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Preface

Primary dermatologic disease can result in significant morbidity and mortality,
and the skin can also serve as a useful reflection of internal disease. This textbook
is not meant to list and summarize all conditions of the skin which can result in
death. Some are intentionally omitted, including melanoma and squamous cell
carcinoma. Attempting to summarize these in a single chapter would be a disser-
vice to the complexities of the subject and the abundant research which is present.
We intend to broaden the knowledge of clinical identification, histopathology, and
treatment of a group of fascinating, occasionally deadly diseases. We also attempt
to clarify the story behind how these entities came to the attention of the medical
community.

There are slight changes from the original edition of Deadly Dermatologic
Diseases. Several additional chapters were added. The format now includes 7 sec-
tions and 43 chapters. Each section contains etiologically similar conditions.
Chapters includes clinical photographs and histopathologic photomicrographs
which attempt to capture the essence of each condition. A summary including his-
tory, epidemiology, pathogenesis, clinical findings and histopathology are
included, with treatment algorithms when appropriate.

Physicians and physician extenders from many disciplines will find this a useful
reference, including primary care providers, dermatologists, dermatopathologists,
and surgical pathologists. Medical students and residents in the above areas of
medicine will also find this a captivating look into the complex world of medical
dermatology, and the deadly conditions which we appreciate and despise.

David R. Crowe, MD
Cleveland, OH, USA
Michael B. Morgan, MD
Panama City, FL, USA
Stephen C. Somach, MD
Cleveland, OH, USA
Kara M. Trapp, MD
Washington, DC, USA
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Part I

Malignant Cutaneous Neoplasms



1

Anglosarcoma

Synonyms:

Hemangiosarcoma, lymphangiosarcoma, malignant

hemangioendothelioma

. Etiology:

Ultraviolet light, radiotherapy, lymphedema (Treves-Stewart

syndrome), preexisting vascular malformations (Maffucci’s

syndrome)
. Associations:

Maftucci’s syndrome, BRCA 1 and BRCA 2 mutations,

Klippel-Trenaunay, and neurofibromatosis type 1

m Clinical:

Rapidly expanding bruise-like patch with indistinct borders,

erythematous papules, violaceous nodules, may present with
hemorrhage and ulceration if advanced

m Histology:

Ill-defined anastomosing dermal network of atypical

endothelial-lined spaces (most common) or defined diffusely
arranged aggregates of epithelioid or spindled cells

m [HC repertoire:
factor VIII

m Staging:

m Prognosis:

CD-31 (most sensitive and specific), CD-34, Ulex europaeus,

None for cutaneous disease
Overall 5-year survival rate 10 %, resectable lesions localized to

the skin have a 53.6 % 10-year survival rate

m Adverse variables:

Size 5 cm; depth of invasion 3.0 mm; mitotic rate 3 HPF;

positive surgical margins, recurrence, and metastases; age
>50; tumor located on the scalp and neck; nonsolid growth
pattern on histology; epithelioid histology

m Treatment:

Angiosarcoma (AS), otherwise known as hemangiosar-
coma, lymphangiosarcoma, or malignant hemangioendo-
thelioma, is a malignant tumor derived from the
endothelium that occurs in a variety of anatomic sites
including the skin [1-3]. Sixty percent of cases arise within
the skin or superficial soft tissues. Anatomically the head
and neck are most frequently involved [4]. These tumors
derive from the vascular endothelium. The exact vascular
origin is unknown and likely originates from both the blood
vessels and lymphatics. AS is an extremely uncommon
tumor, accounting for less than 1% of all sarcomas [5].
With the exception of tumors that may arise in preexisting
vascular lesions, AS predominantly afflicts the elderly in
their sixth decade of life and is seen most often in men [4, 6,
7]. Males outnumber females by a ratio of approximately
2:1 regarding AS involving the head and neck [6, 8, 9].

© Springer International Publishing Switzerland 2016

WLE/XRT for localized disease, XRT for systemic disease,
limited role for CTX

A recent retrospective review of 434 cutaneous AS (cAS)
found only a slight male predisposition [4]. Below the clavicle
(excluding AS of the breast), males and females exhibit nearly
a 1:1 ratio [6]. AS has been shown to be preceded 26 % of the
time by primary cancer of the breast (48.5%) and prostate
(14.75%) [4]. The etiology of AS is multifactorial and is
influenced by the clinical setting. Fifty percent of cases
occur on the head and neck making AS responsible for 15%
of all head and neck cancer [10—12]. Particularly the scalp of
elderly Caucasian men tends to be affected in which exposure
to ultraviolet light is thought to constitute an important
risk factor [1, 13, 14]. The scalp has been affected in up to
48% of AS cases [4, 15]. AS arising in this clinical setting has
been referred to as angiosarcoma sporadica [16]. While ten-
able, investigators have argued that cAS remains an
extremely uncommon tumor among individuals with
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excessive ultraviolet light exposure and that other sun-
prone anatomic sites are rarely afflicted by AS [17]. In rec-
onciling these contradictions, it has been recently
hypothesized that factors unique to these anatomic loca-
tions might exist that predispose to its development. These
factors might include the vascular density of the scalp or
the anastomotic arrangement of the vessels in these areas.
Unusual vascular arrangements or density might also com-
bine with ultraviolet light or thermal (heat) effect potenti-
ating oncogenesis [14]. Ionizing radiation in the form of
radiotherapy is a recognized risk factor for these tumors
particularly involving the anterior chest wall of women
who have undergone treatment for breast cancer [10]. AS
arising in areas subjected to ionizing radiation and lymph-
edema differ biologically to AS sporatica in that myc onco-
genes are overexpressed [18, 19]. Florescent in situ
hybridization testing to determine myc expression can be
helpful in determining if AS is a primary or secondary cancer,
as primary AS will not display abhorrent myc expression [20,
21]. Lymphedematous extremities, particularly resulting
from radical mastectomy for breast cancer, predispose to
AS. Known as the Treves-Stewart syndrome, named after
the surgeons who described this association among six
patients in 1948, AS presenting within the setting of lymph-
edema has now been reported in no less than 400 cases. The
permissive environment for the development of AS may result
from the lack of adequate lymphatic function compromising
immune response and the increase in vascular collaterals.
High levels of VEGF and other growth factors commonly
found in lymphedematous areas may play a permissive role
[22]. First-line treatment options include physical therapy
and compression where applicable [23]. Other causes of
chronic lymphedema, including congenital lymphedema,
and complications resulting from long-standing filariasis
infection may eventuate in this tumor as well. Treatment of
lymphedema may prevent the occurrence of malignancy and
therefore should be treated straightaway. Rhinophyma, which
is thought to be caused by microlymphatic dysfunction, has
also been a setting in which AS has presented [22, 24, 25].
Preexisting vascular lesions, including arteriovenous mal-
formations, have been described in conjunction with this
neoplasm. Interestingly, most of these cases have been
described in children. AS has also been rarely described fol-
lowing foreign body implantation, xeroderma pigmento-
sum, and in sites of recurring herpes zoster infection
[26-28]. Familial syndromes associated with AS include neu-
rofibromatosis type 1, BRCA 1 and BRCA 2 mutations,
Maffucci’s syndrome, and Klippel-Trenaunay syndrome [16].
Unlike identical tumors occurring in the viscera, there is no
established association of cutaneous lesions with toxin
exposure including thorotrast, arsenic, polyvinyl chloride,
or anabolic steroids. Arsenic exposure resulting in the devel-
opment of primary AS of the periorbital area was reported in
a single case in the literature [29].

Deadly Dermatologic Diseases

The clinical presentation is varied and dependent upon
the various risk factor(s). Some lesions may appear benign
or resemble infectious or inflammatory pathology. This
variable presentation can delay proper initial diagnosis and
treatment. Delay in diagnosis contributes to the overall poor
prognosis of AS. AS masquerading as rosacea, rhinophyma,
isolated eyelid edema, scarring alopecia, and chronic episodic
facial edema can lead to misdiagnosis [14, 30]. Among the
most common entities cited in the differential diagnosis are
lymphoma and metastatic carcinoma. The classic presenta-
tion associated with ultraviolet exposure is of a rapidly cen-
tripetally ~expanding brown-to-erythematous patch
situated on the forehead or scalp (Fig. 1.1) [31]. In time, the
lesion is capable of producing an ulcerated and potentially
bloody erythematous-to-violaceous plaque or nodule.
Later, there is a tendency to develop a centrifugal pattern of
tumor satellites [32, 33]. Skip lesions can make determining
the area of cutaneous involvement difficult to appreciate upon
inspection [29, 34]. Although the scalp and face are most
commonly afflicted, the ears, the neck, and the upper trunk
may be involved as well. Lesions attributed to antecedent

Ficure 1.1. Violaceous plaque of angiosarcoma.



1. Angiosarcoma

radiotherapy consist of rapidly growing papules and
nodules classically located on the chest wall of women with
a history of irradiated breast carcinoma. Radiotherapy-
associated tumors may, however, arise in either sex and
within the radiation field of a variety of anatomic sites.
Most tumors arise following a 10-year or greater latent
period. AS arising within a lymphedematous extremity is
generally heralded by the development of a rapidly enlarg-
ing papule/nodule superimposed upon the brawny indura-
tion, which is typical of long-standing lymphedema. Most
lesions develop an average of 10 years following surgery.
Lesions associated with congenital lymphedema generally
occur in younger patients who have experienced lymph-
edema for greater than 20 years. AS associated with preex-
isting vascular lesion(s) is characterized by rapid eccentric
growth and epidermal ulceration.

The histologic attributes of this lesion are varied. The
most common pathologic alteration consists of a subtle
increase in vascularity detected in the superficial and
mid-dermis [17]. The vascular channels diffusely ramify
throughout the dermis, forming an anastomosing network
of endothelial-lined vascular spaces (Figs. 1.2 and 1.3). The
vascular channels may consist of sinusoids with parallel
sides or gaping cavernous spaces. The vascular spaces are
lined by a population of cuboidal to hobnailed cells pos-
sessing enlarged and hyperchromatic nuclei (Figs. 1.4 and
1.5). One study reported statistical significance between histo-
logical examinations showing greater than 80 % solid growth
and better survival [29]. The endothelium may stratify

r-

Ficure 1.2. Low-power pho-
tomicrograph depicting dif-
fuse dermal hemorrhage.

forming papillations. The intervening stroma often con-
tains plasma cells and neutrophils as well as hemosiderin
pigment. The tumor periphery is often bounded by a fringe
of dilated and otherwise normal-appearing vascular spaces.
Less common histologic presentations include a nested or
diffusely arranged population of either spindled or enlarged
epithelioid cells. In the latter setting, striking cellular pleo-
morphism may rarely be encountered. Epithelioid histology
has been reported to be associated with decreased disease-
specific survival [30, 35]. Although early lesions are con-
fined to the dermis, well-developed lesions may extend
laterally over a large expanse of dermis as well as invade
deep into the subcutaneous fat and soft tissues. Microscopic
extension of tumor is commonly seen well beyond what is
deemed to be the clinical boundary of tumor.

Special techniques that may be employed in
confirmation of the diagnosis include electron micros-
copy and, increasingly, immunohistochemistry [10].
Ultrastructural features of endothelial derivation include
the presence of prominent external laminae, pinocytotic
vesicles, and specialized endothelial organelles termed
Weibel-Palade bodies. These attributes are more com-
monly observed in well-differentiated and epithelioid
tumors. Immunohistochemistry has become an indis-
pensable diagnostic adjunct, particularly in the evaluation
of poorly differentiated tumors and in the epithelioid
variant. Among the various markers that include CD-31,
CD-34, Ulex europaeus, and factor VIII, CD-31 is regarded
as the most specific marker for endothelial derivation with




Ulex europaeus as the most sensitive [5]. An important pit-
fall to consider is that approximately one-third of cases
stain with keratin antibodies, prompting consideration for
carcinoma. Overexpression of VEGF-A and VEGF-C along

Deadly Dermatologic Diseases

Ficure 1.3. Medium-power
photomicrograph  depicting
subtle proliferation of endo-
thelial-lined dermal vascular
channels.

Ficure  1.4. Medium-power
photomicrograph  depicting
deeper dermis with gaping
vascular channels lined by
atypical hyperchromatic endo-
thelial cells.

with p-AKT, p-4EBP1, and CIF4E has been reported in the
literature [35].

Important entities to consider in the histologic differen-
tial diagnosis include benign entities such as the tufted



1. Angiosarcoma

FiGure 1.5. High-power pho-
tomicrograph depicting cyto-
logic detail of vascular
channels lined by atypical
endothelial cells.

angioma (TA) and targetoid hemosiderotic hemangioma
(THH), low-grade vascular tumors of intermediate prog-
nosis such as epithelioid hemangioendothelioma (EHA)
and Kaposi’s sarcoma (KS), as well as malignant entities
such as poorly differentiated carcinoma. THH consists of a
superficial papillary dermal central focus of hobnailed vas-
cular spaces and surrounding progressively inconspicuous
and attenuated vascular channels. TA consists of discrete
nests or tufts of epithelioid endothelia situated throughout
the dermis. Endothelial atypia and/or extensive dermal or
subcutaneous fat extension are not seen in these lesions.
EHA is an uncommon tumor comprised of dermal and
subcutaneous nests, strands, and diffusely arranged epithe-
lioid cells often possessing intracytoplasmic lumina that
contain erythrocytes. KS consists of a diffusely spindled cell
population that characteristically forms slit-like vascular
spaces and is punctuated by plasma cells and extracellular
hyaline globules. Metastatic and poorly differentiated car-
cinoma may closely simulate AS. Epithelial connection,
intercellular bridges, and glandular formation favor carci-
noma. Difficult cases may require immunohistochemical
characterization. Carcinomas should not stain with anti-
bodies to CD-31.

AS is an aggressive tumor. It tends to recur locally, later
metastasizing despite aggressive multimodal therapy. Wide
surgical excision if possible is the most successful treatment
option [6, 36]. However, because of the predilection for mul-
tifocality and unapparent spread, complete surgical resection
is often unattainable (9, 37, 38]. Oftentimes even if intraop-

erative frozen section reports negative margins, permanent
sections will often visualize involvement [37]. Given that AS
tends to be present beyond surgical margins, radiotherapy
(RT) is also often performed following surgery as an addi-
tional measure. Combined surgical and RT improves local
control, disease-specific survival, and overall survival [34].
Overall prognosis is poor, with reported 5-year survival
rates of 10-35 %. Disease-specific survival has been reported
at 53.6% following complete excision [35]. Usual metastatic
sites are the skin, lung, lymph nodes, spleen, liver, and bone.
The development of metastases is ominous, as most
patients eventually succumb to their disease. Metastases
and recurrences usually develop within 2 years of diagno-
sis. Given the high rate of recurrence, better prognostic indica-
tors to guide treatment and options for treatment are needed
[35]. Tumor grade, demographic factors such as age and gen-
der, anatomic location, and clinical setting do not influence
prognosis [14]. The diameter of the lesion at the time of
initial diagnosis is the most important factor in influencing
survival. Lesions of less than 5 cm have a better prognosis (35,
38] although recently published retrospective studies report
contrary results regarding size as a significant prognostic fac-
tor [4, 6, 13]. Size has been indicated to be a potentially unre-
liable factor estimating survival due to precise measurements
being difficult to obtain given the growth patterns of AS [4].
Generally, smaller tumors are more accessible to treatment
with surgery. Other potential factors responsible for this
observation include shorter clinical duration and limited
vascular access with the attendant risk of metastases. Other



favorable attributes recently shown to influence survival
include average tumor mitotic rate of less than 3 per micro-
scopic high-power field, a tumor depth of less than 3 mm,
and absence of recurrence and metastases.

Patients need clinical examination every 3 months for
the first year following diagnosis to detect early recurrence.
Lymph node survey and imaging studies including CT or
MRI of the head and neck should be considered at these
time intervals as well [9]. Due to the rarity of this tumor,
there are no widely adopted standard protocols for therapy
[9]. Localized disease is generally treated with wide local
excision or in combination with radiotherapy if the ana-
tomic site and health status of the patient permits.

Those who cannot tolerate surgery can be palliated with
radiotherapy. Most radiation protocols employ fractional-
ized megavoltage dosing of between 180 and 300 centigray
per day for a total of between 3000 and 7000 centigray.
Systemic disease can also be palliated with radiotherapy.

The use of various chemotherapeutic agents, including
methotrexate, doxorubicin, cyclophosphamide, paclitaxel,
docetaxel, and vincristine, has been reported with varying
success. The role of chemotherapy is not well defined and
requires further investigation. Neoadjuvant chemotherapy
may have a role in treating areas in which a wide margin
excision is unobtainable [29]. Chemotherapy may help
spare adnexal structures and the eye when the periorbital
region is affected [29] or in few cases allow the avoidance of
surgery all together, without decreasing disease-specific or
overall survival rates. Even with the use of chemotherapeu-
tic agents, recurrence remains problematic [29]. Recently,
increasing evidence has grown for the potential value of
paclitaxel in treating cAS and metastatic AS; this has caused
a movement from the use of doxorubicin to paclitaxel [7,
39-41]. Multiple studies have shown paclitaxel to be effica-
cious when given on a low-dose weekly schedule [6, 7, 42].
Paclitaxel has also shown to be uniquely active in AS of the
face and scalp [39, 41, 43]. Other studies have shown that
response to paclitaxel may be short lived, only being effica-
cious for a few months before AS becomes resistant [44]. In
metastatic AS, paclitaxel and doxorubicin have shown simi-
lar efficacy, leaving clinicians to choose treatment based on
comorbidities of the particular patient. Other taxanes such
as docetaxel have shown mixed results [44]. Studies from
the Mayo Clinic and out of Europe have reported docetaxel
to be rather ineffective in AS [45, 46].

Given that AS arises from endothelial cells of the vascular
and lymphatics, antiangiogenic and anti-endothelial treat-
ments have been suggested as a treatment option. Some drugs
serving this pharmacologic action have been studied to
include bevacizumab and sorafenib. In a phase II clinical trial,
bevacizumab, which targets VEGF-A, was used alone to treat
both metastatic and local advanced AS. Results were promis-
ing, as half of the patients had stable disease with a mean time
to disease progression of 26 weeks [47]. Another phase II
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study is currently considering bevacizumab combined with
other agents in the treatment of AS [48]. However it has been
implicated that blocking VEGF-A alone is not adequate to
stop disease. Drugs such as sorafenib, which inhibits KIT,
FLT-3, VEGFR-1, VEGFR-2, VEGFR-3, and PDGFR-B may
serve a role in disease reduction and palliation [49, 50].

With current treatments disease control and survival
remain poor. Further study of treatment modalities is nec-
essary to fill the void in clinical knowledge regarding treat-
ment modalities for AS. Anti-endothelial antibodies
conjugated with cytotoxins and XRT radiosensitizers may
serve a future role in AS treatment.
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Life-threatening Lymphomas and Leukemias
with Prominent Cutaneous Involvement

2.1 Primary Cutaneous Gamma-
Delta T-Cell Lymphoma

David R. Crowe

Primary cutaneous gamma—delta T-cell lymphoma
(PCGDTCL) is a rare condition, the details of which have
come into focus in dermatologic and oncologic literature
in the last 25 years. The effector cell is an activated gamma—
delta T cell with a cytotoxic phenotype. This entity repre-
sents 1% of cutaneous T-cell lymphomas and 10% of
peripheral T-cell lymphomas. It is classified as a provisional
entity in the category of peripheral T-cell lymphomas,
unspecified by the World Health Organization and
European Organisation for Research and Treatment of
Cancer (WHO-EORTC) [1]. Unfortunately, those stricken
with this disorder have a poor prognosis, with rapid pro-
gression of disease and average survival of 15 months [2].
Gamma—delta T cells compose 3—6 % of peripheral blood
lymphocytes. They represent 30 % of splenic T cells and pref-
erentially accumulate in the skin, mucosa, and the GI tract.
They are markedly cytotoxic and phagocytic. They are
thought to represent a bridge between antimicrobial and
antitumor cells and are sometimes referred to as “natural T
cells” given their likeness to natural killer cells in some
respects. Target recognition of gamma—delta T cells is not
restricted by MHC molecules (unlike their alpha—beta coun-
terparts), but instead hone in on altered cellular homeostasis.
In their natural state, they are strong tumor-infiltrating cells
for multiple solid malignant neoplasms, causing lysis of
autologous tumor cells. They are also strongly antiviral, par-
ticularly in HIV [3]. Gamma—delta T cells are generally not
found to represent greater than 10% of lymphocytic infil-
trates of other inflammatory or neoplastic disorders of the
skin [4]. Hepatosplenic T-cell lymphoma is another periph-
eral T-cell lymphoma characterized by malignant transfor-
mation of gamma—delta T-cells, often in the context of
immunosuppression. Similar to PCGDTCL, it is rapidly pro-
gressive and unresponsive to chemotherapy [5]. Primary
lymphomas of gamma-—delta cell derivation can also arise in
the intestines, thyroid, nasal mucosa, and respiratory tract.
Clinical findings are variable but are notable for certain
trends. Age of occurrence is usually in the fifth to seventh
decade of life, occurring with a 2:1 male predominance.
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Clinical lesions are often extremity-predominant, most
often found on the legs (75%), although the torso is
involved in 30% of patients. Preferential involvement of
the subcutis results in deep violaceous plaques resembling
panniculitis which occurs in 60-70% of patients.
Presentation can, less commonly, resemble psoriasis or
mycosis fungoides (MF) with more superficial histologic
findings (20-30 % of cases). Ulceration is common regard-
less of clinical appearance (50 %) [2, 5-7].

Associated signs and symptoms of disease are important
to note. Constitutional symptoms, including fevers, night
sweats, and weight loss, can occur in more than half of
patients. Lymphadenopathy and histologic lymph node
involvement are uncommon, occurring in approximately
10 % of patients. Lactate dehydrogenase (LDH) was found
to be elevated in 55% of one large series of patients with
PCGDTCL [6]. Hemophagocytic syndrome is rare but can
cause pancytopenia and hasten death. The ability of
gamma—delta T cells to suppress hematopoiesis (likely by
elaboration of IFN-gamma) may worsen myelosuppression
[8]. Central nervous syndrome involvement is another
poor prognostic sign. This occurred in 6 % of a series of 53
patients, with variable presentation including blurred
vision, diplopia due to cranial nerve palsy, Bell’s palsy, dys-
arthria, and ataxia, depending on the site of involvement
[6, 9]. Dissemination to the nasopharynx, intestine, thy-
roid, lung, breast, and testes can also occur. Primary and
disseminated disease can be seen on positron emission
tomography—computed tomography in 50 % of cases [6].

Despite differing clinical features, it is important to note
that histopathologic infiltrates of lymphocytes in
PCGDTCL can be epidermotropic, dermal, and/or subcu-
taneous in the same patient or the same clinical lesion.
Individual lymphocytes are medium sized with slightly
granular cytoplasm and nuclear pleomorphism. Typical
cerebriform nuclei of mycosis fungoides are not present.
Malignant lymphocytes are usually CD2+, CD3+, and
CD7+, with positivity to markers of cytotoxicity (TIA-1,
granzyme B, and perforin). Granzyme B positivity in par-
ticular may be a poor prognostic marker [6, 9]. While most
cases of PCGDTCL are noted to be “double negative” for
CD4 and CDB8, some cases showing CD8 positivity have
been noted. CD56 positivity is occasionally noted, usually
with panniculitis-like clinical features or in patients with
nasal mucosa infiltration. In comparison with alpha—beta
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panniculitis-like T-cell lymphoma, PCGDTCL has more
varied histology in terms of cellular morphology, with
more superficial spread of tumor cells [2, 7]. Staining for
Epstein—Barr virus (EBV) is usually negative, occurring in
<8% of cases [6]. Staining for T-cell receptor (TCR)
gamma-1 is positive, and staining for T-cell receptor beta is
not positive to a significant extent. Clonal rearrangement is
observed for both TCR-gamma and TCR-delta.

Despite overall tendency toward poor prognosis in
gamma-—delta T-cell ymphoma, cases with indolent courses
have been described. Among eight patients considered to
have indolent disease, 88 % were female, none had hemo-
phagocytic lymphohistiocytosis, 75% had onset in the
third to fifth decade of life, and although 43 % eventually
died from their disease, response to therapy was favorable.
Histopathology was notable for a trend toward mild lym-
phocyte atypia and the lack of findings of hemophagocytic
cells. Otherwise, staining patterns were similar to those
reported in typical cases of gamma-—delta T-cell lymphoma,
with negativity for CD4 and CD8 and positivity for cyto-
lytic proteins [10].

Initial staging of disease should include full-skin exami-
nation, PET-CT scan, and bone marrow biopsy, in particu-
lar if pancytopenia is noted. Guidelines for TNM staging
are easily accessible, and extent of disease on the skin (soli-
tary, regional, generalized) as well as the presence of lymph-
adenopathy should be carefully documented [11].
Treatment strategies have included combination chemo-
therapy, interferon therapy, photochemotherapy, topical
nitrogen mustard, and radiotherapy [12]. No consistently
useful treatment options have emerged that will signifi-
cantly prolong survival. Bexarotene has been advocated as
an adjuvant treatment option in selected patients [13].
Some advocate for early prednisone treatment followed by
doxorubicin-based combination chemotherapy (CHOP).
Others note impressive response (92% complete remis-
sion) to high-dose chemotherapy followed by stem cell
transplant for a combination of patients with alpha—beta
and (likely) gamma-—delta T-cell lymphoma [14]. Rates of
response are likely inflated, as multiple studies were per-
formed prior to the clinicopathologic delineation between
alpha—beta and gamma-—delta lymphomas.

2.2 Hydroa Vacciniforme-Like
Cutaneous T-Cell Lymphoma

David R. Crowe

Hydroa vacciniforme-like cutaneous T-cell lymphoma
(HVCTCL) is a lymphoproliferative disorder which occurs
predominantly in children and has a close relationship to
chronic Epstein—Barr virus (EBV) infection and idiopathic
hydroa vacciniforme (HV). Ruiz-Maldonado et al. described
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14 children with a chronic condition which was referred to as
“edematous, scarring vasculitic panniculitis” in 1995, which
likely represented early descriptions of HVCTCL [15]. After
more detailed analysis, HVCTCL was initially grouped with
NK/T-cell lymphoma, nasal type, although more recently
(2008) had been reclassified by the World Health
Organization as an EBV-associated lymphoproliferative dis-
order of childhood in the broad category of peripheral T-cell
lymphoma, unspecified [16]. Prognosis is variable. Some
cases exhibit a chronic, relapsing and remitting, but ulti-
mately indolent course. Other patients exhibit a rapid down-
ward spiral to death within months of diagnosis.

Pathogenesis of both hydroa vacciniforme and HVCTCL
is tied closely to the activity of EBV. EBV DNA is invariably
found in the blood in those with both conditions, and RNA
is found in the infiltrating lymphocytes and sometimes the
keratinocytes of lesional skin. Evidence of EBV is occasion-
ally found in other types of cutaneous lymphoproliferative
conditions, including angiocentric CD56+ lymphomas and
subcutaneous T-cell lymphomas in which hemophagocyto-
sis is present [3, 9]. EBV-encoded gene products such as
EBV-determined nuclear antigen-1 (EBNA-1) and latent
membrane proteins (LMP-1 in particular) likely play a role
in malignant transformation in EBV-associated T-cell lym-
phomas. These proteins are highly expressed in the “Latency
IT” pattern of gene expression and are also implicated in
EBV-associated nasopharyngeal carcinoma in China and
Hodgkin disease [17]. The infected and likely pathologic cell
in most cases of HVCTCL is the CD8+ cytotoxic T cell. Cells
of pathologic significance in severe mosquito-bite hyper-
sensitivity and when both mosquito-bite hypersensitivity
and HVCTCL are present are more likely to be NK cells [18].

Cutaneous findings are similar to severe cases of hydroa
vacciniforme, and many believe the two disorders exist on a
spectrum. Hydroa vacciniforme presents with vesiculobul-
lous lesions occurring in sites of sun exposure, particularly
the face, ears, and forearms. Lesions resolve with prominent
cribriform scarring reminiscent of the remnants of vaccinia.
Compared to HV, HVCTCL exhibits individual lesions
which are persistent, ulcerative, and necrotic, with distribu-
tion in both sun-exposed and sun-protected sites. Transition
of classic HV, to severe HV, to HVCTCL can take 2—10 years,
although a stepwise progression is not always seen. Overt
sun sensitivity does not accompany HVCTCL. Prominent
facial edema, often involving the periorbital area and the
lips, commonly accompanies lesions. Tendency for hyper-
sensitivity to arthropod bites has been noted in many
patients. Unlike HV, HVCTCL often worsens with age.
Monoclonality of T-cell receptor gene rearrangement stud-
ies can be helpful in differentiating the two entities in bor-
derline cases. Serum studies of EBV activity reveal findings
of chronic active EBV infection, with high titers of viral cap-
sid antigen IgG (VCA-IgG) in most patients [19].

The histologic epidermal findings are variable and nonspe-
cific, often including features such as parakeratosis, spongiosis,
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epidermotropic lymphocytes (rare), acanthosis, and necrosis.
Dense diffuse lymphocytic infiltrates involving the dermis
and occasionally the subcutis are a commonly found histo-
logic feature. Nerves and adnexa are usually surrounded by
neoplastic cells. Perivascular or intravascular angiotropism is
almost always seen [20, 21]. A portion of the infiltrating lym-
phocytes are large in size with pleomorphic, medium-sized
nuclei and multiple mitotic figures. Immunohistochemistry
reveals universal staining for EBV RNA (EBER-1). Cell type
is thought to be cytotoxic T cells, as most patients reveal
CD3 and CD8+ cells, with alpha—beta T-cell receptors (TCR)
being found much more commonly than gamma-—delta
receptors. CD56 positivity occurs in a minority of patients
(in the absence of CD8) indicating NK-cell lineage. CD56
positivity was present in a group of four patients with rela-
tively indolent disease course [19]. In a larger case series of 21
patients, 27 % were CD56+ and 70 % exhibited T-cell pheno-
type. Of those of T-cell lineage, 86 % showed alpha—beta TCR
and 14 % showed gamma—delta TCR [22]. CD30 positivity
in a large number of cells occurs with some frequency, more
often when the primary infiltrating cell is CD56+. Markers of
cytotoxicity including TIA-1, granzyme B, and perforin are
usually positive [23]. High levels of Ki-67 expression can be a
marker of poor prognosis [24].

Prognosis is guarded but can be quite variable.
Combining the results of multiple case series, the mortality
rate is approximately 50%, although follow-up data is
incomplete on many patients [15, 17-22, 24]. Cause of
death can be related to either septicemia or hemophago-
cytic syndrome, although renal and respiratory insufficien-
cies were often contributing factors. It is also likely that
mortality rate is inflated due to delayed diagnosis in more
indolent cases, which are often carried as “severe HV” for
years. Interestingly, patients with HVCTCL from the west-
ern hemisphere (Central and South America) seem to have
a worse prognosis (approximately 50-60 % mortality) than
those from India, China, or Japan (15-20% mortality).
Combination chemotherapy does not seem to improve
survival for most patients, although immunomodulation
with treatments such as thalidomide may result in partial
control of disease [22]. The rarity of this condition makes
any statement on treatment efficacy difficult to justify.

2.3 Primary Cutaneous
Aggressive Epidermotropic
CD8+ CTCL

Michael B. Morgan and Brianna Castillo

Primary cutaneous aggressive epidermotropic (PCAE)
CD8-positive cutaneous T-cell lymphoma (CTCL), alter-
natively referred to as primary cutaneous CD8-positive

epidermotropic cytotoxic T-cell lymphoma, is a rare cuta-
neous variant of cutaneous T-cell lymphoma (CTCL). The
World Health Organization and European Organisation
for Research and Treatment of Cancer (WHO-EORTC) has
recognized it as a provisional entity within the realm of pri-
mary cutaneous peripheral T-cell lymphomas.

According to the WHO-EORTC organizations, PCAE
represents less than one percent of CTCL cases. Patients
with this disease are predominantly elderly males but can
be adults of either sex.

The typical clinical presentation of patients with PCAE
consists of local or widely distributed erythematous pap-
ules, nodules, and tumors with central necrosis and ulcer-
ation, with a tendency for acral accentuation. Patients
typically develop stigmata precipitously, unlike the indo-
lent development of conventional CTCL/mycosis fungoi-
des (MF). Despite the marked difference in initial clinical
presentation, both forms of conventional CTCL may even-
tuate similarly to PCAE with late-stage multicentric plaques
and tumors. Unlike the typical and predictable spread of
conventional CTCL from the skin to the lymph nodes,
PCAE often progress unpredictably and rapidly to the cen-
tral nervous system, mucosa, lung, and testes without even-
tuating lymph nodal involvement. Rare additional
manifestations that have been reported include pyogenic
gangrenosum-like lesions, erythema marginatum-like
lesions, and hemorrhagic and nonhemorrhagic bullae.
Alternatively, PCAE can uncommonly present as acral
accentuated superficial hyperkeratotic patches and plaques,
similar to the aggressive form of pagetoid reticulosis,
Ketron—-Goodman type.

Histologically, the lesions of PCAE show marked epider-
motropism of cytologically atypical lymphocytes with irreg-
ular enlarged hyperchromatic nuclei involving foci just
beneath and within the basal keratinocyte layer or forming
coalesced aggregates within the stratum malpighi (Pautrier’s
abscesses). These abscesses can be round, oval, or potentially
irregular and often are more conspicuous than Pautrier’s
abscesses of epidermotropic stimulants such as pagetoid
reticulosis. Like conventional CTCL, the atypical lympho-
cytes are often surrounded by intercellular edema producing
an intercellular halo effect [25]. The latter feature is helpful
in separating all forms of CTCL from reactive conditions
that masquerade as such, including allergic contact dermati-
tis. Similar to all forms of cutaneous T-cell lymphoma is the
single-cell scatter of atypical lymphocytes within the epithe-
lium, alternatively referred to as pagetoid spread. In distinc-
tion, however this pagetoid scatter of atypical lymphocytes is
often accompanied by necrotic keratinocytes within the epi-
dermis, which can be acanthotic or atrophic, with occasional
evidence of blister formation in PCAE. Dermal changes can
provide an additional and important means of distinguish-
ing this entity from other forms of CTCL including pagetoid
reticulosis. Nodular or diffuse lymphocytic extension deep
into the dermis as well as the subcutaneous fat may be
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observed. Typical of this aggressive disease process is angio-
invasion or angiocentricity and destruction of adnexal skin
structures which would be an exceptional finding in conven-
tional CTCL. Unlike other forms of angioinvasive T-cell lym-
phomas such as mnasal and NK/T-cell lymphoma,
epidermotropism is maintained in PCAE [26]. The subcuta-
neous fat extension as seen in this entity can be confused
with subcutaneous panniculitis-like T-cell lymphoma
(SPTCL); however, the latter entity typically shows charac-
teristic rimming of adipocyte cells and the lack of epider-
motropism not seen in PCAE [27].

The cells of PCAE are consistently positive for CD8
and negative for CD4 T-lymphocyte markers. In addi-
tion, these atypical cells are positive for conventional
T-cell markers such as CD3 with lesser expression of
CD5, CD2, and CD?7, typical of both this entity and other
forms of CTCL. Additional immunohistochemical mark-
ers that may differentiate this form of CTCL include
immunopositivity to cytotoxic markers BF1, granzyme B,
TIA-1, and CD45RA. Proliferative markers such as Ki-67
or PCNA would be increased in this in distinction to
more indolent forms of conventional CTCL. B-cell mark-
ers such as CD20, CD45R0, and the natural killer and
NK/T marker CD56 are typically negative. CD8 immu-
nopositivity is not exclusive to PCAE as other forms of
epidermotropic cutaneous T-cell lymphoproliferative
disorders and includes (1) pagetoid reticulosis that typi-
cally shows immunopositivity to CD4 or dual immu-
nopositivity with both CD4 and CDS8, (2) the
hypopigmented variant of CTCL that is more common
in patients with skin of color and can be as often seen in
childhood as with adults, (3) and a recently described
provisional entity that presented with isolated ear or
other facial lesions and pursued an indolent course [28].

