improvement in PPPASI at 
week 12 [32].

A. Cline et al.
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In a phase II, randomized, double-blind, 
placebo- controlled study assessing the efficacy 
of alitretinoin in the treatment of psoriasis, 33 
subjects were randomized 2:1 to receive alitreti-
noin 30 mg QD or placebo for up to 24 weeks. 
Endpoints included PPPASI at week 24, percent-
age change from baseline-modified PASI 
(mPASI), 50% or 75% improvement in baseline 
PPPASI or mPASI, change in pustule count on 
the palms and soles, and safety, and tolerability 
assessments. There were no significant differ-
ences between alitretinoin 30 mg and placebo for 
any endpoint (−45.2% versus −44.6%, respec-
tively) [33]. This drug is currently in phase II of 
clinical trials for the treatment of PPP.

 Baricitinib

Baricitinib is an oral JAK 1 and 2 inhibitor. This 
agent binds to JAK 1 and 2, inhibits its activation, 
inhibits the JAK/STAT signaling pathway, and 
decreases production of inflammatory cytokines 
[34]. In a phase IIb, randomized, double-blind, 
placebo-controlled, dose-ranging study assessing 
the safety and efficacy of baricitinib in the treat-
ment of moderate-to-severe psoriasis, 271 subjects 
were randomized to receive oral baricitinib 2 mg, 
4 mg, 8 mg, 10 mg, or placebo QD for 12 weeks. 
Seventy-five percent improvement in PASI 
(PASI75) was achieved by week 12 in 43%, 54%, 
and 17% of subjects in the baricitinib 8 mg, barici-
tinib 10 mg, and placebo groups, respectively [35]. 
This drug is currently in phase II of clinical trials 
for the treatment of psoriasis (Table 6.2).

 Injectable Medications

 Guselkumab

Guselkumab is a human immunoglobulin G1 
monoclonal antibody against the p19 subunit of 
IL-23, an important cytokine in psoriasis patho-
genesis (Fig. 6.2) [36]. In a phase I, randomized, 
double-blind, placebo-controlled study assessing 
safety, tolerability, and clinical response of gusel-
kumab in the treatment of moderate-to-severe 
plaque psoriasis, 24 subjects were randomized to 

receive subcutaneous injection of placebo, gusel-
kumab 10 mg (G10), guselkumab 30 mg (G30), 
guselkumab 100  mg (G100), or guselkumab 
300 mg (G300) (Table 6.3). By week 12, 100% of 
subjects in G300 group achieved PASI75, com-
pared to 60% of subjects in the G30 and G100 
groups, and 0% in the placebo group. These 
results were generally maintained through week 
24. Skin biopsy of lesional and non-lesional skin 
noted decreased epidermal thickness, T-cell 
expression, and dendritic cell expression in treat-
ment groups compared to placebo group. AE 
incidence was proportionally comparable in the 
placebo (50%, n = 2) and treatment groups (65%, 
n = 13). The most common AEs were infections 
including upper respiratory tract infections, lower 
respiratory tract infections, bronchitis, folliculi-
tis, viral gastroenteritis, herpes simplex, vaginal 
infections, and nasopharyngitis [37].

In a phase II, randomized, dose-ranging, dou-
ble-blind, placebo-controlled, active-comparator 
trial comparing guselkumab to adalimumab, a 
TNF-α inhibitor, 293 subjects were randomized 
to receive placebo; adalimumab; guselkumab 
5  mg at weeks 0 and 4 and every 12  weeks 
(Q12W); 15 mg every 8 weeks (Q8W); 50 mg at 
week 0, 4, and Q12W; 100 mg Q8W; or 200 mg 
at 0,4 and Q12W over a 40-week study period. At 
week 16, the placebo group crossed over to the 
guselkumab 100 mg Q8W group. PGA score of 0 
or 1 was achieved in 34% of subjects in the gusel-
kumab 5 mg group, 61% of subjects in the gusel-
kumab 15  mg group, 79% of subjects in the 
guselkumab 50 mg group, 86% of subjects in the 
guselkumab 100  mg group, 83% of subjects in 
the guselkumab 200 mg group, 7% of subjects in 
the placebo group, and 58% of subjects in the 
adalimumab group [38].

In a two-part, phase III, double-blind, placebo-
controlled, active comparator study, efficacy and 
safety of guselkumab and adalimumab were com-
pared. In part one, subjects were randomized to 
receive guselkumab 100 mg at weeks 0 and 4 and 
Q8W and placebo at weeks 0, 4, and 12, then 
switched to guselkumab at weeks 16 and 20 and 
then Q8W, or adalimumab 80 mg at week 0 and 
40 mg at week 1 and every 2 weeks through week 
47. In part two, subjects were randomized to 
receive guselkumab 100 mg at weeks 0 and 4 and 
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Q8W and placebo at weeks 0, 4, and 12, then 
switched to guselkumab at weeks 16 and 20, or 
adalimumab 80 mg at week 0 and 40 mg at week 
1 and every 2 weeks through week 23 and then 
rerandomized at week 28 according to response or 
nonresponse to guselkumab or adalimumab. In 
part one, at week 16, IGA 0/1 was achieved by 
85.1% of subjects in the guselkumab group com-
pared to 6.9% of subjects in the placebo group 
and 65.9% of subjects in the adalimumab group, 
90% improvement in PASI (PASI90) was achieved 
in 73.3% of subjects in the guselkumab group 
compared to 2.9% of subjects in the placebo 
group and 49.7% of subjects in the adalimumab 
group. In part two, at week 16, IGA 0/1 was 
achieved by 84.1% of subjects in the guselkumab 
group compared to 8.5% in the placebo group and 
67.7% in the adalimumab group, PASI90 was 
achieved in 70.0% of the guselkumab group com-
pared to 2.4% of the placebo group and 46.8% of 
the adalimumab group [39, 40]. Guselkumab was 

approved by the FDA for treatment of moderate-
to-severe plaque psoriasis in July 2017.

 Tildrakizumab

Tildrakizumab is a high affinity, humanized, 
monoclonal antibody which inhibits IL-23 by 
targeting the IL-23p19 subunit (Fig.  6.2). In a 
three-part phase I randomized, placebo- 
controlled, sequential, rising multiple dose 
study, the efficacy of tildrakizumab in the treat-
ment of moderate-to-severe psoriasis was 
assessed. In study parts one and three, PASI75 
was achieved by day 196  in all subjects in the 
3  mg/kg and 10  mg/kg groups. In part two, 
PASI75 was achieved by day 112 in 10 out of 15 
subjects in the 3 mg/kg group and 13 out of 14 
subjects in the 10 mg/kg group [41].

In a three-part, randomized, double-blind, 
phase IIb study, evaluating the safety and effi-

Fig. 6.2 Injectable future therapeutic antibodies for pso-
riasis. Future biologic antibody agents target differing 
molecules in the inhibition of the release of pro-inflamma-

tory mediators leading to psoriasis. CD cluster of differen-
tiation, GM-CSF granulocyte-macrophage 
colony-stimulating factor, IL-23 interleukin 23

A. Cline et al.



107

cacy of subcutaneous tildrakizumab in the treat-
ment of moderate-to-severe psoriasis, 355 
subjects were randomized to receive 
 subcutaneous tildrakizumab 5  mg, 25  mg, 
100 mg, and 200 mg or placebo at weeks 0 and 4 
and Q12W through week 52 with follow-up at 
week 72. PASI75 was achieved by week 16  in 
33.3% of subjects in the 5 mg group, 64.4% of 
subjects in the 25 mg group, 66.3% of subjects in 
the 100 mg group, and 74.4% of subjects in the 
200 mg group compared to 4.4% of subjects in 
the placebo group. The incidence of AEs was 
comparable in the treatment and placebo groups; 
the most commonly reported AEs were naso-
pharyngitis and headache [42]. This drug is cur-
rently in phase III of clinical trials for the 
treatment of psoriasis.

 Risankizumab

Risankizumab, BI 655066, is a humanized mono-
clonal antibody which binds to the p19 subunit of 
IL-23 preventing IL-23 receptor activation 
(Fig. 6.2). A phase I, single-rising-dose, random-
ized, double-blind, placebo-controlled, first-in-
human, proof-of-concept study was completed to 
assess the clinical and biological effects of 
risankizumab in patients with moderate-to-severe 
psoriasis. Subjects were randomized to receive 
risankizumab IV 0.01  mg/kg, 0.05  mg/kg, 
0.25 mg/kg, 1 mg/kg, 3 mg/kg, 5 mg/kg, risanki-
zumab SC 0.25  mg/kg, 1  mg/kg, or placebo. 
PASI75, PASI90, and 100% improvement in 
baseline PASI (PASI100) was achieved at week 
12 by 87%, 58%, and 16% of subjects in the 
risankizumab groups, respectively. At week 24, 
the proportion of risankizumab-treated patients 
achieving PASI75, PASI90, and PASI100 were 
71% versus 13% in the placebo group (p = 0.009), 
48% versus 0% in the placebo group (p = 0.024), 
and 29% versus 0% in the placebo group 
(p = 0.190), respectively. AE incidence was com-
parable in treatment and placebo groups (65% 
versus 88%, respectively). The most frequently 
reported AEs were mild-to-moderate upper respi-
ratory tract infections, mild nasopharyngitis, and 
mild-to-moderate headache. The severity of the 
AEs did not appear related to the dose of risanki-

zumab. While four serious AEs occurred in the 
risankizumab groups, these events were not con-
sidered treatment-related [43].

In a phase II, randomized, double-blind, 
active-controlled study comparing the efficacy of 
risankizumab and ustekinumab in the treatment 
of moderate-to-severe psoriasis, 166 subjects 
were randomized to receive risankizumab 18 mg 
at week 0; risankizumab 90 mg at week 0, 4, and 
16; risankizumab 180 mg at week 0, 4, and 16; or 
ustekinumab 45  mg or 90  mg, based on body 
weight, at weeks 0, 4, and 16 (Table 6.3). PASI90 
was achieved at week 12  in 77% of subjects in 
risankizumab 90 mg and 180 mg groups pooled, 
compared to 40% of subjects in the ustekinumab 
group. Serious AEs occurred in the 18 mg risanki-
zumab group (12% of subjects), the 90  mg 
risankizumab group (15% of subjects), and the 
ustekinumab group (8% of subjects) [44]. This 
drug is currently in phase III of clinical trials for 
the treatment of psoriasis.

 Abatacept

Abatacept is a soluble fusion protein which 
inhibits full activation of T cells by binding to 
CD80 and CD86 on antigen presenting cells pre-
venting their interaction with CD28 on T cells. 
This fusion protein is composed of the extracel-
lular domain of human cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) and the modified 
Fc portion of the human immunoglobulin G1 
(Fig.  6.1). In a randomized, double-blind, 
 placebo-controlled, phase II study assessing the 
safety and efficacy of abatacept in the treatment 
of psoriatic arthritis, subjects were randomized to 
receive two doses of abatacept 30  mg/kg, fol-
lowed by 10 mg/kg, abatacept 10 mg/kg, abata-
cept 3 mg/kg, or placebo at day 1, 15, and 29 and 
every 28  days. The primary endpoint was the 
American College of Rheumatology 20% criteria 
for improvement (ACR20); IGA and PASI were 
assessed as secondary endpoints. IGA of “clear” 
or “almost clear” was achieved by day 169  in 
21% of subjects in the 30/10  mg/kg abatacept 
group, 25% of subjects in the 10 mg/kg abatacept 
group, 38% of subjects in the 3 mg/kg abatacept 
group, and 26% of subjects in the placebo group, 
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while PASI50 was achieved at day 169 in 35%, 
29%, 43%, and 14% of subjects, respectively 
[45]. Though these results are promising, it 
should be noted that abatacept treatment has 
resulted in psoriasis onset or exacerbation in 
some cases [46–50]. This drug is currently in 
phase III of clinical trials for the treatment of 
psoriatic arthritis (Table 6.3).

 Neihulizumab

Neihulizumab, AbGn-168H, is a humanized 
monoclonal antibody which targets CD162 (also 
known as P-selectin glycoprotein ligand 1) which 
is expressed on activated T lymphocytes 
(Fig.  6.2). Apoptosis of activated T cells is 
induced, leading to reduction of T-cell-mediated 
immune responses. This drug is being studied in 
the treatment of graft versus host disease and 
psoriasis [51, 52]. A phase II, randomized, dou-
ble-blind, placebo-controlled, multiple-dose, 
multi-center study in 271 subjects with moder-
ate-to-severe chronic plaque psoriasis investi-
gated the efficacy, safety, tolerability, and 
pharmacokinetics of multiple doses of neihuli-
zumab administered intravenously (Table  6.3). 
No study results have been posted [53].

 Clazakizumab

Clazakizumab is a monoclonal antibody with 
high affinity for IL-6, a cytokine which is 
increased in patients with psoriasis (Fig. 6.2) [51, 
54]. In a phase IIb, randomized, double-blind, 
placebo-controlled, dose-ranging study assessing 
the efficacy of clazakizumab in the treatment of 
psoriatic arthritis, 165 subjects were randomized 
to receive subcutaneous placebo, clazakizumab 
25  mg every 4  weeks (Q4W), clazakizumab 
100  mg Q4W, or clazakizumab 200  mg Q4W 
with or without methotrexate. Primary endpoint 
was ACR20 at week 16. At week 16, the ACR20 
response rate was significantly higher with claza-
kizumab 100 mg versus placebo (52.4% versus 
29.3%; p = 0.039). ACR20 response rates at week 

16 were 46.3% with clazakizumab 25  mg 
(p = 0.101 versus placebo) and 39.0% with claza-
kizumab 200  mg (p  =  0.178 versus placebo). 
PASI75 at week 24 was evaluated as a secondary 
endpoint. This endpoint was achieved in 19.5% 
of subjects in the clazakizumab 25  mg group, 
28.6% of subjects in the clazakizumab 100  mg 
group, 12.2% of subjects in the clazakizumab 
200 mg group, and 12.2% of subjects in the pla-
cebo group [54]. This drug is currently in phase II 
of clinical trials for the treatment of psoriasis.

 Tregalizumab

Tregalizumab is a humanized agonistic monoclo-
nal antibody which selectively activates naturally 
occurring regulatory T cells (Tregs) by binding to 
a unique epitope of CD4 on Tregs with low nano-
molar affinity, thereby inducing activation of Ick, a 
CD4-associated kinase, and phosphorylation of 
the ZAP70, the T-cell receptor-associated kinase 
which in turn induces signaling events that activate 
Treg suppressive functions (Fig. 6.2). Upon activa-
tion, Tregs are responsible for downregulating 
excessive immune responses and inflammation by 
suppressing cytokine secretion from T cells.

In a phase II, randomized, double-blind, 
 placebo-controlled trial assessing the efficacy of 
tregalizumab in patients with moderate-to-severe 
psoriasis, 55 subjects were randomized to receive 
a single dose of tregalizumab or placebo at doses 
ranging from 0.5–20 mg intravenous (IV) injec-
tion to 12.5–25 mg subcutaneous (SC) injection. 
The primary outcome was the percent of subjects 
achieving PASI50 at day 75. PASI50 was 
achieved in 37% of subjects in the treatment 
group, compared to 29% of subjects in the pla-
cebo group. Two subjects in the treatment group 
achieved PASI75. Tregalizumab was well-toler-
ated, with the mean number of AEs comparable 
between the treatment and placebo groups. The 
majority of AEs were mild to moderate; six sub-
jects experienced serious AEs. The most com-
monly reported AEs were headache and erythema 
[55]. This drug is currently in phase II of clinical 
trials for the treatment of psoriasis.
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 Namilumab

Namilumab, MT203, is a human monoclonal 
antibody against granulocyte macrophage 
 colony-stimulating factor (GM-CSF), with effi-
cacy in the treatment of rheumatoid arthritis 
(Fig. 6.2) [56]. This agent binds to GM-CSF, a 
pro-inflammatory cytokine, and prevents it from 
binding to its associated receptor to initiate sig-
naling processes. GM-CSF-mediated inflamma-
tion is thereby inhibited [57].

A recent phase II, randomized, double-blind, 
placebo-controlled, parallel group study evalu-
ated the efficacy for namilumab in moderate-to-
severe plaque psoriasis, as measured by PASI75 
response rate at week 12 (Table 6.3). One hun-
dred twenty-two participants with moderate-to-
severe chronic plaque psoriasis were randomly 
assigned to five treatment groups: namilumab 
300 mg followed by 150 mg days 15, 43, and 71; 
namilumab 160 mg followed by 80 mg days 15, 
43, and 71; namilumab 100  mg followed by 
50 mg days 15, 43, and 71; namilumab 40 mg 
followed by 20 mg days 15, 43, and 71; and pla-
cebo. The primary outcome measure was the 
percent of subjects achieving PASI75 at week 
12. Only namilumab 40 mg followed by 20 mg 
were superior to placebo (9.5% versus 8.7%) 
although this was not statistically significant 
(p = 0.162) [58].

 IMO-8400

IMO-8400 is an oligonucleotide-based antagonist 
of toll-like receptors (TLR) 7, 8, and 9 (Fig. 6.1). 
TLRs are proteins involved in the innate immune 
system; they recognize typical molecules of patho-
gens and activate immune cell responses accord-
ingly. TLR 1 and 2 are expressed by keratinocytes 
in the epidermis; their expression is upregulated in 
psoriatic lesions. TLR 7 and 8 signaling is involved 
in psoriasis exacerbations [59, 60].

A phase II, randomized, double-blind,  placebo- 
controlled, proof-of-concept study assessed the 
safety, tolerability, and clinical activity of 
IMO-8400  in patients with moderate-to-severe 

psoriasis (Table 6.3). Forty-six subjects were ran-
domized to receive IMO-8400 0.075  mg/kg/
week, IMO-8400 0.15  mg/kg/week, IMO-8400 
0.3 mg/kg/week, IMO-8400 0.6 mg/kg/week, or 
placebo for 12 weeks with follow-up at 18 weeks. 
Improvements in baseline PASI of 50% to 92% 
was achieved in 38% of subjects in the IMO-
8400 groups compared to 11% of subjects in the 
placebo group. There were no serious AEs, treat-
ment-related severe AEs, or drug discontinua-
tions due to treatment-related AEs [60]. This 
drug is currently in phase II of clinical trials for 
the treatment of psoriasis.

 Conclusion

Our understanding of the immunological factors 
behind psoriasis pathogenesis has led to the 
development of multiple medications with a vari-
ety of action mechanisms. This surge in immu-
nology-related research has enhanced our 
understanding of psoriasis but also has the poten-
tial to build on the knowledge base pertaining to 
other immune-mediated conditions. Novel medi-
cations which modulate the immune system will 
benefit dermatology patients but may have some 
utility in the treatment of immune-mediated con-
ditions across medical specialties. In the near 
future, ongoing psoriasis research will bring 
greater understanding to the progression of pso-
riasis and other chronic inflammatory diseases. 
As newer targets such as small-molecule agents 
undergo investigation, clinicians will have more 
tools for manipulating immune processes. 
However, it is too early to know the efficacy and 
safety of many of these agents. With so many 
options to choose from, treatment algorithms will 
be necessary. Patient and clinician preferences 
will need to be taken into account. Additionally, 
as more treatment options become available, the 
need for head-to-head studies will increase, as 
well as studies investigating therapies in psoriasis 
patients with comorbidities. It will remain criti-
cal for clinicians to be aware of the limitations of 
drug safety when selecting these cutting edge 
treatments.
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 Introduction

Psoriasis is a chronic inflammatory skin disease 
with a remitting and relapsing course. Long-term 
remission can be difficult to achieve regardless of 
severity of psoriasis. Using two or more therapies 
with varying mechanisms of action and safety 
profiles is often necessary to maintain adequate 
disease control while minimizing toxicity of treat-
ments. Some psoriasis therapies can be safely and 
effectively used concomitantly. Two or more ther-
apies can also be used as part of rotational therapy 
or sequential therapy. Rotational therapy was first 
described by Weinstein and White in 1993 and 
proposes rotating available psoriasis treatments 
every 2 to 3  years, which minimize cumulative 
toxicity by long periods off each treatment [1]. 
Sequential therapy, first described by Koo, recog-
nizes that some psoriasis therapies are better 
suited for rapid clearance, while others are more 
appropriate for long-term maintenance. By using 

these therapies in a deliberate sequence, therapeu-
tic outcome can be optimized [2].

Choosing a combination regimen that maxi-
mizes safety and efficacy, while at the same time 
considers patient usability and compliance, can 
be difficult. This chapter will review various 
combination therapy strategies for the treatment 
of psoriasis.