The diagnosis of PCAE is based on a combination of
clinical, histopathological, and immunophenotypic fea-
tures. Given its aggressive nature, higher tendency to metas-
tasize to extranodal sites, and poor prognosis of this disease,
it is imperative to avoid delays in its diagnosis. For this rea-
son, PCAE should be considered in the differential diagno-
sis of the more commonly suspected tumor stage of mycosis
fungoides, which has very similar clinical and histopatho-
logical features, but runs a more indolent course. The two
diseases can be virtually indistinguishable and difficult to
differentiate. Therefore, immunophenotyping is invaluable
in establishing a diagnosis.

Additional diagnostic adjuncts such as T-cell surface
receptor clonal analysis fail to provide helpful information
as clonal rearrangement of the most commonly rearranged
(B) subunit of the T-cell receptor is typically positive in all
forms of CTCL with the exception of the extremely uncom-
mon /3 form of CTCL that typically lacks this rearrange-
ment. PCR or serologic analysis of viral agents such as
Epstein—Barr virus is negative in this and other forms of
CTCL with the exception of NK/T lymphoma.
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The rarity of this neoplasm and the lack of clinical trials
render generalizations regarding therapeutic options diffi-
cult. However, case reports and a single series suggest that
therapies including interferon alpha may actually worsen the
disease and contribute to its rapid progression. Encouraging
results have been reported with the combination of total skin
electron beam irradiation and an oral retinoid as first-line
therapy. However, long-term remission with this treatment
has not been documented. Doxorubicin-based polychemo-
therapy regimens such as cyclophosphamide, doxorubicin,
Oncovin, and prednisone (CHOP) are often used. There has
also been some success with hyper-cyclophosphamide, vin-
cristine, adriamycin, and dexamethasone (CVAD) chemo-
therapy. Treatment failure unfortunately has been reported
with all these regimens, a testament to its aggressive nature.

Primary cutaneous aggressive epidermotropic CD8+
CTCL has a very poor prognosis, with a median survival in
the range of 22.5-32 months. This prognosis may be due to
consequential delay in diagnosis due to limited awareness
of the disease and the aggressive behavior of the disease
itself, its poor response to treatment, and its high tendency
for metastasis. Systemic involvement, angiocentricity,
angioinvasion, and the expression of CD56, CD15, and
CD2+/CD7- may be associated with an even poorer
prognosis.

2.4 Sézary Syndrome
Michael B. Morgan and Brianna Castillo

Sézary syndrome (SS) is a rare and aggressive leukemic
form of cutaneous T-cell lymphoma (CTCL)/mycosis
fungoides MF that has classically been defined by the pres-
ence of erythroderma, lymphadenopathy, and atypical
lymphocytes (“Sézary cells”) in the lymph nodes, in the
skin, and in circulation [29]. It most commonly arises de
novo from a distinct subset of memory T cells than does
mycosis fungoides (MF) but may rarely arise from preex-
isting MF [30]. The presence of large numbers of circulat-
ing Sézary cells distinguishes SS from other erythrodermic
forms of CTCL.

SS is rare and accounts for a minority of CTCL, which
itself represents 3.9% of all non-Hodgkin’s lymphoma.
CTCL generally affects adults over the age of 60, and men
are more commonly affected than women. In the United
States, about 70 % of patients with SS are white, while
blacks (14 %), Hispanics (9%), and Asians (7%) are
affected less commonly.

Clinically, SS is characterized by intensely pruritic eryth-
roderma. Erythroderma, which is an intense and widespread
inflammatory reddening of the skin, may be associated with
exfoliation, edema, and lichenification. Other common clin-
ical features include lymphadenopathy, alopecia, palmo-
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plantar hyperkeratosis, and onychodystrophy. The intense
pruritus is often resistant to treatment, thereby resulting in
significant morbidity.

The histologic changes seen in SS are variable and
often nonspecific. 20-40 % of cases demonstrate confine-
ment of the atypical lymphocytes within the epidermis
(epidermotropism), but the most common finding is an
infiltrate of atypical lymphocytes within the superficial
dermal capillaries or situated in perivascular locales
within the papillary dermis [31]. These atypical lympho-
cytes possess enlarged hyperchromatic nuclei similar to
conventional CTCL yet in a minority of cases demon-
strate exaggerated nuclear membrane ridges or convolu-
tions, referred to as “cerebriform” nuclei. Clusters of
these within the epidermis, known as Pautrier’s microab-
scesses, are present in approximately half of the epider-
motropic cases. Additional infiltrate of eosinophils and
plasma cells may also be present. Although these findings
are similar to those of patch-stage MF, psoriasiform
acanthosis and Pautrier’s microabscesses are more com-
monly seen in SS than MF. Edema is often present in early
lesions and may gradually be replaced by fibrosis of the
papillary dermis. As seen in other causes of erythro-
derma, the loss of superficial epithelium (stratum cor-
neum) may be seen in the exfoliative stage of the disease
along with dilated dermal capillaries possessing promi-
nent endothelium.

Due to similarities between Sézary cells of SS and atypi-
cal cells present in some nonmalignant inflammatory skin
diseases, immunophenotyping and determination of
T-cell clonality is an integral part of the diagnosis and
management of SS. The neoplastic cells are a mature
T-helper phenotype and most often demonstrate the fol-
lowing immunophenotype: CD2*, CD3*, CD4*, CD5",
CD45R0O*, and CD30". Classically, the neoplastic cells have
been considered to be CD7~ and CD267, although there
can be CD7 variability even within a single patient.
Additionally, the loss of CD2 and CD5 can be seen with
disease progression, and the loss of these or other T-cell
antigens such as CD3 or CD4 may be seen in two-thirds of
patients with SS. The diagnostic picture is further compli-
cated by reports of CD8* variants of SS as well as the well-
documented occurrence of CD7" and CD26  cells in
benign inflammatory dermatoses. Despite these reports,
expansion of the CD4* population is a commonly cited
criterion for the diagnosis of SS, and a CD26" subset
exceeding 30 % of the CD4* population is considered diag-
nostic of SS by some authors.

Although immunophenotyping can strengthen suspi-
cion of SS in the appropriate clinical context, demonstra-
tion of the same dominant T-cell clone within the skin and
circulation can confirm the diagnosis by helping to sepa-
rate SS from benign dermatoses and possibly aid in moni-
toring treatment response. This is accomplished by
detection of a/f or y/8 T-cell receptor (TCR) gene

rearrangements with either Southern blot or polymerase
chain reaction methods, the latter of which has demon-
strated greater sensitivity and specificity.

An indispensable diagnostic adjunct in the confirmation
of SS is flow cytometry (FC). FC allows for the determina-
tion of cellular size and binding of specific cell surface anti-
bodies. The technology basically involves isolating the
patient’s white blood cells and eluting them in a single-cell
fashion into chamber that interacts with a laser light pro-
ducing scatter plots of cellular size (forward) and binding
of cellular surface monoclonal antibodies (side) scatter.
These scatter plots allow for the determination of clonal
(similar)-sized populations of lymphocytes that can then
be isolated and analyzed for the presence or absence of spe-
cific cell surface cluster designation (CD) lymphocyte
markers (e.g., CD4, CD8).

Due to clinical and histological similarities, differentiat-
ing SS from other erythrodermic diseases is often difficult.
Included in the differential are other malignant processes
such as erythrodermic MF and adult T-cell leukemia/lym-
phoma (ATLL) and nonmalignant erythrodermic diseases
such as psoriasis, pityriasis rubra pilaris, contact derma-
titis, and atopic dermatitis. Less likely causes of erythro-
derma include graft-versus-host disease, drug reactions,
Norwegian scabies, paraneoplastic erythroderma, and
idiopathic erythroderma. Histologically, nondiagnostic
findings such as spongiotic or psoriasiform acanthosis
are common, while only a minority of cases demonstrate
diagnostically specific findings such as epidermotropism
of atypical lymphocytes and Pautrier’s microabscesses.
Examination of peripheral blood is therefore critical to
arriving at a diagnosis but still must be interpreted with
caution because many peripheral blood findings in SS are
shared with benign erythrodermic dermatoses.

In the appropriate clinical context, the International
Society for Cutaneous Lymphoma (ISCL) recommends
that a diagnosis of SS be primarily based on the demonstra-
tion of one or more of the following:

Absolute Sézary cell count of 1000/uL or greater

Expanded CD4" T-lymphocyte population, resulting in a
CD4/CD8 ratio greater than ten

Loss of T-cell antigens such as CD2, CD3, CD4, CD5, CD7,
and CD26

Molecular or cytogenetic demonstration of a dominant
T-cell clone in the peripheral blood

Although these findings can significantly increase diag-
nostic confidence in patients with consistent skin histology,
they should be interpreted with caution when skin histol-
ogy is nonspecific. Elevation of the CD4/CD8 ratio, for
example, may be seen in patients with benign inflamma-
tory erythroderma. Additionally, some studies have dem-
onstrated that peripheral blood T-cell clonality is more
common in patients with benign erythroderma than in
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patients with SS. Immunophenotyping and demonstration
of T-cell clonality are therefore more diagnostically infor-
mative when findings are consistent between the skin and
peripheral blood.

SS is a leukemic disease and therefore requires systemic
treatment, but skin-directed therapies are often used as
adjuvant therapy. Due to the immunosuppression that
occurs in patients with SS, treatments are aimed not only at
destruction of malignant T-cells but also at preservation
and reconstruction of the immune system. Despite
advances in the understanding of SS and the development
of targeted therapies, prognosis remains poor without a
demonstrable impact upon survival or consensus in terms
of recommended therapy. The median survival is 2.5-5
years, and most authors maintain that treatment is primar-
ily palliative with emphasis on maintenance of quality of
life and immune function.

Extracorporeal photopheresis (ECP), either alone or in
combination with other therapies, appears to be one of the
most effective and well-tolerated therapies, but response
rates vary widely. Overall response rates are approximately
35-75%, and complete response rates are approximately
14-26%. Response rates are reportedly increased by com-
bination with immunostimulatory therapies such as IFN-
a. The European Organisation for Research and Treatment
of Cancer (EORTC) recommended first-line treatments
which include ECP, IFN-aq, denileukin diftitox (targets the
IL-2a receptor expressed by some malignant T cells of
CTCL), and chlorambucil plus prednisone [32]. Second-
line therapies recommended by the EORTC include the
retinoid bexarotene, multidrug chemotherapy regimens,
targeted therapy with the anti-CD52 drug alemtuzumab,
and methotrexate. Studies have also reported responses to
histone deacetylase inhibitors such as vorinostat and
romidepsin [33]. Hematopoietic stem cell transplantation
shows high response rates, but relapses occur rapidly with
autologous transplants, and allogenic transplants result in
significant treatment-related mortality in approximately
30 % of patients.

2,5 Intravascular Large B-Cell

Lymphoma

Stephen C. Somach

Intravascular large B-cell lymphoma is an aggressive sys-
temic intravascular non-Hodgkin’s lymphoma which was
first reported as “angioendotheliomatosis proliferans sys-
temisata” by Pfleger and Tappeiner in 1959. At that time it
was suspected to be of endothelial origin [34]. Its true
nature as a B-cell lymphoma was highlighted in the 1980s
[35], and since then it has been classified as intravascular
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large B-cell lymphoma (IVLBCL) by the WHO-EORTC
classification of cutaneous lymphomas [1].

Patients with IVLBCL present with protean manifesta-
tions, which frequently results in delayed diagnosis, often
postmortem. While there may be multi-organ involvement,
unlike other lymphomas, circulating blood and lymph
nodes are usually do not have detectable disease, and mar-
row involvement may not be seen. The disease more fre-
quently manifests as nonspecific symptoms such as fever,
weight loss, fatigue, and neurological and skin changes,
which suggest a broad differential diagnosis, including
infection and autoimmune diseases. There are two forms of
the disease, often called “Asian” and “Western.” The Asian
presentation is characterized by high incidence of fever,
hemophagocytosis, and hepatic, splenic, marrow, and pul-
monary involvement, with anemia, thrombocytopenia, and
elevated liver enzymes and bilirubin. The Western form has
a high incidence of skin involvement and neurologic symp-
toms. Methodical review of Asian cases has revealed that
those unassociated with hemophagocytosis have clinical
characteristics which are not significantly different from
Western cases, suggesting that future classification may
include hemophagocytosis-associated IVLBCL and classi-
cal IVLBCL [36]. Some cases of IVLBCL arise in associa-
tion with antecedent indolent lymphomas [37].

Cutaneous manifestations of IVLBCL include indura-
tion, erythema, violaceous plaques or nodules which may
ulcerate, telangiectasia or superficial venous ectasia and
congestion, and edema of the legs (Fig. 2.1) [38, 39].
Favored areas of involvement include the arms, thighs, legs,
lower abdomen, breasts, and sub-mammary areas. In rare
instances, the disease may present as a changing cutaneous
hemangioma due to lymphomatous vascular congestion
[40]. Neurologic symptoms are also varied and include
altered mental status, seizures, tremor, gait disturbance,
and localizing neurologic deficits [37].

Diagnosis of IVLBCL is usually made by observing lym-
phoma cells in small vessels of involved tissues. Given the
high incidence of microscopic skin involvement, random
skin biopsy has been advocated for diagnosis. When com-
pared with bone marrow biopsy, skin biopsy detected 10 of
12 cases, and bone marrow biopsy detected only half. With
the addition of the marrow smear and flow cytometry, 11
of 12 cases were detected [41]. The malignant cells are large
lymphocytes displaying large nucleoli and expressing CD20
(Fig. 2.2). Some cells aberrantly express CD5. Many harbor
cytogenetic abnormalities, but characteristic ones are not
identified [37].

Not all intravascular lymphomas are B-cell lymphomas.
There are rare NK- and T-cell lymphomas that may have
an intravascular presentation. These are usually highly
aggressive and tend to express cytotoxic markers and har-
bor Epstein—Barr virus. Skin presentations are common
[42]. A rare form of aggressive intravascular lymphoma is
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both HHV-8- and EBV-positive and partially expresses
both T- and B-cell markers. Some of these patients are
HIV-infected. It has been suggested that this represents a
purely intravascular form of primary effusion lymphoma
[43]. There is also a recently described intralymphatic
CD30+ lymphoproliferative disease which may mimic
IVLBCL microscopically, but unlike IVLBCL, this tends to
be an indolent disease [44]. A case of intravascular CD30-
positive atypical T-cell proliferation following trauma has
been described, with a benign clinical course [45].

Ficure 2.1. Diffuse induration of trunk with patchy erythema and
prominent telangiectasia (Photo courtesy of Maren Locke, MD).

Prognosisin patients with IVLBCL is poor. Combination
anthracycline-containing chemotherapy has been used
with complete response rates of approximately 50 % and
2-year survival of just under 50 %. The addition of ritux-
imab to these regimens has increased the complete
response rate to 82 % and 2-year survival to 66 % in one
study [46]. Given high rates of CNS involvement in
IVLBCL, intrathecal methotrexate should be considered
as an additional induction agent [47]. Autologous bone
marrow transplantation has been undertaken in some
cases of IVLBCL and may play a larger future role as con-
solidation therapy [47].

IVLBCL is a rare aggressive non-Hodgkin’s lymphoma
which may have a prominent cutaneous presentation. An
awareness of this entity along with its manifestations can
often secure the diagnosis with a simple skin biopsy.

2.6 Blastic Plasmacytoid
Dendritic Cell Neoplasm

Stephen C. Somach

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is
a highly aggressive lymphoma/leukemia which most
often presents with cutaneous involvement. Ambiguity
and heterogeneity in cell surface markers have obscured
the classification of this disease. It has been labeled in the
past as blastic NK lymphoma, agranular CD4+ natural
killer cell leukemia, blastic natural killer leukemia/lym-
phoma, and agranular CD4+/CD56+ hematodermic
neoplasm. Its current classification was established in the
WHO classification from 2008, in which it is listed under
the category of acute myelogenous leukemia and related

M-

FiGURe 2.2. (a, b are side by side in one panel). Dermal vessels are congested with atypical lymphocytes with prominent nucleoli. These
cells express CD20 (right panel).
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precursor neoplasms [48]. The putative cell of origin is
the plasmacytoid dendritic cell, a cell which may arise
from either myeloid or lymphoid precursors. Gene
expression profiling has established that lesional cells of
BPDCN closely correspond to myeloid-derived resting
plasmacytoid dendritic cells. However, they differ from
this population in their overactivation of genes which
may have relevance in malignant biologic behavior,
including anti-apoptotic factor BCL2, cell cycle regulator
CCNDI, and interferon regulatory factor IRF4 [49].

The large majority of patients with BPDCN have cutane-
ous presentations preceding or concurrent with leukemic
dissemination. Skin disease commencing after systemic
involvement is uncommon. In one series of 90 patients pre-
senting with skin disease, there was an average age of 67
years with a male predominance. Children were occasion-
ally affected. One-third of patients had no evidence of dis-
ease elsewhere at initial evaluation. Two-thirds had bone
marrow, lymph node, or blood involvement. Systemic
involvement is frequently manifested as cytopenias,
particularly thrombocytopenia [48]. Approximately one-
half of patients in the noted series presented with only one
or two violaceous nodules. The pattern of presentation was
nodule/s (73 %), violaceous “bruise-like” patches (12 %), or
a combined morphology in 14% (Fig. 2.3). Mucosal
involvement was noted in 6%. Central nervous system
involvement is generally meningeal and may be seen in
approximately 10% of patients. It has been suggested that
this may represent a harbor for malignant cells responsible
for relapse after treatment. It was also noted that while the
presentation with multiple cutaneous lesions was more
likely to indicate systemic involvement at the time of diag-
nosis, the type of cutaneous presentation and even whether
or not there was leukemic dissemination at presentation
did not have a significant impact on prognosis [50]. An
association with myeloid lineage is highlighted by the
observation that 5-20% of patients with BPDCN may
develop or have a history of myeloid leukemia or myelodys-
plastic syndrome [51].

Diagnosis of BPDCN is most frequently made by skin
biopsy, using morphology along with a typical immunohis-
tochemical profile. Tumor cells are medium-sized blast-
appearing cells with slightly irregular nuclear contours, fine
chromatin, small nucleolus, and scant cytoplasm which is
agranular (Fig. 2.4) [48, 51]. The epidermis is usually
spared, and generally necrosis and vascular destruction are
not seen. The subcutis is often involved [48]. Tumor cells
frequently express CD4, CD56, CD123, TCL1, and CD303
(BDCA-2, or blood dendritic cell antigen-2, a maturation
marker in plasmacytoid dendritic cells). Based upon a
clinico-immunohistochemical study of 91 patients, it has
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been suggested that tumor labeling by four of these five
markers secures the diagnosis of BPDCN. If only CD4,
CD56, and CD123 are positive, it is important to evaluate
for other myeloid marker expressions as these three may be
expressed by some myeloid leukemias. In this series, the
lack of CD4 and CD56 expression occurred occasionally,
but in no case was expression of both lacking. Expression of
CD303 and more prominent expression of Ki-67 correlated
with better prognosis. It was suggested that those more
mitotically active tumors as indicated by a higher level of
Ki-67 expression may be more susceptible to antimitotic
chemotherapy [52]. Two-thirds of tumors have an abnor-
mal karyotype, and chromosomes 5, 9, 12, 13, and 15 are
most affected [51]. Biallelic locus 9p21.3 deletion is associ-
ated with poor clinical outcome [53].

Combination chemotherapy for BPDCN has been used
with limited success and generally associated with short-
term remissions. In one multicenter Italian study, an acute
lymphoid leukemia/lymphoma regimen resulted in
higher complete remission and overall survival rate than
that achieved with an acute myeloid leukemia-type regi-
men (median survival of 12.3 months versus 7.1 months).
The addition of allogeneic hematopoietic stem cell trans-
plantation increased median survival to 22.7 months [54].
Another study using high-dose chemotherapy followed
by autologous or allogeneic hematopoietic stem cell
transplantation yielded overall survival rates at 4 years of
83 % for autologous versus 53 % for allogeneic stem cell
transplantation [55]. This therapy appears to offer the
best hope for longer-term survival in a disease which has
been almost uniformly fatal. Recent gene profiling studies
have revealed that the NF-kB pathway is activated in
BPDCN. In this pathway, DNA-binding proteins translo-
cate to the nucleus and activate genes associated with cell
proliferation, adhesion, and migration, all features which
likely contribute to malignant biologic behavior.
Bortezomib is an antineoplastic proteasome inhibitor
already in clinical use which is known to inhibit the NF-kB
pathway. In vitro studies have shown a strong inhibitory
effect on the CAL-1 BPDCN cell line, suggesting that
bortezomib may offer hope for targeted molecular ther-
apy in patients with BPDCN [49].

Blastic plasmacytoid dendritic cell neoplasm is a rare
highly aggressive hematopoietic neoplasm which fre-
quently has an asymptomatic yet ominous presentation as
localized or limited skin disease prior to a rapidly progres-
sive leukemic phase which is frequently fatal. This is a dis-
ease likely to present to dermatologists and
dermatopathologists and one that requires rapid diagnosis
and institution of systemic therapy in an attempt to pro-
long survival.
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Ficure 2.3. Deeply erythematous and focally crusted indurated thick plaque (Photo courtesy of Maria Charif, MD).

FiGure 2.4. Dermal infiltrate of medium-sized blast-appearing cells with irregular nuclear contours.
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Langerhans Cell Histiocytosis

m Synonyms:

m Etiology:

m Associations:

m Clinical:

m Histology:

m [HC:

m Ultrastructure:

m Evaluation:

m Treatment:

m Prognosis:

Histiocytosis X, Langerhans cell granulomatosis, eosinophilic
granuloma, Hand-Schiiller-Christian disease, Letterer-Siwe
disease, self-healing reticulohistiocytosis, and Hashimoto-
Pritzker syndrome

Unknown, a clonal or reactive expansion of Langerhans cells
infiltrating various organs

May coexist, precede, or follow the development of various solid
tumors and hematopoietic malignancies

Polymorphous: red-brown purpuric scaly papules, lichenoid
papules, purpura, vesicles, pustules, erosions, and ulcers of the
head, neck, trunk, and mucosa, sometimes prominently
involving intertriginous areas; may be solitary or extensive
Superficial dermal mononuclear cells with abundant
eosinophilic cytoplasm and lobulated and clefted nucleus often
with “coffee bean” or reniform appearance; epidermotropism
common

Langerin+, CD la+, and S100+

Deep nuclear cleaving, Birbeck granules (cytoplasmic linear
tubular structures with inner serrations and terminal bulbous
dilations, “tennis racquet-like”)

Radiographic skeletal survey, chest radiograph, CBC, blood
chemistries, abdominal ultrasound, and urine specific gravity
Excision of solitary lesions and curettage of solitary bone
lesions, with or without low-dose irradiation; for multifocal
disease, observation or prednisone, vinblastine, or methotrexate
Excellent for unifocal disease if no progression to multifocal
disease within 2 years; multifocal disease is associated with
limited mortality, primarily due to respiratory failure or cor
pulmonale

Langerhans cell histiocytosis (LCH) refers to a collection
of syndromes, characterized by infiltration of various tis-
sues by Langerhans cells (LC). In 1941, Farber suggested
that eosinophilic granuloma, Letterer-Siwe disease, and
Hand-Schiiller-Christian disease all represent different
manifestations of a single pathologic process, and in
1953, Lichtenstein used the term “histiocytosis X” to
encompass these entities [1, 2]. Subsequent to the
description of Birbeck granules as a specific ultrastruc-
tural marker for LC [3], the infiltrating cells of histiocy-
tosis X were identified as LC. In 1987, the Clinical Writing

© Springer International Publishing Switzerland 2016

Group of the Histiocyte Society proposed that Langerhans
cell histiocytosis replaces the term histiocytosis X as more
appropriate [4].

Paul Langerhans first observed the cell that bears his
name in the epidermis in 1868. The function of the LC
remained a mystery until recently. Langerhans cells are
dendritic antigen-presenting cells that normally reside
within squamous epithelium, peri-epithelial connective tis-
sue, and lymphatics and in areas of lymph node. They are
important in antigen processing that occurs in the develop-
ment of contact dermatitis.
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Studies to date suggest that LCH is a heterogeneous dis-
ease with an unclear etiology. A clonal expansion of
Langerhans cells has been demonstrated in many cases [5,
6]. LCH was presumptively derived from epidermal LC, but
gene profiling of LCH cells reveals a closer relationship
with immature myeloid dendritic cells of the bone marrow
than with LC of the skin, favoring origin from the bone
marrow [7]. Recently, the oncogenic BRAF V600E muta-
tion was found in over half of archived LCH specimens,
supporting that LCH is a neoplastic disease [8]. It was sub-
sequently found that approximately 50 % of LCH speci-
mens with wild-type BRAF harbor MAP2KI mutations,
yielding another mechanism for MAPK pathway activa-
tion. In this study, the mutations were mutually exclusive.
The findings indicate an important role of oncogenic
MAPK signaling in LCH [9]. BRAF V600E expression has
also been found in bone marrow precursors in high-risk
disease, but not in low-risk disease, leading to a hypothesis
that LCH is an inflammatory myeloid neoplasia, with high-
risk LCH resulting from somatic mutation in hematopoi-
etic progenitors and low-risk disease resulting from somatic
mutation in tissue-restricted precursors [10].

An analysis of pulmonary LCH found that the majority
of nodules were not clonal, suggesting that some forms of
the disorder may be reactive [11]. Cigarette smoking was
suggested as a possible stimulus in some cases, and favor-
ing a reactive process is the observation that many cases of
pure pulmonary LCH will involute spontaneously with
cessation of tobacco use [12]. Also supporting a reactive
nature in some cases of LCH is the observation of a close
pathological association of lesions of LCH with associated
malignancies, particularly lymphomas and lung carcino-

Ficure 3.1. Coalescing red-
brown papules with flexural
accentuation.
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mas [13]. Nodular collections of LC have also been
observed in close association with lymph node-metastatic
melanoma [14].

A possible infectious etiology of LCH has been explored,
and no evidence of genomes for adenovirus, cytomegalovi-
rus, Epstein-Barr virus, herpes simplex virus, human her-
pesvirus-6, human immunodeficiency virus, human T-cell
leukemia viruses, or parvovirus has been found [15]. A
familial clustering has been reported, supporting a genetic
factor in the development of the disease [16]. There is some
epidemiologic evidence linking LCH to cigarette smoking,
solvent exposure, family history of benign tumors, blood
transfusions, and urinary tract infections during preg-
nancy. Cigarette smoking, in particular, has been linked to
pulmonary LCH [17]. LCH has also been reported in asso-
ciation with malignant neoplasms [13, 18, 19].
Approximately two-thirds occur in association with lym-
phomas or leukemia and one-third, with solid tumors,
most commonly lung carcinoma [13]. A clonal relationship
between B-cell lymphoid malignancy and LCH has been
found in some patients having both diseases [20].
Transdifferentiation has been suggested as an explanation
of this phenomenon [20], but bidirectional differentiation
from a common bone marrow precursor cell provides an
alternative explanation.

Cutaneous lesions of LCH have a wide range of mor-
phologies. These include papules or plaques that may be
scaly or eroded, bullae, vesicles, ulcers, petechiae, or pur-
pura (Figs. 3.1 and 3.2). The lesions may be solitary but in
widespread disease tend to favor scalp and intertriginous
areas, following an anatomic distribution similar to that of
seborrheic dermatitis, which it may resemble. Solitary or
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Ficure 3.2. Red-violaceous scaly papules with hemorrhagic crust.

multiple lesions of the external genitalia may also occur.
Mucosal lesions may manifest as ulcers, gingivitis, bleeding,
odontalgia, and dental hypermobility [21]. A variety of nail
changes have been described, including onycholysis, sub-
ungual hyperkeratosis, hemorrhages, longitudinal groov-
ing, subungual pustules, and paronychia [22].

Biopsy specimens of LCH contain an infiltrate of LC,
usually within the papillary and superficial reticular der-
mis, sometimes in greater density around adnexal struc-
tures [23], often demonstrating varying degrees of
epitheliotropism (Fig. 3.3a, b). The individual cells are
10-12 pum, with eosinophilic cytoplasm and convoluted,
sometimes reniform, nuclei. Small nucleoli may be appar-
ent. Mitotic figures are uncommon. By contrast, foci of
necrosis are common and correlate with the frequent clini-
cal scenario of erosion and sometimes ulceration. LC are
frequently admixed with eosinophils. Multinucleated cells
and lipidized macrophages are seen in some lesions, but
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there is no evidence that these are LC [18, 24]. Given over-
lapping morphology with other cells, additional confirma-
tory studies should be undertaken. These include
immunohistochemical staining with antibodies to CDla,
displaying a membranous pattern [24]. LC are also labeled
by antibodies to S100 and peanut agglutinin, but not by
histiocytic markers such as muramidase or HAMS56 [18].
Prior to the development of antibodies to CD1a, a specific
diagnosis of LC required ultrastructural identification of
Birbeck granules. Birbeck granules are linear cytoplasmic
granules with interior serrations and occasional bulbous
“tennis racquet-like” terminal dilations that are thought to
arise from cell membrane and may show membrane con-
nections. Their formation is known to be induced by a
C-type lectin cell surface receptor, langerin. Langerin
(CD207) is a more specific marker of LC than is CD1a and
has been documented to be specific immunohistochemical
marker of LC [25]. The role of langerin and Birbeck gran-
ules is unknown, but they do not appear to be necessary for
principal LC functions [26]. Once Langerhans cell infiltra-
tion of the skin has been ascertained, clinicopathologic cor-
relation remains important as Langerhans cell hyperplasia
has also been described in scabies and lymphomatoid pap-
ulosis [27, 28].

Mucocutaneous involvement in LCH should be taken in
the context of involvement of other organ systems.
Combining the two largest single-center series, 67 % of
LCH cases involve a single organ system, the bone being by
far the most frequent [18, 19]. When looking at both single-
system and multisystem disease, bone involvement occurs
in 70 %, followed by pulmonary in 18 %, and mucocutane-
ous involvement in 16 %. Of those with mucocutaneous
involvement, approximately one-fifth have disease limited
to the skin [18]. Evaluation of data from the French

— -

Ficure 3.3. (a, b) Ulcerated papule with wedge-shaped and epitheliotropic infiltrate of Langerhans cells with amphophilic cytoplasm

and eccentric reniform nuclei.
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Langerhans Cell Histiocytosis Study Group, a pediatric
population, and the adult cases from the International
Registry of the Histiocyte Society suggests a greater inci-
dence of pulmonary disease in adults (58 % versus 9% in
the pediatric population) [29, 30].

Having made a diagnosis of cutaneous Langerhans cell
histiocytosis, it is important to perform an additional
diagnostic evaluation for multisystem disease, as many
cutaneous presentations are accompanied by other organ
system involvements. One referral center reported a 40 %
rate of systemic involvement in patients referred for pur-
portedly skin-limited disease. In that cohort, those with
isolated skin involvement rarely progressed to systemic
disease [31]. Appropriate evaluation is directed by clinical
symptoms and signs. General guidelines are suggested
(after [32]).

3.1 Evaluation of the Patient
Presenting with Cutaneous
Langerhans Cell Histiocytosis

1. Thorough physical examination with attention to the
lymph nodes, liver, and spleen
. Skeletal radiograph survey (bone scan optional)
. Chest radiograph
. Random urine specific gravity and osmolality
. Complete blood count with differential and platelets
. Blood chemistry, including total protein, albumin, bili-
rubin, ALT, AST, and alkaline phosphatase
7. Coagulation studies, including INR/PT, APTT/PTT, and
fibrinogen
8. Abdominal ultrasound with attention to the liver and
spleen

AN U W W

Should no evidence of multifocal disease be present,
close clinical follow-up in the first 2 years is advised since
additional foci of disease are most likely to become appar-
ent in that time period [18].

Prognosis in LCH is generally favorable. Large series
have shown low mortality directly due to disease, the most
frequent cause being respiratory failure associated with
pulmonary disease [18, 19]. There may be considerable
morbidity and mortality associated with treatment [18].
Deaths due to overwhelming LCH are exceptional. Long-
term complications from the disease include pituitary dys-
function or diabetes insipidus, each occurring in
approximately 25% of patients, and a neurodegenerative
syndrome occurring in approximately 10% of patients
with long-term follow-up [33].

Treatment for LCH is determined by the extent and type
of organ system involvement. Isolated bone lesions are best
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treated with curettage. If the lesions are in critical weight-
bearing bones, low-dose irradiation may be added. Systemic
treatment most commonly consists of prednisone, fol-
lowed by vinblastine, or methotrexate. It has been empha-
sized that doses associated with bone marrow depression or
other toxicities are not generally required for a good thera-
peutic response [18]. 2-Chlorodeoxyadenosine and clofar-
abine are also effective agents in LCH [34, 35]. Lenalidomide
and infliximab have been reported effective in multisystem
disease in case reports [36, 37]. Vemurafenib, a mutant
BRAF inhibitor, has been reported to be dramatically effec-
tive in a patient with refractory systemic disease harboring
the BRAF V600E mutation [38]. Hematopoietic stem cell
transplantation has been used in some cases of severe
refractory LCH with complete remission, but death may
occur from therapy [39].

Cutaneous LCH has been treated effectively with topical
nitrogen mustard [40]. Additional therapeutic modalities
for cutaneous and mucosal disease have included topical
steroids [18], PUVA [41], narrowband UVB [42], topical
imiquimod [43], thalidomide [44], and a-interferon [45].
Should disease resolution occur, clinical follow-up is
advised because of potential for long-term complications,
recurrence of disease, or the development of associated
malignancy.
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Leukemia Cutis

m Synonyms:
m Associations:
m Clinical:

Cutaneous leukemia and extramedullary myeloid tumor
Systemic leukemia
Variable: erythematous patches, papules, nodules, and

hemorrhagic and purpuric lesions

m Histology:

Malignant hematopoietic precursor cells throughout the

dermis: diffuse, perivascular, or nodular pattern

m [HC repertoire:

Lymphocyte surface markers and/or markers of specific

granules useful if bone marrow biopsy is unavailable

Staging:
Prognosis:

Treatment:

Leukemia cutis (LC) is the infiltration of skin by malignant
cells in the context of leukemia. Acute myelogenous leuke-
mia (AML) is associated with leukemia cutis in approxi-
mately 4% of cases overall, but certain subtypes have
higher rates of LC. Acute myelomonocytic leukemia (FAB
classification) represented the majority (56 %) in one large
case series [1]. Abnormalities of chromosome 8 on molecu-
lar studies were more common in patients with AML and
leukemia cutis (36 %) than in patients with AML without
leukemia cutis (2.8 %) [2]. In cases which have associated
coagulopathy, hemorrhagic lesions may be present.
Leukemia cutis prior to bone marrow involvement in AML
is exceptional (0.01 % of total cases, 0.1 % of leukemia cutis
cases). Relapse of skin disease prior to bone marrow
involvement is more common but is still quite rare. In a
large series of AML patients, additional extramedullary
leukemic spread, particularly meningeal disease, were pres-
ent in 90 and 33 % of patients with leukemia cutis, respec-
tively [1]. “Congenital” leukemia refers to that which
presents within 1 month of birth and is usually of myeloid
lineage, usually FAB class M4 or M5. Leukemia cutis in
congenital leukemia occurs in 25-30% of affected infants,
often in those with high tumor burden and hepatospleno-
megaly [3].