 Rationale for Combination Therapy

Because psoriasis is a chronic disease with epi-
sodic flares, both acutely acting treatment options 
and long-term maintenance agents are needed for 
adequate disease control [3]. Unfortunately, 
some of the most effective, rapid-acting psoriasis 
therapies, such as class I superpotent topical ste-
roids, cyclosporine, and infliximab, are also 
among the most toxic. On the other hand, treat-
ment options with low safety profiles, such as 
topical vitamin D, acitretin, and apremilast, tend 
to be less powerful in terms of efficacy and onset 
of action [4]. In combination therapy, one agent 
can be used to treat psoriasis acutely, and the 
safer of the two agents can be used as mainte-
nance treatment [5]. The use of two or more 
agents with varying mechanisms of action may 
also increase the overall efficacy of psoriasis 
therapy in an additive or synergist manner, which 
may be required for patients with severe, recalci-
trant disease. Another benefit to combination 
therapy is that it can allow for use of lower doses 
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of each agent to minimize toxicity [5]. When uti-
lizing combination therapy, caution should be 
taken to avoid overlapping side effect profiles, 
such as immunosuppression that can increase 
risk of malignancy or infection.

Presently, numerous treatment options are 
available for the treatment of psoriasis including 
topical agents, phototherapy, oral systemic 
agents, and biologics, with many more therapeu-
tic agents in the pipeline. With the increasing 
number of available therapies, there are many 
opportunities to combine various therapies. It is 
crucial for clinicians to carefully consider the 
fine balance between safety and efficacy when 
combining various therapeutic agents and utilize 
strategies such as rotational therapy and sequen-
tial therapy when appropriate.

 Rotational Therapy

When the concept of rotational therapy was first 
introduced in 1993, psoriasis therapies were lim-
ited to topical therapies, phototherapy, metho-
trexate, and etretinate. Because of cumulative 
toxicities such as skin cancer with psoralen- 
ultraviolet A (PUVA), hepatic fibrosis with meth-
otrexate, and hepatotoxicity with etretinate, it 
was suggested to use each of these monothera-
pies for 2–3 years before switching to another 
form of treatment. It may take 4–6 years before 
returning to the initial treatment. The purpose 
was to decrease the cumulative, long-term toxic-
ity of each of these therapies [1]. It is thought that 
the patient can reverse or partially recover from 
some of side effects during the time off of a given 
medication [5].

 Sequential Therapy

Sequential therapy was first described in 1999 
and involves the use of specific therapeutic agents 
in a deliberate sequence. The sequence is 
designed to maximize the rate of initial improve-
ment, minimize long-term toxicity, and improve 
the overall outcome [2]. In the armamentarium of 
psoriasis therapies, some agents are effective at 
producing rapid clearing of psoriasis, while oth-

ers are better suited for maintenance therapy. 
Therefore, sequential therapy consists of three 
distinct phases (Table 7.1):

Phase 1: The clearing phase involving the use of 
a very efficacious, rapidly acting agent, which 
may have more long-term risks.

Phase 2: The transitional phase involving intro-
duction of the maintenance agent and tapering 
of the rapidly acting agent.

Phase 3: The maintenance phase involving the 
maintenance agent with less efficacy but better 
long-term safety profile.

The transitional phase is likely to be the most 
challenging, as tapering off of the rapidly acting 
agent requires prevention of breakthrough flares. 
A careful, individualized tapering regimen is 
required while waiting for the maintenance agent 
to fully take effect. Depending on the mainte-
nance agent, this can easily take 2–3  months, 
such as with acitretin or apremilast. Sequential 
therapy can be applied to systemic agents [2], as 
well as topical agents [6].

The concept of sequential therapy involves a 
strategy of pairing two specific treatment modali-
ties in order to transition from one agent to 
another. The purpose of sequential therapy is to 
get the patient on a safe, long-term maintenance 
regimen after achieving clearance or near clear-
ance using a rapid-acting and effective but more 
toxic agent. This differs from rotational therapy 
and combination therapy, which does not involve 
such specific design.

Table 7.1 Sequential therapy for treatment of psoriasis 
consists of three phases

Phase 1 Clearing Initiation of a very 
efficacious, rapidly acting 
agent, which may have more 
long-term risks

Phase 2 Transition Introduction of the 
maintenance agent and 
tapering of the rapidly acting 
agent

Phase 3 Maintenance Stabilization with 
maintenance agent with less 
efficacy but better long-term 
safety profile

M. Nakamura et al.
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 Combination Therapy with 
Topical Agents.

Although topical corticosteroid therapy is a main-
stay treatment for psoriasis, long-term monother-
apy with a topical corticosteroid may not be 
feasible due to local adverse effects such as skin 
atrophy, striae formation, and tachyphylaxis [7]. 
On the other hand, steroid-sparing agents, such as 
calcipotriene and tazarotene, can be used long-
term without such ill effects. Although nonsteroid 
agents have low cumulative toxicity potential, their 
efficacy and onset of action may not be as optimal 
compared to superpotent topical steroids. By utiliz-
ing combination techniques, safety and efficacy of 
topical steroid and nonsteroid agents, respectively, 
can be used to the clinician’s advantage.

 Topical Corticosteroids and Topical 
Vitamin D Analogues

Studies of superpotent topical corticosteroids in 
combination with topical calcipotriene have found 
greater improvement of psoriasis and fewer local 
side effects compared to when each agent is used 
alone [8]. In a multicenter trial of subjects with 
chronic plaque psoriasis, subjects were treated 
with calcipotriene ointment twice daily, halobeta-
sol ointment twice daily, or combination of calci-
potriene once daily and halobetasol once daily for 
2 weeks [9]. It was found that the combination of 
calcipotriene and halobetasol is more effective 
than either agent alone. Furthermore, the number 
of cutaneous adverse effects observed during the 
2 weeks was the lowest in the combination therapy 
group compared to the monotherapy groups. 
Interestingly, skin irritation commonly observed 
with calcipotriene was mitigated by use of halo-
betasol. The combination of halobetasol and calci-
potriene was also shown to be safe and effective 
for long-term maintenance by using calcipotriene 
twice daily on weekdays and halobetasol twice 
daily on weekends [10].

Similarly, sequential therapy using clobetasol 
ointment or spray twice daily for 2 or 4  weeks, 
respectively, in the clearing phase, followed by 
calcipotriene, calcipotriol, or calcitriol twice daily 

on weekdays and clobetasol twice daily on week-
ends in the maintenance phase, has been shown to 
be effective [11–15]. In another study by Koo 
et al., both clobetasol foam and calcipotriene oint-
ment were applied twice daily for 2  weeks, fol-
lowed by calcipotriene twice daily on weekdays 
and clobetasol twice daily on weekends [16]. This 
combination therapy was more effective than 
either monotherapy alone. Furthermore, the results 
of this study support that there is no degradation of 
either agent when calcipotriene is applied immedi-
ately after clobetasol foam [6]. Rotational therapy 
using augmented betamethasone and calcipotriene 
alternating weekly is also shown to be more effec-
tive than topical corticosteroid alone [17].

 Topical Corticosteroids 
and Tazarotene

The efficacy of combination therapy of superpo-
tent topical corticosteroids and the topical vita-
min A derivative tazarotene has been well studied 
[18–22]. In a double-blind, randomized, parallel- 
group study by Lebwohl et  al., patients were 
treated with an initial open-label treatment phase 
consisting of tazarotene 0.1% gel plus clobetasol 
propionate 0.05% ointment for 6 weeks. The fre-
quency of application of both medications was 
slowly weaned off over these 6 weeks. In the sub-
sequent double-blind maintenance phase, patients 
were randomized to receive one of three mainte-
nance regimens for 20 weeks: tazarotene/clobeta-
sol, tazarotene/vehicle, and vehicle. The 
combination of tazarotene and clobetasol during 
the initial treatment phase showed marked global 
improvement of psoriasis, and the maintenance 
regimen of tazarotene/clobetasol was superior to 
tazarotene/vehicle and vehicle [18].

The combination of topical corticosteroid and 
tazarotene is also shown to be superior compared 
to calcipotriene monotherapy [19, 20]. In a mul-
ticenter, investigator-blinded, parallel-group 
study, 120 adult patients with chronic, stable 
plaque psoriasis were randomly treated for up to 
8 weeks with either mometasone 0.1% cream in 
the morning plus tazarotene 0.1% gel in the eve-
ning or calcipotriene 0.005% ointment twice 
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daily [19]. After 2  weeks of treatment, 45% of 
patients in the combined tazarotene/mometasone 
group achieved at least 75% global improvement 
of psoriasis compared with only 26% of patients 
in the calcipotriene group. The significantly 
greater reduction in trunk scaling, erythema, 
plaque elevation, and body surface area involve-
ment in the combination group was maintained to 
the 4-week posttreatment observational period.

The addition of a topical corticosteroid to taz-
arotene appears to reduce erythema of psoriasis 
and enhance the speed of efficacy while also reduc-
ing tazarotene’s local side effects of irritation [23]. 
Furthermore, the use of tazarotene with a topical 
corticosteroid can be beneficial to reduce overall 
exposure to the steroids and, therefore, steroid-
induced epidermal atrophy in normal skin [24].

 Topical Vitamin D Analogues 
and Tazarotene

Calcipotriene and tazarotene appear to be compati-
ble and may have synergistic effects as combination 
therapy [25, 26]. A prospective, open-label, right-
left comparison study evaluated the efficacy of 
combination treatment with calcipotriene ointment 
and tazarotene gel compared to clobetasol ointment 
for 2  weeks, followed by a 4-week observation 
phase. The nonsteroid combination of twice-daily 
calcipotriene ointment and once-daily tazarotene 
gel was comparable to twice-daily application of 
clobetasol ointment in reducing psoriatic scaling, 
plaque elevation, and overall lesional severity over a 
2-week period [27]. However, improvement in ery-
thema was better with clobetasol compared to the 
nonsteroid combination therapy. This study was 
limited by a small sample size of 15 patients.

 Combination Therapy with Topical 
Agents and Phototherapy

 UVB and Topical Corticosteroids

There is no convincing evidence that the concomi-
tant use of topical corticosteroids is beneficial in 
patients receiving ultraviolet B (UVB) photother-
apy for psoriasis [28]. A prospective, randomized, 

double-blind, placebo-controlled trial compared 
the efficacy of topical corticosteroid plus UVB to 
placebo plus UVB.  Although there was a trend 
toward a slightly more rapid response in the topi-
cal corticosteroid-treated group, there was no sig-
nificant difference in patients’ early response to 
therapy, number of treatments, and UVB dose 
required to achieve clearing. However, patients in 
the topical corticosteroid-treated group remained 
in remission longer than did patients in the control 
group (183 vs. 116 days) [29]. Other studies show 
that topical corticosteroids do not decrease the 
number of phototherapy treatments required to 
clear psoriasis and that the use of a topical cortico-
steroid in conjunction with UVB leads to a faster 
relapse rate than UVB alone [30, 31].

 UVB and Topical Vitamin D Analogues

A number of studies have suggested that the com-
bination of a topical vitamin D analogues (calci-
potriene, calcipotriol, calcitriol) and UVB 
phototherapy is beneficial in patients with psoria-
sis [32–40]. An analysis of two right-left compari-
son studies showed that in both treatment series, 
the therapeutic effect of the combination of calci-
potriol plus UVB was enhanced compared to 
either therapy alone at the end of the 2-week treat-
ment period [36]. However, no differences between 
the two sides were observed after 8 weeks. Another 
study showed that UVB plus calcipotriene is supe-
rior to UVB plus mineral oil starting at week 1, 
peaking at weeks 3 to 6, and maintained for 
12 weeks [35]. In these studies, the combination of 
topical vitamin D plus UVB had a similar adverse 
event profile with either treatment alone. UVB 
does not alter the tolerability or safety of the topi-
cal vitamin D but may cause irritation and burning 
sensation if applied immediately before photother-
apy [36]. If the topical vitamin D agent is applied 
immediately prior to phototherapy, it should be 
applied in a thin layer to avoid blocking of UV 
light [41]. Alternatively, it can be applied after 
administration of phototherapy or at night.

A limited number of studies have shown no 
benefit of combining topical vitamin D and UVB 
phototherapy. An 8-week, right-left  comparison 
study by Kragballe showed no benefit of adding 
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broadband UVB to topical application of calci-
potriol [42]. Another study by Brands et  al. 
showed that adding calcipotriol ointment does 
not improve efficacy of low-dose narrowband 
UVB (NB-UVB) [43].

 UVB and Tazarotene

The combination of tazarotene and UVB photo-
therapy has been well described in the literature 
and demonstrates beneficial effects including 
quicker time to clearance of psoriasis with less 
number of UVB treatments and lower cumulative 
UVB dose [44–47]. In a multicenter, investigator- 
masked, randomized study of 54 patients with 
psoriasis, a 2-week pretreatment with tazarotene 
0.1% gel once daily was followed by tazarotene 
plus UVB therapy three times per week for 
10  weeks [44]. This combination regimen was 
more effective than UVB therapy alone or in 
combination with vehicle gel in reducing plaque 
elevation, scaling, and erythema.

Multiple other studies have supported the effi-
cacy of this combination therapy, which is well 
tolerated without observed phototoxicity [44–
47]. However, one study by Hecker et al. found 
that pretreatment with tazarotene 0.1% gel three 
times per week for 2  weeks prior to initiating 
phototherapy significantly reduced the mean 
minimal erythema dose (MED) of UVB from 
56.25 to 42.50 mJ/cm2 [48]. Although a thin layer 
of tazarotene applied prior to phototherapy has 
no significant effect on the mean MED for UVB, 
the dose of UVB should be reduced by 50–75% 
of the MED to avoid potential burn or tan [48]. 
Alternatively, tazarotene can be applied after 
phototherapy sessions or at night [44].

 UVB and Tar/Anthralin

The Goeckerman regimen is one of the oldest, yet 
most effective treatments for psoriasis [49]. The 
Goeckerman regimen involves the combination 
of coal tar plus UVB phototherapy. A study by 
Lowe et  al. found that topical tar enhances 
the  effects of suberythemogenic phototherapy 
compared to erythemogenic phototherapy using 

higher doses of UVB, suggesting that a lower 
cumulative dose of UVB is required when used in 
conjunction with tar [50]. Furthermore, the risk 
of phototoxic reaction is lower when suberythe-
mogenic phototherapy is used in conjunction 
with tar. Studies have shown that nearly 100% of 
patients who undergo Goeckerman achieve PASI- 
75 over 12  weeks or less [49], which can be 
maintained for 8  months to 1  year [51]. 
Unfortunately, given the extensive resources 
required by medical facilities to conduct the 
Goeckerman regimen, combined with the time 
commitment required for patients (all-day treat-
ments for approximately 4–6  weeks), 
Goeckerman therapy is rarely available today 
[52]. An alternative to the Goeckerman regimen 
is the use of liquor carbonis detergens (LCD) or 
gold tar at home in conjunction with outpatient 
NB-UVB, which is shown to be more effective 
than NB-UVB alone [53]. It should be clarified 
that the tar is applied after UVB treatments, as tar 
can block the effective transmission of light if 
applied prior to UVB treatments [54].

The combination of short contact anthralin 
and UVB has been tested as an alternative to the 
Goeckerman regimen, which involves the appli-
cation of anthralin for 10 to 30 minutes daily in 
addition to UVB phototherapy. This combination 
has been studied in limited number and appears 
to have little benefit compared to UVB treat-
ments alone [55, 56].

 PUVA and Topical Corticosteroids

Overall, studies suggest that the combination of 
PUVA and topical corticosteroids results in more 
rapid clearing of psoriasis compared to PUVA 
alone [28, 57–60]. However, some of these studies 
suggest a quicker time to relapse in patients treated 
with PUVA plus topical corticosteroid [57].

 PUVA and Topical Vitamin D Analogues

The combination of PUVA plus topical vitamin D 
appears to be more efficacious compared to PUVA 
alone [61–63]. In a systematic review of 11 random-
ized controlled trials involving a total of 756 patients 
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with plaque psoriasis, the rate ratio of marked 
improvement in patients receiving PUVA plus calci-
potriene versus those receiving PUVA alone was 
found to be 1.2 (1.0 = benefit) [63]. Calcipotriene 
should be applied after PUVA treatment as, unlike 
UVB, UVA can inactivate vitamin D [41].

 PUVA and Tazarotene

Although studies are limited, topical retinoid taz-
arotene appears to enhance the efficacy of PUVA 
[64]. In a single-center, right-left comparison 
study, 12 patients were treated with tazarotene 
versus placebo prior to bath PUVA four times per 
week. The tazarotene plus PUVA-treated side 
was superior to placebo versus PUVA after 
3  weeks [64]. Tazarotene remains chemically 
stable with application of UVA; however, there 
may be reduced threshold for immediate skin 
pigment darkening caused by UVA. Therefore, it 
is recommended that UV doses be reduced by at 
least one third if tazarotene is added to an estab-
lished phototherapy regimen [48].

 Excimer Laser and Topical Agents

In a 12-week, single-center study, 30 patients with 
moderate to severe psoriasis received treatments 
with the 308-nm excimer laser twice weekly com-
bined with clobetasol propionate 0.05% spray 
twice daily for 4  weeks, followed by calcitriol 
ointment twice daily for the next 4  weeks. At 
12 weeks, 83% of patients achieved 75% improve-
ment of better in the Psoriasis Area and Severity 
Index (PASI-75) [65–67]. Another study by Dong 
et al. showed superior efficacy of excimer laser in 
combination with a topical corticosteroid flumeta-
sone ointment compared to excimer laser mono-
therapy [68]. Some studies have also shown that 
excimer laser can be safely combined with calci-
potriol or dithranol with additive benefit [69].

 Combination Therapy with Topical 
Agents and Oral Systemic Agents

In the real-world, clinical setting, topical agents 
are often used in conjunction with oral systemic 
agents to treat resistant areas or to minimize toxic 
exposure and adverse effects of systemic agents 
[4]. Only a few of these combinations have been 
studied formally.

 Retinoids and Topical Corticosteroids

There is evidence to suggest that acitretin in com-
bination with topical corticosteroids is a safe and 
effective long-term treatment options for psoria-
sis. In a 3-year follow-up study of patients treated 
with etretinate who had initial improvement, 
more than 40% of these patients showed pro-
longed clearance on acitretin plus a topical corti-
costeroid [70].

 Retinoids and Topical Vitamin D 
Analogues

The combination of an oral retinoid plus topical 
vitamin D appears to have better efficacy than 
oral retinoid monotherapy. In a multicenter, ran-
domized, double-blind placebo-controlled study, 
76 patients were treated with acitretin plus calci-
potriol ointment twice daily and 59 patients were 
treated with acitretin plus vehicle. The dose of 
acitretin was adjusted as needed every 2 weeks. 
The proportion of patients receiving acitretin 
plus calcipotriol combination who reached clear 
or marked improvement was statistically higher 
compared to the acitretin plus vehicle group. 
Furthermore, the cumulative dose of acitretin 
was lower in the combination group. No addi-
tional adverse events were reported with the 
addition of calcipotriol [71]. Other studies have 
found similar results [63, 72].
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 Cyclosporine and Topical Vitamin D 
Analogues

Some studies have shown the effectiveness of the 
combination of cyclosporine plus topical vitamin 
D [63, 73, 74]. In a multicenter, placebo- 
controlled study, patients with severe psoriasis 
were treated with low-dose cyclosporine (2 mg/
kg/day) combined with calcipotriol or vehicle for 
6 weeks. Complete clearing or PASI-90 occurred 
in 50% of patients in the cyclosporine plus calci-
potriol group versus 11.8% in the cyclosporine 
plus vehicle group [73].

 Methotrexate and Topical Vitamin D 
Analogues

One multicenter, double-blind, placebo- 
controlled study has shown the superior efficacy 
of the combination of methotrexate (MTX) plus 
calcipotriol compared to MTX plus vehicle for 
the treatment of psoriasis [75]. MTX plus calci-
potriol resulted in lower cumulative dose of MTX 
and lower incidence of liver function test abnor-
malities. Furthermore, this study found that the 
addition of calcipotriol increased the time to 
relapse of psoriasis following discontinuation of 
MTX [75].

 Combination Therapy with Topical 
Agents and Biologics

Biologic agents for the treatment of moderate to 
severe psoriasis have shown great efficacy; how-
ever, complete clearance of psoriasis is still dif-
ficult to achieve. In such cases, topical agents are 
often used in conjunction with biologic therapies 
to augment clearance. Although commonly used 
in clinical practice, only some combinations of 
biologics plus topical agents have been studied.

 Biologics and Topical Corticosteroids

Although only a few randomized, controlled 
studies have evaluated the use of biologics plus 
topical corticosteroids, the combination appears 

to be safe and effective for augmenting disease 
clearance. The combination of etanercept in com-
bination with clobetasol foam has been studied in 
a phase 3b, multicenter, randomized trial of 592 
subjects, 295 receiving etanercept plus clobetasol 
foam and 297 receiving etanercept only. At week 
12, the combination group showed increased effi-
cacy, better patient satisfaction, and no additional 
adverse events compared to the etanercept mono-
therapy group [76].

A phase 4, multicenter, open-label, 
community- based studies called the COBRA 
(Clobex Spray Community-Based Research 
Assessment) trial studied the combination of var-
ious biologic agents plus clobetasol spray [77]. 
The addition of clobetasol spray to a stable regi-
men of biologic therapy resulted in improve-
ments in disease severity.