Leukemia cutis may occur in acute lymphoblastic leuke-
mia (ALL), although it is quite uncommon. Overall, the inci-
dence of leukemia cutis in ALL is approximately 3 %. Chronic

© Springer International Publishing Switzerland 2016

Systemic work-up required

Poor, except for CLL

Adverse variables: Histologic subtype of high-grade leukemias
No local therapy; systemic chemotherapy

myelogenous leukemia (CML) is associated with leukemia
cutis in 0—4 % of cases [4]. Chronic lymphocytic leukemia
(CLL) generally progresses to leukemia cutis at a later stage
of disease, although does not necessarily represent a poor
prognostic sign. About 4-27% of patients with CLL are
affected with leukemia cutis. The higher rate of leukemia
cutis likely reflects high prevalence and indolent nature of
CLL. Mature T-cell leukemias such as HTLV-associated adult
T-cell leukemia (HTTV-associated ATL, 40-70%) and T-cell
prolymphocytic leukemia (T-PLL, 25-30%) have higher
rates of skin involvement [5, 6]. “Aleukemic” leukemia cutis
refers to leukemia cutis presenting prior to bone marrow or
peripheral blood involvement with the absence of systemic
symptoms of leukemia. This variant represents less than
10% of leukemia cutis cases overall, is more common in
AML, and is often widespread with papulonodular or mor-
billiform morphology both reported [7, 8]. The occurrence
of leukemia cutis in myelodysplastic syndrome may herald
progression to overt leukemia [9].

Clinical appearance and distribution are usually not spe-
cific for leukemia type (Figs. 4.1 and 4.2). Smooth papules,
plaques, and nodules, with variable consistency (soft, rub-
bery, firm), arise with equal incidence on the head, extremi-
ties, or trunk but are uncommon on the palms, soles, and
oral mucosa. Color varies widely and red, brown, yellowish,
bluish gray, and skin-colored nodules have been reported.
The occurrence of cutaneous lesions near sites of prior
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FiGure 4.1. Multiple discrete and coalescing violaceous nodules of leukemia cutis.

Ficure 4.2. Single violaceous nodule with surrounding purpura.

trauma or inflammation is common [10]. Less commonly,
lesions are small and widely disseminated, imparting an
exanthematous or erythrodermic appearance. The course
of skin findings can reflect the biologic nature of the under-
lying myeloproliferative disorder. Acute leukemia often
manifests with rapidly growing, potentially ulcerative skin
lesions. CLLs indolent nature is reflected in slowly grow-
ing or seemingly unchanging skin lesions. The scalp, upper
trunk, face, and upper extremities are slightly favored in the
distribution of cutaneous lesions of CLL [11], occasionally
presenting with intense facial erythema. T-PLL also presents
with facial erythema and swelling, with clinical lesions often
having a purpuric quality due to RBC extravasation [12].
HTLV-associated ATL lesions are polymorphous in mor-
phology but are always multiple and usually generalized in

distribution. The size of individual lesions can also reflect
the biologic nature of the underlying disease, with larger
nodular or tumoral lesions seen more frequently in acute
or lymphomatous presentations [13]. Gingival hyperpla-
sia and oral mucosal infiltration by leukemic cells are more
common in acute myelogenous leukemia, in particular the
myelomonocytic type [14]. Chloroma, otherwise known as
myelosarcoma, is also more common in AML and is more
common in children. Large, firm red-brown nodules or
plaques occur in variable locations of the skin, lymph nodes,
and gastrointestinal tract, and gross pathological examina-
tion reveals green color when cut, due to high content of
peroxidase in myeloid cells [15].

Histologic appearance varies depending on the type of
associated leukemia (Figs. 4.3 and 4.4). Acute lymphoblastic



4. Leukemia Cutis

31

Ficure 4.3. Leukemia cutis, low power. Dense diffuse dermal infiltrate with Grenz zone.

leukemia histopathology shows a dense diffuse or nodular
infiltrate of medium to large blastic cells with vesicular nuclei
extending throughout the dermis and into the subcutaneous
fat, with intermingled mitotic figures and individual cell
necrosis. Acute myelogenous leukemia findings in the skin
vary based on the type of cell found on bone marrow exami-
nation, but the infiltrate is again nodular or diffuse and fills
the entire dermis. The cellular infiltrate in chronic myeloge-
nous leukemia can be similarly dense and diftfuse, although
can be more subtle and perivascular on occasion. Multiple
mitoses and necroses of individual cells often are present.
Chronic lymphocytic leukemia has three patterns: patchy
perivascular/periadnexal, nodular/diffuse, and band-like,
and the cellular infiltrate consists of small unremarkable
lymphocytes with the absence of variability in size and shape
[16]. Neoplastic lymphocytes can also be found infiltrating
the dermis surrounding keratinocyte neoplasms in CLL [17,
18]. Generally, the pattern and appearance of cells histologi-
cally in the absence of immunohistochemical staining should
not be relied upon for accurate characterization of leukemia
type, as findings are largely nonspecific.
Immunohistochemical stains can be performed on
the skin in the absence of the availability of bone mar-

row pathologic specimens. Useful initial stains include
myeloperoxidase and lysozyme to differentiate myeloid
(+ for both) from lymphoproliferative (often — for both)
disorders. Among myeloid leukemias, AML and CML
cells are often CD117+and CD34 + and CD68-. Acute
myelomonocytic and acute monocytic leukemia cells are
often CD56 +, CD68 +, CD117 —, and CD 34—. Among
lymphoproliferative disorders, TdT and CDI10 positiv-
ity indicates an immature lymphocyte population, while
negativity indicates a mature B- or T-cell leukemia. B-cell
ALL is PAX-5+ and CD79a+, while T-cell ALL usually
stains positive for CD1a, cytoplasmic CD3, CD4, and CD8
(with CD79a negativity). B-cell CLL usually stain positive
for Cd5, CD19, CD20, and CD23, which is negative for
cyclin D1. A-TLL stains positive for CD3, CD4, and CD25
but is usually negative for CD8. T-PLL stains positive for
CD3,CD4, CD7, CD45R0, and TCL-1, but staining is vari-
able for CDS8.

The treatment of patients with leukemia cutis is depen-
dent on the type of associated leukemia. Leukemic infiltra-
tion of the skin is generally a poor prognostic sign, with
overall mortality of 88% after 1 year [19]. Exceptions to
this occur in the setting of CLL, as survival with and
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FiGure 4.4. Leukemia cutis, high power. Large atypical cells with vesicular nuclei and surrounding myeloid precursors.

without skin involvement can be similar in some patient
groups, in particular B-cell CLL. Congenital leukemia with
and without leukemia cutis also follows a similar clinical
course without differences in prognosis (although outlook
overall is grim) [20].
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Mast Cell Disease: Urticaria Pigmentosa

m Synonyms:

Urticaria pigmentosa, telangiectasia macularis eruptiva

perstans, mastocytoma, and mastocytosis

m Etiology:
m Associations:

Point mutation of c-kit at codon 816
Nausea vomiting, diarrhea, syncope, mast cell leukemia, and

other hematologic malignancies

m Clinical:

Papules or nodules with or without associated

hyperpigmentation and telangiectasia; positive Darier’s sign

m Histology:

Increased dermal mast cells perivascular or as tumor

nodules, basilar hyperpigmentation, and vascular ectasia

IHC repertoire:
Staging:
Prognosis:
Adverse variables:
Treatment:

CD117 (c-kit) and tryptase-positive mast cell

Bone marrow involvement conveys poor prognosis

Varies with subtype of disease; benign in children

Bone marrow involvement

Chemotherapy including interferon alpha if bone marrow

involvement; topical steroids close; clinical follow-up in
patients with adult-onset disease

Nettleship and Tay first described urticaria pigmentosa in
1869 [1]. It was not until 1949 that Ellis described increased
numbers of mast cells in several organs, demonstrating the
systemic involvement of mastocytosis [2].

Most cases of urticaria pigmentosa are caused by a point
mutation of the proto-oncogene c-kit at codon 816. C-kit
functions as a transmembrane protein and is involved in
signaling cell division when bound to mast cell growth fac-
tor. Mutations in the 816 position result in abnormal pro-
liferation of mast cells [3].

Cutaneous mast cell disease has several different mani-
festations. It can present during the neonatal period or
throughout life. Different age populations generally
develop different clinical manifestations and different asso-
ciated conditions. It is the systemic form of mastocytosis in
adults that has the most potentially severe complications. It
has been estimated that from 15 to 50 % of patients with
adult-onset mast cell disease will have systemic involve-
ment [4, 5]. However, for the sake of completeness, the
other variants of this disease spectrum will also be consid-
ered. Urticaria pigmentosa is the global term for all condi-
tions that are characterized by increased numbers of mast
cells within the dermis. There is no gender predilection.

© Springer International Publishing Switzerland 2016

Mast cell disease in childhood is only rarely associated
with systemic disease (less than 2% of the time in one
series). About one-third of all patients with mast cell dis-
ease are less than 15 years old [6]. The disease resolves
spontaneously in 2-3 years in the vast majority of these
patients, by adolescence in virtually all. Children with mast
cell disease often have single or a few large, nodular lesions
called mastocytomas (Fig. 5.1). These most commonly
appear within the first 3 years of life. These lesions urticate
easily with stroking (Darier’s sign). Bullous lesions may be
present due to extensive papillary dermal edema secondary
to histamine release from mast cells. Vesicles do not gener-
ally occur as part of cutaneous mast cell disease in patients
older than 10 years of age. Rarely, children with diffuse
mast cell disease may present with erythroderma (Fig. 5.2).
Despite the absence of systemic disease, these children are
at risk for hypotension, shock, and even death.

Adults with mast cell disease are more likely to present
with a widely scattered macular eruption. Individual lesions
are often red brown or hyperpigmented. The lesions are
randomly distributed and generalized but are accentuated
on the chest. Petechiae and ecchymoses may occur.
Depending upon the mast cell burden within each lesion, an
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Ficure 5.1. Erythematous/tan plaque of mastocytosis in a child.

Ficure 5.2. Erythroderma with islands of sparing and hepatosplenomegaly associated with parenchymal organ infiltration in systemic

mastocytosis.

urticarial reaction can be elicited by gently stroking these
lesions. Pruritus is the most common symptom. Less com-
monly, nausea, vomiting, diarrhea, and abdominal pain may
be reported. These symptoms occur in patients with limited
cutaneous disease as frequently as those with systemic
involvement. One type of adult-onset form of the disease is
known as telangiectasia macularis eruptiva perstans
(TMEP). In this variant, abundant hyperpigmented 2—6-
mm macules are present on the back and chest in concert
with telangiectasias. Pruritus and urtication are not com-
mon. It is currently not possible to distinguish adult patients
with disease limited to the skin from those with systemic
disease based purely on the cutaneous disease. There is no
difference in the age of presentation between those with and
without systemic involvement. The mean age of presentation

is in the fourth decade. Systemic disease presents much later,
often with as much as 20 years separating these findings
from the initial cutaneous presentation [6]. Patients with
systemic disease may remain alive with persistent disease for
many years or may succumb to their illness.

In adults with cutaneous mast cell disease, hepato-
splenomegaly is often seen in addition to the macular,
hyperpigmented eruption. Lymph node involvement
is not uncommon. Osteoblastic lesions can be detected
with radiographs. The bone marrow is the most fre-
quently involved extracutaneous site. Eosinophilia is pres-
ent in 15 % of all patients with systemic disease. In these
patients, pancytopenia may be present, and a bone marrow
biopsy and aspiration is necessary to eliminate the pres-
ence of mastocytosis or leukemia (mast cell leukemia or
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Ficure 5.3. (a) Low-power photomicrograph depicting superficial dermal infiltrate of mastocytosis. (b) Low-power photomicrograph

depicting superficial dermal infiltrate of mastocytosis in adult TMEP.

FiGure 5.4. Medium-power photomicrograph depicting uniform population of epithelioid cells within the superficial dermis.

chronic myelogenous leukemia). Leukemia is reported to
develop in 4-5% of patients with systemic mastocytosis
[7]. Involvement of the gastrointestinal tract has been
reported but is very uncommon. Increased serum trypt-
ase and increased urinary levels of -methyl histamine may
also be detected in these patients [8].

The histologic findings in child-onset mast cell disease
include a very dense dermal infiltrate of mast cells, often
filling the entire dermis and extending into the subcutane-
ous fat. In some cases, prominent papillary dermal edema
leads to a subepidermal bulla, correlating with the blisters
encountered clinically.

The histologic findings in adult-onset mast cell disease
fall into two general categories. Mast cells may be distrib-
uted diffusely or in a perivascular pattern (Fig. 5.3a, b).

Neither pattern is predictive of systemic involvement,
though the superficial perivascular pattern is more common
[6]. The number of perivascular mast cells varies widely
but in most cases is relatively slight, with only a minimal
increase in cellularity over physiologic levels. Morphometric
point counting has suggested that while the absolute num-
bers may be small, there is a nine- to 160-fold increase in
numbers of mast cells in these cases compared with normal
patients [9]. Dense diffuse infiltrates within the papillary
dermis are encountered less commonly (Fig. 5.4).

In these cases, prominent nuclear atypia and the
presence of nucleoli and multinucleation may be present;
however, these findings do not associate invariably with
systemic involvement. Mitotic activity is rare in all cases of
mast cell disease (Fig. 5.5).
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Ficure 5.5. High-power photomicrograph depicting uniform population of rounded cells possessing oval nuclei with amphophilic

staining cytoplasm.

Ficure 5.6. Giemsa stains reveal metachromatic staining of cytoplasmic granules within mast cells.

In one study, electron microscopy suggested that mast cells
from patients with systemic disease are larger and have more
cytoplasm and larger cytoplasmic granules [10]. In biop-
sies from both patterns, an admixture of lymphocytes and

eosinophils is present within the dermis. In more subtle cases,
mast cell numbers can be better assessed with special stains
such as toluidine blue or Giemsa stains or more specifically,
staining with CD117 (c-kit) or mast cell tryptase (Fig. 5.6).
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Bone marrow involvement with mast cell disease may
be very focal, and a negative biopsy does not guarantee
limited cutaneous disease [6]. Conversely, skin involve-
ment is not present in all cases of systemic mast cell
disease [11, 12].

Treatment options vary with the extent of disease.
Cutaneous lesions can be watched or treated with topical
steroids or even surgical excision of limited lesions. More
extensive disease requires topical steroids, antihistamines,
chemotherapy, interferon, and ultraviolet light therapy.
None of these options are entirely effective.
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Merkel Cell Carcinoma

m Synonyms:

Trabecular carcinoma of the skin, primary small cell

carcinoma of the skin, cutaneous APUDoma

m Etiology:

Ultraviolet light, chromosome 1 abnormalities, p53, bcl-2,

c-kit receptor, Merkel cell polyomavirus

m Associations:
malignancies
m Clinical:
cutaneous site
m Histology:

m [HC repertoire:

Aging, immunosuppression, other cutaneous and visceral
Painless, solitary rapidly growing nodule on exposed
Diffuse or aggregated dermal nests of small blue cells,

numerous mitoses
CK-20 (+), synaptophysin (+), NSE (+), NFP (+), S-100

(+/-), Melan-A (), CK-7 (), CD-45 (=), TTF-1 (—), LCA

(=), HMBA45 ()
m Staging:

I=localized disease, II =1 and regional node(s) (+),

III = extranodal metastases

m Prognosis:

m Adverse variables:
(+) lymph nodes

m Treatment:

Overall 5-year ~ 60 % survival
Male, head location, mitoses >10/HPF, vascular permeation,

I, II=WLE/XRT/ELND, III = XRT/CTX/HPF high-power

fields, WLE wide local excision, XRT X-ray radiotherapy,

CTX chemotherapy

Merkel cell carcinoma (MCC) was first described by Toker
[1] in 1972 as trabecular carcinoma of the skin. It is also
known as neuroendocrine carcinoma of the skin, cutane-
ous APUDoma, and primary small cell carcinoma of the
skin with endocrine differentiation. Merkel cell carcinoma
is an uncommon and aggressive non-melanoma cutaneous
neoplasm. Friedrich Merkel first discovered the Merkel cell
in 1875. It is a large, clear, usually round or oval cell found
in the basal layer of the epidermis. It is found in close asso-
ciation with terminal axons and is joined to keratinocytes.
They are found in highest concentrations in acral skin,
namely, the fingertips and nasal tip, as well as glabrous skin,
hairy skin, and mucous membranes. The function of
Merkel cells is thought to be that of a slowly adapting
mechanoreceptor [2]. The origin of Merkel cell carcinoma
is controversial as well. It may arise from epidermal Merkel
cells, dermal neuroendocrine cells, or poorly differentiated
epidermal stem cells.

© Springer International Publishing Switzerland 2016

The exact etiology of this tumor is unknown, although
the recent discovery of the Merkel cell polyomavirus
(MCV) in 2008 lends new information in the causality of
this neoplasm [3]. It was demonstrated that MCV was
present in about 80 % of MCC [3]. This information, com-
bined with the increased prevalence of MCC in elderly and
immunocompromised individuals, is highly supportive of
an infectious etiology of MCC. Studies demonstrate that
the MCV encodes a tumor antigen, which targets several
tumor suppressor proteins (viz., p53 and Rb) in humans,
thus providing the opportunity for tumor growth [3-9].
Indeed MCV tumor antigen expression was found exclu-
sively in tumor cells, further supporting its role as a direct
viral carcinogen [8].

Merkel cell carcinoma is located primarily on the head
and neck areas that commonly receive actinic damage.
Hence, it is thought that UV radiation may play a role in
the development of these tumors. One study by Demetriou
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et al. demonstrated the enhancement of the development
of cancer in patients who had both extensive UV exposure
and MCV positivity [10]. The study revealed that the tumor
antigen expressed by MCV was mutated by UV light. This
mutated T antigen was then shown to decrease the amount
of XPC protein, a protein normally responsible for initially
recognizing solar-induced DNA damage. Thus the initial
mechanism by which the body begins to repair solar dam-
age was inhibited, leaving the way open for carcinogenesis.
However, there have been many reports of tumors arising
in non-sun-exposed regions as well, and thus other factors
must play a role.

While MCV seems a promising development in under-
standing the etiology of Merkel cell carcinoma, there are
still cases arising in seronegative individuals. Such cases are
being studied and a number of tumor suppressor genes are
being investigated as causes of tumorigenesis. One study
compared MCV-positive and MCV-negative individuals
and demonstrated an inactivation of tumor suppressor RB
protein by tumor antigens in MCV-positive individuals
and a complete lack of expression of the RB protein in
MCV-negative individuals [11, 12]. This study suggests that
the loss of activity of the RB protein, however it is brought
about, may be integral in the development of MCC. Other
genes implicated in tumors with little-to-no MCV viral
expression are c-kit, KIT, and p53, which demonstrate
increased expression [12, 13]. Changes in chromosome 1
have been frequently identified in MCC, thus lending to the
hypothesis that there may be a genetic predisposition in
certain individuals to develop this tumor [3].

Merkel cell carcinoma is a very rare neuroendocrine
cutaneous neoplasm, with a prevalence of 0.6 cases per
100,000 people [14]. However, the number of cases is on
the rise with approximately 1600 new cases reported annu-
ally in the USA. This increase is partly due to increased
awareness and improved diagnostic techniques, most nota-
bly the introduction of cytokeratin 20 immunostaining
[15]. It is most common in elderly individuals as well as the
immunosuppressed. The incidence of MCC is approxi-
mately 11-13-fold higher in AIDS patients and 5-10-fold
higher in patients with solid organ transplants [16]. The
association of MCC with UV exposure largely explains the
clinical distribution of this neoplasm. Merkel cell carci-
noma is primarily located on the head and neck (44-50 %,
20% of which arise in the periocular region), followed by
the extremities (40—44 %). There is a notable asymmetry
that reveals more neoplasms in these UV-exposed locations
to be on the left side of the body due to increased UV expo-
sure on the left while driving automobiles [17]. In areas
hidden from the sun like the trunk (8 %) and the buttocks
(9%), the distribution is symmetrical [16]. This tumor
occurs primarily in Caucasians, with a few case reports in
African Americans and Polynesians. The average age at
diagnosis is 76.2 years for women and 73.6 years for men,
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with cases in children being exceedingly rare [18]. The ratio
of men to women varies among different reports, with
some citing equal incidence of occurrence among both
sexes, some reporting a slightly higher incidence in men
(1.5:1), and others finding a slightly higher incidence in
women. Merkel cell carcinoma has also been reported to
arise in patients with other neoplasms, at a frequency
higher than expected by chance alone [16]. These include
squamous cell carcinoma, basal cell carcinoma, and Bowen’s
disease. Other internal malignancies that have been docu-
mented to be associated with MCC are Hodgkin’s lym-
phoma, breast carcinoma, endometrial carcinoma, colon
carcinoma, prostate cancer, ovarian cancer, bladder transi-
tional cell carcinoma, squamous cell carcinoma of the lar-
ynx, B-cell lymphoma, and chronic lymphocytic leukemia
(CLL). Immunosuppressed patients have been found to be
at an increased risk for many malignancies, including
Merkel cell carcinoma. Immunosuppressed individuals
tend to have tumors that behave more aggressively than
those seen in the general population [16, 19].

Merkel cell carcinoma can present in many different
ways, but is most often a solitary, painless, pink to reddish-
blue or brown dome-shaped nodule or plaque on sun-
exposed skin of elderly individuals (Fig. 6.1). The lesion
may sometimes ulcerate and can range in size from 0.2 to
5.0 cm, with the largest lesion reported as 23.0 cm in great-
est diameter [20, 21].

Merkel cell carcinoma is composed of small, monomor-
phic, basophilic tumor cells with round to oval-shaped
nuclei and scanty cytoplasm. The nuclei have finely granu-
lar dispersed chromatin, and nucleoli are absent or few in
number. The nuclear-to-cytoplasmic ratio is high, as is as
the mitotic rate, and pyknotic nuclei and apoptotic bodies
may be present. The tumor cells occupy the dermis and
may extend into the subcutaneous fat (Figs. 6.2 and 6.3).
The epidermis is generally spared, but there are reports of
epidermotropism or “pagetoid” spread. In these instances,
MCC may mimic melanoma, mammary and extramam-
mary Paget’s disease, mycosis fungoides, pagetoid Bowen’s
disease, and intraepidermal epithelioma [8, 9]. The
association of Merkel cell carcinoma with the aforemen-
tioned tumors, and its propensity to develop both squa-
mous and eccrine differentiation, supports a link between
MCC and the epithelium. A dense lymphocytic infiltrate is
typically present within and surrounding the tumor. There
may be involvement of the dermal lymphatics and blood
vessels. Merkel cell carcinoma has been classified into three
histologic subtypes. The intermediate cell type is consid-
ered the most common variant of MCC, seen in approxi-
mately 80% of all Merkel cell carcinomas. It displays a
solid, diffuse pattern made up of cells that are less compact,
with focal areas of necrosis. Mitotic figures are conspicu-
ous. There is a lymphocytic infiltrate within and around
the tumor. The second histologic variant described by
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FiGuRe 6.2. Low-power photomicrograph depicting diffuse dermal permeation by neoplastic cells.
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FiGure 6.3. High-power photomicrograph depicting small blue cells containing speckled nuclear chromatin. Note scattered mitotic figures.

Gould et al., the small cell variant, is composed of solid
sheets and clusters of cells in the dermis, lacks glandular
differentiation, and often has areas of necrosis. The trabec-
ular pattern, considered to be the least common pattern, is
characterized by round to polygonal cells arranged in
organoid clusters and trabeculae, which may occasionally
exhibit gland-like formations. This classification scheme
arranged by Gould et al. is comprehensive; however, many
tumors are composed of cells of different sizes and pat-
terns, and not all tumors will fit exactly into one subtype. A
triad of findings suggested to be virtually pathognomonic
of MCC includes vesicular nuclei with small nucleoli,
abundant mitoses, and apoptosis. The differential diagno-
sis includes other poorly differentiated small cell tumors.
These include small cell carcinoma of the lung (oat cell car-
cinoma), cutaneous large cell lymphomas, neuroblastoma,
metastatic carcinoid, amelanotic melanoma, sweat gland
carcinoma, medullary carcinoma of the thyroid, Langerhans
cell histiocytoses, plasmacytoma, Ewing’s sarcoma, leuke-
mias, and anaplastic carcinoma.

The definitive diagnosis of Merkel cell carcinoma
requires the use of immunohistochemistry. The armamen-
tarium of immunohistochemical stains that may be useful
in diagnosing MCC is vast, and controversy exists as to
which markers are best suited for this purpose. Anti-
cytokeratin antibodies are the most sensitive markers for
MCC, with various studies citing up to 100 % positive reac-
tivity to anti-keratin antibodies to low molecular weight

cytokeratins (Fig. 6.4). A perinuclear dot-like pattern of
positivity is characteristic for MCC and is a feature gener-
ally not observed in SCC [10-12]. Keratin reactivity favors
the diagnosis of MCC and excludes melanoma and lym-
phoma. Diagnoses that MCC cannot be differentiated from
with these markers include carcinoid and metastatic small
cell lung cancer. Positive reactivity with anti-CK 8, 18, 19,
and 20 also supports an epithelial-derived component of
MCC. Among the anti-cytokeratin markers, most studies
suggest that anti-CK 20 is highly specific for MCC and is
thought to be a strong predictor of MCC when determin-
ing the diagnosis of small cell carcinomas. The newest
marker used in identifying Merkel cell carcinomas is thy-
roid transcription factor 1 (TTF-1). It is a nuclear tran-
scription factor expressed in thyroid and lung epithelial
cells. TTF-1 belongs to a family of transcription factors that
are expressed in the thyroid, lung, and certain regions of
the brain. This marker is also found in pulmonary
carcinomas, reacting with 72.5% of adenocarcinomas,
83-100 % of small cell carcinomas, 100 % of atypical carci-
noid tumors, and 75 % of neuroendocrine carcinomas. It is
not, however, expressed at all in MCC. TTF-1 is a sensitive
and specific marker for small cell lung carcinoma, and CK
20 is a sensitive but not 100% specific marker for
MCC. Thus, with the above information, it appears that a
combination of TTF-1 and anti-CK 20 should provide the
best sensitivity and specificity when needing to distinguish
MCC from other small cell carcinomas.
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Ficure 6.4. Dot-like paranuclear immunostaining with cytokeratin 20 in Merkel cell carcinoma.

Staging, based on the extent of local and systemic dis-
ease, is important in guiding treatment as well as determin-
ing prognosis. Stage I disease is a local disease without
lymph node or systemic involvement. Stage II disease refers
to regional lymph node disease without evidence of sys-
temic spread. Stage III refers to metastatic disease.

Merkel cell carcinoma is a very aggressive malignancy in
which metastatic disease is not uncommon. The 5-year sur-
vival rate of MCC patients is 64 %, 39 %, and 18 % for pri-
mary tumors, lymph node metastases (and/or local
recurrences), and distant metastases, respectively [6, 22]. It is
considered to be the deadliest skin cancer, with a higher fatal-
ity rate than melanoma. Factors that have been found to be
relevant to prognosis include tumor size and location, the
sex and age of the patient, the stage of disease, and histologic
characteristics. Tumors on the head and neck, and especially
the lip, have the worst prognosis, followed by lesions on the
trunk and extremities. Male sex has been reported to por-
tend a worse prognosis, while age at diagnosis has been con-
troversial. Histologic features associated with a poor
prognosis include a mitotic rate of >10 per high-power field,
small cell size, depth of invasion, infiltrative growth pattern,
and evidence of vascular or lymphatic involvement [23].

Merkel cell carcinoma has been considered to follow a
course similar to that of an intermediate or thick melanoma,
but with a worse prognosis. Local recurrence usually occurs
within 4 months of excision of the primary tumor and is not
uncommon, occurring in 20—44 % of cases, with few reports
citing up to 70%. Regional nodal metastases have been
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reported to occur in 31-80% of MCC; however, only
12-31 % of these cases are present at the initial presentation.
They are more common in tumors of the head and neck,
and most nodal metastases are discovered within 7-24
months of initial treatment. Nodal involvement is a signifi-
cant prognostic indicator, with a 5-year survival rate of 48 %
for patients with nodal disease, as compared to 88% for
those without nodal involvement. Distant metastases indi-
cate a very poor prognosis and are the most important pre-
dictor of survival. They are found in 1/3 to 2/3 of patients
with MCC, but are rarely present at initial presentation. The
most common sites are lymph nodes, followed by the liver,
bone, brain, lung, skin, and GI tract. Distant metastases are
diagnosed at a mean time of 18 months after initial diagno-
sis. The mortality rate of patients with systemic metastases
ranges from 67 to 74 %, with death usually occurring within
6 months of detection of the metastases. Spontaneous
regression is a rare phenomenon that has been noted to
occur in some cases of Merkel cell carcinoma. As of 2002,
ten cases in the literature have been reported.

Early diagnosis and treatment are essential due to the
aggressiveness of MCC and its propensity for local recur-
rence and metastases. The principles of treatment for
Merkel cell carcinoma are as follows: for localized disease,
surgical excision is the standard of care, usually followed
by adjuvant radiotherapy. Sentinel lymph node biopsy is
recommended due to the propensity for metastasis.
Patients who are node negative require no further surgical
therapy. For those with nodal disease and metastasis che-
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motherapy, using similar regimens as small cell carcinoma
of the lung is recommended [22-25]. The following are
recommendations based on each stage of disease [22-25].
Stage I and II (localized) disease should be treated with
surgical excision, using wide local excision with 2—-3-cm
margins, dissecting to the fascia. Excision may be followed
by sentinel lymph node biopsy and possible lymph node
dissection when appropriate. Postoperative radiation may
also be considered. Mohs micrographic surgery may also
be used at this stage when feasible. The use of chemother-
apy at this stage is not well defined and requires further
investigation. Stage III (regional) disease requires wide
local excision plus lymph node dissection if feasible, or
optionally radiation therapy to primary nodal regions is
recommended. The use of adjuvant chemotherapy is con-
troversial but may be considered in higher-risk patients.
Stage IV (distant) disease ultimately requires palliative
care; however, surgery, chemotherapy, and radiotherapy
may be used.
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Cutaneous Metastasis

m Synonyms:
m Etiology:

m Associations:

m Clinical:

m Histology:

[HC repertoire:
Staging:
Prognosis:
Adverse variables:

Cutaneous metastatic neoplasm, Sister Mary Joseph nodule
Hematogenous or lymphatic spread of primary tumor to
umbilical skin, rarely direct extension/satellitosis; may also
arise within remnant structures

Primary malignancies (most commonly gastrointestinal and
genitourinary); cancer family syndromes (e.g., hereditary
breast ovarian cancer syndrome BRCA1/2, Muir-Torre)
Nodule, occasionally ulcerated, scalp most common site;
rarely pulsatile in association with metastatic renal cell
carcinoma; diffuse cutaneous skin color changes with diffuse
cutaneous melanosis; diffuse cyanosis with metastatic
carcinoid syndrome

Most commonly adenocarcinoma in the dermis, lymphatic/
vascular permeation, pyramidal orientation, foreign
appearance, poor tumor differentiation, no connection with
the epithelium

Cytokeratins 7/20, carcinoembryonic antigen, p63, TTF-1
Implies widespread metastatic disease

Less than 1-year survival in most cases

None (ovarian primary may be associated with slightly better

prognosis)
m Treatment:

Cutaneous metastases occur in approximately 10% of all
cancer patients. The frequencies of cutaneous metastases
correlate directly with the frequencies of primary malig-
nancies. In women, breast carcinoma is the most common
tumor to spread to the skin, followed by large intestine,
melanoma, lung, and ovary. In men, primary tumors from
the lung most commonly involve the skin, followed by
tumors of the large intestine, melanoma, and squamous
cell carcinomas of the oral cavity [1]. Metastases can affect
any part of the body, with a disproportionate number
involving the scalp (presumably due to increased circula-
tory volume). Overall, skin metastases represent the pre-
senting sign of underlying malignancy in about 8% of
these patients [2]. In addition to cutaneous metastasis,
additional dermatologic manifestations may occur with
metastatic cancers. Diffuse cutaneous pigmentary altera-
tions such as melanosis can occur in accord with metastatic
melanoma. Cyanotic to erythodermatous skin can occur in
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association with malignant carcinoid syndrome due to
metastatic carcinoid tumors.

An example of a well-known but uncommon presenta-
tion of a cutaneous metastasis is the Sister Mary Joseph
nodule. In 1854, Baluff first described umbilical metastases;
however, it wasn’t until 1928 that Sister Mary Joseph, the
head surgical nurse of Dr. William James Mayo, recognized
the association between intra-abdominal malignancy and
umbilical metastasis [3]. The term “Sister Mary Joseph
nodule” was first mentioned by Hamilton Bailey in his 11th
edition of “Demonstrations of Physical Signs in Clinical
Surgery” in 1949 [4]. The term is commonly used to
describe a malignant umbilical cancer associated with
advanced-stage intra-abdominal and gynecological malig-
nancy demonstrating a poor prognosis.

The pathogenesis of umbilical metastasis is not entirely
elucidated; however, mechanisms of spread to the umbi-
licus from an intra-abdominal source include direct
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TaBLE 7.1. Percentage of cases of umbilical metastasis in relation
to site of the primary tumor.
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hematogenous spread, transperitoneal spread via lym-
phatics, or through remnant embryological structures
including the falciform ligament, medical umbilical liga-
ment, or a remnant of the umbilical duct [4].

Umbilical metastases involve from 5 to 10% of tumors
involving the abdomen and may be the presenting sign of an
internal malignancy in up to 45% of cases. In one study,
57 % of tumor nodules located in the umbilicus were benign
[5]. Neoplasms originating in the gastrointestinal tract
account for the great majority of the metastatic processes
(Table 7.1) [1]. Other primary neoplasms with umbilical
metastases have been reported less commonly. These include
adenocarcinomas of the gallbladder [6], renal cell carci-
noma [7], and lymphoma [8].

Umbilical metastases most commonly present as firm
nodules. A less common presentation is that of an indurated
plaque. These growths rarely ulcerate and are not usually
painful or tender. Hyperkeratosis is seen in some cases, but
is unusual in this location (Fig. 7.1a, b). The tumor nodule
with dermal sclerosis is apparent on the cut specimen. They
are more common in women, in part due to the contribu-
tion of ovarian carcinomas to this clinical presentation [9].

Breast cancer represents the most common cancer in
women when excluding non-melanoma skin cancer; recogni-
tion of cutaneous metastasis of breast carcinoma remains an
important diagnostic aim of the physician in order to facili-
tate treatment of the systemic spread of the cancer (Fig. 7.2a,
b). Types of metastatic cutaneous breast cancers include
inflammatory breast carcinoma (also known as carcinoma
erysipeloides), peau d’orange, telangiectatic, en cuirasse, and
alopecia neoplastica. Inflammatory breast carcinoma pres-
ents with erythematous, edematous, indurated, warm patches
or plaques with well-defined borders. Peau d’orange refers to
a dimpled orange peel appearance of the breast caused by
lymphedema resultant from tumor infiltrate within the der-
mal lymphatics. Telangiectatic metastatic carcinoma presents
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Ficure 7.1. (a) Periumbilical nodule seen in Sister Mary Joseph
nodule. (b) Gross specimen removed from the umbilicus.

with purple papulovesicles on an erythematous base resulting
from dilated blood vessels. Breast cancer en cuirasse is a rare
cutaneous metastasis that presents with scattered, elevated,
indurated nodules or plaques on an erythematous base. A
common clinical pattern of cutaneous metastasis of breast
cancer is alopecia neoplastica, a condition characterized by
indurated circular plaques or patches of painless, nonpruritic,
cicatricial alopecia on the scalp.

Lung cancer may present with erythema gyratum repens,
a paraneoplastic rash characterized by erythematous plaques
in concentric bands arranged in parallel rings lined by scale
that often presents several months before the primary
cancer is diagnosed. Additional dermatologic manifesta-
tions of common cancers include nodules underneath the
skin in Trousseau’s syndrome associated most notably with
pancreatic cancer; cyanosis in accord with carcinoid syn-
drome from colorectal cancer; the acute onset of multiple
seborrheic keratoses, termed the Leser-Trélat sign, in associa-
tion with gastrointestinal carcinomas; thickening of the
palms and soles, termed palmoplantar keratoderma (also
Howel-Evans syndrome) in association with esophageal
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Ficure 7.2. (a, b) Clinical examples of metastatic breast carcinoma.

cancer; and paraneoplastic dermatomyositis from gyneco-
logic malignancy. Rare dermatologic manifestations include
diffuse pigmentation associated with melanoma termed dif-
fuse cutaneous melanosis; painful, erythematous nodules,
plaques, or papules accompanied by fever and peripheral
neutrophilia in Sweet’s syndrome; and cutaneous leiomyo-
mas and uterine leiomyomas associated with renal cell carci-
noma in Reed’s syndrome.

The histologic features of the cutaneous metastasis
vary with the origin of the primary lesion; however, sev-
eral characteristics are observed in most cases including
a foreign histologic appearance, vascular or lymphatic
permeation, pyramidal orientation, and no connection
to the epithelium. In about 75-90% of SMJ nodule
cases, the primary tumor is an adenocarcinoma, and the
resulting SMJ nodule has the histologic features of ade-
nocarcinoma [5, 9]. Glandular structures course
throughout the dermis, often surrounded by desmoplas-
tic stroma. The histologic features recapitulate the fea-
tures of the primary tumor to different degrees.
Metastases from colon carcinomas may demonstrate tall
columnar epithelial lining to the glandular structures
and may produce mucin. Ovarian metastases may be
characterized by mucinous or serous type of glandular
epithelia. In all cases, the better-differentiated neo-
plasms will recapitulate their sites of origin closely, while
the less-differentiated ones are undifferentiated adeno-
carcinomas that may be difficult to further classify
(Figs. 7.3,7.4,7.5,and 7.6).

Immunostains with antibodies directed against cyto-
keratins 7 and 20, carcinoembryonic antigen (CEA), and
estrogens and progesterones may be helpful in further
characterizing cutaneous metastases. Colon carcinomas
often express cytokeratin 20 and CEA, but only rarely

strongly express cytokeratin 7. Pancreatic tumors are neg-
ative for cytokeratins 7 and 20 and do not contain estro-
gen or progesterone receptors. Breast, lung, and gastric
neoplasms frequently express cytokeratin 7 and are often
negative for cytokeratin 20. Melanoma, esophageal, and
hematologic neoplasms are negative for cytokeratins 7
and 20, whereas renal, ovarian, and uterine neoplasms are
positive for both cytokeratins 7 and 20. Biliary duct carci-
nomas may also strongly express both cytokeratins 7 and
20 [9]. Additional markers include p63 and TTF-1.
Primary cutaneous adnexal carcinomas express p63,
whereas metastatic adnexal adenocarcinomas to the skin
are negative for p63. Lung cancers commonly express
TTF-1; thus, TTF1 positivity demonstrates the tumor is of
lung origin.

The appearance of cutaneous metastases portends an
ominous prognosis. Surgery and chemotherapy for Sister
Mary Joseph nodules have been used with some success,
but in most cases, the patient succumbs to widespread met-
astatic disease within a year of diagnosing the umbilical
nodule [10]. Patients with primary ovarian carcinomas
involving the umbilicus may have a slightly better progno-
sis than those with metastases from other sites [11]. Biologic
agents also demonstrate utility in the treatment of meta-
static cancers such as metastatic melanoma and metastatic
breast cancer. It is important to note that while cutaneous
metastases may be treated for cosmetic purposes, the prog-
nosis of the patient is largely contingent upon the charac-
teristics of the primary malignancy.

The clinical, histologic, and immunohistochemical
findings of the aforementioned syndromes associated
with common neoplasms demonstrating cutaneous
metastasis or dermatologic manifestations are described
(Table 7.2).
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Ficure 7.3. Medium-power photomicrograph depicting metastatic colon cancer. Note ductular structures embedded in dense
(desmoplastic) collagenous stroma.

Ficure 7.4. High-power photomicrograph depicting glands with columnar lining and inspissated luminal secretions.
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Ficure 7.6. This undifferentiated neoplasm is a metastasis from the prostate, identified by staining with prostate-specific antigen.
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Paget’s Disease

m Synonyms:
m Etiology:

Extramammary Paget’s disease and mammary Paget’s disease
Ductular extension of carcinoma from the breast,

genitourinary system, gastrointestinal tract, or apocrine
glands and in situ malignant transformation

m Associations:

Underlying adenocarcinoma of the breast (mammary) or

genitourinary or gastrointestinal carcinoma
(extramammary) or primary appendageal adenocarcinoma

m Clinical:

Scaly, erythematous patch on the nipple (mammary) or

anogenital region (extramammary Paget’s)

Histology:

[HC repertoire:
Staging:
Prognosis:

m Adverse variables:

Large, atypical cells at all levels of the epidermis
Cytokeratin 7, CEA, and EMA

Essential to workup for underlying adenocarcinoma
Excellent if no underlying carcinoma; poor if internal
carcinoma is present

Dermal invasion by neoplastic cells; association with

underlying malignancy

m Treatment:

Mammary Paget’s disease was first described by Sir James
Paget in 1874 [1]. Mammary Paget’s disease is an uncom-
mon condition, representing about 1-4.3 % of all breast
cancers [2]. Extramammary Paget’s disease was first
described by Radcliffe Crocker in 1889 [3].

There are currently two theories that postulate the devel-
opment of Paget’s disease. The epidermotropic (ductal)
theory holds that the Paget cells are duct cancer cells that
have migrated along the basement membrane of the under-
lying ducts to the epidermis of the nipple [4]. The second
theory, in situ malignant transformation or degeneration
from existing cells, postulates that the Paget cell is a malig-
nant keratinocyte in situ; thus, this theory defines Paget’s
disease as an in situ carcinoma without underlying cancer
of the breast [5].

Mammary Paget’s disease and extramammary Paget’s
disease represent two clinical conditions with potentially
serious consequences for the patient. Mammary Paget’s
disease is associated with underlying carcinoma of the
breast in virtually all cases. Exact incidence numbers
vary, but with meticulous serial sections of major ducts
entering into the nipple, foci of ductular carcinoma are
identified in most cases [6]. The disease has the same

© Springer International Publishing Switzerland 2016

Surgery (topical chemotherapy, radiation)

epidemiologic characteristics as breast carcinoma, inde-
pendent of the presence of Paget’s disease. It is most fre-
quently encountered in middle-aged to elderly women,
and it may be unilateral or bilateral. Mammary Paget’s
disease presents as an erythematous, scaling patch on the
nipple (Fig. 8.1).

The clinical differential diagnosis usually includes squa-
mous cell carcinoma in situ and, most commonly, eczema-
tous processes.

Extramammary Paget’s disease has an identical appear-
ance but is located in areas with abundant apocrine glands
(Fig. 8.2).

The most frequently involved site is the anogenital
region, though cases have been reported in the axillae and
within the external auditory canal. Extramammary Paget’s
disease is slightly more common in women and is more fre-
quent in elderly patients [7]. The relationship between
underlying carcinomas is less strong with extramammary
Paget’s disease. Incidence estimates range from 0 to 54 % of
cases, depending upon series [8]. In approximately 25 % of
these cases, the underlying tumor appears to arise from
apocrine or (less commonly) eccrine glands [9]. 10-15%
of these cases have underlying tumors of the genitourinary
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Ficure 8.2. The anogenital region is a frequent site of involve-
ment with extramammary Paget’s disease.

or gastrointestinal tracts [7]. Cases of extramammary
Paget’s disease involving the anogenital region seem to have
a higher association with underlying carcinoma.

The histologic features of Paget’s disease of the nipple
and extramammary Paget’s disease are identical except for
site-specific anatomic variations. Large cells with abundant
pale cytoplasm are present at all levels of the affected epi-
dermis (Fig. 8.3).

The atypical cells may display vesicular nuclei, and
nucleoli are often visible, though not usually as prominent
as those seen in melanoma cells (Fig. 8.4).

There is no tendency for nest formation by the atypical
cells. In some cases, intracytoplasmic vacuoles may be pres-
ent, suggesting early ductular differentiation. This finding
can be accentuated with the use of a periodic acid-Schiff
stain that demonstrates cytoplasmic acidic mucopolysac-

Deadly Dermatologic Diseases

charides. The background epidermis is often acanthotic
and spongiotic, with overlying parakeratosis.

The histologic differential diagnosis includes entities
characterized by individual, atypical intraepidermal cells.
The major differential possibilities include malignant mel-
anoma and squamous cell carcinoma in situ. In most cases,
it is useful to make this distinction with the use of immu-
nostains. Melanoma cells strongly express S100 protein, an
antigen that is occasionally expressed weakly and focally by
Paget’s disease cells (especially when they are ductular
breast carcinoma cells). Squamous cell carcinoma expresses
some pan-cytokeratin markers, as do the cells in Paget’s
disease. The most useful distinguishing markers are cyto-
keratin 7 (Fig. 8.5), which is expressed by neither the cells in
malignant melanoma nor those in squamous cell carci-
noma in situ, and epithelial membrane antigen (EMA),
which has a similar staining profile (Fig. 8.6).

CAMS5.2 and carcinoembryonic antigen (CEA) have also
been used with good success in establishing the diagnosis.
The use of an antibody panel using the reagents suggested
makes the distinction between these entities very straight-
forward in most cases. It should be noted, however, that
melanoma is not usually in the clinical differential diagno-
sis of this process.

In cases of extramammary Paget’s disease, the neoplas-
tic cells within the epidermis may represent upward
extension of malignant transformation of cutaneous
appendages (i.e., apocrine or eccrine structures). In these
cases, similar-appearing tumor cells are apparent within
the glandular apparatus. In more advanced cases, the
same tumor cells may violate the basement membrane,
invading the dermis. Lymphatic involvement has also
been reported. This portends a significantly worse prog-
nosis [10]. In other cases of extramammary Paget’s dis-
ease, the tumor cells represent upward extension of
underlying tumors arising within the genitourinary sys-
tem (most commonly, bladder) or gastrointestinal tract
(most commonly, colon). In these cases, invasion of the
dermis denotes a more aggressive neoplasm, but careful
histologic evaluation of the primary tumor is necessary
for determining accurate prognostic data.

Paget’s disease (mammary and extramammary) is
treated with locally destructive therapy. Complete surgical
excision is usually the first line of treatment for suitable
candidates. Prior to excision, a staging workup is performed
in order to isolate any underlying malignancies. In Paget’s
disease of the nipple, the underlying ductular tissue is
removed, as a minimum, in most cases in order to identify
any associated breast carcinoma. In extramammary Paget’s
disease, screening procedures are initiated prior to the sur-
gical procedure. For patients who are not candidates for
surgery, radiation and topical chemotherapeutic agents
have been used with some success.
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Ficure 8.3. Medium-power photomicrograph depicting scattered atypical clear cells and Paget’s cells occupying all levels of the
epithelium.

Ficure. 8.4. The neoplastic cells in Paget’s disease have vesicular nuclei with prominent nucleoli.



58 Deadly Dermatologic Diseases

FiGure 8.5. Cytokeratin 7 is strongly
- " expressed by intraepithelial neoplas-
. tic cells, but not by the background
keratinocytes within the epidermis.
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Ficure 8.6. Epithelial membrane
antigen is expressed by tumor cells in
Paget’s disease, but not by the back-

. ’ ground keratinocytes within the
epithelium.
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Kaposi Sarcoma

m Synonyms:
pigmented sarcomas
m Etiology:

Granuloma multiplex hemorrhagicum and idiopathic multiple

Vascular hyperproliferation induced by human herpesvirus-8

m Associations: HIV/AIDS, Mediterranean and Eastern European origin, and

MSM
m Clinical:
m Histology:

Violaceous patches, plaques, and tumor nodules
Clusters of dermal slit-like vascular spaces and variable spindle cell

predominance depending on stage of disease

= [HC: LNAI of HHV-8
m Prognosis:
m Treatment:

Good if disease is limited and HIV/AIDS is treated appropriately
Antiretrovirals and destructive treatments; combination

chemotherapy for extensive disease

Moritz Kaposi originally gathered five patients with “idio-
pathic multiple pigmented sarcomas of the skin,” described
them in detail, and published his data in 1872 [1]. This
entity, subsequently known as Kaposi sarcoma, has become
a complicated neoplastic disease with multiple clinical sub-
types, which are neither pigmented nor idiopathic.
Differences in genetic background and immunologic status
create a variety of cutaneous and systemic manifestations
which vary from indolent to frighteningly aggressive bio-
logic behavior.

There are currently four subtypes of Kaposi sarcoma
(KS), the first of which was described by Kaposi himself.
Older men of Mediterranean and Eastern European origin
develop multiple vascular neoplasms on the lower extremi-
ties, generally with indolent behavior, which in this subtype
is deemed “classic” “Endemic” Kaposi sarcoma refers to
that which occurs mainly in sub-Saharan Africa, in patients
without immune dysfunction. Endemic KS can be both
indolent or aggressive and involves the extremities (similar
to classic KS). The aggressive subtype often occurs in young
children and can present with widespread visceral and
lymph node involvement. “Latrogenic” KS occurs in those
who are immunosuppressed, often for long periods of time,
often in the context of transplant-associated immunosup-
pression. Lastly, the most recently described type is “epi-
demic” KS, associated also with immunosuppression, this

© Springer International Publishing Switzerland 2016

time from the devastating effects of the human immuno-
deficiency virus (HIV).

Through the history of the study of Kaposi sarcoma
from 1872 to the late twentieth century, an unexplained
phenomenon was contemplated in relation to the seem-
ingly restricted nature of the geographic location, ethnic
group, and immune status of the vast majority of patients.
The link between virus and malignancy was first described
to skeptics in the scientific community by Peyton Rous and
the Rous sarcoma virus in chickens in 1910 [2]. The first
carcinogenic virus in humans, Epstein-Barr virus, was
found to be associated with Burkitt lymphoma in 1958 [3].
After hepatitis B virus was found to be associated with
hepatocellular carcinoma, it became clear that the virus
could be a carcinogen. Epidemiologic patterns of viral
induction of malignancy included isolation of cancer cases
to specific geographic areas and ethnic groups, as well as
association with immunosuppression. Given its relative
lack of morbidity and relatively low incidence, research in
the area of the spectral KS virus was slow.

A surge of aggressive Kaposi sarcoma cases related to
immunosuppression from the horrifying first years of the
HIV epidemic brought the disease back into the crosshairs
of the scientific community [4]. It became the stigmatizing
purple emblem of the epidemic, particularly in gay men
with advanced disease. Patients presented with KS patches,
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Ficure 9.1. Kaposi sarcoma: violaceous smooth well-defined patch on the foot.

nodules, and tumors widespread throughout the skin,
lungs, and gastrointestinal tract, a nearly unrecognizable
version of the disease, with high morbidity and mortality.
Mercifully, as treatment for HIV/AIDS improved and CD4
counts across the country began to rise, cases of aggressive
KS began to drop.

Finally, in 1994 the virus which would eventually prove
to be causative in all cases of Kaposi sarcoma was discov-
ered by Chang and colleagues [5]. This virus was dubbed
human herpesvirus-8 (HHV-8) and has also been found to
be associated with Castleman disease and primary effusion
lymphoma. Determination of rates of asymptomatic car-
rier status for HHV-8 further bolstered scientific data
regarding association with KS. Most countries with low
rates of KS, such as the USA and Southeast Asia, have rates
of HHV-8 infection less than 5%. Areas of “classic” KS,
most commonly in Eastern Europe and countries border-
ing the Mediterranean Sea, had rates of HHV-8 antibodies
as high as 20 %. Even these elevated numbers pale in com-
parison with those in Sub-Saharan African, where HHV-8
infection rates rise higher than 50%, and the rates of
uncontrolled HIV in some countries in this area result in
89% of all cases of KS [6]. Other patients with high inci-
dence of disease, such as men who have sex with men
(MSM), also have a higher rate of carriage of HHV-8 and
higher rates of KS even in the absence of HIV infection.
HHV-8 antibody positivity is much more common in men,
as is the case with all subtypes of KS.

The pathogenesis of induction of Kaposi sarcoma involves
induction of aberrant differentiation, inflammation, and
angiogenesis via HHV-8, which latently infects endothelial
cells. Endothelial cells gradually transition to spindle cells
with mesenchymal markers in addition to markers of blood
and lymphatic endothelium. As the disease process pro-
gresses, proliferative capacity of infected cells increases, in
part due to nuclear latency proteins, which both inhibit
tumor suppressor p53 and ensure passing of the viral
genome to daughter cells. HHV-8 is also able to induce an
exuberant, yet ineffective, Th2 inflammatory response and
inhibit the Th1 T-cell response to avoid immune surveil-
lance. The capacity for invasion and migration of KS cells is
brought about by induction of unstable, haphazard angio-
genesis induced by HHV-8 viral proteins, mediated by
induction or secretion of pro-angiogenic cytokines. The
line between frank malignant transformation and viral
induction of differentiation, angiogenesis, and invasion of
a variety of tissues becomes quite unclear in widespread
Kaposi sarcoma [7].

The cutaneous morphology of KS is similar regardless of
subtype, although the extent of disease and propensity for
more advanced lesion type vary widely based on clinical
circumstances. Early lesions can be subtle and somewhat
ill-defined, although color usually is helpful for diagnosis,
ranging from blue, to violaceous, to brown depending on the
age, depth, and degree of hemosiderin deposition (Fig. 9.1).
Lesions partially blanch, given the underlying rudimentary
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vascular structures which are characteristic of disease. In
more established lesions, a violaceous color and lesional
elevation become more prominent features, with sizes rang-
ing from a few millimeters to plaques several centimeters in
diameter (Fig. 9.2). Although classic and endemic KS is usu-
ally confined to the arms and legs, other subtypes are less
bound by constraints of a “usual” distribution, which makes
diagnosis slightly more difficult. More advanced lesions can
become quite large, confluent on extremities, and hemor-
rhagic (Fig. 9.3). When the limbs are involved, lymphedema
is often also present, especially in African endemic KS [8].

Internal disease can be present with or without cutane-
ous disease, although possible sites of involvement are
numerous. The mucosal surfaces (in particular the soft pal-
ate), the gastrointestinal tract, and the lungs are relatively
common places where KS can be found, with the latter two
imparting substantial morbidity. Extensive disease can
invade any organ or tissue. Lymph node involvement and
small intestinal disease can be substantial in African
endemic KS. Substantial lymph node enlargement can also
signal associated multicentric Castleman disease.

Histopathology mirrors clinical morphology in many
ways, with early lesions which are nonspecific and difficult
to diagnose and late lesions in which the differential diag-
nosis becomes much more limited. Patch and plaque KS
displays papillary dermal clusters of well-differentiated
endothelial cells which can appear quite innocuous at low-
power microscopy, similar to clusters of perivascular lym-
phocytes. Primitive vascular structures with barely
discernible lumina can occasionally be spotted. Adnexa or
normal blood vessels can occasionally be surrounded and
“trapped” by these attempts at blood vessel formation, the
so-called “promontory sign”. These findings are quite sub-
tle and can be overlooked in patch KS (Fig. 9.4) and are
more recognizable in plaque KS (Fig. 9.5). Other changes
which are more obvious are a spindled tumor cell mor-
phology with tapered hyperchromatic nuclei and a sur-
rounding lymphohistiocytic infiltrate. Monoclonal
antibodies to the latent nuclear antigen-1 (LNAI) of
HHYV-8 will highlight endothelial cells in all cases [9], and
proper clinical suspicion for KS will often lead to requests
for immunohistochemistry. Nodular KS has more specific
histopathology, and differential diagnosis shifts to benign
and malignant vascular tumors. Cells form into more cir-
cumscribed nodules, with a predominantly spindled mor-
phology, with intervening thin vascular spaces with
occasional red blood cells within (Fig. 9.6). Mitotic figures
become more numerous, although cellular atypia is usu-
ally unimpressive. Histologic differential diagnosis of nod-
ular KS includes spindle cell hemangioma, hobnail
hemangioma, tufted angioma, and well-differentiated
angiosarcoma.

63

Ficure 9.2. Kaposi sarcoma: indurated violaceous papules and
nodules coalescing into a plaque of the inner thigh.

Ficure 9.3. Kaposi sarcoma: multiple widespread violaceous pap-
ules and plaques in a patient with HIV/AIDS and multicentric
Castleman disease.
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Ficure 9.5. Kaposi sarcoma, plaque, 4X magnification: coalescence of spindle cells to form vague fascicles, with stromal hemorrhage and
cleft formation.
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Ficure 9.6. Kaposi sarcoma, tumor, 20X magnification: solid aggregates of spindled and epithelioid cells with abortive vascular spaces

and prominent stromal hemorrhage.

TaBLE 9.1. AIDS clinical trial group staging classification [11]

Characteristics Good risk (low risk) Poor risk (high risk)

Tumor Confined to the skin and/or lymph nodes and/ Tumor-associated edema, ulcers, extensive oral KS,
or minimal oral disease (non-nodular disease gastrointestinal KS, other non-nodal visceral KS
of palate only)

Immune status CD4 count>200 CD4 count <200

Systemic illness

(Karnofsky)

No prior opportunistic infection, thrush, or B
symptoms, performance status >70 %

Prior opportunistic infection, thrush, B symptoms,
performance status <70 %, other HIV-related
illnesses (neurologic symptoms, lymphoma)

Good risk all of the symptoms listed
Poor risk at least one of the symptoms listed

B symptoms fever, night sweats, diarrhea persisting >2 weeks, unintentional loss of >10% body weight

Treatment varies depending on subtype as well. When
immunosuppression in any form is causative of disease,
improvement in immune status will often lead to partial or
complete remission of KS. Chemotherapy is reserved for
advanced or rapidly progressive disease and includes treat-
ment with vinblastine, dacarbazine, doxorubicin, or bleo-
mycin. Pegylated liposomal doxorubicin in monotherapy
has been shown to be a more effective (45 % response rate)
and less toxic treatment than doxorubicin-bleomycin-
vincristine combination chemotherapy for AIDS patients
with advanced KS [10]. The use of the AIDS clinical trial
group staging classification has been helpful in the stan-

dardization of disease severity and response to treatment
(Table 9.1) [11].

Of more interest to the practicing dermatologist is the
treatment of localized disease. Limited cutaneous KS is
defined as fewer than ten cutaneous lesions in the absence
of visceral involvement or tumor-associated lymphedema.
Simple excision or radiotherapy of single or clustered
lesions can be curative, with radiotherapy in particular
resulting in cure rates exceeding 90 % [12]. Cryotherapy
with liquid nitrogen has been used with some success,
with a response rate of 70 % among AIDS patients with
localized KS, although lesions often recurred after a few
months [13]. Alitretinoin 0.1 % gel has been studied with
relatively well-designed trials demonstrating 37 % com-
plete and partial response after 12 weeks of twice-daily
treatment with alitretinoin vs 7% complete and partial
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response to placebo. Other studies have shown similar,
somewhat underwhelming response rates [14, 15].
Intralesional and systemic interferon, imiquimod cream,
nicotine patches, and photodynamic therapy have been
shown to have very limited success. The lack of an ade-
quate method of classification of severity of skin disease,
and outcome measures of treatment, has hindered treat-
ment research efforts.
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Muir-Torre Syndrome

Sebaceous adenomas are benign adnexal tumors that have
no malignant potential. They are of no clinical significance
in isolation but may be indicators of internal malignancy
when occurring as part of the Muir-Torre syndrome.
Sebaceous adenomas grow as exophytic, yellowish papules
and nodules. In most cases, these lesions are less than 1 cm
in diameter [1]. While they may occur at any body site, they
are most common on the face. They usually appear in mid-
dle age. Ulceration is not a common feature.

Muir and Torre independently described the syndrome
in 1967; Muir reported on the occurrence of multiple
internal malignancies in association with a keratoacan-
thoma [2]; Torre reported multiple internal malignancies
in association with cutaneous sebaceous neoplasms [3].
Bakker et al. reported an additional case in 1971 who sur-
mised that these three cases may represent a syndrome [4].
Muir-Torre syndrome is inherited in an autosomal domi-
nant manner [5]. It has a high degree of penetrance and
variable expression. The syndrome is twice as common in
men as in women. It usually manifests in middle age, with
the sixth decade the most common time of onset. In some
studies, as many as 61 % of afflicted families will have a
family history of visceral malignancy [6]. The syndrome is
defined as the presence of at least one sebaceous neoplasm
(excluding sebaceous hyperplasia and nevus sebaceous of
Jadassohn) or keratoacanthoma with sebaceous differen-
tiation and one visceral cancer. Alternatively, a patient

© Springer International Publishing Switzerland 2016

Visceral malignancies (mainly gastrointestinal)
Asymptomatic yellow papule/nodule
Lobules of sebocytes surrounded by basaloid keratinocytes

m Synonyms: None

m Etiology: Mutations in MLH1 and/or MSH2
m Associations:

m Clinical:

m Histology:

m [HC repertoire: ~EMA+

m Staging: N/A

m Prognosis: 100 % benign

m Adverse variable: Visceral malignancies

m Treatment: Careful screening

with multiple keratoacanthomas, multiple visceral malig-
nancies, and a family history of Muir-Torre syndrome can
be so classified [5]. In most cases, however, multiple cuta-
neous neoplasms are present (Fig. 10.1). In one review, the
cutaneous tumors preceded the development of the vis-
ceral cancers in 22 % of cases, occurred concurrently in an
additional 6%, and presented after the internal malig-
nancy in 56 %. No temporal relationship was established
in the other cases [7].

An inherited mutation of the mismatch DNA repair gene
MSH2 has been reported in many patients with Muir-Torre
syndrome [8]. Others have reported germline mutations in
the MLH1 mismatch repair gene [9].

Sebaceous adenomas may occur as part of the Muir-
Torre syndrome. Multiple sebaceous neoplasms, keratoac-
anthomas, and visceral carcinomas characterize this
syndrome (Table 10.1) [5]. The sebaceous tumors include
sebaceous adenomas, epitheliomas, sebaceomas, and seba-
ceous carcinomas. Most investigators do not include seba-
ceous hyperplasia as a criterion for the syndrome, as the
vast majority of these lesions are unrelated to a systemic
process. The cutaneous neoplasms tend to be indolent.
Even the sebaceous carcinomas, which can behave aggres-
sively when isolated, do not usually metastasize in patients
with the Muir-Torre syndrome. Keratoacanthomas also
occur most frequently outside of the syndrome but, when
multiple, may suggest visceral malignancy. Gastrointestinal
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Ficure 10.1. Multiple tan umbilicated papules representing seba-
ceous adenoma and sebaceous hyperplasia in patient with Muir-
Torre syndrome.

TaBLE10.1. Tumorsassociated with Muir-Torre syndrome (expressed
as percentage of affected patients)

Tumor Percentage of patients with MTS
Sebaceous adenoma >90

Sebaceous carcinoma 24

Other sebaceous neoplasms

Keratoacanthoma 22

Colonic polyps 48

2-3 Visceral neoplasms 37

>3 Visceral neoplasms 10

TABLE 10.2. Visceral tumors associated with Muir-Torre syn-
drome (expressed as percentage of total tumors)

Colonic adenocarcinoma 50
Genitourinary carcinoma 24
Breast 5

Non-Hodgkin’s lymphoma 2

Head and neck squamous cell carcinoma 3.9
Small intestinal adenocarcinoma 3.9
Lung carcinoma 1.5
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and, more specifically, colonic adenocarcinomas are the
most common visceral malignancies experienced by
patients with the Muir-Torre syndrome (Table 10.2). The
colonic adenocarcinomas occur a decade earlier than in the
general population and are more frequently located
proximal to the splenic flexure. They tend to behave in a
relatively indolent fashion.

Sebaceous adenomas are neoplasms that are centered in
the mid-reticular dermis. In some cases, they arise from the
follicular epithelium that is connected to the epidermis,
while in other cases, the epidermal connection may not be
apparent. Lobules of mature sebocytes with abundant clear
cytoplasm are surrounded by a collarette of more basaloid-
appearing cells. The basal layer palisades around the out-
side of the lobules, and the cells within demonstrate
progressive maturation as they move toward the middle of
the lobules (Fig. 10.2a, b). Mitoses may be seen in small
numbers, but no atypical forms are present. Cytologic
atypia is minimal and necrosis is not a common feature.

Sebaceous epitheliomas differ from sebaceous adeno-
mas in having a larger percentage of basaloid cells and
smaller percentage of mature sebocytes (Fig. 10.3). Some
investigators believe these to be indistinguishable from
basal cell carcinomas with sebaceous differentiation.
There is some overlap between sebaceous epithelioma and
the more recently described tumor known as sebaceoma
[10]. The distinction from sebaceous adenoma is aca-
demic, as the prognosis for each of these neoplasms is
invariably benign.

Sebaceous carcinomas are most prevalent, arising from
the meibomian glands in the eyelids. However, they can
occur in any hair-bearing body site. Eyelid lesions occur
primarily in elderly patients, whereas extraocular neo-
plasms are more common in middle-aged men. Sebaceous
carcinomas unassociated with the Muir-Torre syndrome
have a relatively high rate of metastasis, but this appears to
be much lower when occurring in conjunction with the
syndrome. These tumors demonstrate the characteristics of
malignant neoplasms (Fig. 10.4a, b). They are character-
ized by cells with greatly increased nucleus: cytoplasm
ratios, high mitotic activity, abundant individual cell necro-
sis, and marked nuclear pleomorphism. Sebaceous differ-
entiation may be difficult to detect. Immunostains with
epithelial membrane antigen (EMA) may be helpful in iso-
lating the intracytoplasmic microvesiculation frequently
seen in sebocytic differentiation.

Keratoacanthoma is a controversial entity that is consid-
ered by many to represent a rapidly growing yet indolent
variant of cutaneous squamous cell carcinoma [11]. The
discussion of the etiology of these neoplasms is outside the
purview of this volume. The histologic features of kerato-
acanthoma are best detected at low magnification. These
tumors demonstrate a cup-shaped, invaginated growth
pattern. The central dell is filled with abundant keratin that
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Ficure 10.2. (a) Low-power photomicrograph depicting lobular architecture of sebaceous adenoma. (b) High-power photomicrograph
depicting lobules of sebocytes. Note the central mature sebocytes with clear foamy cytoplasm and more immature basaloid cells at

periphery.

Ficure 10.3. Predominance of basaloid cells in sebaceous epithelioma.

is often orthokeratotic. Beneath the invagination, sheets of
keratinocytes with abundant, often pale-staining cytoplasm
extend into the dermis. These cells may demonstrate
nuclear atypia, pleomorphism, and a high mitotic rate
(Fig. 10.5a, b). In many cases, there is a brisk underlying

host response, and in resolving lesions, dermal fibrosis may
signify the regressing phase of the lesion.

Distinction between keratoacanthoma and other types
of cutaneous squamous cell carcinoma is not always
possible.
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Ficure 10.4. (a) Medium-power photomicrograph of sebaceous carcinoma. Note the predominance of basaloid cells and the cellularity
of the neoplasm. (b) High-power photomicrograph depicting the close apposition of the cells producing the cellularity of sebaceous

carcinoma. Note the hyperchromatic nuclei of sebaceous carcinoma.

Ficure 10.5. (a) Low-power photomicrograph depicting the cup-shaped architecture of keratoacanthoma. (b) Medium-power photo-
micrograph depicting the irregular infiltrating islands of neoplastic keratinocytes typical of invasive well-differentiated squamous cell
carcinoma.
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Birt-Hogg-Dubé Syndrome

m Synonyms:
m Etiology:
m Associations:

m Clinical:

m Histology:

None

Mutation in the folliculin gene and chromosome 17p11.2
Fibrofolliculomas, trichodiscomas, acrochordons, angiofibromas,
pulmonary cysts with spontaneous pneumothorax, renal
carcinoma, and colorectal carcinoma in some kindreds
Skin-colored papules of the face, neck, ears, and upper trunk, with
intertriginous soft papules

Trichodiscoma—interfollicular ovoid nodule with spindled cells in

loose fibrillary stroma

Fibrofolliculoma—central follicle with extension of irregular
epithelial strands into surrounding well-defined cellular fibrous

stroma
m [HC: CD34+ and S100—
m Evaluation:
CT

m Treatment:

m Prognosis:

In 1977, Birt, Hogg, and Dubé described a kindred of 70
individuals, some of whom presented with small skin-
colored papules, predominantly of the face. These devel-
oped in early adulthood and were noted to be inherited in
a dominant pattern [1]. The histomorphology of the pap-
ules was described as “abnormal hair follicles with epithe-
lial strands extending out from the infundibulum of the
hair follicle into a hyperplastic mantle of specialized fibrous
tissue.” The authors applied the term fibrofolliculoma to
these lesions. Also described in these patients were
trichodiscomas and acrochordons. Trichodiscoma is a
benign tumor of perifollicular mesenchyme. It is thought
to represent a proliferation of the haarscheibe (hair disk), a
perifollicular “richly vascularized dermal pad covered with
thick epidermis containing Merkel cells and supplied by a
thick myelinated nerve the branches of which end at the
lower epidermal surface and on the blood vessels of the
dermal pad” [2]. It is composed of a dermal interfollicular
proliferation of spindle cells in a loose connective tissue
matrix with varying amounts of mucin. It may have an ori-
entation parallel to the skin surface. The haarscheibe is

© Springer International Publishing Switzerland 2016

Molecular genetic testing, renal MRI, and high-resolution chest

Early tumor excision and laser resurfacing of facial lesions for
cosmetic improvement
Excellent with early diagnosis and vigilant monitoring

thought to represent a mechanoreceptor in animal skin.
Its significance in humans is uncertain. The acrochordons
reported in the original description of the syndrome were
reported to have histologic findings typical of acrochor-
dons [1]. However, a subsequent study suggests that they
have pathologic features of fibrofolliculoma and trichodis-
coma [3]. Some patients have also been found to have facial
lesions indistinguishable from angiofibroma [4].

The original kindred described by Birt, Hogg, and Dubé
had several individuals who developed hereditary medul-
lary carcinoma of the thyroid. This tumor susceptibility
was apparently inherited from an individual without the
syndrome. Subsequent series have confirmed that medul-
lary thyroid carcinoma is not a part of the syndrome.
However, benign thyroid nodules and cysts have been more
recently described in some Birt-Hogg-Dubé syndrome
(BHDS) families, and rare cases of thyroid carcinoma have
occurred [4, 5]. While there were no other internal mani-
festations of the syndrome in the original report, there have
been subsequent descriptions of renal tumors [6]. These
include hybrid tumors with features of chromophobe

75

D.R. Crowe et al. (eds.), Deadly Dermatologic Diseases, DOI 10.1007/978-3-319-31566-9_11



76

carcinoma and oncocytoma, chromophobe carcinoma,
oncocytoma, clear cell renal cell carcinoma, and, rarely,
papillary carcinoma [7]. Eighty-eight percent of BHDS
patients have lung cysts on computed tomography (CT)
and almost 40 % develop spontaneous pneumothorax [4].
CT imaging may suggest the diagnosis because unlike the
blebs in smoking-related lung disease, which tend to occur
in the upper lobes, cysts related to BHDS tend to occur in
the lower lobes, bilaterally, and in relation to interlobular
septa and pulmonary vasculature [8]. Additional entities
uncommonly associated with BHDS include collagenoma
[9], lipoma [10], angiolipoma [10], oral fibroma [11],
parathyroid adenoma [10] including oncocytoma [12],
melanoma including desmoplastic and choroidal [13], epi-
dermal cysts [5], thabdomyoma, basal cell carcinoma, seba-
ceous hyperplasia, squamous cell carcinoma, leiomyoma,
cutaneous leiomyosarcoma, dermatofibrosarcoma protu-
berans [4], cutaneous neural tumors [14], neuroendocrine
carcinoma [15], and flecked chorioretinopathy [16].
Colorectal carcinoma occurs in some BHDS families, but
not at an early age, suggesting that early age screening is not
warranted. The familial occurrence suggests that some
mutations may predispose to the disease [17].