 Biologics and Topical Vitamin D 
Analogues

The addition of calcipotriol to etanercept in 
patients who were partial responders to etanercept 
was found to be beneficial in a prospective study 
by Campione et al. In this study, 120 patients with 
psoriasis and psoriatic arthritis were treated with 
etanercept 50 mg twice weekly for 12 weeks fol-
lowed by 25 mg twice weekly. Patients who did 
not achieve PASI-50 at week 12 received calcipot-
riol twice daily for 4 weeks, then once daily. The 
application of calcipotriol in etanercept partial 
responders allowed 37 out of 120 patients (31%) 
achieve at least PASI 50 at week 24 [78].

 Biologics and Combination Topical 
Corticosteroid and Vitamin D 
Analogues

The topical calcipotriene 0.005% and beta-
methasone dipropionate 0.064% combination 
ointment has been studied in conjunction with 
both etanercept and adalimumab and is shown 
to be a safe and effective adjunct to biologic 
monotherapy [79, 80]. In a single-center, open-
label study, 20 patients were treated with etan-
ercept 50  mg twice weekly for 12  weeks 
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followed by 50 mg once weekly. Patients who 
experienced worsening psoriasis (increase 
from baseline body surface area (BSA) of 
greater than 2%) began treatment with calci-
potriene/betamethasone ointment. Initiation of 
the topical combination ointment led to a stable 
improvement in BSA [79].

The safety and efficacy of the use of adalim-
umab plus topical calcipotriol/betamethasone 
were studied in a phase 3b, multicenter, random-
ized, double-blind, vehicle-controlled study of 
730 patients, 366 of whom received adalimumab 
plus calcipotriene/betamethasone and 364 of 
whom received adalimumab plus vehicle. The 
combination of adalimumab plus calcipotriol/
betamethasone resulted in more rapid and higher 
efficacy within the first 4 weeks. There was no 
statistical difference in the PASI-75 response at 
week 16 [80].

 Combination Phototherapy

A limited number of studies have evaluated the 
safety and efficacy of combining UVB and PUVA 
for treatment of psoriasis, and the benefits of this 
combination therapy are unclear. In a bilateral 
comparison study, Momtaz and Parrish evaluated 
42 adult patients with severe psoriasis who failed 
either UVB or PUVA alone and were subse-
quently treated with combination of UVB and 
PUVA three times per week. All patients tolerated 
treatments well and cleared in less than half the 
number of treatments and in less than half of the 
mean UVB dose and mean cumulative PUVA 
dose [81]. In another bilateral comparison study, 
12 patients were treated with bath PUVA followed 
by NB-UVB. The side receiving the combination 
treatment achieved more rapid clearance and 
required lower cumulative dose of UVA com-
pared to the side receiving bath PUVA alone [82].

On the contrary, other studies have not found a 
significant difference in effectiveness of this 
combination therapy, including number of 
 treatments and doses of UVB and PUVA required 
for clearance [83, 84].

 Combination with Phototherapy 
and Oral Systemic Agents

 UVB/PUVA and Retinoid (Re-UVB/
Re-PUVA)

The use of the oral retinoid acitretin in combi-
nation with UVB and PUVA for the treatment 
of psoriasis has been well studied [85]. The 
combinations, termed Re-UVB (retinoid plus 
UVB) and Re-PUVA (retinoid plus PUVA), 
appear to have synergistic effects, reducing the 
number of treatments and cumulative UV and 
acitretin doses required for clearance. 
Furthermore, acitretin has tumor-suppressive 
effects [86] and is therefore an ideal agent to 
combine with phototherapy, especially PUVA, 
which has cutaneous carcinogenic effects after 
more than 200 to 250 treatments [87]. In com-
bination with phototherapy, acitretin is typi-
cally used at a dose of 25  mg/day or less. As 
acitretin has photosensitizing potential, when 
adding acitretin to an already maximized pho-
totherapy regimen, the dose of phototherapy 
should be decreased by 50% to prevent burn 
[88]. If acitretin is initiated first, phototherapy 
should be started approximately 2 weeks later 
per the usual dosing protocol.

In a multicenter, double-blind, randomized 
study, 40 patients with severe psoriasis under-
went Re-UVB and 38 patients received acitretin 
alone for 8 weeks. Acitretin was given at a dose 
of 35 mg/day for the first 4 weeks, then 25 mg/
day thereafter. PASI-75 was achieved by 60% of 
patients on Re-UVB versus 24% on acitretin 
alone, with a significantly lower cumulative UVB 
dose [89]. Side effects were similar in both 
groups. Other studies have found similar benefits 
of Re-UVB [90, 91].

A series of double-blind, randomized studies 
have also shown the effectiveness of Re-PUVA 
compared to PUVA or oral retinoid alone. Again, 
re-PUVA requires fewer PUVA treatment ses-
sions and a lower cumulative dose of UVA com-
pared to PUVA alone [92–94].

M. Nakamura et al.



121

 UVB and Cyclosporine

The concurrent use of phototherapy and cyclospo-
rine is contraindicated according to cyclosporine’s 
package insert due to increased risk of cutaneous 
malignancy [95]. However, many psoriasis experts 
agree that short-term combination therapy is 
acceptable, for example, as part of sequential ther-
apy, in which psoriasis is initially cleared with 
cyclosporine and then maintained with UVB or 
PUVA. In such a case, the period of time the two 
therapies overlap is very short, and therefore, the 
risk of malignancy is theoretically negligible.

 UVB/PUVA and Methotrexate

A few studies exist to evaluate the safety and 
efficacy of combining phototherapy with MTX, 
and the combination appears to work synergisti-
cally. In one study, 26 patients with severe pso-
riasis were treated with a 3-week course of 
MTX followed by combination of UVB plus 
MTX. When lesions cleared to less than 5% of 
body involvement, the MTX was stopped and 
UVB therapy alone was used as maintenance 
therapy. This protocol achieved clearance of 
disease in all 26 patients at relatively low doses 
of UVB and methotrexate [96]. A study with a 
similar design using PUVA plus MTX also 
showed similar results [97]. The long-term 
effects of this combination therapy, including 
possible increased risk of cutaneous malig-
nancy, are not well delineated.

 UVB and Apremilast

The combination use of apremilast with UVB 
phototherapy was officially tested in the pivotal 
phase 3 clinical trial for apremilast [98], and 
the combination appeared safe without any risk 
of photosensitivity. Although the data regarding 
the additional therapeutic benefit of adding 
phototherapy to apremilast has yet to be made 
public, in clinical practice this combination is 
not uncommon, and there may be synergistic 
benefit [99].

 Combination Therapy 
with Phototherapy and Biologics

Overall, the combination of biologics and photo-
therapy appears to be well tolerated and effective 
in a subset of patients who have resistant disease 
despite treatment with a biologic agent.

 Etanercept and NB-UVB

Several studies evaluated the combination of etaner-
cept plus NB-UVB in patients who had not previ-
ously received treatment, patients who had an 
inadequate response with etanercept alone (50 mg 
once weekly or 50  mg twice weekly dosing), or 
patients who had an inadequate response to 
NB-UVB alone [100–105]. Overall, combination 
therapy was superior to either monotherapy, and 
time to clearance was reduced. In a 12-week, single-
arm, open-label study, the combination of etaner-
cept 50 mg twice weekly and NB-UVB three times 
weekly was evaluated in 86 patients. Impressively, 
PASI-75 was achieved in 84.9% of patients [101]. 
High adherence to the NB-UVB regimen appears to 
be important to achieve  significant clinical improve-
ment [103]. The addition of excimer laser to etaner-
cept therapy has been reported to produce effective 
results in when etanercept plus traditional NB-UVB 
therapy has failed [106].

One study to date has failed to establish effi-
cacy of combination therapy of etanercept and 
NB-UVB. In this head-to-head pilot study exam-
ining combination treatment of NB-UVB plus 
etanercept 50  mg twice weekly compared with 
etanercept monotherapy, combination therapy did 
not yield better efficacy [107]. However, this 
study was limited by a small sample size of 13 
patients who all had a body mass index (BMI) of 
greater than 30. Previous studies have reported a 
suboptimal response to etanercept in psoriasis 
patients with a BMI of greater than 30 [108].

 Adalimumab and NB-UVB

Two studies have evaluated the combination ther-
apy of adalimumab plus NB-UVB in patients with 
psoriasis. In a 24-week, single-arm, open- label 
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study by Bagel, 85% (17/20) of patients were clear 
or almost clear at 12 weeks [109]. In a half-body 
comparison study, Wolf et al. found overall mean 
PASI reduction from baseline of 86% on 
UV-irradiated body halves vs. 53% on non-irradi-
ated body halves [110]. Both studies demonstrated 
that phototherapy significantly accelerates thera-
peutic response and improves the clearance of pso-
riatic lesions in patients treated with adalimumab.

 Ustekinumab and NB-UVB

One study to date has evaluated the combination 
of ustekinumab plus excimer laser. This intraindi-
vidual, half-body comparison study showed that 
PASI-75 was achieved significantly more often 
on the UV-irradiated half than on the non- 
irradiated half at week 6 [111].

 Combination Therapy with Oral 
Systemic Agents

 Acitretin and Cyclosporine

Acitretin and cyclosporine can be used effec-
tively in sequential therapy where cyclosporine is 
used as the initial rapid-acting, clearing agent and 
acitretin is used as the maintenance agent [2]. 
This combination is also ideal given that cyclo-
sporine may increase the risk of malignancy, and 
acitretin appears to have anticancer effects [86].

 Acitretin and Methotrexate

Although no controlled studies have been per-
formed, the combination of acitretin and MTX is 
sometimes used in clinical practice. A retrospec-
tive study of 18 patients on this combination 
therapy has shown that it is generally effective 
and well tolerated [112]. The literature suggests 
that it is especially beneficial for treating pustular 
psoriasis [113–115]. Although this combination 
is contraindicated according to the package insert 
for acitretin [116], with careful monitoring of 
liver enzymes and abstinence from alcohol, this 
combination can be used safely [4].

 Cyclosporine and Methotrexate

Cyclosporine and MTX have been used in com-
bination for patients with severe psoriasis, as well 
as those with both psoriasis and psoriatic arthri-
tis. In a prospective study of 20 patients and a 
retrospective study of 19 patients receiving com-
bination of cyclosporine and MTX, significant 
improvement was observed after initiation of 
combination therapy, which was well-tolerated 
[117, 118]. Cyclosporine and MTX can also be 
used as part of rotational therapy using MTX as 
the maintenance regimen and adding cyclospo-
rine as a short-term, occasional-clearing agent. 
Although this rotational regimen is not as cost- 
effective as MTX monotherapy, patients were 
able to have periods of complete clearance when 
cyclosporine was added to MTX therapy [119].