The Birt-Hogg-Dubé (BHD) gene has been mapped to
chromosome 17p11.2 [18, 19]. It encodes a novel protein,
folliculin (FLCN), which is highly conserved across species
[20]. Mutations in the BHD gene result in the formation
of a truncated protein. FLCN is a tumor suppressor which
inhibits AMPK function. AMPK activation induces autoph-
agy, inhibits apoptosis, and counteracts cellular stresses,
all of which can predispose to tumorigenesis. Loss FLCN
function allows AMPK activation, resulting in the loss of
tumor suppression [21]. Based on studies in a rat model
of inherited renal carcinoma, a germline mutation is likely
transmitted as a heterozygote, with the homozygous form
being lethal in fetal life. A “second hit” in the normal gene
copy is required for tumorigenesis. This second hit causes
loss of heterozygosity. In this scenario, only the abnormal
gene product is expressed, and there is a loss of expression
of the normal gene copy. This causes a lack of production of
a functional protein product that would aid in tumor sup-
pression. The second hit can be caused by a somatic muta-
tion in the normal gene copy, which would result in loss of
the normal gene product [22]. Alternatively, expression of
the normal gene copy may be suppressed by methylation of
the gene promoter region. Somatic inactivation of the BHD
gene in sporadic renal cell carcinoma and colorectal carci-
noma has been reported, implicating its role in the develop-
ment of a subset of these tumors [23]. A deletion in exon 4
of the BHD gene causes primary spontaneous pneumotho-
rax without other features of BHD syndrome [24].
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Fibrofolliculomas (FF) and trichodiscomas (TD) of Birt-
Hogg-Dub¢ syndrome usually develop in early adulthood.
These patients present with small skin-colored or white
papules that have a predilection for the face, neck, ears, and
upper trunk (Fig. 11.1a, b). Acrochordons typically develop
in intertriginous areas. The clinical differential diagnosis
of the facial papules includes trichoepithelioma, angiofi-
broma, trichilemmoma, basaloid follicular hamartoma,
and syringoma. There are several clinical features that may
help distinguish these entities (Table 11.1), but histopatho-
logic evaluation is required for definitive diagnosis.

Trichodiscoma is an ovoid superficial dermal nodule fill-
ing an interfollicular space (Fig. 11.2). There is generally
epidermal flattening, with interwoven fascicles of fibrillar
collagen with spindled cells in a loose stroma that contains
varyingamounts of mucin and vascularity. Fibrofolliculoma
may contain a similar mesenchymal component but has a
central distorted follicle from which thin epithelial strands
extend in a sometimes retiform configuration, invested
within a well-defined cellular fibrous stroma with spindled
cells (Fig. 11.3). Much of the spindle cell component of
both lesions is highlighted by antibodies to CD34, support-
ing perifollicular mesenchyme as the histogenic origin of
both lesions [25]. The histomorphology of fibrofollicu-
loma is specific, but that of trichodiscoma is not. The dif-
ferential diagnosis includes neurofibroma, to which it may
show considerable similarity. Neurofibroma and trichodis-
coma both display immunoreactivity with antibodies to
CD34, but elements of neurofibroma will also label with
antibodies to S100 protein. Clinical presentation also helps
distinguish these two entities.

Once the diagnosis of multiple fibrofolliculomas and
trichodiscomas has been made, a workup for underlying
disease is mandatory, particularly because of the associa-
tion of the syndrome with renal carcinoma. A suggested
evaluation is given in Table 11.2 (after Toro, GeneReviews).

Management of Birt-Hogg-Dubé syndrome is aimed at
early detection and treatment of tumors and pneumotho-
rax. Treatment of cutaneous lesions is principally of cos-
metic importance. Laser skin resurfacing of the face may
result in significant improvement in appearance [26]. Renal
tumors tend to be indolent, and most are multifocal. For
that reason, nephron-sparing surgery to remove expanding
tumors is generally recommended to preserve renal func-
tion [4].

Birt-Hogg-Dubé syndrome is a cancer-susceptibility
syndrome that is of particular importance because of the
potential for early recognition based on typical cutane-
ous findings. The benefits of diagnosis may be lifesaving
not only for the index patient but also for the entire
kindreds.
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Ficure 11.1. (a, b) Trichodiscomas and fibrofolliculomas: dome-shaped skin-colored papules.

Tasire 11.1. Clinical differential diagnosis of facial papules

Distribution Onset

Associated features/syndrome

Trichodiscoma, fibrofolliculoma  Diffuse involvement of the face,
may have extrafacial involvement

Syringoma Periocular prominence

Basaloid follicular hamartoma Diffuse involvement of the face,
may have extrafacial involvement

Angiofibroma Central face

Trichoepithelioma Central face

Trichilemmoma Nose, cheeks

Adulthood

Adulthood
Variable

Childhood

Adolescence
Adulthood

Birt-Hogg-Dubé syndrome % oral papules

Yellow hue
+Pigment, comedones, +alopecia

Tuberous sclerosis

Red hue, periungual fibromas, Shagreen
patch

Some BHDS patients

Skin-colored, varied lesion size

Cowden syndrome

Tendency for epidermal change,
cobblestone mucosa, acral keratoses
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Ficure 11.3. Fibrofolliculoma, perifollicular dense collagen within which are embedded thin follicular epithelial strands.

TaBLE 11.2. Evaluation/management of the patient with Birt-Hogg-Dubé syndrome

1. Molecular genetic testing for those suspected of having the disease

2. Serial renal magnetic resonance imaging (MRI) of those with disease or CT with contrast if MRI is contraindicated. Periodic imaging for those
with renal tumors <3 cm, surgical evaluation for those with renal tumors >3 cm

3. High-resolution chest CT to evaluate for pulmonary cysts

4. Lower gastrointestinal tract evaluation for polyps/carcinoma age appropriate or as otherwise warranted based on family history

5. Molecular genetic testing for at-risk relatives without disease manifestations to decrease number of screening procedures. If confirmed, proceed
with screening as above

6. Avoidance of smoking, radiation, and high ambient pressures

7. Routine melanoma screening




11.

Birt-Hogg-Dubé Syndrome

References

1.

10.

11.

12.

13.

Birt AR, Hogg GR, Dubé J. Hereditary multiple fibrofolliculo-
mas with trichodiscomas and acrochordons. Arch Dermatol.
1977;113:1674-7.

. Pinkus H, Coskey R, Burgess GH. Trichodiscoma: a benign

tumor related to haarscheibe (hair disk). ] Invest Dermatol.
1974;63:212-8.

. De la Torre C, Ocampo C, Doval IG, Losada A, Cruces

MJ. Acrochordons are not a component of the Birt-Hogg-
Dubé syndrome: does this syndrome exist? Case reports
and review of the literature. Am J Dermatopathol. 1999;21:
369-74.

. Toro JR, Wei M-H, Glenn GM. BHD mutations, clinical and

molecular genetic investigations of Birt-Hogg-Dubé syn-
drome: a new series of 50 families and a review of published
reports. ] Med Genet. 2008;45:321-31.

. Kluger N, Giraud S, Coupier I, et al. Birt-Hogg-Dubé syn-

drome: clinical and genetic studies of 10 French families. Br
J Dermatol. 2010;162:527-37.

. Toro JR, Glenn G, Duray P, et al. Birt-Hogg-Dubé syn-

drome: a novel marker for kidney neoplasia. Arch Dermatol.
1999;135:1195-202.

. Pavlovich CP, Walther MM, Eyler RA, et al. Renal tumors

in the Birt-Hogg-Dubé syndrome. Am ] Surg Pathol.
2002;26:1542-52.

. Dal Sasso AA, Belém LC, Zanetti G, et al. Birt-Hogg-Dubé

syndrome. State-of-the-art review with emphasis on pulmo-
nary involvement. Respir Med. 2015;109:289-96.

. Weintraub R, Pinkus H. Multiple fibrofolliculomas (Birt-

Hogg-Dubé) associated with a large connective tissue nevus.
] Cutan Pathol. 1977;4:289-99.

Chung JY, Ramos-Caro FA, Beers B, Ford MJ, Flowers
F. Multiple lipomas, angiolipomas, and parathyroid adenomas
in a patient with Birt-Hogg-Dubé syndrome. Int ] Dermatol.
1996;35:365—7.

Nadershahi NA, Wescott WB, Egbert B. Birt-Hogg-Dubé syn-
drome: a review and presentation of the first case with oral
lesions. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
1997;83:496-500.

Liu V, Kwan T, Page EH. Parotid oncocytoma in the Birt-
Hogg-Dubé syndrome. ] Am Acad Dermatol. 2000;43:1120-2.
Toro JR. Birt-Hogg-Dubé syndrome. 2006 Feb 27 [Updated
2014 Aug 7]. In: Pagon RA, Adam MP, Ardinger HH, et al,,
editors. GeneReviews® [Internet]. Seattle: University of
Washington, Seattle; 1993-2015. http://www.ncbi.nlm.nih.
gov/books/NBK1522/.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

79

Vincent A, Farley M, Chan E, James WD. Birt-Hogg-Dubé
syndrome: two patients with neural tissue tumors. ] Am Acad
Dermatol. 2003;49:717-9.

Claessens T, Weppler SA, van Geel M, et al. Neuroendocrine
carcinoma in a patient with Birt-Hogg-Dubé syndrome. Nat
Rev Urol. 2010;7:583-7.

Walter P, Kirchhof B, Korge B, Heimann K. Flecked chorioret-
inopathy associated with Birt-Hogg-Dubé syndrome. Graefes
Arch Clin Exp Ophthalmol. 1997;235:359-61.

Nahorski MS, Lim DHK, Martin L, et al. Investigation of the
Birt-Hogg-Dubé tumour suppressor gene (FLCN) in familial
and sporadic colorectal cancer. ] Med Genet. 2010;47:385-90.
Khoo SK, Bradley M, Wong FK, Hedblad MA, Nordenskjold
M, Teh BT. Birt-Hogg-Dubé syndrome: mapping of a novel
hereditary neoplasia gene to chromosome 17pl12-ql1l1.2.
Oncogene. 2001;20:5239-42.

Schmidt LS, Warren MB, Nickerson ML, et al. Birt-Hogg
Dubé syndrome: a genodermatosis associated with spontane-
ous pneumothorax and kidney neoplasia, maps to chromo-
some 17p11.2. Am ] Hum Genet. 2001;69:876-82.

Nickerson ML, Warren MB, Toro JR, et al. Mutations in a
novel gene lead to kidney tumors, lung wall defects, and
benign tumors of the hair follicle in patients with the Birt-
Hogg-Dubé syndrome. Cancer Cell. 2002;2:157-64.

Possik E, Jalali Z, Nouét Y, et al. Folliculin regulates Ampk-
dependent autophagy and metabolic stress survival.
PLoS Genet. 2014;10(4):e1004273. doi:10.1371/journal.
pgen.1004273. eCollection 2014.

Okimoto K, Sakurai J, Kobayashi T, et al. A germ-line inser-
tion in the Birt-Hogg-Dubé (BHD) gene gives rise to the
Nihon rat model of inherited renal cancer. Proc Nat Acad Sci
U S A.2004;101:2023-7.

da Silva NE Gentle D, Hesson LB, Morton DG, Latif F, Maher
ER. Analysis of the Birt-Hogg-Dubé (BHD) tumour suppres-
sor gene in sporadic renal cell carcinoma and colorectal can-
cer. ] Med Genet. 2003;40:820—4.

Painter JN, Tapanainen H, Somer M, Tukiainen P, Aittomaki
K. A 4-bp deletion in the Birt-Hogg-Dubé gene (FLCN)
causes dominantly inherited spontaneous pneumothorax.
Am ] Hum Genet. 2005;76:522-7.

Collins GL, Somach S, Morgan MB. Histomorphologic
and immunophenotypic analysis of fibrofolliculomas and
trichodiscomas in Birt-Hogg-Dubé syndrome and sporadic
disease. ] Cutan Pathol. 2002;29:529-33.

Jacob CI, Dover JS. Birt-Hogg-Dubé syndrome: treatment of
cutaneous manifestations with laser skin resurfacing. Arch
Dermatol. 2001;137:98-9.


http://www.ncbi.nlm.nih.gov/books/NBK1522/
http://www.ncbi.nlm.nih.gov/books/NBK1522/
http://dx.doi.org/10.1371/journal.pgen.1004273
http://dx.doi.org/10.1371/journal.pgen.1004273

12

Cowden Syndrome

m Synonyms: None
m Etiology: pTEN mutation
m Associations:
m Clinical:
m Histology:
epidermis
m [HC repertoire: N/A
m Staging: N/A
m Prognosis: 100 % survival
m Adverse variables: Visceral neoplasms
m Treatment: Careful screening

Trichilemmomas are benign epidermal neoplasms that
may serve as an indicator of underlying malignancy.
Trichilemmomas appear, largely on the head and neck, as
exophytic, small, hyperkeratotic papules (Fig. 12.1). There
is no particular gender predilection and they usually arise
during the second decade. When occurring as isolated
lesions, these tumors are invariably benign and are of no
clinical significance.

Multiple trichilemmomas may occur as part of the mul-
tiple hamartoma or Cowden syndrome [1]; this syndrome
was first described in 1963 by Lloyd and Dennis. This syn-
drome has an autosomal dominant inheritance pattern [2]
and is associated with mutations in the pTEN gene located
at 10q22-23 [3]. Table 12.1 summarizes the systemic con-
ditions associated with the syndrome [4-7]. These patients
develop many hamartomatous lesions, fibrocystic changes
in the breast, and breast and thyroid carcinomas. The neo-
plastic proliferations tend to be relatively indolent and
confer a good prognosis for afflicted patients. The gastro-
intestinal polyps do not appear to harbor malignant poten-
tial. There are isolated reports of many other neoplasms
occurring in patients with the syndrome [8].

Cowden syndrome displays other cutaneous manifes-
tations. These include cobblestone-like fibromas on the
tongue and within the oral mucosa, sclerotic fibromas
[9], lipomas, and hyperkeratotic plaques on the dorsa
of the hands. While less common and less specific than

© Springer International Publishing Switzerland 2016

Multiple hamartomas, keratoacanthomas, and neoplasms
Hyperkeratotic folliculocentric papules
Proliferations of pale staining keratinocytes from the

trichilemmomas, these other processes can also be valuable
clues in establishing the diagnosis.

A set of operational diagnostic criteria for Cowden syn-
drome was proposed by the International Cowden
Consortium in 2000; the criteria were adapted by the
US-based National Comprehensive Cancer Network
Genetics/High Risk Cancer Surveillance Panel [10].
Pathognomic criteria include facial trichilemmomas, acral
keratoses, papillomatous papules, and mucosal lesions.
Major criteria include thyroid cancer, breast cancer, endo-
metrial cancer, macrocephaly, and Lhermitte-Duclos dis-
ease. Minor criteria include other thyroid lesions,
genitourinary cancers, gastrointestinal hamartomas, lipo-
mas, fibromas, mental retardation, and fibrocystic disease
of the breast. Operational diagnosis in an individual
includes mucocutaneous lesions alone if (a) there are six or
more facial papules (three or more must be trichilem-
moma), (b) cutaneous facial papules and oral mucosal
papillomatoses, (c) oral mucosal papillomatoses and acral
keratoses, or (d) palmoplantar keratoses. Additional opera-
tional diagnosis includes two major criteria, one of which
must be macrocephaly or Lhermitte-Duclos disease; one
major and three minor criteria; or four minor criteria.
Operational diagnosis in a family with one individual being
diagnostic for Cowden syndrome includes one or more
pathognomic criteria, one major criterion with or without
minor criteria, or two minor criteria [10].
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Ficure 12.1. Multiple skin-toned papules distributed on the face
of a patient with Cowden syndrome.

Trichilemmomas have a characteristic histologic
appearance. Keratinocytes proliferate down from the sur-
face of the epidermis as an expansile plaque (Fig. 12.2).
There are frequently overlying parakeratosis, focal dimi-
nution of the granular layer, and clumped keratohyalin
granules in other sections of the epidermis. In some
cases, a central hair follicle may be present. The kerati-
nocytes within the tumor have abundant, pale staining
cytoplasm, resembling the appearance of the outer root
sheath of follicular epithelium (Fig. 12.3). The bottom
of the lesion may have a lobulated configuration. Inward
turning rete ridges may be seen at the periphery of the
lesion. One characteristic finding is the presence of a
thickened, PASD-positive basement membrane immedi-
ately beneath the intraepidermal proliferation (Fig. 12.4).
This membrane is refractile. Squamous eddies are pres-
ent. Some authors have contended that these lesions
represent human papillomavirus infections involving

Deadly Dermatologic Diseases

TaBLE 12.1. Cowden syndrome

Incidence (percentage)
in patients with Cowden

Abnormality syndrome
Breast carcinoma 25-36
Fibrocystic changes of breast 53
Thyroid adenomas 68
Follicular carcinoma, thyroid 3
Gastrointestinal polyps and fibromas 35-60
Lipoma 31
Neuroma 5
Angioid streaks, eyes 13
Acanthosis nigricans 11
Enlarged head circumference 70-80
Adenocarcinoma, uterus 6
Trichilemmomas >80
Bone cysts

Hepatic hamartomas

Meningiomas

Retinal gliomas

Sclerotic fibromas 76
Oral cobblestone fibromas >50
Palmoplantar hyperkeratoses >50
Hemangioma 18

hair follicles, but the scientific evidence for that position
is lacking [11, 12].

Desmoplastic trichilemmoma is a histologic variant that
may be confused with squamous cell carcinoma or basal
cell carcinoma on microscopic examination. The overall
architecture of the lesion is preserved; however, in the cen-
ter of the growth, islands of proliferating keratinocytes are
separated by a desmoplastic stromal response, mimicking
an invasive growth pattern. Mitoses may be present. Careful
attention to the overall growth pattern should prevent
misdiagnosis.

There is a very rare malignant variant known as trichil-
emmal carcinoma. This neoplasm invades the dermis and
is characterized by abundant mitoses, including atypical
variants, zonal necrosis, and marked cytologic atypia.

Sclerotic fibroma, also known as storiform collagenoma
and plywood fibroma, grows as nodular dermal prolifera-
tions. The epidermis is often atrophic, with effacement of
rete ridges (Fig. 12.5). Within the dermis, there is a sparse
proliferation of spindle-shaped cells that grow in a stori-
form pattern. Dense, keloidal collagen is present between
these cells in a pattern that has been described as resembling
plywood (Fig. 12.6). The exact nature of this process and the
dermal cells is not fully established. Some investigators
believe these lesions represent end-stage lesions of dermato-
fibromas [13], while others maintain that they represent de
novo growths [14]. Sclerotic fibromas may occur as spo-
radic lesions unassociated with Cowden syndrome [15].
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Ficure 12.3. High-power photomicrograph depicting pale staining keratinocytes with basilar palisading resembling the outer root
sheath of the follicle.
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Ficure 12.4. High-power photomicrograph depicting the prominent eosinophilic basement membrane surrounding the tumor
periphery.

Ficure 12.5. Low-power photomicrograph depicting well-circumscribed laminated appearance of sclerotic fibroma.
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Gardner Syndrome

Familial adenomatous polyposis (FAP) and adenomatous

Gastrointestinal tract adenomas and carcinoma, cutaneous cysts,

Epithelial cysts with pilomatrical differentiation and fibrous

m Synonyms:
polyposis coli (APC)
m Etiology: Mutation in adenomatous polyposis coli (APC) gene,
chromosome 5q21-q22
m Associations:
fibromas, desmoids, and osteomas
m Histology:
nodules
m Evaluation:

Ophthalmologic examination, panoramic dental radiographs, GI
tract evaluation, thyroid imaging, and possible APC gene

mutation evaluation
m Treatment:

Prophylactic colectomy and periodic monitoring of upper GI

tract and other organ systems for malignancy

m Prognosis:

Gardner syndrome is a variant of familial adenomatous
polyposis, an autosomal dominant disease characterized by
multiple adenomatous polyps of the colon that inevitably
transform into adenocarcinoma, usually by the fifth decade.
Some cases are the result of spontaneous mutations. In
1951, Gardner described a familial adenomatous polyposis
kindred with extracolonic manifestations, including bone
tumors and soft “cyst-like” surface tumors [1]. Interestingly,
the cutaneous lesions were not characterized in that report
because one family member had expired shortly after hav-
ing a cutaneous lesion removed, and others in the family
were afraid they would meet the same fate if their lesions
were removed.

Gardner syndrome (GS) was initially viewed as a distinct
variant of familial adenomatous polyposis (FAP). However,
it became clear that within a given kindred, there is highly
variable expression of extracolonic manifestations. Some
patients express prominent extracolonic manifestations,
and others express only gastrointestinal tract disease. The
notion that GS and FAP are a single disease is supported by
genetic studies that have localized germline mutations in
FAP families to chromosome 5q21-q22, within the adeno-
matous polyposis coli (APC) gene [2—4]. In a given kindred,
the identical mutation may be associated with pure colonic
disease or colonic disease with prominent extracolonic

© Springer International Publishing Switzerland 2016

Good, with early detection and intervention

manifestations, implicating other genetic or environmental
factors in disease expression [4]. In one large kindred, there
was a strong correlation of slow acetylators with extraco-
lonic manifestations, but this has not been studied in other
families [5]. Somatic mutations in this same gene have
been implicated as the cause of some cases of sporadic
colon cancer [4].

The APC gene encodes a protein complex that functions
as a tumor suppressor by its interactions with p-catenin, a
component of the adherens junctions at the plasma mem-
brane. 3-catenin also has an unbound soluble form that can
act as a transcription factor with T-cell factor in the nucleus.
This complex induces the expression of genes such as c-Myc,
¢yclin D1, and matrix metalloproteinase 7, which are involved
in cell proliferation, migration, and metastasis. APC protein
inhibits this process by phosphorylating p-catenin in the
cytoplasm, precipitating its degradation. In the nucleus, it
blocks p-catenin-induced transcriptional activity and aids in
its removal from the nucleus. Once in the cytoplasm,
f-catenin may be broken down or utilized at the adherens
junctions [6]. Thus, the effect of APC gene mutations is the
cellular accumulation of p-catenin, with its resultant prolif-
erative and tumorigenic effects. f-catenin stabilizing muta-
tions have been implicated in some cases of colon cancer
and cutaneous tumors with pilomatrical differentiation [7].
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[3-catenin’s resistance to breakdown in these cases results in
the same cellular accumulation of the protein as occurs in
APC mutations.

FAP patients will usually develop tubular adenomas of
the colon in the second and third decade, and most will
develop carcinomas by the fifth decade if not treated by
prophylactic colectomy. FAP is generally divided into three
severity categories: profuse or aggressive polyposis (early
onset and extreme numbers of polyps), classic FAP, and
attenuated FAP which has milder manifestations. These
have characteristic mutational regions on the APC gene [3].
FAP accounts for fewer than 1% of cases of colon cancer,
but implications of diagnosis and early treatment in
affected kindreds are profound [8]. Expression of extraco-
lonic manifestations may allow for early diagnosis of FAP,
potentially resulting in life-saving intervention. Given the
highly variable expression of the disease within individuals,
it is important to have an awareness of the spectrum of its
features.

Ocular manifestations are present in a high percentage
of FAP patients. They consist of round or oval pigmented
patches of the retina, referred to as congenital hypertrophy
of the retinal pigment epithelium (CHRPE). These are prob-
ably choristomas or hamartomas [9]. CHRPE is found in
up to 90 % of FAP patients and is bilateral in 78 %. It should
be noted that this finding is not specific. Similar unilateral
lesions are found in one-third of control patients and bilat-
eral lesions in 5% [10]. Large or bilateral lesions are predic-
tors of disease in the right clinical setting. Evaluation for
CHREPE is particularly useful because such lesions are likely
congenital, whereas other manifestations of the disease
may not develop until adulthood.

Cutaneous manifestations of FAP help to define Gardner
syndrome. These include epithelial cysts and fibromas
(Fig. 13.1). Cutaneous cysts are usually multiple, and most
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Ficure 13.1. Follicular infundibular cyst with pilomatrical differ-
entiation, a pretibial erythematous and violaceous cystic nodule.

occur on the scalp and face. Many begin to develop before
puberty. While some cysts have no distinctive features, a
study of cysts from a large kindred of Gardner syndrome
patients revealed foci of pilomatrical differentiation in
63 % of lesions (Fig. 13.2a, b). Pilomatrical cells are those
cells of the hair follicle that differentiate into the keratiniz-
ing cells that form the hair shaft. While the finding is of
unknown specificity, such differentiation was not found in
any of 100 randomly selected cysts [11]. Multiple pilomatr-
icomas may also be a cutaneous marker of Gardner syn-
drome [12]. Nuchal-type fibroma is a deep-seated fibrous

Ficure 13.2. (a,b) Dermal cyst with follicular infundibular (right on high-power panel) and matrical (left on high-power panel) differentiation.
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tumor, usually of the posterior neck, which may be associ-
ated with Gardner syndrome or, more commonly, diabetes
mellitus. Tumors are composed of thick bundles of hypo-
cellular collagen, which may entrap adipose tissue, and dis-
play traumatic neuroma-like areas (Fig. 13.3). A sparse
population of CD34+ spindled cells is present [13, 14].
Similar lesions have been described at other anatomic sites
in younger patients with GS, as early as 3 months of age.
The back and paraspinal regions are most common. In
some, it represented the initial presentation of the disease.
It has been suggested that these Gardner fibromas have
subtle differences from nuchal-type fibromas based upon a
more “formless” pattern of collagen and the lack of
neuroma-like areas, as well as nuclear f-catenin immuno-
histochemical staining in over half of lesions [15]. The dif-
ferences in clinical presentation lend support to the idea of
Gardner fibroma as a separate entity. Gardner fibromas
may recur as desmoid fibromatosis, a myofibroblastic pro-
liferation also known to occur in GS patients, suggesting
that they may represent precursor lesions [14]. Some
patients with Gardner syndrome have oral and cutaneous
fibromas that do not display the typical features of Gardner
fibroma, suggesting that GS should be regarded as being
associated with a spectrum of benign fibrous lesions [16].
Desmoid fibromatosis, a benign-appearing myofibro-
blastic proliferation that may display a locally invasive
growth pattern, occurs in approximately 10 % of individuals
with FAP [9]. Microscopically, lesions have dense collagen
with keloidal and myxoid change, vascular ectasia, and mus-
cular hyperplasia of small arteries (Fig. 13.4). Both sporadic
and Gardner-associated desmoids have increased nuclear
f3-catenin immunohistochemical staining. That seen in spo-
radic desmoids is due to mutations in the f-catenin gene
and in Gardner-associated desmoids, nuclear accumulation
of B-catenin as a result of the abnormal APC protein [15].
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Abdominal cavity involvement, referred to as intra-abdom-
inal fibromatosis, and abdominal wall involvement are the
most common sites of involvement. Desmoids may be
induced by pregnancy, oral contraceptives, or surgical pro-
cedures. Intra-abdominal fibromatosis occurs in the mesen-
tery and in other peritoneal sites. Approximately 15% of
those with intra-abdominal fibromatosis have Gardner syn-
drome, and most of that group have their disease induced
by prior abdominal surgery, most commonly colectomy.
Some have coexistent abdominal wall involvement [17].
While desmoids do not have metastatic potential, their
locally aggressive and destructive growth is an important
cause of morbidity and mortality in those with FAP [3].

Other extracolonic manifestations of FAP are numerous.
The association of brain tumors with FAP was originally
described as Turcot syndrome, but like Gardner syndrome,
mutations within the APC gene will result in this pheno-
type. The noncutaneous extracolonic manifestations of
FAP are summarized in Table 13.1. Of these, osteomatous
jaw change is worthy of special mention, because it may
have early onset and be fairly prevalent among those with
APC mutations. This makes panoramic dental radiographs
a worthwhile screening tool [18].

Cutaneous presentations of the Gardner syndrome vari-
ant of FAP usually consist of multiple cysts or perhaps
fibromas, nuchal-type or other, in childhood or early adult-
hood. Histopathologic evaluation of cysts is important
because a finding of pilomatrical differentiation in such
lesions should prompt evaluation for FAP. Family history
may reveal FAP, but the lack of a history does not exclude
the disease, as 25% of cases may represent spontaneous
mutations. Evaluation in childhood should begin with
ophthalmologic evaluation for pigmented retinal lesions
and panoramic dental radiographs or computed tomogra-
phy for osteomatous change or other dental abnormalities.

Ficure 13.3. Gardner fibroma, dense collagen bundles admixed
with adipose tissue.

Ficure 13.4. Desmoid fibromatosis, myofibroblastic spindle cell
proliferation admixed with collagen and blood vessels.
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TaBLE 13.1. Noncutaneous extracolonic manifestations of FAP
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1. Dento-maxillary—osteomas, diffuse osteomatous change, odontomas, dentigerous cysts, impacted teeth, hypercementosis, supernumerary teeth,

fused or long roots

2. Ocular—congenital hypertrophy of the retinal pigment epithelium (CHRPE)

3. Central nervous system tumors (Turcot syndrome)—cerebellar medulloblastoma (most common), glioblastoma, craniopharyngioma
4. Gastrointestinal tract—duodenal and gastric polyps, periampullary adenoma and carcinoma (may cause obstructive pancreatitis), intra-abdominal

fibromatosis
5. Bone—osteomas (facial or long bones)

6. Other malignancy—thyroid papillary carcinoma, hepatoblastoma, liposarcoma, osteosarcoma, testicular, renal

Genetic testing for APC mutations may be undertaken by
sequencing all 15 coding exons of the APC gene, which will
detect greater than 85 % of mutations. If sequencing fails to
detect a mutation, then evaluation for large gene rearrange-
ments using multiplex ligation-dependent probe amplifi-
cation (MLPA), Southern blot, or real-time quantitative
PCR analysis is likely to detect the remaining 10-15% [3].

The treatment of FAP consists of prophylactic colectomy
as the incidence of carcinoma otherwise approaches 100 %
in the fifth decade. Screening recommendations of the
American Society of Clinical Oncology include screening
colonoscopy of affected family members every 1-2 years
beginning at age 1011 years for those with classic FAP and
for those with attenuated FAP, screening colonoscopy every
2 years beginning at age 18-20. Surgery should be under-
taken at the point at which there are large numbers of pol-
yps or the polyps begin to show high-grade dysplasia.
Gastroduodenal adenoma screening should begin once
colorectal polyposis is established or at age 25-30 years,
whichever occurs first [19].

Polyps have been shown to partially regress with sulin-
dac and celecoxib therapy, but they recur upon cessation of
treatment. As this treatment does not prevent the develop-
ment of colorectal carcinoma, its role, if any, is limited to
postponing surgery or controlling local recurrences after
surgery [3]. Even with total colectomy, periodic evaluation
of the upper gastrointestinal tract is indicated because of a
10-12 % estimated lifetime risk of developing duodenal or
ampullary carcinomas [8]. Thyroid screening by ultra-
sound has been advocated due to the occurrence of thyroid
nodules in approximately 50 % of FAP patients, with an
incidence of papillary carcinoma of almost 10% [20]. The
onset of abdominal pain or gastrointestinal tract bleeding
should prompt consideration of upper gastrointestinal
tract tumors, obstructive pancreatitis due to periampullary
tumors, or abdominal fibromatosis.

The Gardner syndrome variant of familial adenomatous
polyposis is characterized by the presence of extracolonic
manifestations, particularly cutaneous cysts and fibromas.
The development of these markers early in life may herald
the development of colonic polyposis and subsequent car-
cinoma, allowing for early diagnosis and potentially life-
saving intervention for the patient and other affected family
members.
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Multiple Cutaneous Leiomyomas

m Synonyms:

m Etiology:

m Associations:

m Clinical:
m Histology:

m [HC:
m Evaluation:

m Treatment:

Multiple cutaneous and uterine leiomyomatosis (MCUL)
syndrome

Hereditary leilomyomatosis and renal cell cancer (HLRCC)
syndrome

Reed syndrome

Mutation in fumarate hydratase gene, mapped to chromosome
1q42.3-q43

Uterine leiomyomas and rarely leiomyosarcomas and renal
carcinoma

Red-brown indurated papules, sometimes clustered or in linear
array

Reticular dermal fascicular tumor with cigar-shaped nuclei,
amphophilic vacuolated cytoplasm, and rare mitotic figures
Smooth muscle actin+ and desmin+

Renal imaging and genetic testing for fumarate hydratase
mutation and function

Surgical management of underlying tumors, excision of painful

cutaneous tumors, or pharmacologic pain management

m Prognosis:

Cutaneous leiomyomas are uncommon tumors that arise
from arrector pili (pilar lelomyoma), genital smooth mus-
cle (genital leiomyoma), or vascular smooth muscle (angi-
oleiomyoma). Angioleiomyomas are histologically distinct
and are not known to occur as multiple lesions. Most pilar
leiomyomas occur singly but can occur as multiple lesions.
As multiple lesions, they may occur in association with
uterine leiomyomas and, rarely, leiomyosarcomas, in the
multiple cutaneous and uterine leiomyomatosis (MCUL)
syndrome. More recently, cutaneous and uterine leiomyo-
mas have been reported to occur in association with renal
cell carcinoma in the hereditary leiomyomatosis and renal
cell cancer (HLRCC) syndrome [1]. MCUL and HLRCC
likely represent part of a spectrum of one disease. A rela-
tionship between cutaneous leiomyomas and uterine leio-
myomas was highlighted by Reed et al., and because of that,
HLRCC is sometimes referred to as the Reed syndrome [2].
This syndrome is transmitted in an autosomal dominant
pattern, with variable penetrance. The implicated gene
encodes fumarate hydratase (FH), an enzyme in the Krebs

© Springer International Publishing Switzerland 2016

Excellent with early detection of underlying malignancy

cycle that maps to chromosome 1q42.3—q43 [3]. Fumarate
hydratase (FH) is distributed predominantly within the
mitochondria but also within the cytosol of mammalian
cells. In the cytosol, FH is involved in the purine nucleotide
cycle. In the mitochondria, it catalyzes the reversible hydra-
tion of fumarate into malate as part of the Krebs cycle. The
previous step in the Krebs cycle is the conversion of suc-
cinate to fumarate by succinate dehydrogenase. Succinate
dehydrogenase mutations are also associated with a can-
cer predisposition, specifically pheochromocytoma and
paraganglioma [4]. Deficient FH function induces cellular
pseudohypoxia as a result of the Krebs cycle dysfunction, a
state which likely promotes tumorigenesis [5].

There is a spectrum of fumarate hydratase gene defects
described in different clinical settings, but the type of defect
does not appear to correlate with disparate clinical
manifestations [6]. Fumarate hydratase mutations cause
MCUL syndrome, HLRCC syndrome, and autosomal reces-
sive FH deficiency, which manifests as severe developmental
delay and death in childhood. Autosomal recessive FH
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deficiency does not appear to be associated with the develop-
ment of malignancy. However, short life expectancy may not
allow for its expression. Some parents of FH-deficient chil-
dren develop leiomyomas as may be expected in the hetero-
zygous state [3]. In HLRCC and MCUL, the development of
cutaneous and uterine leiomyomas and renal cell cancer
occurs with one mutant allele and one wild-type (normal)
allele. Tumor development requires a “second hit,” as sug-
gested in Knudson’s theory of tumorigenesis. Loss of expres-
sion of the wild-type allele may occur by loss of heterozygosity
or second mutation in the previously normal allele. Loss of
heterozygosity at the genetic locus for these syndromes is
known to occur in the cutaneous and uterine leiomyomas
and renal cell carcinomas in patients with the syndrome,
supporting a role for FH in tumor suppression [7]. Mutations
of the FH gene are rare in sporadic uterine leiomyomas and
not found in sporadic uterine leiomyosarcomas. Therefore,
the gene does not play a major role in the development of
sporadic uterine smooth muscle tumors [8].

Cutaneous leiomyomas occur in approximately 80 % of
patients with HLRCC, and of those patients presenting
with leiomyomas, 85% have FH mutations [9, 10].
Leiomyomas are red-brown dome-shaped papules, from
several millimeters to approximately 1 cm in diameter
(Fig. 14.1) [9]. When they are multiple, they may be clus-
tered, may form a linear array, or may occur in a more dis-
seminated pattern [11]. Solitary lesions usually occur on
the extremities, and multiple lesions may occur on either
the trunk or extremities. Pain is commonly reported and
may be precipitated by cold or pressure. The discomfort is
described as sharp, burning, or throbbing [12]. The differ-
ential diagnosis is wide for solitary lesions and for multiple
lesions may include such disparate entities as segmental
neurofibromatosis, foreign body granuloma, dermatofi-
brosarcoma protuberans, and sarcoidosis.