 Apremilast and Other Oral 
Systemic Agents

A limited number of case reports have docu-
mented the safe and effective use of apremilast in 
combination with acitretin and cyclosporine 
[119, 120]. Apremilast has also been safely used 
in combination with disease-modifying antirheu-
matic drugs such as methotrexate in clinical trials 
for the treatment of psoriatic arthritis. Further 
studies are needed.

 Combination Therapy with Oral 
Systemic Agents and Biologics

 Acitretin and Biologics

Controlled studies evaluating the combination of 
acitretin plus biologics are limited. In a 24-week, 
randomized, controlled, investigator-blinded 
pilot trial, 60 patients with moderate to severe 
psoriasis were randomized to receive etanercept 
25 mg twice weekly, acitretin 0.4 mg/kg daily, or 
etanercept 25  mg once weekly plus acitretin 
0.4 mg/kg daily. It was found that the combina-
tion of etanercept 25 mg once weekly and acitre-
tin 0.4 mg/kg daily is as effective as etanercept 
25  mg twice weekly and more effective than 
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acitretin alone [121]. Uncontrolled trials and 
reported cases in the literature also suggest that 
this combination is well tolerated [122–125]. 
Overall, it appears that acitretin can be added to 
decrease the dose of etanercept and maintain 
similar levels of efficacy [126].

 Cyclosporine and Biologics

No large-scale, controlled studies have been con-
ducted to evaluate the safety and efficacy of com-
bining cyclosporine and biologics, but this 
combination may be beneficial for recalcitrant 
cases. In a prospective study, seven patients with 
refractory psoriasis were treated with cyclospo-
rine 200  mg per day plus etanercept 50  mg 
weekly until their psoriasis was clear or near 
clear [127]. In another study, 11 patients with 
psoriasis and psoriatic arthritis whose cutaneous 
manifestations were uncontrolled on etanercept 
alone received cyclosporine with improvement of 
their psoriasis [128]. Long-term consequences of 
this combination are not well known. Instead of 
using the two agents concomitantly, this combi-
nation may be best utilized as part of sequential 
therapy in which cyclosporine is used as the 
rapid-acting clearing agent, and the biologic is 
used as a maintenance agent [129–131].

 Methotrexate and Biologics

The combination of tumor necrosis factor-alpha 
(TNFa) inhibitors, including etanercept, adalim-
umab, and infliximab, plus MTX is often used in 
clinical practice, especially in patients with both 
psoriasis and psoriatic arthritis. The combination 
is well studied in patients with other disease 
states such as rheumatoid arthritis but is rela-
tively limited in the psoriasis population [123, 
132–140]. In a randomized, double-blind, 
placebo- controlled study of 239 patients per arm, 
PASI-75 was significantly higher at weeks 12 and 
24 for the combination therapy group receiving 
etanercept plus MTX compared to the etanercept 
only group (70.2% vs. 54.3%, P  =  0.01 and 
(77.3% vs. 60.3%, P < 0.0001, respectively). The 
combination was also well tolerated. The use 

etanercept and MTX concomitantly can also have 
dose-reducing effects on MTX [138].

Studies suggest that while monotherapy with 
either MTX or TNFa inhibitors results in down-
regulation of some but not all inflammatory 
markers, the combination is more efficient in 
reducing inflammatory cell numbers in psoriatic 
skin than either alone [139]. There is also some 
data to suggest that the concomitant use of bio-
logics and MTX may reduce antidrug antibody 
formation [141]. Formal studies investigating 
other biologic agents in combination with MTX 
are limited [142].

 Apremilast and Biologics

Only a limited number of case reports and a retro-
spective study support the use of apremilast in com-
bination with biologic agents [99, 143, 144]. Given 
that apremilast and biologics have completely dif-
ferent mechanisms of action, this combination may 
be safe and effective in patients with severe recalci-
trant psoriasis. Further studies are needed.
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 Introduction

A host of treatment options are available for pso-
riasis, allowing tailored treatment regimens for 
patients based on disease severity and preference. 
Topical medications are generally prescribed to 
patients with limited disease involvement. 
However, in patients with more extensive dis-
ease, phototherapy, or systemic medications in 
oral or injectable formulations, may be employed. 
Though there are a variety of treatment options, 
many patients have recalcitrant disease. This 
recalcitrance may be due to inherent treatment 
inefficacy or nonadherence to treatment. 
Practitioners have a vested interest in patients’ 
adherence as disease improvement is often contin-
gent upon whether patients use the medication.

Poor adherence (Table 8.1) to medical advice 
is a serious issue across medical specialties, 
including dermatology. Nonadherence to treat-
ment may result in over 100 billion dollars in 
healthcare costs annually in the United States [1]. 
One-third of psoriasis patients admit to not fol-
lowing their prescribed medication regimen [2]. 
Nonadherence may lead to disease exacerbation 
and advancement of symptoms [3]. Psoriasis 
patients are more likely to adhere to systemic 
treatment options because of ease and conve-
nience of use, but adherence is still suboptimal 
[4]. Multiple factors may affect treatment adher-
ence in psoriasis patients (Table 8.2). Strategies 
to improve adherence are developed in an effort 
to address these factors (Table 8.3).

Primary nonadherence occurs when patients 
fail to fill a prescribed medication. In secondary 
nonadherence, prescriptions are filled, but either 
not used as prescribed or discontinued early. In 
demonstrating lack of persistence, patients may 
have ideal primary and secondary adherence but 
do not follow through with refilling the medica-
tion [5, 6]. Quality of execution is represented 
by how often patients use the correct dose and 
dosing intervals [7]. Purposeful or intentional 
nonadherence is the process of patients actively 
and rationally deciding not to use the medication 
often after weighing the pros and cons. This 
decision is typically hinged on patient beliefs 
and cognition level. Unintentional nonadherence 
is unplanned and often occurs due to patients’ 
poor understanding of how to use the medication 
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or simply forgetting to use the medication. This 
process is associated with regimen complexity 
and lapse in memory [8].

 Factors Affecting Adherence

Lack of knowledge about psoriasis may hinder 
patients’ pursuit of dermatologic treatment. 
Patients may assume that since psoriasis is incur-
able, there must be no effective treatment [9]. 
They may also believe that their psoriasis will 
worsen regardless of whether they adhere to 
treatment. Patients may skip doses of an inject-
able medication because they believe their psori-
asis is under control, not recognizing that 

continued use is necessary for maintenance of 
disease control [10]. These knowledge gaps neg-
atively impact compliance. In some cases, physi-
cians provide inadequate drug information to 
their patients regarding newly prescribed topical 
medications [11]. Dermatology patients have a 
tendency to underdose new topical treatments; 
this may be evidence of poor patient counseling 
about medication regimens [12].

Patients may have an aversion to certain treat-
ment types, vehicles, or medication characteris-
tics [8, 13, 14]. While some studies have 
attempted to categorize vehicle preferences based 
on demographic group, it is presumptuous to 
regard these preference patterns as a rule [13, 
15]. Daily routines may limit patient ability to 

Table 8.1 Adherence terminology

Adherence terms Definitions
Primary 
nonadherence

Failure to fill prescription

Secondary 
nonadherence

Failure to use the treatment as 
prescribed or early 
discontinuation of treatment

Quality of execution Patterns of adherence, how 
often patients use the correct 
dose and dosing intervals

Early termination Premature discontinuation of 
the treatment regimen

Purposeful 
(intentional) 
nonadherence

An active and rational decision 
not to use the medication

Accidental 
(unintentional) 
nonadherence

Unplanned nonadherence, 
often occurring due to poor 
understanding

Common terms describing adherence patterns in medicine

Table 8.2 Factors affecting adherence

• Lack of patient knowledge about psoriasis
• Lack of patient knowledge about available 

treatment options
• Lack of patient input regarding treatment choice
• Cost of treatment
• Chronicity of treatment
• Perceived lack of effectiveness of treatment
• Forgetfulness
• Fear of treatment side effects
• Poor physician-patient rapport

Examples of factors which influence adherence in psoria-
sis patients

Table 8.3 Strategies to improve adherence

Strategies Examples
Educate the 
patient

• Ask the patient if they have any 
questions

• After diagnosis of psoriasis, 
explain that while psoriasis is 
incurable, there are treatments that 
are effective in controlling the 
condition

Involve the 
patient

• Discuss preferred medication 
attributes

• Ask the patient if they are 
comfortable with the current 
treatment they are using

Identify 
potential 
barriers to 
adherence

• Ask the patient about their daily 
routine

• Review concomitant medications 
to avoid adverse drug interactions

Discuss cost • Talk with the patient about their 
healthcare plan to determine if the 
treatment will be covered

• Discuss coupons that could help the 
patient save on out-of-pocket costs

Use 
reminders

• Daily text messages
• Daily emails
• Automated phone call reminders
• Discuss internet-based reminder 

applications
Use 
motivational 
techniques

• During follow-up visits, applaud 
the progress patients have made

• Encourage patients to continue 
with treatment adherence to reach 
the goal of clearer skin

Use 
interactive 
interventions

• Encourage participation in 
psoriasis forums, either online or 
in person

Adherence strategies and implementation examples

K. Heubach et al.
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adhere to treatment. Treatment options which 
require frequent office visits, such as outpatient 
phototherapy, may be inconvenient for patients to 
pursue as they may not mesh well with an indi-
vidual’s daily routine [16].

Treatment cost is a potential barrier to adher-
ence. Due to uncertainty regarding healthcare 
coverage and rising healthcare costs, patients may 
prioritize cost as a factor in treatment decision-
making. Injectable biologics are much costlier 
than other psoriasis treatment options with prices 
ranging from $36,038 to $53,909 for a year sup-
ply in 2014. The price of commonly prescribed 
biologics rises by approximately 9.5% annually, 
adding to the financial burden of psoriasis [17]. If 
a medication is expensive, the patient may not 
purchase it, or they may limit the use of the medi-
cation once purchased [10, 18, 19]. While health 
insurance can lower the cost of treatments, a high 
co-pay may force patients to discontinue treat-
ment due to financial constraints [20].

Psoriasis is a chronic disease, so once a treat-
ment regimen is established, it often must be fol-
lowed long term. Adherence to chronic treatment 
regimens may decline over time [18]. Patients 
may become discouraged with their psoriasis and 
the treatment regimen; this may lead to waning 
compliance. Perhaps as a function of human 
nature, patients may inadvertently forget to use 
their medication [21]. In a study evaluating the 
factors which contribute to nonadherence to oral 
hypoglycemic medications in diabetes patients, 
49.6% of survey respondents cited forgetfulness 
as a major reason for nonadherence [22].

Patients may be fearful of the side effect profile 
of certain medications; this fear may lead to poor 
adherence [21]. In a study evaluating the barriers to 
treatment adherence among patients with hyperten-
sion, fear of side effects (25.4% of subjects) was the 
major reason for intentional nonadherence, followed 
by inconvenience of taking medicines outside home 
(17% of subjects) and fear of taking too many drugs 
at the same time (3.2% of subjects) [23].

Patients may be reluctant to voice treatment 
concerns to their practitioner. The aforemen-
tioned factors may be mediated through better 
communication between the patient and physi-
cian. Patient-centered communication skills can 
fortify the physician-patient rapport, potentially 

facilitating improved adherence to treatment reg-
imens [24]. In a longitudinal study, patient satis-
faction was improved by physicians’ ability to 
provide thorough explanations and show empa-
thy for patients [25]. Self-reported adherence to 
treatment regimens was lower in patients who 
were not satisfied with dermatologic care [26].

 Measuring Adherence in Psoriasis

To determine patients’ adherence to a treatment 
regimen, physicians may directly ask the patient 
about their use of the treatment. This method is 
unreliable as patients often overreport their 
adherence. Medication logs and medication 
weights rely on patient account and may overre-
port adherence. Lack of recognition of poor 
adherence can lead to poor treatment options, 
unnecessary treatment changes, and use of medi-
cations that may be more risky and costly.

The use of electronic monitoring to record 
patients’ adherence is the most accurate adherence 
measure available [14, 27]. Electronic monitoring 
of topical and oral medication is conducted using 
caps that contain electronic monitors which record 
the opening and closing of the cap [1, 28]. The 
data collected by the electronic cap allows physi-
cians to better understand the patient’s adherence 
patterns [1]. While the information collected by 
the electronic monitoring cap provides the physi-
cian with a more accurate idea of the patient’s 
adherence, it does not provide exact adherence 
data [28]. If the patient transfers the pills or tablets 
from the original bottle to a weekly pill case, but 
takes the medication regularly according to the 
prescribed schedule, the data collected by the 
monitor would provide a false idea of poor adher-
ence. Some of the topical treatments prescribed to 
patients with psoriasis are to be used as needed, so 
electronic monitoring may not be effective in 
assessing patient’s adherence to some topical regi-
mens [28]. The electronic monitoring caps do not 
measure the amount of medication dispensed each 
time the cap is opened and cannot detect whether 
the patient is using too much or too little of the 
topical at each application [1, 28]. Such monitors 
are used in clinical trials and are generally not 
practical for use in clinical practice.

8 Maximizing Treatment Compliance in Psoriasis
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While electronic monitoring can be used as a 
general means of measuring adherence to topical 
or oral medications, new methods are being devel-
oped to measure adherence to oral methotrexate. 
Methotrexate is converted into methotrexate poly-
glutamate (MTXPG) by the addition of a glutamic 
acid. The serum concentration of MTXPG 
decreases quickly after oral administration of 
methotrexate, but levels remain elevated within 
red blood cells. The concentration of MTXPG 
inside of red blood cells can be measured using 
high-performance liquid chromatography. The 
red blood cell concentration of MTXPG has the 
potential to be an objective measure of adherence 
to methotrexate analogous to glycated hemoglo-
bin in long-term blood glucose monitoring. As we 
enhance our understanding of MTXPG and estab-
lish concentration reference ranges, this technique 
may develop into a useful means of measuring 
methotrexate adherence [29].

Measuring a patient’s adherence to clinic-
administered injectable medications is uncompli-
cated because we have medical records which 
document compliance patterns. Physicians can 
review the electronic medical record to verify 
appropriate injection intervals and duration [10]. 
It is more difficult to measure self-injection 
adherence. Insurance claims analysis has been 
used to determine when or if a patient had their 
injectable drug prescription filled [30]. Adherence 
was considered equivalent to the proportion of 
days covered (PDC) and was measured as the 
number of days covered with the index biologic 
divided by a fixed time interval of 365 days. A 
patient was classified as adherent if the PDC 
value was greater than or equal to 0.80 [30]. 
While this method of measuring adherence to 
injectable drugs is novel and useful, it has its 
limitations. When using the PDC value as an 
adherence indicator, it is assumed that the patient 
administered the drug after having the prescrip-
tion filled. If the patient does not use the prescrip-
tion after having it filled, the PDC value may 
overestimate adherence. Another approach which 
may be useful in assessing adherence to inject-
able medications in clinical research involves the 
use of an electronic monitoring cap on the self-
injector disposal container. This approach has 

been used to document poor adherence to and 
patterns of adalimumab use [31]. A simple 
approach that can be used as an overall gauge to 
adherence in clinical practice is to ask patients, 
“Are you keeping the extra injectors that you’ve 
accumulated refrigerated like you are supposed 
to?” Patients who are using the medication prop-
erly will report that they do not have any extras.

Outpatient phototherapy adherence can be 
assessed through the review of clinic records. 
However, measuring adherence to home photo-
therapy can be challenging, and has not been 
extensively studied. A data-logging device con-
taining a photosensor accurately records the on/
off status of UVA and UVB phototherapy units 
and can be used to detect both the frequency of 
dosing events and the duration of administered 
doses. Despite some limitations, this commer-
cially available data logger is well suited for mea-
suring adherence to home phototherapy in 
clinical trials [32].

 Adherence Patterns in Psoriasis

Psoriasis patients are poorly adherent to topical 
medications. In a European survey study con-
ducted in 1281 patients with psoriasis, 73% of 
subjects reported that they did not comply with 
their current treatment regimen. Perceived poor 
efficacy and messiness of the topical medication 
were commonly cited reasons for nonadherence 
[33]. In a study assessing psoriasis treatment 
adherence using electronic monitoring caps, 
medication logs, and medication weights, adher-
ence rates calculated using electronic monitors 
decreased from 84.6% to 51% during the 8-week 
study period and were lower than the rates calcu-
lated using medication logs and weights [27]. 
First-time dermatology patients tend to under-
dose newly prescribed topical treatments. In a 
prospective study assessing first-time dermato-
logic outpatients’ adherence to topical treat-
ments, patients used median 35% of the expected 
individual doses; just 1 out of 17 subjects used 
the expected dose [12].

Adherence to oral medication is typically better 
than topical treatments. Psoriasis patients reported 
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a 21% higher adherence rate to oral medications 
compared to topical treatments, at 96% [34]. In a 
study assessing adherence to topical and oral med-
ications in 3096 patients with atopic dermatitis, 
psoriasis, urticaria, or tinea, using the Morisky 
Medication Adherence Scale-8 (MMAS-8), the 
percentages for high (score 8), medium (score 6 to 
<8), and low (score  <  6) adherence were 9.5%, 
24.2%, and 66.3% in the oral medication category 
versus 6.9%, 17.7%, and 75.5% in the topical 
medication category [35]. In the psoriasis patients, 
the percentages for high, medium, and low adher-
ence, according to MMAS-8, were 12.5%, 32.1%, 
and 55.4% in the oral medication category versus 
5.6%, 18.1%, and 76.4% in the topical medication 
category [36].

Though injectable medications tend to have 
higher adherence rates than oral and topical medi-
cation, adherence to injectable drugs is not opti-
mal. In a single-center study assessing adherence 
to adalimumab, etanercept, and ustekinumab in 
psoriasis patients using the medication possession 
ratio (MPR) index, 93.5% of patients had an MPR 
≥8 indicating very good adherence, though etaner-
cept had slightly lower adherence than the other 
biologics [19]. In a retrospective study assessing 
adherence to office-administered ustekinumab 
injections in patients with psoriasis, adherence to 
the 45 mg and 90 mg doses were 100% and 80%, 
respectively [10]. In a retrospective, claims analy-
sis study assessing utilization patterns of biologic 
therapies in Medicare beneficiaries with psoriasis, 
38% of patients were adherent, 46% discontinued 
treatment, 8% switched treatment, and 9% later 
restarted biologic treatment [30].

In a study assessing adherence to narrowband 
ultraviolet B phototherapy versus acitretin, 
adherence to acitretin fell from 93.6 to 54.4%, 
while adherence to phototherapy was more con-
sistent, with rates starting at 2.4 uses per week 
and falling to 2.1 uses per week [37]. A retro-
spective study assessing adherence to photother-
apy for vitiligo noted that out of 851 patients with 
psoriasis, 53% received fewer than 20 treatment 
sessions and approximately 33% received less 
than 10 treatment sessions. Psoriasis patients 
were considered adherent if they attended at least 
twice weekly for a minimum of 20 treatment ses-

sions [38]. Psoriasis patients self-reported a 93% 
treatment adherence rate to phototherapy; this 
was higher than topical therapies (75%) but lower 
than biologic therapies (100%) and oral therapies 
(96%) [34]. A summary of adherence patterns in 
psoriasis and other dermatological conditions is 
shown in Table 8.4.

 Strategies for Improving Adherence

Improving adherence is a huge challenge, com-
plicated by the variety of factors which poten-
tially affect adherence. Strategies to improve 
adherence must be diverse as psoriasis patients 
have variable disease severity, symptoms, and 
treatment preferences. Dermatologists consid-
ered good doctor-patient relationship, informa-
tion from the doctor, background information, 
and patient’s financial state to be the most impor-
tant factors affecting adherence. Patients consid-
ered information from the doctor and 
understandable communication to be the most 
important determinants of adherence. Since 
patient communication is the common denomi-
nator between patient and physician perspective 
on adherence, open dialogues may be a valuable 
tool for improving adherence [39]. Topical medi-
cations are available in multiple vehicle options 
including gels, foams, lotions, solutions, creams, 
and ointments. Discussion of preferred topical 
medication vehicle engages patients in the treat-
ment selection process and fosters a sense of 
patient responsibility which may in turn improve 
adherence [13].

Consideration of daily lifestyle is appropriate 
when establishing the treatment regimen as 
patients are more likely to adhere to regimens 
that seamlessly fit with their lifestyle. In a study 
assessing adherence to highly active antiretrovi-
ral therapy (HAART) in human immunodefi-
ciency virus (HIV) patients, high frequency of 
daily routines such as eating breakfast, watching 
favorite television program, attending meetings, 
and sleeping at home was associated with higher 
adherence. Low frequency of activities such as 
having friends over to visit was associated with 
higher adherence [40].