Histopathology reveals a reticular dermal tumor com-
posed of fascicles of smooth muscle bundles, with cigar-
shaped nuclei and eosinophilic to amphophilic vacuolated
cytoplasm (Fig. 14.2a, b). Tumor cells are highlighted by
antibodies to smooth muscle actin and desmin. In one
series, 55% of these tumors had epidermal hyperplasia,
and 10 % had focal infiltration of the fat. Twenty-eight per-
cent had mitotic figures, but these were usually sparse. No
recurrences were seen in the mitotically active lesions. A
nodular, more circumscribed architecture appears to cor-
relate with the presence of multiple lesions [12].
Leiomyomas associated with HLRCC may display atypical
features, and rare cases of leiomyosarcoma have been
described [9, 13]. A recent case of isolated cutaneous
leiomyosarcoma in a patient with a germline FH mutation,
a family history of renal cancer, and no cutaneous leiomyo-
mas has been described, suggesting that assessment of FH
activity in this clinical setting should be considered [14].
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FiGiRe 14.1. Clustered erythematous papules and small nodules
of the calf (Photo courtesy of Cleveland Clinic Foundation,
Department of Dermatology).

Renal carcinomas occurring in association with FH defi-
ciency occur in approximately 15 % of affected individuals
[9]. The mutation type does not correlate with renal carci-
noma risk [11]. Renal carcinomas are most commonly
papillary, some with tubular features. The most character-
istic feature of HLRCC renal tumors is that of a large
nucleus with an inclusion-like orangiophilic or eosino-
philic nucleolus, surrounded by a clear halo. HLRCC renal
tumors tend to behave aggressively and have a poor prog-
nosis [15].

Multiple leiomyomas are not exclusively a manifestation
of fumarate hydratase deficiency. They have also been
reported to occur in patients with chronic lymphocytic leu-
kemia [16] and HIV infection [17]. An association of leio-
myosarcomas and leiomyomas with HIV infection and
other forms of immunosuppression is well established and
is known to be induced by Epstein-Barr virus (EBV)
infection. In these tumors, EBV genomes are detectable
within tumor cells by in situ hybridization [18].
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Ficure 14.2. (a, b) Dermal tumor composed of fascicles of smooth muscle cells with vacuolated cytoplasm and blunt-ended nuclei.
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Lethal Hereditary Vascular Disorders:
Osler-Weber-Rendu Syndrome,
Ataxia-Telangiectasia, and Fabry’s Disease

m Synonyms:

m Etiology:

m Associations:

m Clinical:

m Pathology:

m Staging:
m Prognosis:

m Complications:

m Treatment:

OWR—hereditary hemorrhagic telangiectasia

AT—Louis-Bar syndrome

FD—Anderson-Fabry disease and angiokeratoma corporis diffusum
OWR—AD and chromosome 9- and 12-defect in endoglin or activin receptor-
like kinase 1

AT—AR and 11q22.3 phosphatidylinositol-3-kinase p53 checkpoint regulation
FD—XL, Xq22.1, and alpha-galactosidase A

OWR—arteriovenous malformations of the brain and lungs; hepatic
fibrovascular tumors

AT—B-cell non-Hodgkin’s lymphoma, T-cell CLL, breast cancer, and growth
retardation

FD—none

OWR—mucocutaneous telangiectasias, epistaxis, hemoptysis, clubbing, and
cyanosis

AT—oculocutaneous telangiectasias, skin photoaging, and cerebellar ataxia
FD—-cutaneous nonblanching angiectases, neuropathic pain, cardiomyopathy,
and renal failure

OWR—mucosal and dermal telangiectasias

AT—dermal elastosis, telangiectasias, and pulmonary bronchiectasis

CNS demyelination

FD—mucosal and dermal telangiectasias and angiokeratomas, and interstitial
lipid deposits

N/A

OWR—good in the absence of pulmonary or CNS malformation or abscess
AT—invariably fatal, usually early adulthood secondary to infection or
lymphoma/leukemia

FD—poor without renal transplantation and better recent outcome with enzyme
replacement

OWR—arteriovenous malformations and abscesses of CNS and lungs
AT—bronchiectasis, cerebellar ataxia, T-cell leukemia, and B-cell lymphoma
FD—-cardiomyopathy, cerebrovascular accident, and renal failure
OWR—supportive measures

AT—supportive measures

FD—alpha-galactosidase A gene therapy shows promise
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Mucocutaneous vascular ectasia, otherwise referred to as
telangiectasia, can be an important harbinger of serious
systemic disease. Among a variety of acquired conditions,
including hepatic cirrhosis, that are responsible for their
development, are a heterogeneous group of inherited con-
ditions that entail the development of multiple cutaneous
and mucous membrane vascular lesions associated with
other life-threatening complications. This chapter deals
with the clinical and pathologic features of three such con-
ditions, namely, Osler-Weber-Rendu syndrome, ataxia-
telangiectasia, and Fabry’s disease.

Osler-Weber-Rendu (OWR) syndrome, synonymously
referred to as hereditary hemorrhagic telangiectasia, was
first described by Dr. William Osler in 1907 [1]. He
described many of the attributes of this distinctive disorder
known today, including the characteristic triad of the
superficial cutaneous vessels that undergo irreversible dila-
tation forming telangiectasis, bloody nasal discharge (epi-
staxis), and its familial tendency [2]. The disorder affects all
races, although it has been described with a higher inci-
dence in the Dutch Antilles and parts of France. It is known
to be an inherited or spontaneously acquired autosomal
dominant trait. The overall incidence of the disorder is
about 1 in 5000-8000 persons [3]. The defect involves seg-
ments of chromosomes 9 and 12, which encodes for two
important endothelial transmembrane receptors, termed
endoglin and activin receptor-like kinase 1, respectively.
The latter protein is the receptor for transforming growth
factor beta, an important modulator of tissue repair and
angiogenesis that when defective is thought to lead to
defects in endothelial cell junctions and weakness of the
supporting perivascular connective tissue resulting in tel-
angiectasis and arteriovenous malformation (AVM). The
disease typically manifests in early to mid-adulthood with
the development of epistaxis. Other common presenting
signs include mucosal and cutaneous telangiectasis and
other signs of bleeding diathesis including melena and
hemoptysis. The telangiectasias consist of discrete red
puncta, spiderlike branching, and/or linear vascular lesions
located in particular on the face, fingers, and oral and nasal
mucous membranes [4] (Fig. 15.1). Less common findings
include headaches stemming from complications associ-
ated with cerebral arteriovenous malformation, cyanosis
and/or clubbing associated with pulmonary arteriovenous
malformation, signs and symptoms of high-output cardiac
failure produced from pulmonary vascular shunting,
fatigue from blood loss and anemia, visual disturbances
following intraocular hemorrhage, and fever associated
with abscesses following bacterial seeding of the pulmo-
nary or cerebral vascular anomalies [5]. Important compli-
cations to consider include gastrointestinal and pulmonary
bleeding, often necessitating transfusion; cerebrovascular
accident; and infectious complications stemming from the
vascular anomalies. The overall mortality is approximately
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Ficure 15.1. Diffuse palmar telangiectasis in Osler-Weber-Rendu
syndrome.

10% with patients generally succumbing to one of the
aforementioned complications. Although estrogen has
been reported in the past as producing some measure of
therapeutic improvement, current recommendations
include supportive measures including prompt recognition
and cessation of bleeding [6]. A recent phase II trial has
found a vascular endothelial growth factor antagonist, bev-
acizumab, as being a promising therapeutic option, espe-
cially for those with large hepatic AVMs. This drug reduces
liver size and cardiac output and decreases the severity of
epistaxis [7].

Ataxia-telangiectasia (AT), or Louis-Bar syndrome, was
first described by Syllaba and Henner in 1926 and later by
the Belgian neuropathologist Dr. Denise Louis-Bar in 1941,
who detailed the progressive nature of the cerebellar ataxia
and distinctive cutaneous telangiectasis of the disorder [8].
Its final designation of ataxia-telangiectasia would come in
1957 with the discovery of its association with immuno-
logic defects and the predisposition of afflicted patients to
develop recurrent sinopulmonary infections. Today, we
know this autosomal recessively inherited disease to involve
the 11q22-23 gene that encodes for the ataxia-telangiectasia
mutated (ATM) protein [9]. This protein is an important
regulatory phosphoprotein involved with p53-regulated
cell cycling and DNA maintenance. Defective ATM func-
tion results in increased unregulated DNA synthesis and
defective DNA strands predisposed to instability and
hypersensitivity to ionizing radiation. These defects are
thus thought to predispose to neoplastic transformation,
and the increased risk these patients possess for solid organ
and lymphoreticular malignancy as well as impact upon
T-lymphocyte receptor function lead to immunologic dys-
function and a predisposition toward certain types of
infection [10, 11]. The mechanisms that underlie the cere-
bellar ataxia, growth retardation, and mucocutaneous
telangiectasis are not known but have been hypothesized to
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Ficure 15.2. Conjunctival telangiectasis in ataxia-telangiectasia.

involve accelerated telomere loss. The disease affects all
races and regions of the world and has an estimated inci-
dence of 1 in 100,000 individuals [12]. The disease is gener-
ally heralded by the development of ataxia in the first years
of life. The ataxia commences with abnormal head move-
ments and progresses to involve the gait and abnormal arm
movements including tremor and myoclonus, later. Other
neurologic findings include choreoathetosis, masklike
facies, and saccadic eye deviation with absent optokinetic
nystagmus. The pathogenesis involves spinocerebellar
degeneration with demyelination. The mucocutaneous tel-
angiectasias develop by the age of 5 years and in particular
involve the conjunctival angles and adjacent periocular
skin (Fig. 15.2). Accelerated aging (progeric changes) includ-
ing graying of the hair, facial skin atrophy, seborrheic der-
matitis, and mottled pigmentation are also common. Other
cutaneous findings include café au lait macules, vitiligo,
hypertrichosis, acanthosis nigricans, keratosis pilaris,
actinic keratosis, and the presence of nonmelanoma skin
cancer. Other major impairments associated with AT are
immunologic dysfunction with increased sinopulmonary
and ear infections associated with thymic hypoplasia,
defective cell-mediated immunity, and reduced serum IgA
and IgE immunoglobulin levels. Less prominent features of
the disease include mental retardation, atherosclerotic
heart disease, diabetes mellitus, and growth impairment.
Pathology of the brain shows degeneration of the cerebellar
Purkinje and granule cells and spinal column anterior horn
and spinal tract degeneration and demyelination. The cuta-
neous findings include epidermal atrophy with solar elasto-
sis and capillary telangiectasis. Less common findings
include the presence of dermal noncaseating granulomas,
pigmentary incontinence, and superimposed changes of
seborrheic dermatitis or keratosis pilaris. The dermal gran-
ulomas consist of epithelioid granulomas that may mas-
querade as sarcoidosis. Cases of ulcerating or perforating
granulomatous dermatitis and palisaded granulomatous

dermatitis have been described as well [13]. Actinic kerato-
sis and basal cell and squamous cell carcinoma may be seen
in young patients and as such may suggest the possibility of
this disorder. Important complications primarily involve
neoplastic and infectious diseases. AT patients have an esti-
mated 100-fold increase in the incidence of malignancy,
particularly Hodgkin’s and non-Hodgkin’s lymphoma, leu-
kemia, and gastric and breast adenocarcinoma [11, 12]. An
important complication of recurrent pulmonary infection
is bronchiectasis. AT is invariably fatal with few afflicted
individuals living beyond their third decade. The major
causes of mortality include pulmonary infection and
malignancy. Treatment consists of the aggressive manage-
ment of infectious disease with antibiotics and prevention
with prophylactic administration of immunoglobulins and
vaccination. Sunscreens and sun avoidance are important
with respect to the cutaneous complications. Increased
awareness of oncologic disease with appropriate screening is
recommended. Physical, speech, and occupational therapies
should be instituted, and genetic counseling for the patient
and family is encouraged.

Fabry’s disease, otherwise referred to as Anderson-Fabry
disease or angiokeratoma corporis diffusum, was indepen-
dently described by Drs. Anderson and Fabry in 1898 [14,
15]. The disease is inherited as an X-linked trait and involves
a defect in glycosphingolipid metabolism caused by a defi-
ciency of alpha-galactosidase A. Over 160 mostly missense-
type mutations have been identified within encoding gene
segments for alpha-galactosidase [16]. Although males are
predominantly afflicted, females may rarely present with
milder forms of the disease. The disease is worldwide in dis-
tribution, and although it afflicts all races, whites are over-
represented. The estimated incidence is 1 in 40,000
individuals. The etiology involves the accumulation of glyco-
sphingolipid substrate following the lack of enzymatic activ-
ity in the tissues of the principal organs involved with the
disease [17]. As the gene is located on Xq22, males are more
severely afflicted, possessing very low to absent galactosidase
levels. Carrier females and females with incomplete lyoniza-
tion of the abnormal X-chromosome allele may develop
milder disease stigmata. The disorder has been rarely
reported in individuals with normal measured enzyme activ-
ity [18]. The most important glycosphingolipids that accu-
mulate due to the enzymatic defect are globotriaosylceramide
and galabiosylceramide. These compounds accumulate pri-
marily within the lysosomes and cytosol of endothelial, peri-
cyte, and smooth muscle cells of the skin, renal, and
neurovascular organs. The pathologic alterations stem from
endothelial accumulation and disruption with consequent
ischemic and degenerative changes. Symptoms are generally
ushered in by the development of limb neuropathic pain and
cutaneous vascular anomalies in late adolescence or early
adulthood. The limb pain is usually exacerbated by exposure
to cold and is typically described as burning in quality. The
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Ficure 15.3. Diffusely scattered telangiectatic papules on the
scrotum of a patient with angiokeratoma corporis diffusum.

cutaneous changes consist of the development of myriad
punctate red-to-blue nonblanching angiectasis particularly
situated in the “bathing suit” area of the lower abdomen and
perineum (Fig. 15.3) [17]. The nonblanching quality of the
lesions is an important contrast with telangiectasia, which
typically blanches with external pressure or diascopy. Similar
vascular lesions can be found on the oral mucosa. Other
attendant cutaneous findings include lymphedema and
hypohidrosis. Important additional systemic signs include
various lens opacities that are pathognomonic for the disor-
der. Distinctive corneal opacities referred to as cornea verti-
cillata are also commonly seen. The cutaneous and ocular
findings are overshadowed by the serious systemic complica-
tions of visceral organ involvement. The kidneys are severely
affected, and renal failure is common by the fourth decade.
Important signs of renal disease include increasing protein-
uria and the demonstration of characteristic birefringent
lipid globules with a “Maltese cross” pattern in the urinary
sediment. The heart is particularly prone to complications
stemming from the accumulation of lipids within the vessel
walls and myocardium resulting in ischemic complications
and left ventricular hypertrophy. Congestive heart failure
and myocardial infarction are important causes of morbidity
and mortality. Additional organs involved include the brain,
where cerebrovascular accident is a common complication,
and the gastrointestinal tract, where intestinal ischemia may
be observed. The pathologic changes involve the progressive
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dilatation of capillaries and post-capillary venules within the
dermis (Fig. 15.4). Over time, the abutment adjacent to the
epithelium produces epidermal hyperplasia and angiokera-
toma formation. Systemic pathologic changes additionally
include vascular ectasia, accelerated atherosclerosis, and
degenerative changes ascribed to ischemic alteration. The
heart shows increased interstitial fibrous and lipid deposits.
Glomerular and renal tubular deposits are seen in the kidney.
Characteristic lysosomal organelle lamellar inclusions are
observed ultrastructurally. The diagnosis can be confirmed
by direct enzymatic assay of serum, leukocytes, or cultured
fibroblasts or by DNA analysis of the gene. A presumptive
diagnosis can be rendered upon the careful assessment of the
ophthalmologic findings, the widespread nature of the
angiokeratomas, and/or the urinary sediment findings.
Important entities to consider in the differential diagnosis
are other inherited enzyme deficiency syndromes with simi-
lar clinical stigmata. These disorders include alpha-L-fucosi-
dase and neuraminidase deficiency, among other rarer
entities [18, 19]. Important clues that suggest the latter enti-
ties include disseminated angiokeratomas in a female patient
and psychomotor and cognitive impairment. The long-term
prognosis of patients is determined by renal function status.
Renal transplantation has dramatically improved the out-
come of patients as transplanted kidneys generally possess
normal enzyme activity. Important morbidities, including
neuropathic pain and cerebrovascular and cardiovascular
disease, are treated symptomatically with pain and antisei-
zure medications, aggressive blood pressure control, and
smoking cessation. Recent advances in recombinant gene
therapy have revolutionized the treatment and long-term
outlook of these patients. Enzyme replacement therapy is
now in the forefront, with a new drug called Fabrazyme
(agalsidase beta) [16]. This drug replaces the deficient
enzyme alpha-galactosidase A, reducing the amounts of
accumulated globotriaosylceramide (GL-3) deposition in
the capillary endothelium and thereby improving many of
the symptoms of FD [20]. A recent study has shown this
drug to reduce the progression of vascular disease, suggest-
ing stabilization of white matter lesions and stroke risk pres-
ent in FD patients [21]. Another enzyme, PRX-102, derived
from the tobacco plant is said to have an even longer half-life
than Fabrazyme and is currently being investigated [22].
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Acquired Ichthyosis, Acanthosis Nigricans,
and Palmar Hyperkeratosis

PH—Tylosis, Howel-Evans syndrome, tripe palms,

m Synonyms: Al—Pityriasis rotunda
AN—None
acrokeratosis of Bazex

m Etiology: Unknown

m Associations: Al—Lymphoma

AN—Gastric carcinoma
PH—Esophageal carcinoma

m Clinical:

AIl—Diffuse xerosis

AN—Axillary pigmentation
PH—Palmar/plantar hyperkeratosis

m Histology:

Al—Hypogranulosis with hyperkeratosis

AN—Acanthosis with hyperkeratosis
PH—Acanthosis with hyperkeratosis and hypergranulosis

m [HC repertoire: ~ N/A
m Staging: N/A
m Prognosis:

"

disease
m Treatment:

Serious systemic diseases, including visceral cancer, may be
indirectly signaled by the development of distinctive cuta-
neous eruptions. Important aspects of these eruptions
include the development of the rash concurrent with the
diagnosis of the neoplasm and the fact that the two entities,
though individually uncommon, are commonly seen
together and pursue a similar clinical course. The more
important, albeit uncommon, dermatoses that develop in
conjunction with visceral cancer involve disorders of the
epithelium and entail alterations in keratinization. This
chapter will deal with the clinical and pathologic attributes
of acquired ichthyosis, acanthosis nigricans, and paraneo-
plastic palmar/plantar keratoderma as they relate to under-
lying malignancy.

© Springer International Publishing Switzerland 2016

Generally poor, associated with advanced internal malignancy
Adverse variables: Dependent upon underlying malignancy type and stage of

Dependent upon tumor type and stage

Ichthyosis refers to the presence of fish-like (Latin, ich-
thus) or scaly skin. The characteristic clinical appearance is
due to an inherited defect in keratinization involving the
epithelium that with rare exception represents little more
than a lifelong cosmetic nuisance. Acquired ichthyosis,
however, referring to the sudden development of scaly dry
skin in the adult, may herald the presence of a serious
underlying malignancy. The eruption usually develops over
the extensor aspects of the extremities and scalp resembling
the appearance of the most common autosomal dominant
form, ichthyosis vulgaris [1]. The rash typically spares the
flexural folds. Erythema may be seen between the scaly fis-
sures. The most common underlying malignancy is
Hodgkin’s lymphoma, occurring in conjunction with an
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estimated 70 % of all cases of acquired ichthyosis with the
severity of the rash reflecting the progression of disease 2,
3]. The rash may, however, presage the malignancy by many
years. Important systemic illnesses that may also produce
or be associated with acquired ichthyosis include malnutri-
tion, HIV disease, hypothyroidism, leprosy, sarcoidosis,
lupus erythematosus, dermatomyositis, bone marrow
transplant in the setting of graft-versus-host disease, and
eosinophilic fascitis and may follow exposure to certain
medications such as nicotinic acid, triparanol, butyrophe-
none, dixyrazine, nafoxidine, clofazimine, and cetrimide
[4, 5]. Among HIV-positive individuals, its development
may be a marker for concomitant infection by the human
T-cell leukemia/lymphoma virus (HTLV-II) [6]. In dark-
skinned races, the rash may produce sharply demarcated
round-to-oval scaly patches termed pityriasis rotunda [7].
The histopathology is distinctive and consists of a normally
thickened epithelium with compacted hyperkeratosis. The
epidermal granular layer is characteristically absent. The
altered keratin layer may also extend down the adjacent fol-
licular ostia (acrotrichia). Supportive therapy is directed
toward hydration of the skin (bathing, high ambient
humidity) and the application of lubricants (creams and
ointments). Investigation for the possibility of underlying
malignancy, particularly hematologic cancer, with appro-
priate imaging studies and consideration for bone marrow
examination is indicated.

Acanthosis nigricans (AN) is a common cutaneous mal-
ady associated with myriad unrelated systemic diseases
including underlying cancer [8, 9]. The most common
association involves obesity with or without insulin resis-
tance and hyperinsulinemia. In most instances, the erup-
tion begins as gray-black thickening of the flexural areas
and, in particular, the axillae (Fig. 16.1). Palpation of the
involved areas yields a textural change likened to velvet.
The eruption may rarely spread to involve the non-flexural
areas and even the oral and anogenital mucosa. Certain
demographic groups are overrepresented, including
Hispanics and African-Americans. Rare familial tendencies
have also been identified, suggestive of an underlying
genetic predisposition. The pathogenesis is thought to
involve a patterned response of the skin to increased serum
levels of trophic epithelial hormones and cytokines, pre-
sumably released in conjunction with the underlying endo-
crinologic or neoplastic dyscrasia. In the setting of
hyperinsulinemia and diabetes mellitus, it has been shown
that excess binding of insulin to IGF receptors located on
keratinocytes and fibroblasts results in increased prolifera-
tion. Similarly, increased transforming growth factor (TGF)
released by neoplastic cells has been shown to increase
keratinocyte proliferation via surface epidermal growth
factor receptors. Other important disease associations
include hyperandrogen states with insulin resistance and
acanthosis nigricans (HAIR-AN syndrome). Certain medi-
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Ficure 16.1. Velvety hyperpigmented intertriginous plaque in
acanthosis nigricans.

cations including nicotinic acid, glucocorticoids, and tria-
zinate and the sex hormones including estrogen have also
been implicated in its development. AN associated with
underlying malignancy, alternatively referred to as malig-
nant AN, is morphologically similar yet characterized by
rapid onset and progression [10-13]. It more commonly is
associated with keratoderma or rugose-like thickening of
the palms in which there is accentuation of the fingerprints,
otherwise known as pachydermatoglyphy (or tripe palm)
[14, 15]. Other important associations include oral involve-
ment and the presence of multiple eruptive seborrheic
keratosis (the sign of Leser-Trelat) (Fig. 16.2). The most
common internal malignancy is visceral adenocarcinoma
of the stomach, intestines, or lung. Bladder, renal, and
esophageal carcinoma and lymphoma have also been
reported. In most instances, the lesions are discovered in
conjunction with internal malignancy diagnosis. The erup-
tion, however, may precede or follow diagnosis of internal
malignancy. The histopathology yields slight epidermal
acanthosis with papillomatosis and hyperkeratosis
(Fig. 16.3). Although the basilar layer keratinocytes may
show increased amounts of cytoplasmic melanin, the clini-
cal appearance of hyperpigmentation is largely due to the
epidermal hyperkeratosis.

The acquired palmar/plantar keratodermas comprise a
heterogeneous group of keratinizing disorders character-
ized by thickening of the palms and soles that in many
instances are associated with the development of visceral
cancer (Fig. 16.4) [16]. These conditions are distinct from
the more common forms of inherited palmoplantar kera-
toderma that typically manifest in children and are associ-
ated with inherited defects in keratinization. The acquired
keratodermas can be broadly separated into three catego-
ries that involve diffuse thickening, punctate areas of thick-
ening, or additional areas of the non-acral skin. The most
well-documented form of diffuse acquired keratoderma
was described by Dr. Howel-Evans in 1958 among two kin-



16. Acquired Ichthyosis, Acanthosis Nigricans, and Palmar Hyperkeratosis

107

Ficure 16.2. Sign of Leser-
Trelat. Multiple seborrheic
keratosis on the trunk of
patient ~ with  metastatic
colorectal carcinoma.

Ficure 16.3. Medium-power
photomicrograph  depicting
dome-like epidermal acan-
thosis with hyperpigmented
basilar layer keratinocytes
seen in acanthosis nigricans.
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Ficure 16.4. Hyperkeratosis of the palmar skin seen in the kera-
todermas. Note the accentuated palmar creases.

dreds afflicted with esophageal carcinoma [17, 18]. This
condition, alternatively referred to as tylosis or Howel-Evans
syndrome, involves the development of poorly demarcated
and irregular areas of palmar or plantar thickening in chil-
dren who later develop esophageal carcinoma as adults
[19]. The gene responsible for this condition has been
linked adjacent to the keratin type I gene cluster (17q24)
[20]. The punctate form of acquired keratoderma is associ-
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FiGURE 16.5. Low-power
photomicrograph  depicting
the exaggerated hyperkerato-

sis with central swelling
observed in punctate
keratoderma.

ated with the development of breast and gynecologic
malignancies. Finally, acquired keratoderma may be associ-
ated with an erythematous and psoriasiform dermatitis
involving the non-acral skin. Referred to as acrokeratosis of
Bazex, patients with this entity are typically male and are
predisposed to develop carcinoma of the upper and lower
aerodigestive tracts [21]. The thickened areas of the palms
and soles often appear erythematous or violaceous.
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Keratoderma has also been described among patients with
hematologic malignancies including multiple myeloma,
lymphoma, and mycosis fungoides. Nonneoplastic condi-
tions including myxedema, arsenic exposure, menopause
(keratoderma climactericum), water exposure (aquagenic
keratoderma), and following ingestion of certain medica-
tions including glucan, tegafur, and fluorouracil have been
shown to also produce acquired keratoderma [16]. The dif-
fuse form of keratoderma histologically shows epidermal
acanthosis and orthokeratotic hyperkeratosis with occa-
sional epidermolytic hyperkeratosis. The punctate form
shows a dense keratin plug of the stratum corneum with
underlying depression of the stratum malpighi and adja-
cent pitting of the stratum corneum (Fig. 16.5). Biopsy
changes observed in conjunction with acrokeratosis of
Bazex include acanthosis, hyperkeratosis, and exocytosis of
lymphocytes with accompanying spongiosis and epidermal
dyskeratosis.
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Amyloidosis: Systemic, Nodular, and

Epidermal Derived

m Synonyms: S—
N—none

ED—macular and lichenoid

m Etiology:

S—plasma-cell-derived light chains

N—plasma-cell-derived light chains
ED—epidermal keratins

m Associations:

S—multiple myeloma in 1/3 pts

N—10 % with systemic amyloidosis

ED—none
m Clinical:

S—hemorrhagic papules/plaques

m Histology:

N—waxy nodules

ED—hyperpigmented macules and lichenoid papules
S—fissured hyaline deposits and perivascular deposits
N—nhyaline deposits with plasma cells

ED—hyaline dermal globules

m [HC:

S—monoclonal kappa or lambda light chain

N—monoclonal kappa or lambda light chain

ED—keratins
m Staging: N/A
m Prognosis:

S—poor in myeloma patients

N—dependent upon systemic status

ED—excellent
m Adverse outcome:

S—myeloma and cardiac disease

N—systemic amyloidosis

ED—none
m Treatment:

S—chemotherapy

N—excision, laser and cryotherapy
ED—topical retinoids

Amyloidoses encompass a broad category of cutaneous and
systemic disorders with important pathogenic conse-
quences. These derive from the direct deposition of abnor-
mal proteins or indirectly relate to potentially deadly
systemic disorders that produce such deposits. Each of
amyloidoses can be defined by certain histomorphologic
and chemical properties that permit their identification
and inclusion into disease categories [1]. These designa-
tions can be loosely grouped into systemic and cutaneous
delimited forms.

© Springer International Publishing Switzerland 2016

The term amyloidosis historically derives from the gross
starch-like deposits seen in conjunction with systemic amy-
loidosis. Despite the appellation, the chemical constituency
of amyloid is either protein or glycoprotein. Each of the 16
chemical types possesses similar histomorphologic and
chemical properties including a predominantly extracellu-
lar location, an amorphous eosinophilic appearance on
hematoxylin and eosin staining, and a meshwork of hollow
7.5-10-nm linear nonbranched fibrils on ultrastructu
ral examination [2]. The fibrils often align into a
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three-dimensional beta-pleated sheet configuration that is
held responsible for their birefringence properties on diag-
nostic polaroscopic examination. Amyloid fibrils often
associate with certain disease defining nonamyloid glyco-
proteins including protein P (systemic disease) and apolipo-
protein E (Alzheimer’s disease). Among the various types of
amyloid, only a few are commonly observed in the skin and
thus merit discussion. The two most important responsible
for the bulk of dermatologic disease derive from plasma-
cell-produced immunoglobulin kappa or lambda light
chains or from epidermal keratinocyte keratins. The for-
mer are seen in conjunction with primary or systemic amy-
loidosis and nodular amyloidosis, whereas the latter are seen
in macular and lichenoid amyloidosis. The light chains may
be monoclonal and systemically produced from abnormal
collections of bone marrow or reticuloendothelial associ-
ated plasma cells in multiple myeloma or lymphoma or
monoclonal and produced locally within the skin from
associated plasma cells. The keratins deposited in macular/
lichenoid amyloidosis derive from degenerated epidermal
keratinocytes and as such are typically seen as aggregates in
the superficial dermis juxtaposed to the overlying
epithelium.

Primary and myeloma-associated amyloidosis involves the
skin in approximately one-third of patients [3]. Typical
patients are in their 60s with a slight male predominance.
There is no known ethnic predilection. Although the derma-
tologic manifestations may be overshadowed by the systemic
stigmata of macroglossia, bilateral or unilateral carpal tunnel
syndrome, or hepatosplenomegaly, distinctive cutaneous
changes are often present. Waxy papules and nodules are
typically seen on the flexural folds of the face, trunk, and
extremities. The papules may undergo secondary hemor-
rhage and are rarely ulcerated. Mucocutaneous nodules may
assume a warty appearance reminiscent of condyloma or a
flattened plaque-like configuration suggestive of xanthoma.
Non-vasculitic purpuric macules, petechiae, and ecchymoses
are common, particularly in flexural fold areas such as the
eyelids. Purpuric lesions may be elicited with trauma (pinch
purpura) (Fig. 17.1) or following a precipitous increase in
intrathoracic pressure (Valsalva maneuver). Less common
manifestations include diffuse involvement of the scalp
(cutis verticis gyrata) and alopecia, scleroderma-like indura-
tion of the extremities, bullous lesions, nail dystrophy, cutis
laxa, and cord-like thickening of the blood vessels. Important
systemic signs and complications stemming from visceral
organ involvement include the heart, reticuloendothelial sys-
tem, blood vessels, and peripheral and autonomic nervous
system. Cardiac disease is the most important cause of mor-
tality with most cases resulting in cardiomyopathy, arrhyth-
mias, congestive heart failure, or ischemic heart disease [4].
Hepatosplenomegaly is seen in approximately one-half of
patients and is an important cause of morbidity. Amyloid
infiltration of the blood vessels may produce ischemic clau-
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FiGURe 17.1. Periorbital purpura seen in systemic amyloidosis.

dication of the gastrointestinal tract, extremities, or heart.
Peripheral and autonomic neuropathy is common, with the
latter often producing orthostatic hypotension. Massive
amyloid deposits within the soft tissues of the wrist or when
located around the shoulders (providing the shoulder pad
sign) may result in carpal tunnel syndrome.

Other less common forms of systemic amyloidosis that
rarely manifest in the skin include secondary or
inflammatory-associated amyloidosis and the extremely
rare heredofamilial syndromes of familial Mediterranean
fever (urticaria, vasculitic purpura, fever, serositis, and
renal amyloid) and Muckle-Wells syndrome (urticaria,
fever, deafness, and renal amyloidosis) [1].

The lesions of nodular or localized amyloidosis tend to be
less numerous and individually larger than systemic amy-
loidosis. Demographically, most patients are in their 60s
and there tends to be a male predominance. Lesions may
occur on the extremities as well as the face or trunk.
Although most lesions are asymptomatic, they tend to
gradually enlarge in time. In recent studies, as low as 7 % of
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patients are found to have or subsequently develop sys-
temic amyloidosis, which is indicative of an overall good
prognosis. Management of these nodules, however, is diffi-
cult since there is no consistently effective treatment, likely
due to their high rate of recurrence [5].

The epithelial-derived forms of cutaneous lichenoid and
macular amyloidosis have distinctive demographic and
clinical attributes [6]. Both forms may coexist and likely
represent a spectrum of disease with similar etiologic ori-
gins. Often pruritic, many believe that the lesions follow
excoriation and represent the turnover of epithelial-derived
keratinocytes. The lesions are more commonly encoun-
tered among races of darker skin color including individu-
als of Asian or Latin-American ancestry and consist of
hyperpigmented macules or lichenoid papules. The former
tend to occur over the trunk, in particular the interscapular
area, with the lichenoid lesions typically seen over the
extensor aspects of the lower extremities and penis. Less
common forms of cutaneous limited amyloidosis include
anosacral amyloidosis, consisting of lichenified plaques
located on the buttocks of Chinese persons; familial pri-
mary cutaneous amyloidosis, a rare autosomal dominant
genodermatoses consisting of amyloid-containing kera-
totic papules and swirled areas of cutaneous hypo-/hyper-
pigmentation, encompassing subtypes such as cutis
dyschromica; and poikilodermatous amyloidosis, in which
typical patients possess a short stature and show
photosensitivity and palmoplantar keratoderma [7, 8]. In
the latter, amyloid deposition is due to failed DNA repair
secondary to sunlight-induced damage [9]. Keratinocyte-
derived amyloid may also be seen as part of a degenerative
phenomenon permeating and surrounding the stroma of
epithelial-derived tumors such as basal cell carcinoma,
squamous cell carcinoma, and various adnexal tumors.

Biopsy of skin lesions and blind abdominal fat pad and
rectal aspirations are the most reliable means to establish a
diagnosis [10]. The latter techniques have a high diagnostic
yield in systemic and myeloma-associated forms of the dis-
ease only. The histomorphologic features of amyloid are
identical regardless of the type examined or clinical context
and consist of amorphous aggregates of slightly eosino-
philic extracellular material. Larger aggregates may contain
internal artifactual clefts or fissures and may be associated
with chronic inflammatory cells including plasma cells.
The systemic and myeloma-associated forms of disease are
more often characterized by larger aggregates of amyloid
deposition located throughout the dermis and subcutane-
ous fat (Figs. 17.2 and 17.3). Furthermore, the deposits are
found within and surrounding vascular structures associ-
ated with purpura and may similarly outline the cell mem-
branes of adipocytes within the panniculus, producing
amyloid rings. Localized forms of the disease are character-
ized by smaller aggregates of amyloid usually located in the
superficial dermis adjacent to the epithelium. The excep-
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tion to this is the nodular localized form of disease in which
large amyloid deposits are observed with abundant associ-
ated plasma cells [11]. The deposits are accentuated sur-
rounding the blood vessels and adnexal structures. This
infiltration of the reticular dermis and subcutaneous tissue
is indistinguishable from systemic amyloidosis but differ-
entiates the nodular amyloidosis from other cutaneous
localized types of amyloidosis [12]. In the lichenoid form,
the overlying epithelium usually shows slight acanthosis. In
both the macular and lichenoid forms, the overlying epi-
thelial keratinocytes are hyperpigmented, and scattered
dyskeratotic or apoptotic basilar keratinocytes are observed
(Fig. 17.4). Dermal incontinence of melanin and a sparse
interface or superficial dermal perivascular lymphocytic
infiltrate may be seen.