8 Maximizing Treatment Compliance in Psoriasis
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Treatment cost may adversely affect adher-
ence [18, 41]. To address this issue, physicians 
might consider prescribing generic medications. 
The generic version of a drug is typically as effi-
cacious with a lower price [18]. Branded medi-
cation co-payments can be 3–5 times higher than 
that of generic medications (though prices of 
some generic medications have exploded 
recently). Triamcinolone 0.01% is 30% to 40% 
cheaper than other mid-potency steroids when 
dispensed as a 15 g or 30 g tube. Some topical 
steroids are cheaper to purchase in higher unit 
size. For instance, a 454 g jar of triamcinolone 
0.01% costs $45, while ten 45 g tubes of beta-
methasone valerate 0.1%, a steroid of similar 
potency, cost $324 [42]. If physicians familiar-
ize themselves with psoriasis treatment costs 
and general coverage patterns of healthcare 
insurance plans, they may be better informed to 
prescribe affordable options [20]. Assistance 
programs and savings coupons may be available 
and help lower out-of-pocket costs (though these 
programs may contribute to higher societal costs 
by removing incentives for cost-effective man-
agement) [20].

Frequent follow-up visits during clinical tri-
als increased patients’ adherence to treatment 
regimens. Increasing the frequency of follow-up 
visits, especially after initiating a new treatment, 
may allow practitioners to reinforce treatment 
regimen instructions and encourage patient com-
pliance. Adherence to treatment during these 
frequent follow-up visits might be a result of 
“white coat compliance,” defined as improved 
adherence preceding a clinic visit [43]. However, 
strong adherence early on may influence ideal 
adherence thereafter by establishing routine 
[44]. Therefore the term “frequent follow-up 
visit” may be a bit of a misnomer; if moving the 
first return visit to an earlier time encourages 
better adherence, better outcomes, and better 
long-term adherence, fewer overall visits may be 
needed.

Educating patients about psoriasis and treat-
ment options may dispel misconceptions and 
equip patients to make informed decisions about 
disease management and treatment adherence. In 
a qualitative study assessing the unmet needs per-

taining to clinician interaction and consultation 
structure, subjects reported limited knowledge 
about psoriasis [45]. A randomized trial assessed 
the difference between providing psoriatic arthri-
tis and rheumatoid arthritis patients with disease-
modifying antirheumatic drug (DMARD) 
information in groups or individually. There was 
a trend toward better adherence and drug contin-
uation rates in patients counseled in groups [46]. 
Thus, there may be some utility in counseling 
patients regarding psoriasis treatment regimens 
in group session format.

Motivational interviewing (MI) has improved 
adherence in several research studies across 
medical specialties and may have some utility in 
improving psoriasis treatment adherence [18]. 
In a study assessing the utility of the MI inter-
vention in improving medication adherence in 
patients who were either initiating or changing 
HAART, all participants in the intervention 
group self-reported taking all doses of their 
medication, while the control group had four 
subjects who missed at least one dose of medi-
cation over the 4-day study period [47]. MI 
intervention improved treatment adherence in 
acutely psychotic patients from inpatient status 
to 6 months after discharge. There was a 23% 
improvement in adherence in the MI interven-
tion group compared to the control group which 
received nonspecific counseling [48]. 
Motivational interviewing uses five principles 
including expression of empathy through reflec-
tive listening, development of discrepancy 
between patients’ goals and current behavior, 
avoidance of argument, adjustment to patient 
resistance, and support of self-efficacy and opti-
mism. Self-efficacy is the personal belief in 
one’s ability to succeed in specific situations 
and accomplish a task, in this case treatment 
adherence. These principles allow practitioners 
to build rapport with the patient and improve 
adherence [47]. During motivational interview-
ing, physicians listen to the patient’s concerns 
about their psoriasis, restating them so the 
patient knows the physician was listening and 
shares concern. Physicians then discuss the 
patient’s goals in psoriasis management and 
how nonadherence to treatment will prevent 
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them from reaching the goal [18]. This assertion 
may be met with offense [47]. The technique of 
listening without countering the argument pro-
vides assurance that the physician will act in the 
patient’s best interest and determine the ideal 
course of action. The argument presented by the 
patient may provide insight into reasons for 
nonadherence, allowing the physician to change 
the treatment to better fit the patient’s needs. 
Finally, physician support of self-efficacy 
through acknowledgment of the patient’s prog-
ress and potential motivates the patient to 
remain adherent [18].

A reminder approach may positively impact 
adherence. In our modern age of technology, the 
use of text message reminders may serve as a 
practical option for improving adherence [49]. In 
a study evaluating the utility of a text messaging 
intervention in improving adherence to psoriasis 
treatment regimens, self-reported adherence 
increased from 3.86 days per week to 6.46 days 
per week in the intervention group [50]. This 
strategy may be more effective in younger patient 
populations as this demographic is more accus-
tomed to text messaging [49]. If patients desire 
reminders in a different format, daily emails, 
daily phone calls, and daily medication reminder 
applications are available.

Daily reminders are not limited to technology-
based systems. Simple measures such as use of 
medication cases and storage of medication bot-
tle in a designated area may serve as an adequate 
reminder system. Pill cases are convenient and 
increase medication adherence [51]. They typi-
cally have a compartment for each day of the 
week, facilitating organization of other prescrip-
tions the patient may be taking. Patients might 
consider storing their pill bottles or cases in a 
designated, frequently visited location so that the 
sight of this item reminds them to use the medi-
cation [18].

To improve adherence to topical medica-
tions, physicians may engage patients in a dis-
cussion of preferred medication attributes. 
When patients were queried about important 
medication attributes, responses varied, but the 
ease of spreading the topical onto the skin was 
important to 31% of females and 11% of the 

males. Thirty-nine percent of full-time employed 
subjects preferred a non-greasy option com-
pared to 18% of subjects who did not work full 
time [13]. This variability in preference under-
scores the importance of open dialogues during 
clinical encounters.

Interactive interventions are beneficial in 
improving adherence. In a study assessing the 
effect of a weekly internet discussion interven-
tion on topical fluocinonide adherence in psoria-
sis, the intervention group used 50% of the 
prescribed doses, while the normal care group 
used 35% of the prescribed doses. The percent-
age of days with correct dosage was 34% and 
20%, in the intervention and normal care groups, 
respectively [28]. Internet-based interventions 
are convenient because the patient can complete 
the program from the comfort of their home. 
These intervention programs may have a lasting 
effect by establishing a routine which will hope-
fully continue. Alternatively, the improved adher-
ence facilitated by the intervention program may 
be short term, having little effect on the patient as 
time progresses [28]. Due to the potential short-
term effect of the intervention strategy, imple-
mentation may be more beneficial early in 
treatment.

While adherence to oral medications for the 
treatment of psoriasis is higher than topical 
treatments, there is still room for improve-
ment. A potential contributor to poor adher-
ence to oral medications is patients’ fear of 
side effects associated with the use of the med-
ication [20]. Commonly prescribed oral medi-
cations such as methotrexate and cyclosporine 
may cause dangerous drug interactions; the 
fear of these interactions may negatively 
impact treatment adherence [20]. Thorough 
education about the drug and possible side 
effects could positively impact adherence. 
Practitioners might consider comparing risks 
of the side effect to some other real-world 
event to frame the risk in proper perspective. 
Providing information about what factors 
might increase the risk of drug-related side 
effects may reduce patient anxiety.

Newer oral medications, such as apremilast, 
target specific molecules in the inflammatory 
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cascade to improve psoriasis and have fewer, 
less severe side effects than traditional oral med-
ications [20]. In a study assessing efficacy of 
apremilast in the treatment of psoriasis, discon-
tinuation rate due to side effects was approxi-
mately 5% [52]. Diarrhea and weight loss are 
common side effects of apremilast. While the 
diarrhea is probably universally frustrating 
(though even diarrhea might be framed as posi-
tive by saying “the diarrhea may be a sign the 
drug is working”), weight loss may be consid-
ered a positive attribute in some patient popula-
tions. Due to its favorable side effect profile and 
low discontinuation rates, apremilast may por-
tend better adherence patterns in the oral medi-
cation category. Perceived or true suboptimal 
efficacy of oral medication may negatively 
impact treatment adherence. In such cases, treat-
ment escalation may be a measure to improve 
adherence. Biologics typically require infre-
quent injections which may lead to missed doses. 
Interrupted injection schedules can lead to wors-
ening psoriasis, perpetuating the idea that the 
drug is less efficacious. Frank discussions about 
goals of treatment and patient-perceived efficacy 
serve to instill realistic patient expectations. An 
injectable biologic may truly lack efficacy in a 
certain patient, so switching the patient to a dif-
ferent biologic agent may be beneficial in 
improving disease management and treatment 
adherence [53]. Newly developed injectable bio-
logic agents have the potential to achieve 
Psoriasis Area Severity Index (PASI) 90–100. 
These high clearance rates might encourage 
improved adherence in patients who had spo-
radic adherence with other biologic agents [20].

Phototherapy may be administered via office 
unit, requiring the patients to report to the doc-
tor’s office multiple times per week for treatment. 
Alternatively, patients can purchase a home pho-
totherapy unit. The latter is a convenient option 
as patients can administer treatment from the 
comfort of their homes rather than having to 
travel to the doctor’s office for each treatment. 
Home-based UVB phototherapy is as effective as 
outpatient phototherapy with no difference in 
safety profile. Home phototherapy has less qual-

ity-of-life burden than outpatient phototherapy, 
and patients reported that they preferred home 
phototherapy over outpatient phototherapy [16]. 
Psoriasis patients perceive phototherapy to be a 
very effective treatment for psoriasis; this percep-
tion may guide adherence patterns [54]. Patients 
who struggle with adherence to outpatient photo-
therapy may be good candidates for home photo-
therapy. Though home phototherapy is a practical 
solution, acquisition may be hindered by insur-
ance company protocols and high co-payments.

 Conclusion

The armamentarium for psoriasis has grown 
immensely over the years. Practitioners have a 
wealth of treatment options including topical 
medications, systemic medications, and photo-
therapy. Even within these categories, modern 
research has diversified our options. For limited 
disease, we might choose topical corticosteroids, 
topical calcineurin inhibitors, or topical vitamin 
D analogues. For more extensive disease, sys-
temic medications such as small-molecule medi-
cations, biologics, methotrexate, cyclosporine, or 
vitamin A derivatives might be considered. 
However, these options are useless if patients 
choose not to adhere to the regimen. Studies have 
noted poor adherence in dermatology across 
treatment categories. In psoriasis management, it 
is important to ensure that patients adhere to the 
prescribed treatment regimen just as it is impor-
tant to choose the best treatment regimen. 
Optimizing physician-patient rapport is impor-
tant when discussing adherence and implement-
ing adherence improvement strategies. Many of 
the electronic monitoring techniques are well 
suited for clinical studies in dermatology to elu-
cidate whether disease stagnancy or worsening is 
due to inefficacy of treatment or nonadherence. 
Adherence is the cornerstone of disease manage-
ment, influencing disease improvement, flaring, 
and stagnancy in dermatology and across medi-
cal specialties. Efforts to improve adherence may 
indirectly reduce the overall disease burden of 
psoriasis and other chronic conditions.
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