Several diagnostic adjuncts may be employed to confirm
the diagnosis and establish the subtype of amyloidosis.
Special stains may be employed that metachromatically stain
the deposits (crystal or methyl violet) or that when exposed
to polarized light produce birefringence (green with Congo
red and yellow with thioflavine T). It is important to realize
that all forms of amyloid stain, as do nonamyloid deposits
including elastin, colloid milium, and the deposits of lipoid
proteinosis. Specificity of the staining can be improved with
the addition of immunohistochemical antibodies including
amyloid P protein, immunoglobulin light chains, and kera-
tins [12, 13]. Immunolabeling for P protein is found in all
forms of amyloidosis. Monoclonal light chain restriction is
typically observed within the plasma-cell-associated forms
of nodular and systemic/myeloma amyloidosis. Keratin anti-
bodies are positive in the cutaneous derived forms of amyloi-
dosis, most notably CK5, and are negative in the remainder
[13-15]. The specific types of amyloid may be determined
through mass spectroscopy or amino acid sequencing.
Electron microscopy can also be employed to identify the
characteristic filaments.

The treatment is type dependent [6]. Patients with sys-
temic and myeloma-associated forms of the disorder are
usually administered systemic chemotherapy with or with-
out autologous bone marrow transplantation. Organ trans-
plantation of severely affected organs, most often the liver,
heart, or kidney, can be performed, but amyloid may reac-
cumulate in the transplanted organ. Localized nodular
amyloidosis may be removed surgically or ablated with
laser or cryotherapy. Lichenoid/macular amyloidosis is dif-
ficult to treat, although some have reported variable success
with topical retinoids, calcipotriol, and dermabrasion.

The prognosis is similarly impacted by the type and
stage of disease [1]. The mean survival of patients with
myeloma-associated disease is 5 months with most patients
succumbing to complications stemming from cardiac or
renal failure. The prognosis is slightly better for patients
with systemic non-myeloma-associated disease with a
mean survival of 2 years. Response to chemotherapy and
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FiGURE 17.2. Low-power
photomicrograph  depicting
superficial dermal eosino-
philic (amyloid) deposits.

FiGURE 17.3. High-power
photomicrograph  depicting
amyloid deposits within the
wall of the dermal blood ves-
sels and perivascular stroma.




17. Amyloidosis: Systemic, Nodular, and Epidermal Derived

FiGURE
photomicrograph  depicting
fissured amyloid deposits at
the dermoepidermal junc-
tion. Note additional changes
of interface dermatitis.

17.4. High-power

single-organ limited forms of the disease (i.e., neuropathy)
fare better than most patients. Cardiac disease usually indi-
cates a very poor overall prognosis.
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Gyrate Erythemas: Erythema Gyratum Repens
and Erythema Chronicum Migrans

EGR—none
ECM—

m Synonyms:

m Etiology:

EGR-unknown, possibly hypersensitivity

ECM—infection with Borrelia burgdorferi

m Associations:

EGR—internal malignancy, tuberculosis, autoimmune

disease, and pityriasis rubra pilaris
ECM—outdoor activities in endemic areas for Ixodes ticks

m Clinical:

EGR—truncal arcuate erythematous bands with trailing scale

ECM—expanding erythematous solid or annular patch

m Histology:

EGR—mild spongiosis with superficial perivascular
lymphocytic infiltrate

ECM—nonspecific superficial and deep lymphocytic

perivascular infiltrate

none
EGR—none

m [HC repertoire:
m Staging:

ECM—early, early disseminated, and chronic/late

m Prognosis:

EGR—poor with internal malignancy

ECM—good with appropriate antibiotic therapy, <5 % with
serious complications including encephalopathy, heart block,

and fetal death

m Adverse variables: EGR—most cases associated with advanced visceral

adenocarcinoma

ECM—neuroborreliosis, heart block, and gestational disease

m Treatment:

EGR—supportive measures for disseminated carcinoma

ECM—uncomplicated: doxycycline 100 mg bid, amoxicillin
500 mg tid 14 days, or cefuroxime axetil 500 mg bid

m Complicated:

The gyrate erythemas are a heterogeneous group of derma-
toses clinically defined by the presence of circinate, annular,
and/or polycyclic lesions that are often associated with seri-
ous underlying systemic diseases [1]. The gyrate erythemas
consist of the entities erythema annulare centrifugum (EAC),
erythema marginatum rheumaticum (EMR), erythema
gyratum repens (EGR), and erythema chronicum migrans
(ECM). The latter two entities, namely, EGR and ECM, are
associated with potentially deadly underlying disorders and
thus will be discussed in greater detail.

© Springer International Publishing Switzerland 2016

as above, 30-day regimen or IV ceftriaxone

18.1 Erythema Gyratum Repens

This distinctive dermatosis is the rarest of the gyrate ery-
themas with only 83 cases reported to date [2]. Initially
reported by Gammel in 1953 as a distinctive rash with a
“wood grain” appearance that appeared to move or “creep”
(hence the Latin designation of repens), he correctly sur-
mised its development in conjunction with underlying
breast carcinoma and subsequent resolution with removal
of the tumor [3].
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Of the patients reported to date, there is a 2:1 male-to-
female gender ratio with an average age at presentation of
60 years. Although previously considered an obligate para-
neoplastic syndrome, recent reviews have concluded that
approximately 70% of patients possess an underlying
malignancy and EGR should therefore no longer be consid-
ered an obligate paraneoplastic syndrome. The most com-
monly associated malignancies involve the lung and
represent carcinoma [2]. Lymphoreticular malignancy or
sarcoma is seldom seen. Carcinoma of the breast, cervix,
bladder, prostate, and kidney, among others, may also be
seen [4]. The rash usually precedes the discovery of the
malignancy but may present concomitant with, or rarely,
following the diagnosis of internal malignancy.
Approximately 30 % of the cases are non-paraneoplastic. A
majority of the non-paraneoplastic cases are idiopathic,
with others being associated with a variety of conditions
including pulmonary tuberculosis, CREST syndrome,
lupus erythematosus, secondary Sjogren’s syndrome, pity-
riasis rubra pilaris, hypereosinophilic syndrome, and drug
intake [2, 5].

The pathogenesis of this disorder is unknown. Among
the possible mechanisms postulated are immune-medi-
ated models in which cross-reactivity between tumor and
endogenous skin antigens occurs, the tumor antigens
bind in situ to endogenous skin antigens, or tumor anti-
gen immune complexes circulate and deposit within the
skin. Alternatively, the cytokine-rich milieu of malig-
nancy may incite an abnormal localized inflammatory
cell response resulting in increased matrix elaboration
responsible for the observed clinical patterns and migra-
tion of the rash.

Deadly Dermatologic Diseases

The clinical features consist of a pruritic rash with broad
erythematous bands of polycyclic and arcuate arranged
patches with a trailing scale that commonly assumes the
appearance of wood grain or marble (Fig. 18.1). The lesions
typically migrate at a rate of approximately 1 cm per day.
The rash is usually located on the trunk and rarely involves
the face or extremities. The most important diagnoses to
exclude are ECM and EAC. In contrast to EGR, EAC gener-
ally produces more slowly evolving, palpable plaques that
characteristically clear within the center. Although EAC
may be associated with underlying malignancy, most cases
are either idiopathic or follow drug hypersensitivity.

Histology shows epidermal spongiosis with surmounted
scale crust and exocytosis of lymphocytes [6]. The dermis
discloses a predominantly superficial perivascular lympho-
cytic infiltrate with interspersed eosinophils (Fig. 18.2).
Involvement of the deeper vascular plexus and abnormal
collections of Langerhans cells have also been reported.
Direct immunofluorescence may show granular deposits of
IgG and C3 and C4 along the basement membrane (2, 7].
Laboratory abnormalities frequently include hypereosino-
philia. Some patients have been shown to have abnormal
numbers of circulating T- and B-lymphocytes.

Although the rash is itself innocuous, it is associated
with underlying malignancy in the majority of cases. Many
of the patients have advanced-stage visceral cancers at diag-
nosis and thus succumb to their underlying disease.
However, a minority of patients, particularly those indi-
viduals discovered to have early-stage disease or less-
aggressive forms of cancer such as cervical carcinoma, may
expect a favorable outcome and resolution of the rash fol-
lowing removal of the tumor.

Ficure 18.1. Multiple annu-
lar and serpiginous patches
likened to the appearance of
wood grain seen in erythema
gyratum repens.
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FiGURE 18.2. Low-power
photomicrograph  depicting
superficial and deep lympho-
cytic dermatitis and dermal
edema seen in the gyrate ery-
themas including erythema
gyratum repens.

Treatment should be principally aimed at timely diagnosis
and removal of the underlying malignancy. Patients should
undergo chest X-ray and CT scanning of the abdomen and
pelvis and should also be considered for esophagogastroduo-
denoscopy and colonoscopy. The rash itself does not respond
to topical or intralesional corticosteroid therapy. Most cases
resolve with removal of the underlying malignancy.

18.2 Erythema Chronicum Migrans

This dermatosis is one of the more common examples of
gyrate erythema that derives its name from the distinctive
manner of its clinical presentation. Coined by Afzelius as
erythema migrans in 1909, it was later designated by
Lipschutz as erythema chronicum migrans [8]. Both investi-
gators rightly surmised the relationship between the
expanding erythematous rash and an antecedent tick bite.
The association between tick bite and the constellation of
neurologic and rheumatologic symptoms, however, would
not come until 1977, with a landmark epidemiologic study
conducted at the time around the communities neighbor-
ing Lyme, Connecticut. Shortly thereafter, the disease vec-
tor (Ixodes tick) and the etiologic agent (Borrelia
burgdorferi) of Lyme disease were determined.

Lyme disease afflicts persons of all ages and ethnic back-
grounds and with a nearly equal gender distribution. The
disease has been reported across North America, Europe,

¥ A

and Asia and is the most common of the bacterial-borne
arthropod diseases in North America. The common
denominator for acquiring the disease is outdoor exposure
or contact with the disease-carrying tick species Ixodes.
Although most infections follow feeding with the hard tick
Ixodes, infection following the bite of other tick genera and
non-tick vectors has been reported. Human infection con-
stitutes an exceptional event as the principal hosts of the
infection are rodents, particularly the white-footed mouse,
deer, and avian populations. The tick acquires infection
with the spirochetal bacterial organism Borrelia burgdorferi
following blood meal on an infected host and usually
retains infectivity for life. Other cutaneous manifestations
of Lyme borreliosis are Borrelial lymphocytoma and acro-
dermatitis chronica atrophicans [9].

The principal cutaneous manifestation of Lyme borrelio-
sis is erythema chronicum migrans. The rash can initially be
seen around the site of tick bite or may develop without the
patient being aware of a previous tick bite [10]. The rash
typically follows an incubation period of 1-3 weeks but may
occur as soon as 3 days following the bite or up to 3 months
following exposure. The rash begins as a solid and slowly
expanding erythematous patch. Central clearing of the patch
is reported to occur in approximately 50% of adults and
90 % of children and results in a distinctive annular appear-
ance (Fig. 18.3) [11]. Occasionally, the central site of the tick
bite may persist as a small erythematous patch forming a
bull’s-eye-like or targetoid configuration. The erythematous
band expands peripherally at a variable rate with the largest
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Ficure 18.3. Annular erythematous patch with central clearing
seen in erythema chronicum migrans.

lesions generally occurring in individuals with the longest
duration of symptoms. The band itself is generally between
1- and 2-cm wide and usually assumes a symmetrical annu-
lar pattern, although exceptional cases of eccentric or ellipti-
cal-shaped rings have been reported [12]. The rash has been
rarely reported to form a scale or to vesiculate. The natural
history of untreated cases is for gradual fading and complete
resolution of the lesion within 1 year. The rash can develop
anywhere on the skin surface, most commonly occurring on
the lower extremities, back, groin, and axilla [11]. Other
signs commonly found in conjunction with the cutaneous
manifestations include lymphadenopathy, and fever, addi-
tional complaints of headache, and malaise are common
[13]. Other less common cutaneous manifestations include
the development of multiple erythema migrans lesions with
secondary spirochetal dissemination, localized lymphocy-
toma usually involving the earlobe, and the sclerotic bands
and nodules of the lower extremities seen in acrodermatitis
chronica atrophicans. The latter entities are more commonly
observed in Europe [14].

The histologic findings observed in Lyme disease are
nonspecific and consist of a superficial or superficial and
deep lymphocytic perivascular infiltrate with variable
numbers of interstitial eosinophils and plasma cells [15,
16]. Spirochetes may be observed within the papillary der-
mis with the aid of the Warthin-Starry or Steiner silver
stains [17]. Recent ancillary diagnostic methods incorpo-
rating the use of the PCR reaction and indirect immuno-
fluorescence have also been reported. The diagnosis may be
verified serologically by the demonstration of elevated IgM
or IgG titers to B. burgdorferi. As outdoor enthusiasts often
harbor antibody titers to the organism from previous expo-
sure, borderline elevations in IgG antibody titers should be
regarded with suspicion. Further compounding the limita-
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tions of serologic diagnosis are a lack of serologic standard-
ization, low yield of the test in early infection, and
false-positive results in patients with relapsing fever and
syphilis [18]. Finally, Borrelia species may be cultivated
using specialized media such as the modified Kelly media,
although the procedure is laborious, requires a delay in
diagnosis, and has a relatively low sensitivity [19].

Lyme disease can be staged or classified based upon the
scope of disease activity. Early Lyme disease consists of the
erythema migrans rash with or without lymphadenopathy
and has an excellent prognosis with appropriate antibiotic
therapy. Early disseminated disease consists of disseminated
erythema migrans lesions with early manifestations of neu-
rologic, cardiac, or rheumatologic involvement. The prog-
nosis is excellent with longer-term administration of
antibiotics. Chronic or late Lyme disease is associated with
persistent or remitting neurologic, rheumatologic, or car-
diac manifestations. The neurologic manifestations can
include chronic depression, dementia, fatigue, and enceph-
alopathy producing hemiparesis and ataxia. These symp-
toms develop in approximately 5% of untreated patients
and may prove refractory to antibiotic therapy.
Rheumatologic symptoms include intermittent episodes of
asymmetric mono- or polyarthralgia and migrating mus-
culoskeletal pain. Joint swelling may also be seen. The car-
diac manifestations include atrioventricular conduction
disturbances, myocarditis, pericarditis, and heart failure.
Each of these complications may eventuate in death.

Treatment of Lyme disease varies with the stage of the
disease, and most cases resolve following the appropriate
therapy. First-line treatment options for uncomplicated
Lyme disease involve the oral administration of either
amoxicillin 500 mg tid or doxycycline 100 mg bid for 14-21
days. In the absence of contraindications such as pregnancy
or age less than 8 years, doxycycline is preferred because it
is also active against additional tick-borne diseases, includ-
ing human granulocytic ehrlichiosis and southern tick-
associated rash illness (STARI). For children less than 8
years of age who do not tolerate amoxicillin, oral cefurox-
ime axetil may be prescribed at 30 mg/kg/day divided into
two doses but not exceeding 500 mg per dose. Complicated,
disseminated, or chronic cases may be treated with the
same regimen for 30—60 days or with 2 g/day of intrave-
nous ceftriaxone for 14-30 days. Alternatives include intra-
venous regimens of cefotaxime or penicillin G [17].
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Multicentric Reticulohistiocytosis

Multicentric giant-cell reticulohistiocytosis, lipoid

dermatoarthritis, giant-cell histiocytoma, and reticulohistiocytic

Mutilating inflammatory arthritis and visceral malignancies
Discrete red-brown papules on the distal extremities, periarticular

Aggregations of histiocytes with “ground-glass” cytoplasm

Poor, although arthritis stabilizes after 6-8 years

m Synonyms:
granuloma
m Etiology: Unknown
m Associations:
m Clinical:
areas, and face
m Histology:
m [HC: CD68, CD3, CD45, CD11b, and HAM-568
m Prognosis:
m Treatment:

Multicentric reticulohistiocytosis (MR) was first named by
Goltz and Laymon in 1954 [1], although the literature is
muddled with prior reports of conditions with similar fea-
tures. Rheumatoid arthritis and multicentric reticulohis-
tiocytosis were likely thought of as one entity for many
years, prior to delineation of cutaneous histopathology and
subtle differences in joint disease. Multiple cutaneous pap-
ules and nodules arise most distinctly on the dorsum of the
hands and the face but also less commonly involving the
extensor extremities, scalp, and mucosa. Papules arise over
a period of weeks to months and present before, with, or
after a characteristic mutilating arthritis which is symmet-
ric and involves the distal and the axial skeleton. Adding to
the morbidity of a disabling condition is an unsettling
association with internal malignancy. Demographic fea-
tures include a predominance of Caucasian patients
(>75%). Disease often begins in the fourth decade of life,
and most studies reveal a female predominance of 3:1.
There is no documented tendency to occur with familial
predisposition.

Proper recognition and characterization of associated
arthritis are important, as it is often the presenting symp-
tom (50-65 % of patients), with skin manifestations often
occurring months to years later. Symmetric interphalan-
geal joint arthritis, especially involving the distal joints of
the fingers which is present in 75% of patients, is some-
what unique, although hardly characteristic. Larger, more
proximal joints of the arms and legs such as the knees,
shoulders, hips, and elbows are also symmetrically involved.

© Springer International Publishing Switzerland 2016

Methotrexate combined with TNF-alpha inhibitors

Disease of the atlantoaxial joint of the spine can cause sub-
stantial morbidity. Another unique feature is rapid pro-
gression to arthritis mutilans in the absence of aggressive
treatment in 50 % of patients. Patients who are younger at
presentation strangely seem to have more aggressive and
destructive joint disease. The arthritis is usually highly
active for 6-8 years followed by a period of relative
stability.

Radiologic findings provide useful diagnostic clues, and
nuclear isotope scans can identify involved joints. Features
include bilateral symmetry and sharply defined bony ero-
sions which begin on the joint margins and spread to the
joint surfaces. As mentioned, distal interphalangeal joints
and atlantoaxial joint disease can be quite severe. There is
minimal periosteal reaction and minimal associated osteo-
porosis. Soft tissue nodules which are noted on radiographs
are bilateral, symmetric, and noncalcified. Fibroblastic
rheumatism is a close radiologic and clinical mimic, with
juxta-articular osteoporosis being one of the few differenti-
ating features (aside from cutaneous histopathology) [2].
Psoriatic arthritis is usually a more slowly progressive pro-
cess, which is usually asymmetric and poorly defined on
radiographs, with associated periosteal new bone forma-
tion. Rheumatoid arthritis is often symmetric yet involves
the metacarpophalangeal and metatarsophalangeal joints
with more severity and is associated with severe adjacent
osteoporosis. Arthritis associated with severe gout is asym-
metric and slowly progressive, with the presence of calci-
fied nodules (gouty tophi). Erosive osteoarthritis displays
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erosions which begin at the central aspect of the joint
(rather than the margins) [3].

Skin disease is the presenting symptom in roughly 10-20 %
of patients, and individual lesions can appear and regress for
years before stabilizing. Pruritus is present in a third of
patients. Distribution includes the face and hands most com-
monly but also includes the forearms, elbows, neck, trunk,
and less often the lower extremities. Lesions cluster in periar-
ticular locations, occasionally forming multinodular, cobble-
stoned plaques. Facial disease is especially prominent on and
around the ears and in the perinasal areas, as well as cluster-
ing in the oral mucosa and on the tongue. The hands also
have a relatively characteristic periarticular distribution of
papules (Fig. 19.1), also including the classic “coral beading”
arrangement on the proximal and lateral nail folds. Individual
lesions are usually reddish brown to skin colored and range
in size from pinpoint to several centimeters. Facial xanthe-
lasma is also present in 20-30 % of patients. Photoinduction
has been described in some patients and has been demon-
strated with exposure to ultraviolet B to uninvolved skin [4].

Constitutional symptoms such as fever, fatigue, and
weight loss are common throughout the course of multi-
centric reticulohistiocytosis. Systemic findings which are
more common include cardiac and pulmonary manifesta-
tions. Pulmonary issues include pleural effusions and usual
interstitial pneumonia. Constrictive pericarditis and myo-
cardial infiltration have been reported [5]. Hyperlipidemia,
positive tuberculin skin test, and a variety of autoimmune
diseases have been reported in association with
MR. Reported association with underlying malignancy
requires careful scrutiny. Latency between onset of MR and
discovery of malignancy can be many years, and reports as
to the exact incidence of malignancy vary (15-31%). In the
vast majority of cases, malignancy and MR do not run a
parallel course, although occasional full remission of MR
occurs after treatment of associated malignancy [6]. Breast

Ficure 19.1. Multiple tan-red papules on digits with periungual
accentuation seen in multicentric reticulohistiocytosis.
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and ovarian carcinomas are most commonly described,
although many other anecdotal associations have been
reported (Table 19.1). Aggressive screening for associated
malignancy is advocated in most studies.

Differential diagnosis includes a group of heterogenous
disorders associated with dermal papules/nodules and vari-
able joint and muscle involvement. At the top of the list,
especially when larger skin lesions are present in a periar-
ticular location, is rheumatoid arthritis. Fibroblastic rheu-
matism is a recently described entity for which
histopathology is essential to diagnosis and differentiation
from MR in most cases. Less akin to MR are dermatomyosi-
tis (although cutaneous findings of the hands may be diffi-
cult to differentiate), lepromatous leprosy, and sarcoidosis,
mostly due to the lack of significant inflammatory arthritis.

Also in the differential diagnosis includes solitary reticu-
lohistiocytoma, which presents as single (or occasionally
multiple) yellow-brown dermal papules or nodules, occa-
sionally with overlying erythema. Distribution is often on
the dorsal surfaces of the hand, overlying the joints [7].
These lesions occur in adults, with a mean age of 40 years,
and there is a slight female predominance. The diagnosis is
made ordinarily only following biopsy. These lesions are
benign and may resolve spontaneously after an initial period
of growth. Affected patients have normal serum lipid levels.

Histopathology of MR is classic, and only the isolated
reticulohistiocytoma would share the distinctive features.
The epidermis is usually uninvolved, but some flattening of
the rete ridges can be present. The reticular dermis is usu-
ally filled with a well-circumscribed but unencapsulated
collection of multinucleated giant cells and individual his-
tiocytes (Fig. 19.2). The giant cells can be described as
foreign-body type, with numerous, variably arranged
vesicular nuclei and granulated, eosinophilic cytoplasm
reminiscent of ground glass (Figs. 19.3 and 19.4).
Mononuclear histiocytes display similar cytoplasmic fea-
tures. Occasional multinucleated cells may be seen.
Scattered and occasionally perivascularly arranged lym-
phocytes and eosinophils are invariably present in and
around these nodular infiltrates, with no granuloma for-
mation or caseation. Histiocytes stain for CD68, CD3,

TaBLE 19.1. Tumors associated with multicentric reticulohistiocytosis
[18-21]

Breast carcinoma

Pancreatic adenocarcinoma
Squamous cell carcinoma—Ilung
Melanoma

Non-Hodgkin lymphomas

Gastric adenocarcinoma

Ovarian mucinous adenocarcinoma
Colonic adenocarcinoma

Pleural mesothelioma

Cervical squamous cell carcinoma
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FiGURE 19.2. Multicentric
reticulohistiocytosis, low
power. Loose aggregates of
giant cells with interspersed
lymphocytes and neutrophils.

FiGURE 19.3. Multicentric
reticulohistiocytosis, high
power.  Histiocytes  with
ground-glass cytoplasm, dark
periphery,  and  central
clearing.

CD45, CD11b, and HAM-56 [8]. These cells do not stain
for S100 protein, CD1a, or Mac387.

The rarity of the condition and variable association with
internal malignancy make treatment difficult to customize
to the individual patient, and most evidence is anecdotal.
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Medications such as chlorambucil and cyclophosphamide
have fallen out of favor due to toxicity, although have been
noted to be effective and potential for long-term remission
has been demonstrated [9]. Infliximab and etanercept have
been shown to be effective, particularly in combination
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Ficure  19.4. Multicentric
reticulohistiocytosis high
power.

with methotrexate [10—13]. This treatment seems logical
given high levels of TNF-alpha found in synovial fluid of
MR and other inflammatory arthritides [14]. Methotrexate
has been a mainstay of the treatment of joint disease for
years, and methotrexate in combination with corticoste-
roids is effective in some patients [15-17]. Agents such as
leflunomide, hydroxychloroquine, and azathioprine are
occasionally effective in combination therapy and should
be reserved for recalcitrant cases.
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Lethal Non-Langerhans Cell Histiocytoses:
Necrobiotic Xanthogranuloma and Xanthoma

Disseminatum

m Synonyms:

NXG—necrobiotic xanthogranuloma with paraproteinemia

XD—Montgomery’s syndrome

NXG—unknown
XD—unknown

m Etiology:

m Associations:
and paraproteins

NXG—myeloma, Grave’s disease, primary biliary cirrhosis,

XD—myeloma, Waldenstrém’s macroglobulinemia, and

paraproteins
m Clinical:
periorbital area

NXG—ulcerating red-orange plaques, particularly of the

XD—disseminated red-brown papules into plaques

m Histology:
giant cells

NXG—palisading granulomatous dermatitis with bizarre

XD—diftuse epithelioid histiocytes, foam cells, and siderosis

m [HC repertoire:

NXG—CD-68(+), S-100(-), and CD-1(-)

XD—CD-68(+), S-100(-), and CD-1(-)

NXG—none
XD—none

m Staging:

m Prognosis:

NXG—overall 5% 5-year mortality

XD—overall 2% 5-year mortality
m Adverse variables: NXG—cases associated with myeloma
XD—cases associated with myeloma and Waldenstrom’s

macroglobulinemia
NXG—corticosteroids and alkylating agents
XD—corticosteroids

m Treatment:

The histiocytic disorders encompass a broad range of
malignant and nonmalignant entities capable of presenting
in a variety of clinical and pathologic guises. The histiocytic
disorders are generally classified by the cell of the origin
and specifically as bone marrow tissue-derived monocytes
that migrate secondarily to the skin serving as either phago-
cytic macrophages or antigen-presenting dendritic or
Langerhans cells. Langerhans cells typically reside closely to
the epithelium and traffic to the lymph nodes. They are
important in immunologic surveillance and are defined by
the presence of Birbeck granules on ultrastructural exami-
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nation, as well as S-100 and CD-1a immunopositivity. This
discussion will focus upon the entities composed of the
phagocytic non-Langerhans cell macrophages and specifi-
cally the disorders within this category capable of produc-
ing or being associated with significant morbidity or
mortality.

The two most important entities associated with seri-
ous systemic disorder including hematopoietic malig-
nancy are necrobiotic xanthogranuloma (NXG) and
xanthoma disseminatum (XD). Despite a marked differ-
ence in their clinical and histologic appearance, both
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share a common histogenesis, an association with abnor-
mal amounts or types of circulating immunoglobulins
(paraproteins) and hematopoietic malignancies including
multiple myeloma.

20.1 Necrobiotic
Xanthogranuloma

This rare non-Langerhans cell histiocytosis was first
described in 1980 by Winkelman and Kossard, who cor-
rectly surmised its association with paraproteinemia and
risk for development of multiple myeloma [1]. Since its ini-
tial description, over 60 cases have been described with
nearly all patients presenting as adults. There is no gender
or ethnic predisposition [2]. The etiology of the disorder is
unknown, but various theories regarding its development
have been proposed, including abnormal immunoglobulin
or lipid storage leading to the formation of xanthomatous
histiocytic cells and faulty phagocytic mechanisms leading
to the characteristic clinical and pathologic findings. Each
of the theories, however, fails to wholly account for its rar-
ity, associated laboratory findings, or peculiar anatomic
predisposition.

NXG is associated with a variety of unrelated disor-
ders including, most importantly, multiple myeloma
(10% of patients), Hodgkin’s disease, arthropathy,
hypertension, neuropathy, primary biliary cirrhosis,
and Grave’s disease [3].

The clinical findings consist of firm red-orange to viola-
ceous papules that typically enlarge into plaques, finally
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undergoing central atrophy and ulceration. The plaques
may attain dimensions of greater than 25 cm and can be
solitary or multiple. The lesions typically develop on the
head and neck area, particularly the periorbital region
(Fig. 20.1). Lesions have been described on the trunk and
extremities. Involvement in the oral mucosa has also been
reported. The lesions themselves are typically asymptom-
atic although an antecedent pruritic and/or burning sensa-
tion has been documented. Other physical findings include
hepatosplenomegaly, which has been documented in
approximately 20 % of patients. Although the skin is the
principal organ involved, the eye, lungs, heart, and CNS
may be afflicted.

The histopathologic features are distinctive and consist of a
deep dermal and subcutaneous fat granulomatous inflamma-
tion with intervening zones of collagen degeneration, lym-
phoid follicles, and foam cells (Fig. 20.2) [4]. The granulomas
take the form of palisading mono- and multinucleate giant
cells with the latter often assuming irregular silhouettes and
containing increased numbers of atypical nuclei as well as epi-
thelioid granulomas, Touton-type wreath-like giant cells, and
foreign body-type giant cells (Figs. 20.3 and 20.4). The degen-
erated collagen foci often contain zones of cholesterol clefting
(Fig. 20.5). The histiocytes of NXG immunostain with CD-68
and CD-15 and are negative with S-100 and CD-1a.

The most important diagnoses to consider in the histo-
logic differential diagnosis are necrobiosis lipoidica,
granuloma annulare, and rheumatoid nodule. Although
each of the foregoing shows palisading granulomatous foci,
the collagen degeneration seen in NXG is more extensive,
often extending deep into the panniculus, and is associated
with cholesterol clefting.

FiGURE 20.1. Infraorbital
ulcer typical of necrobiotic

) xanthogranuloma.
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FiGure 20.2. Low-power pho-
tomicrograph depicting deep
dermal palisading granuloma.

Ficure 20.3. Medium-power
photomicrograph  depicting
central necrobiotic material
replete with cholesterol clefts
and peripheral palisade of
granulomatous inflammation.

Laboratory findings include paraproteinemia, found in
approximately 90 % of patients (usually IgG with mostly
kappa or occasionally lambda light chains), cryoglobulins
(~40% of cases), decreased complements, hyper-/hypolip-
idemia, neutropenia, and elevated erythrocyte sedimenta-

tion rate. Bone marrow biopsy often yields increased
numbers of atypical plasma cells.

The course of NXG is usually chronic with episodic
lesional development followed by healing and remission.
Important complications involve its proximity to the eye and
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include conjunctivitis, keratitis, scleritis uveitis, corneal
ulceration, and, exceptionally, blindness. The development
of multiple myeloma is particularly ominous and may pres-
ent prior to, concomitant with, or following the diagnosis of
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Ficure 20.4. Medium-power
photomicrograph  depicting
nodular aggregates of lym-
phocytes with interspersed
giant cells.

FiGURE 20.5. High-power
detail of lymphoid aggregates.
Note the central giant cell.

NXG. The overall 5-year mortality of multiple myeloma is
40%.

The treatment consists of corticosteroids and low-dose
alkylating agents such as chlorambucil and melphalan.
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Temporary remission has also been reported with radiation
therapy and plasmapheresis.

20.2 Xanthoma Disseminatum

This uncommon systemic non-Langerhans cell histiocyto-
sis was first described by Montgomery and Osterberg in
1938. Since its initial description, over 100 cases have been
described. The disorder is slightly more common among
males, and most patients described with this condition
have been children [5]. There is no ethnic predisposition.
The etiology and pathogenesis of this disorder are
unknown. Like NXG, it is associated with multiple
myeloma, Waldenstrom’s macroglobulinemia, and para-
proteinemia [6, 7]. Notably, each of these disorders is typi-
cally exceptional among children.

The clinical findings consist of disseminated red-brown
papules that have a tendency to become yellow and
coalesce, forming plaques. Similar lesions are often found
in approximately 50 % of patients involving the mucous
membranes of the mouth, pharynx, conjunctiva, and cor-
nea. Lesions of the pharynx and larynx may produce
symptoms of dysphagia and an altered voice. Diabetes
insipidus secondary to involvement of the hypothalamus
and vasopressin deficiency is observed in approximately
50 % of patients.

The histologic features of well-developed lesions are
suggestive of the disorder and consist of diffuse dermal
aggregates of foam cells with interspersed Touton-type
wreath-like giant cells [8]. Early lesions usually show
an admixture of characteristically scalloped histiocytes
with acute and chronic inflammatory cells. Extension
into the subcutaneous fat or epidermal ulceration is

exceptional. The lesional cells are CD-68 (+), S-100(—),
and CD-1a (—).

Laboratory findings usually show normal lipid levels.
Serum vasopressin levels are typically depressed. The over-
all prognosis is favorable with the exception of those
patients who develop hematopoietic malignancy. The der-
matologic manifestations may pursue three clinical courses:
spontaneous resolution; remain persistent; or, rarely, prog-
ress. Important complications include diabetes insipidus
and obstructive upper aerodigestive tract disease. Treatment
consists of symptomatic removal of mucosal lesions and
vasopressin administration in cases complicated by diabe-
tes insipidus. The cutaneous lesions do not usually respond
to topical or systemic medication.
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Pancreatic Panniculitis

m Synonyms:
m Etiology:

m Associations:
m Clinical:

m Histology:

m Evaluation:

m Treatment:
m Prognosis:

Pancreatic fat necrosis, Nodular fat necrosis of pancreatic disease
In part, due to cutaneous enzymatic fat necrosis from circulating
pancreatic enzymes

Acute and chronic pancreatitis, acinar cell carcinoma
Erythematous subcutaneous nodules favoring lower extremities,
may drain spontaneously; arthritis, serositis, abdominal pain,
nausea, vomiting, lytic bone lesions

Subcutaneous fat necrosis with loss of adipocyte nuclei, “ghost”
cells, stippled basophilia of calcification, neutrophils early, mixed
infiltrate late

Serum amylase, lipase, CBC with differential (eosinophilia
correlates with acinar cell carcinoma), pancreatic imaging studies
Correct underlying pancreatic disease

Usually poor in carcinoma-associated disease because of advanced

disease, and variable in pancreatitis-associated, depending upon
severity of underlying disease

Pancreatic panniculitis is a form of subcutaneous fat
necrosis that occurs as a rare manifestation of various
pancreatic diseases, most commonly pancreatitis, or pan-
creatic carcinoma. Fat necrosis at remote sites occurs in
only a small percentage of those with pancreatic disease.
Its pathogenesis is uncertain. A review of 893 hospital
admissions for various pancreatic diseases revealed only
three cases of pancreatic panniculitis [1]. Circulating
pancreatic enzymes, lipase and amylase, are elevated in
most but not all cases of pancreatic panniculitis [2].
Human pancreatic lipase has been identified in lesions of
pancreatic panniculitis, supporting its role in the patho-
genesis of the disease [3]. In vitro and clinical observa-
tions suggest that factors other than circulating amylase
and lipase are necessary for the development of pancre-
atic panniculitis. In vitro incubation of human adipose
tissue with pancreatic enzymes and serum from a patient
with pancreatic panniculitis and elevated enzymes failed
to induce fat necrosis, suggesting that there are other

© Springer International Publishing Switzerland 2016

local factors or a labile circulating factor needed to induce
the necrosis [4]. Clinical observations indicate that pan-
creatic panniculitis occurs in only a small number of
patients with pancreatic disease. It does not develop in
many with striking elevation of pancreatic enzymes and
may arise in patients with normal circulating enzymes.
Lesions of pancreatic panniculitis have been induced at
sites of injury from a vascular procedure, suggesting that
local trauma in a susceptible individual is capable of
inducing disease [5]. Localized lesions have also been
induced by paracentesis in a patient with acute pancre-
atitis, most likely the direct effect of peritoneal pancre-
atic enzymes on subcutaneous fat reached via the needle
tract from the procedure [6].

Most cases of pancreatic panniculitis occur in associa-
tion with acute and chronic pancreatitis and pancreatic
adenocarcinoma. Most of the pancreatitis-associated cases
are due to chronic alcoholism, but some are due to chole-
cystitis with biliary tract obstruction and trauma.
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Malignancy-induced pancreatic panniculitis is almost
always due to acinar cell carcinoma. Although this tumor
accounts for fewer than 5% of pancreatic malignant neo-
plasms, it produces large quantities of lipase and other
digestive enzymes, likely accounting for the association [7].
Other triggers of pancreatic panniculitis include pancreatic
pseudocyst, post-traumatic pancreatitis [8], and structural
anomalies such as pancreas divisum [9]. A case of gastric
adenocarcinoma metastatic to the pancreas inducing pan-
creatic panniculitis has been described [10].

Patients who develop pancreatic panniculitis present
with erythematous to brown, usually painful, subcutaneous
nodules (Fig. 21.1). The most common site of involvement
is pretibial, but lesions may involve the upper extremities
and trunk and may spare the legs. Nodules are indurated,
and many have some softening or fluctuation in the central
portion, indicating liquefactive necrosis. In some patients,
spontaneous ulceration occurs, with drainage of creamy or
brown viscous fluid, representing degenerated adipose tis-

Ficure 21.1. Pancreatic panniculitis: dusky acral subcutaneous
nodules with some depressions from sites of prior spontaneous
drainage (Photo courtesy of Cleveland Clinic Foundation,
Department of Dermatology).
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sue. Spontaneous involution with lipoatrophy and dyspig-
mentation occurs in several weeks and may or may not
correlate with improvement of the underlying disease.
Paradoxically, pancreatic panniculitis associated with alco-
holic pancreatitis and markedly elevated pancreatic enzymes
tends to have more localized cutaneous disease with less
likelihood of spontaneous rupture, drainage, and ulceration
than that associated with pancreatic carcinoma [8].

Many presentations of pancreatic panniculitis appear to
represent localized disease, but others have numerous sys-
temic manifestations, including those directly associated
with pancreatitis such as abdominal pain, nausea, vomit-
ing, chest pain, jaundice, and fever. Approximately 40 % of
pancreatitis-associated cases and 90% of malignancy-
associated cases present without abdominal pain, nausea,
or vomiting. Peripheral eosinophilia may occur and is far
more likely to be associated with underlying carcinoma
than pancreatitis [11]. Arthritis, described in approxi-
mately 60% of cases, usually represents periarticular fat
necrosis. In some instances, the fat necrosis extends into the
joint space resulting in a true arthritis. The most commonly
affected joints are ankles, fingers, knees, and elbows [1].
Ascites, pleural, and pericardial effusions may also occur
[12]. In one case with polyserositis, the presence of pleural
deposition of IgG and C3 and reduced levels of hemolytic
complement in blood, pleural, and pericardial fluid were
detected, suggesting immune-mediated injury [12]. Lytic
bone lesions due to medullary fat necrosis have also been
described. These may be mistaken for metastatic disease in
malignancy-associated cases [13].

Pancreatic panniculitis may be the presenting sign of
previously undiagnosed pancreatic disease. The clinical
presentation of subcutaneous nodules with arthritis and
serositis is not specific, but may suggest connective tissue
disease accompanied by erythema nodosum. Pancreatic
panniculitis is one of several disparate entities that may
resemble erythema nodosum, but is readily distinguished
from it based upon histologic features (Fig. 21.2a, b). The
epidermis and dermis are usually normal. The subcutane-
ous tissue has extensive fat necrosis with loss of adipocyte
nuclei. Retained cell borders form “ghost-like” fat cells.
There is stippled basophilia caused by calcification and a
mixed inflammatory cell infiltrate varying with the age of
the lesion. Neutrophils predominate early [14]. A septal
pattern of inflammation has been described in an early
lesion [15].

Most cases of pancreatic panniculitis wax and wane. The
only effective treatments are to correct the underlying dis-
ease, tumor resection for localized malignancy, bowel rest
and supportive measures for pancreatitis, or surgical cor-
rection of developmental anomalies or mechanical obstruc-
tion. Injected octreotide, a somatostatin analog which
inhibits pancreatic enzyme secretion, was reported to be
beneficial in a report of a patient with pancreatic acinar cell
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Ficure 21.2. (a, b) Multifocal fat necrosis with “ghost cell” formation, neutrophils, and stippled calcification.

adenocarcinoma and pancreatic panniculitis [16].
Pancreatic panniculitis is important to recognize because it
may closely mimic erythema nodosum, a common cause of
panniculitis. A distinctive histologic pattern in pancreatic
panniculitis is a valuable clue to the recognition of serious
previously undiagnosed pancreatic disease.
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Scleromyxedema

m Synonyms:
m Etiology:
m Associations:

Unknown

infection
Clinical:
Histology:
Prognosis:

Treatment:

While the entity which is currently known as scleromyx-
edema had been described as early as 1906 [1], the term did
not enter the dermatologic lexicon until the work of
Gottron in 1954 [2]. At this time it became clear that sclero-
myxedema was a unique entity, sharing features of the
benign cutaneous mucinoses and scleroderma, with spe-
cific, recognizable morphologic features. In most classifica-
tion systems, scleromyxedema falls under the umbrella of
lichen myxedematosus, along with several other localized
conditions, all of which share similar histopathologic
features.

Scleromyxedema is a rare condition, which occurs with-
out gender predilection, usually in the 6th decade of life.
Eighty percent of patients will have an associated parapro-
teinemia, the most common being composed of IgG heavy
chain and gamma light chain [3]. A small percentage
develop multiple myeloma or have this diagnosis at the
time of development of skin manifestations.

The relationship between the paraproteinemia and dis-
ease pathogenesis remains unclear, as the severity of skin
changes is not reflected in paraprotein burden. Deposition
of excess immunoglobulins may lead to dermal synthesis of
collagen and glycosaminoglycans. The serum of patients
with scleromyxedema can induce in vivo fibroblast prolif-
eration and activity, although purified immunoglobulin
does not produce the same findings [4]. The deposition of
IgG and occasionally IgM immunoglobulins is demon-
strated with direct immunofluorescence in the dermis of
approximately 35 % of patients, the significance of which is
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Generalized lichen myxedematosus, Arndt-Gottron syndrome
Paraproteinemia, multiple myeloma, hepatitis C, HIV

Generalized coalescing indurated waxy papules

Increased dermal mucin with increased fibroblasts

Slowly progressive—increased mortality rate

Adverse variables: Monoclonal gammopathy

Intravenous immunoglobulin, melphalan, cyclophosphamide

unclear [5]. Clearly, the pathogenesis of scleromyxedema
remains elusive.

Fully developed cases of scleromyxedema have a unique
constellation of cutaneous features, which can be mistaken
for little else by the experienced dermatologist. Insidious,
subacute development of thousands of monomorphic,
waxy, skin-colored papules, usually 2-3 mm in size, begin
to appear on the acral upper extremities and become gen-
eralized (Fig. 22.1). Symptoms of pruritus are present in
approximately 30% of patients [6]. Adjacent clustering of
papules leads to coalescing plaques, with underlying indu-
ration. Facial involvement results in exaggeration of facial
convexities and leonine or occasionally sclerodermoid dis-
figurement, in addition to characteristic linear arrange-
ment of papules on the eyelids (Fig. 22.2). Involvement of
the proximal interphalangeal joint can result in “doughnut
sign,” which refers to depressed central skin and an annular,
peripheral ring of firm, mucinous infiltration. Acral calcifi-
cation is absent. Clinical differential diagnosis includes dif-
fuse scleroderma, scleredema, and nephrogenic systemic
fibrosis. Clustered papules, such as found in scleromyx-
edema, are usually not encountered in these entities.

Systemic features of scleromyxedema, other than associ-
ated monoclonal gammopathy, include neurologic, rheu-
matologic, and cardiac sequelae (Table 22.1). Peripheral
neuropathy and proximal muscle weakness occur in 15 %
and 27 % of patients, respectively, and a seronegative poly-
arthritis can cause further disability [7]. Less commonly,
Raynaud’s phenomenon and carpal tunnel syndrome
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Ficure 22.1. Multiple monomorphic waxy smooth papules on
the arms.

Ficure 22.2. Scleromyxedema with extensive indurated plaques
of the face resulting in leonine features.
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TaBLE 22.1. Systemic conditions associated with scleromyxedema

Percent of cases of
scleromyxedema with

Condition this association
Paraproteinemia 83.2

Multiple myeloma 10

Proximal muscle weakness 27

Central or peripheral neuropathies 15

Joint involvement 10.5

Carpal tunnel syndrome 9.6

Raynaud’s phenomenon 8.8

Dyspnea 16.7

Dysphagia 31.6

Renal disease/coronary artery disease Reported

Ophthalmologic disorders (corneal opacities, 18 %
ectropion, lagophthalmos)

Hepatitis C

AIDS

occur. Dysphagia related to esophageal dysmotility occurs
in a significant portion of patients (32 %) and also occurs
in the context of the so-called dermato-neuro syndrome.
This includes fevers, convulsions, and occasional progres-
sion to coma in patients with scleromyxedema, and can
also include acute psychosis, dysphagia, dysarthria, ataxia,
and tremor. Thankfully, dermato-neuro syndrome is rare.

Histopathology at low power usually reveals a normal
epidermis, although occasional atrophy, acanthosis, or
hyperkeratosis may be present. Early disease shows reticu-
lar dermal involvement consisting of a modest increase in
fibroblasts with disorganized collagen bundles and inter-
mittent deposits of mucin. In established scleromyxedema,
numerous fibroblasts are intermingled with fibrotic colla-
gen within a thickened dermis, along with increased dermal
mucin and a superficial perivascular lymphohistiocytic
infiltrate [8] (Figs. 22.3 and 22.4). Mucinous infiltration of
blood vessels and occasionally renal papillae found at
autopsy is rare [9]. A histologic mimic is nephrogenic sys-
temic fibrosis, which requires clinical, rather than histo-
pathologic, differentiation [10].

Once a definitive diagnosis is rendered, comorbidities
should be sought out and treated. A comprehensive cutane-
ous, neurologic, musculoskeletal, and ophthalmologic
examination should take place, as well as a targeted review
of systems. Reported symptoms of dysphagia, dyspnea, or
Raynaud’s phenomenon should be further evaluated.
Complete blood count, metabolic profile, serum and urine
protein electropheresis should be checked, as well as serum
tests for hepatitis C antibody and HIV.

Scleromyxedema is quite refractory to treatment, with
incomplete response to therapy, inability to induce durable
remission, and toxicity of treatments being the main limita-
tions to disease control. For many years, melphalan and
cyclophosphamide were considered to be mainstays of



22. Scleromyxedema

Ficure 22.3. Scleromyxedema, W=
medium power. Increased

number of spindled fibroblasts
with interspersed lymphocytes.

FiGure 22.4. Scleromyxedema,
high power. Spindled fibro-
blasts with interspersed mucin.

treatment, resulting in improvement, but secondary induc-
tion of hematologic malignancies was a constant concern.
Thalidomide and lenalidomide result in improvement in
high dosage but are rendered as adjunctive treatments given
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their inability to induce remission as monotherapy [11, 12].
If a “treatment of choice” exists for scleromyxedema, intra-
venous immunoglobulin is the only realistic suitor, usually
employed at a dose of 2 mg per kilogram body weight and
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administered monthly. Rates of improvement and main-
tained remission are impressive, although treatments are
expensive and must be maintained for months. Addition of
thalidomide or lenalidomide is optional for recalcitrant
cases [11-13], and the limited immunosuppression induced
with these combinations is a far cry from that induced by
melphalan or cyclophosphamide. In truly recalcitrant cases
in which multiple myeloma or dermato-neuro syndrome
has become life-threatening, autologous bone marrow
transplant and the anti-myeloma agent bortezomib have
shown success in carefully selected patients [14-16].
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Necrolytic Migratory Erythema

m Synonyms:
m Etiology:

Glucagonoma syndrome
Glucagon-secreting tumors, usually malignant and located

principally in the pancreas

m Associations:

MEN I syndrome, Zollinger-Ellison syndrome, zinc

deficiency, amino acid deficiency

m Clinical:

Rash—erythematous, scaly patches, intertriginous and acral

area, angular cheilitis, diabetes mellitus, diarrhea, weight loss,
depression, deep vein thrombosis

m Histology:

Mild epidermal acanthosis with confluent parakeratosis and

vacuolar degeneration of the superficial epithelial layers

m [HC repertoire: ~ N/A

m Staging: None

m Prognosis: Overall 5-year survival—50 %
"

Necrolytic migratory erythema (NME) is a major compo-
nent of glucagonoma syndrome, a rare paraneoplastic syn-
drome consisting of the classic triad of diarrhea, diabetes
mellitus, and rash associated with serum hyperglucagone-
mia [1-3]. Originally described by Becker et al. in 1942,
NME has an incidence of approximately 1 in 20 million (4,
5]. There is no ethnic or gender predilection, and peak age
of onset is during the fourth and fifth decades [6, 7]. NME
occurs in 70 % of those with glucagonoma syndrome [5].
Glucagonomas are associated with type 1 multiple endo-
crine neoplasia (MEN I) syndrome sequence and/or
Zollinger-Ellison hypergastrinemia syndrome in a minor-
ity of the cases (about 5% of cases) [8—11]. The most com-
mon etiology involves the elaboration of glucagon from an
islet cell tumor of the pancreas but may rarely follow the
metabolic consequences of cirrhosis, pancreatic insuffi-
ciency, or celiac disease.

The rash consists of an expanding erythematous and
scaly patch typically observed within the intertriginous
areas including the inguinal creases, nasolabial sulcus, and
popliteal fossae (Fig. 23.1) [12]. Other frequently involved
areas include acral sites, perineum, and areas subject to
greater pressure [13]. In time, the patches develop into blis-
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Adverse variables: Malignant pancreatic tumor, weight loss, metastases

tering plaques with perilesional pustules. Lesional pain and
intense pruritus are commonly observed. The rash typically
waxes and wanes cyclically with concurrent lesions showing
different levels of healing. Approximately 30 % of patients
develop angular cheilitis and glossitis. Onychoschizia has
also been reported [4].

Systemic manifestations that commonly accompany
this syndrome include the 6 Ds: diabetes mellitus, diar-
rhea, depression (or neuropsychiatric disorders), deep
vein thrombosis, dilated cardiomyopathy, and, of course,
dermatitis [14]. Other features include weight loss and a
host of laboratory abnormalities. Diabetes mellitus
develops in approximately 85% of patients with NME.
The hyperglycemia results from the antagonistic effect of
glucagon upon insulin, by increasing gluconeogenesis in
the liver and kidney and glycogenolysis in the liver and
skeletal muscle and inhibiting glycogen synthesis in the
liver [15]. Hormone-sensitive lipase is activated in the
adipose tissue to increase fatty acid delivery to the liver
and lipoprotein production is reduced [4]. Glycemic
management of patients with this syndrome can be dif-
ficult. Weight loss and tumor-associated cachexia is fre-
quently observed and are particularly evident in the
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Ficure 23.1. Erythematous and focally scaly eruption involving
genitalia and inguinal regions seen in necrolytic migratory ery-
thema (Photo courtesy of Cleveland Clinic Foundation,
Department of Dermatology).

terminal stages of the disease. Diarrhea is observed in
approximately one-third of patients and can be debilitat-
ing. Neuropsychiatric disturbances consist of depression,
psychoses, as well as ataxia and visual disturbances and
will be present in 20 % of patients [16]. Thromboembolic
complications are common and presumably due to
tumor-associated hypercoagulability. Migratory throm-
bophlebitis (Trousseau’s syndrome), deep venous throm-
bosis of the leg with attendant risk of pulmonary
embolism, and cerebral artery thrombosis are observed.
Laboratory abnormalities include spectacular elevation
of the serum glucagon level, elevated erythrocyte sedi-
mentation rate, normochromic normocytic anemia,
hypoalbuminemia, and hypoaminoacidemia.

There are multiple theories explaining how elevated
glucagon levels result in NME. One theory suggests that it
is glucagon itself that induces the skin lesions; another
postulates that the subsequent amino acid deficiency

Deadly Dermatologic Diseases

causes epidermal protein depletion and necrolysis. Zinc
deficiency has also been associated with NME and is
required for the synthesis of essential fatty acids. If this
pathway is blocked, inflammatory mediators involving the
arachidonic acid pathway could also result in the epidermal
changes. Zinc, amino acid, and essential fatty acid deficien-
cies may all possess a common pathway contributing to the
pathogenesis of NME. Evidence of this comes from
improvement of NME with supplementation of these
nutrients [6]. Hypovitaminosis B is thought to play a role,
and there are various overlaps in presentation (stomatitis,
cheilitis, anemia). The catabolic effects of glucagon are far-
reaching, and enhanced protein breakdown is even theo-
rized to interfere with synthesis of dopamine, thyroxine,
serotonin, and more [4]. Liver disease can exacerbate the
disease state because albumin is the predominant carrier
for zinc and essential fatty acids [17]. A pseudogluca-
gonoma syndrome, in which NME arises in the absence of
a pancreatic tumor, may further shed light on these path-
ways in the context of liver disease, malabsorption disor-
ders, short bowel syndrome, inflammatory bowel disease,
and other malignancies [13, 18]. Cases of NME with small-
cell lung cancer have been reported [19].

The diagnosis can be established by histologic criteria in
the appropriate clinical setting or with laboratory testing
[20]. The histologic features are distinctive though not
pathognomonic of the disorder. The histologic features are
entirely limited to the epithelium and consist of alterations
in all of its layers. Overall, the epithelium shows acanthosis
and confluent parakeratosis with loss of the granular layer
(Fig. 23.2). At high-power examination, the keratinocytes,
particularly in the middle portion of the stratum spino-
sum, show ballooning and vacuolar degeneration.
Intraepidermal bullae and neutrophilic exocytosis may also
be observed (Fig. 23.3).

Although the differential includes disorders capable of
showing exocytosis of neutrophils, such as psoriasis, as well
as disorders that may induce keratinocyte degeneration,
such as sunburn or viral infection, seldom do they consti-
tute a diagnostic dilemma after clinical correlation. The
most important disorders that are capable of producing
histologic alterations that may mimic NME include the
nutritional deficiency states of pellagra and acrodermatitis
enteropathica. Pellagra or niacin deficiency has distinctive
clinical attributes that usually permit its distinction from
NME. Pellagra is primarily observed in two clinical settings
including children with an inherited disorder involving
tryptophan metabolism (Hartnup disease) and among
nutritionally impoverished adults [21, 22]. The cutaneous
manifestations include photodistributed erythematous and
burning patches that in time develop into scaly and fissured
hyperpigmented plaques. The cutaneous manifestations
are often accompanied by diarrhea and dementia that, if
not corrected in time, eventuate in death.
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Ficure 23.2. Low-power photomicrograph depicting epidermal
acanthosis with hyperkeratosis.

Additional settings in which niacin deficiency may be
observed include the carcinoid syndrome in which the
metabolic precursor of niacin, tryptophan, is usurped
by the tumor. Niacin deficiency may follow impaired
absorption or interaction with certain medications such as
isoniazid, mercaptopurine, 5-fluorouracil, sulfonamides,
anticonvulsants, and antidepressants. Acrodermatitis
enteropathica consists of a distinctive acral and periorificial
rash observed in infants and less commonly in adults, who
are deficient in zinc or other micronutrients (Fig. 23.4)
[23-25]. The metabolic defect in infants often involves a
defect in the zinc transporter genes. Among adults, this
condition may be observed in patients receiving total par-
enteral nutrition.

Laboratory confirmation can be achieved by measuring
the serum level of glucagon. Levels are usually above
1000 pg/ml (normal 100 pg/ml). Although elevated serum
glucagon levels are observed in 100 % of cases, other causes
of elevated serum glucagon to consider include cirrhosis,
renal failure, prolonged fasting, diabetic ketoacidosis,
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Ficure 23.3. High-power detail of stratum spinosum showing
vacuolar alteration with loss of the granular layer and coarse para-
keratosis typical of necrolytic erythema.

and other islet cell tumors of the pancreas. Iatrogenic
hyperglucagonemia has been shown to produce NME, as in
the case of IV glucagon administration in the treatment of
patients with persistent hypoglycemia [4].

Computerized tomography can be utilized to visualize
the tumor that in the majority of cases resides within the
pancreas. PET-CT scans have also proven useful in identi-
fying pancreatic glucagonomas and metastasis by using
radionuclides that target somatostatin receptors expressed
on the cell surface [14]. Tumors tend to arise in the tail of
the pancreas where alpha islet cell density is highest.
Neuroendocrine tumors can be differentiated from other
tumors on imaging due to their rich vascular supply and
the presence of calcification, both of which are consider-
ably less likely in pancreatic adenocarcinomas [7].
Pancreatic neuroendocrine neoplasms (pNENs) comprise
less than 5% of all pancreatic malignancies, and gluca-
gonomas are an even rarer subset of functional pNENs [11,
16]. A minority of glucagonomas result from ectopic islet
cell tumors located in the small intestine, stomach, or



146

Ficure 23.4. Acral distributed erythematous papules in child
with acrodermatitis enteropathica because of zinc deficiency.

appendix. Selective celiac arteriography with serum sam-
pling for glucagon also remains an important means of
establishing the diagnosis.

Approximately 50 % of patients succumb to their dis-
ease within 5 years of diagnosis [26]. The majority of
patients possess metastatic malignant islet cell tumors at
the time of diagnosis. In fact, approximately 50—100 %
of patients have metastasis [4, 6]. The liver is the most
common site of metastasis. Other sites include peripan-
creatic lymph nodes, bone, adrenal glands, kidneys, and
lungs [7]. Early recognition of the disease is difficult as
these tumors are rare and aggressive, and the clinical
manifestations including the rash often develop follow-
ing metastases. One study showed that a diagnosis of
glucagonoma was made a median of 4 years after the
manifestation of NME or diabetes mellitus [26]. Adverse
prognostic signs include the development of metastatic
disease and weight loss.

Treatment is aimed toward curative surgical extirpation
of the tumor. Subsequent drops in serum glucagon levels
correlate with resolution of the dermatitis [17]. Metastatic
and unresectable disease may be palliated with various
chemotherapeutic agents including streptozotocin and
5-fluorouracil. Phase III trials of everolimus (mTOR
inhibitor) and sunitinib (tyrosine kinase inhibitor) in low-
grade metastatic pancreatic neuroendocrine tumors have
shown some improvement in progression-free survival.
Investigations into the use of temsirolimus (mTOR inhibi-
tor) and bevacizumab (VEGF-A monoclonal antibody)
are currently under way [27]. Clinical improvement of
symptoms can in most instances be achieved with the
administration of potent glucagon inhibitors such as
octreotide. Parenteral administration of zinc, fatty acids,
and amino acids has also proven useful in improvement of
dermatoses [17].
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Pyoderma Gangrenosum

Inflammatory bowel disease, arthritis, monoclonal

m Synonym: Geometric phagedenism
m Associations:

gammopathy, hematologic malignancy
m Clinical:

Painful expanding ulcer with violaceous undermined borders
Histopathology: Ulceration with heavy surrounding neutrophilic infiltration

and abscess formation and variable findings of vasculitis in

established lesions
m Prognosis:
m Treatment:

Depends on severity, underlying disease
Prednisone, cyclosporine, infliximab (severe), topical class I

steroids (mild, localized)

Current use of the term “geometric phagedenism” will
result in confusion, unless the term is defined in relation to
its word origin and historical meaning to dermatologists.
In 1908, Louis Brocq used this term to refer to a series of
patients with rapidly extending, destructive ulcers, often
with circular, elliptical, or geometric edges. Using the term
phagedenism (phageton [Greek] means consumption)
emphasizes the destructive nature, the “consuming” of sur-
rounding tissue. Brocq also included elegant descriptions
and trends in morphology of ulcers, including the gradu-
ally sloping infiltrated and erythematous area external to
the “ridge” (border of the active ulcer), the sharp, often
undermined internal edge “dimpled by purulent cavities.”
Histopathology was noted to include a heavy neutrophilic
infiltrate with extensive necrosis, and Brocq correctly noted
the lack of transmissibility [1, 2].

This name was later changed by Brunsting to pyoderma
gangrenosum (PG), a similarly descriptive yet somewhat
misleading substitution. His 1930 case series noted a link to
ulcerative colitis in 80 % of patients [3]. Despite implying
an infectious nature to the condition, this title has main-
tained its hold in dermatologic literature throughout the
years despite early evidence to the contrary. It has become
obvious with time that the majority (50-70 %) of patients
will have an underlying disease such as inflammatory
bowel disease, arthritis, or hematologic disease. While there
is speculation that bacterial antigens can play a role in
pathogenesis [4], it is well-known that despite clinical and
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histopathological findings similar to that of infectious pro-
cesses, pyoderma gangrenosum is not contagious and is not
caused by a known human pathogen.

As mentioned, greater than half of patients will have an
underlying disease (Table 24.1) [5, 6]. Inflammatory bowel
diseases (IBD) including Crohn’s disease and ulcerative
colitis represent the most likely underlying cause overall,
with 9-34% of patients affected. Two percent of IBD
patients will have PG. Rheumatoid and seronegative arthri-
tis are also commonly associated. Hematologic disorders,
including specifically IgA monoclonal gammopathy and
acute myelogenous leukemia, also underlie pyoderma gan-
grenosum in a subset of patients [7]. PG is occasionally
associated with infectious and autoimmune liver disease,
connective tissue disease and systemic vasculitis, and dis-
eases related to follicular occlusion. Drug causation occa-
sionally results from the use of colony-stimulating factors,
epidermal growth factor inhibitors, and interferon. Given
difficulty establishing a definitive diagnosis of PG, skepti-
cism with interpretation of anecdotal association is advised.

Most theories involving pathogenesis of pyoderma
gangrenosum revolve around induction of lesions via
uncontrolled immunologic activity in the lesional skin.
Support for involvement of humoral immunity includes the
presence of autoantibodies against the skin and bowel.
Complement and immunoglobulin (often IgM) can be
found in the vessels upon direct immunofluorescence (DIF)
of the lesional skin, but results are inconsistent with a
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TABLE 24.1. Conditions associated with pyoderma gangrenosum

Comorbidity % associated
Inflammatory bowel disease 9-34%
Hematologic malignancy 3-11%
Monoclonal gammopathy 2-10%
Arthritis (general) 18-30%
Viral hepatitis 4-7%
Diabetes 25-34%
Solid organ tumors 2-8%
Thyroid disease 11%
Diverticulosis 0-4%
Depression 20%
Psoriasis 0-10%
Peripheral vascular disease 30%
Anemia 65%
Positive antinuclear antibody 17 %
Leukocytosis 65%
Autoimmune hepatitis Uncommon
Systemic vasculitis Uncommon
Gastric/duodenal ulcers Uncommon
Hidradenitis suppurativa Uncommon

significant minority of patients with negative DIF findings
[8]. Leukocytoclastic vasculitis is found in some patients,
usually adjacent to the edge or floor of the ulcer, leading
most to the conclusion that it is a consequence of ulceration.
However, findings of lymphocytic vasculitis early in the dis-
ease process lead some to believe that vasculitis is the pre-
ceding event that causes ulcer formation [9]. Some believe
that immunologic cross-reactivity between antigens of gut
flora and those of the skin, especially in cases associated
with IBD, could play a role. Cell-mediated immunity cer-
tainly also plays a role, although again the explanation is an
incomplete patchwork of research. Neutrophil and mono-
cyte function can be impaired in some patients although the
contribution to pathogenesis is debated [10, 11]. Delayed
hypersensitivity to common antigens is absent in some
patients. Interleukin-8 is overexpressed in the lesional skin,

TABLE 24.2. Subtypes of pyoderma gangrenosum
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which may attract high numbers of neutrophils. Induction
of high levels of local IL-8 in mice resulted in an impressive
match of pyoderma gangrenosum clinically and histopatho-
logically [12].

Due to the relatively nonspecific histopathologic picture
and variable clinical morphology, classification of pyo-
derma gangrenosum has been difficult and usually involves
some attempt to categorize by either body distribution of
involvement or morphologic features. Morphology and
body location can occasionally give clues to the type and
severity of underlying disease, thus reaching a consensus
regarding classification would be beneficial (Table 24.2).

Classic ulcerative pyoderma gangrenosum, which is the
most common type, usually presents as a papule or pustule
which rapidly expands into an exquisitely painful ulcer
with violaceous, undermined borders (Figs. 24.1 and 24.2).
Proposed diagnostic criteria are based on these important
features: compatible neutrophil-rich histology, exclusion of
other causes, and response to corticosteroid therapy. This
form is often localized to the lower extremities (>50 %) and
associated with inflammatory bowel disease. A review of 30
case reports revealed variable presence of pathergy (50 %),
pustules (17 %), purulent discharge (20%), undermined
borders (30%), and cribriform scarring (7 %), indicating
that no clinical finding is pathognomonic [13].

References to “atypical PG” allow all other types of PG
which do not fit the mold of classic ulcerative PG to be
separated into a group which includes disease of atypical
distribution and morphology and includes the following
entities. Pustular PG is marked by the acute eruption of
painful pustules on the extensor extremities with flares of
IBD. Bullous PG presents with hemorrhagic bullae on the
arms, often in the setting of underlying hematologic dis-
ease. Atypical PG also refers to a variant occurring on the
arms and face, often forming violaceous plaques, often
without ulceration or bullae, with marked overlap with
Sweet’s syndrome and neutrophilic dermatosis of the

PG subtype Morphologic features Distribution Associations Comments
Classic/ulcerative Expanding ulcer 70 % lower IBD, arthritis, monoclonal 25% pathergy
extremities gammopathy, internal malignancy
Pustular PG Painful pustules, halo of Extensor aspect of During acute IBD flares
erythema the limbs
Bullous PG Superficial hemorrhagic Arms (commonly) Myeloproliferative disease or acute
bullae IBD flare
Atypical PG Variable; bullous Dorsal hands, trunk, ~ Myelogenous leukemia, IgA Difficult to differentiate
face gammopathy from Sweet’s syndrome

Superficial PG (vegetative)
Peristomal PG

Pyostomatitis vegetans

Solitary, nonpainful
superficial expanding ulcer
Expanding ulcer

Multiple pustules, “snail track”
ulcers on oral mucosa

Trunk, face > other
sites

Circumferentially
around stoma sites

Oral mucosa, often
sparing the tongue

Not commonly associated with
underlying disease
IBD >» other associations

IBD, acute flares

15% of cases

Early pathology shows
eosinophils >
neutrophils
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Ficure 24.1. Pyoderma gangrenosum: ulcer with purulent base
and undermined, violaceous border.

FiGure 24.2. Pyoderma gangrenosum: multiple discrete pustules
coalescing into broad ulcerations.

dorsal hands, and marked association with underlying
hematologic disease [14, 15]. Site-specific subtypes
including peristomal, genital, breast, and facial PG have
been described. It is debatable whether the so-called veg-
etative PG (otherwise known as superficial granuloma-
tous pyoderma) and pyostomatitis vegetans represent PG
subtypes or distinct entities, although their classification
varies depending on author’s opinion. Given significant
clinical and histopathological difference between pyosto-
matitis vegetans and all other PG subtypes, most con-
sider this a separate entity.

Morbidity from ulcerations extends beyond concerns
regarding ulcer pain and infection risk. Complications
including osteomyelitis, Achilles tendon rupture, cicatricial
entropion, splenic abscesses, saddle nose deformity, and
pulmonary involvement lead to a mortality rate that is
three times that of the general population [16]. However,
the tendency toward potentially lethal underlying disease
and immunosuppressive treatments likely boosts mortality

151

rate far more than that caused by complications of PG
alone.

Histopathology reveals ulceration of variable depth and
extensive surrounding neutrophil infiltration, at times
forming abscesses (Figs. 24.3 and 24.4). Subcorneal pus-
tules may be present at the periphery of ulcers or in early
lesions. Leukocytoclastic vasculitis adjacent to margins of
the ulcer is not uncommon, but it is rarely seen in early
lesions. Giant cell accumulation, when present, can be
indicative of association with inflammatory bowel disease
[17]. Acute and chronic inflammatory infiltrate in the sur-
rounding reticular dermis is usually present, which is where
the entire process is usually centered. Pertinent negatives
include lack of bacterial or fungal organisms and lack of a
significant degree of leukocytoclasis.

Pyoderma gangrenosum is a diagnosis of exclusion. The
most important group to definitively exclude is infectious
diseases which can present in a similar fashion. Adding to
the confusion, secondary infection can occur in established
pyoderma gangrenosum lesions. A study of 23 patients
admitted for pyoderma gangrenosum found Staphylococcus
aureus and Pseudomonas aeruginosa surface and tissue cul-
ture positivity to be high (>50% of specimens for each
organism), although colony-forming units were not quan-
tified and some degree of surface colonization is to be
expected [18]. Gram-positive organisms such as
Staphylococcus aureus and Streptococcus pyogenes can also
cause ecthyma, which can appear similar to early ulcerative
pyoderma gangrenosum. Sending a sizable specimen for
ground tissue culture is often necessary to rule out clini-
cally significant infection with some degree of certainty.
Necrotizing fasciitis of any cause can have some features in
common histologically, although inflammation is usually
at the subcutaneous layer or deeper with a greater degree of
necrosis. Numerous bacterial organisms are also a conspic-
uous feature. The so-called “neutrophilic dermatoses” (of
which pyoderma gangrenosum is a member) have clinical
and histologic overlap with PG. Sweet’s syndrome has over-
lapping histology, clinical features, subtypes, systemic dis-
ease associations, and (fortunately) treatments. The lack of
epidermal involvement, edema of the papillary dermis, and
marked leukocytoclasia are all supportive of a diagnosis of
Sweet’s syndrome [19].

Treatment is complicated and fraught with complica-
tions, although immunosuppression or treatment of
underlying condition (or both) is the cornerstone of suc-
cess. Oral glucocorticoids such as prednisone are rapid act-
ing and successful in the vast majority of cases, starting at a
dose of approximately 1 mg/kg/day and slowly tapering
with improvement. Severe progressive disease may require
pulse IV methylprednisolone, usually with a starting dose
of 1 g daily for 3-5 days [20]. Severe disease may also be
controlled with rapidly acting steroid-sparing agents such
as cyclosporine or infliximab. Cyclosporine dosage is higher
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than that used in psoriasis, with maximum dosage used at
10 mg/kg/day [21]. Infliximab at a dose of 5 mg/kg has
been demonstrated to be effective in one of the few placebo-
controlled trials performed in the context of pyoderma
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Ficure 24.3. Pyoderma gan-
grenosum, 4X magnification:
ulcer with dense dermal
inflammation.

FiGure 24.4. Pyoderma gan-
grenosum, 20X magnifica-

tion: dermal abscess
formation with foci of neu-
trophilic vasculitis.

gangrenosum. Response of treatment of PG with the other
anti-TNF-alpha agents is generally encouraging, with one
study reflecting a 92 % response rate in 34 inflammatory
bowel disease patients treated with either infliximab or
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adalimumab [22]. Other steroid-sparing agents are used
with some degree of frequency for pyoderma gangrenosum
including mycophenolate mofetil, cyclophosphamide, aza-
thioprine, and methotrexate [23], although mycophenolate
mofetil has a relatively benign side-effect profile and the
most literature support [24, 25].

In patients in which treatments with lower degrees of
toxicity are desired, there are a few reasonable options.
Topical treatment with high-potency topical corticoste-
roids or topical tacrolimus has been shown to be effective
in localized PG, with tacrolimus being comparable to clo-
betasol [26]. Intralesional triamcinolone shows efficacy,
although pain with injection can be severe. Dapsone and
sulfasalazine have shown benefit, likely due to effects on
neutrophil chemotaxis [27]. Effective dosage of dapsone
varies and depends to some degree on disease severity.
Minocycline has also been shown to be surprisingly effec-
tive in seven patients, with relatively rapid onset [28].
Hyperbaric oxygen therapy can be effective in reduction in
ulcer size and pain reduction, but most anecdotal evidence
supports its use as an adjunctive treatment rather than
monotherapy [29].
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Eruptive Xanthoma

m Synonym:
m Etiology:
m Associations:

Diabetic xanthoma, xanthoma diabeticorum
Serum hypertriglyceridemia and/or elevated VLDL
Diabetes mellitus, oral estrogens, acute ethanol ingestion,

lipoprotein lipase deficiency, Apo-CII deficiency, type IV/V
hyperlipoproteinemia, chylomicronemia syndrome,
pregnancy, nephrotic syndrome, hypothyroidism, HIV
infection, Cushing’s syndrome, acute spinal cord injury,
systemic lupus erythematosus (SLE), intravenous
miconazole, oral 13-cis-retinoic acid, olanzapine, protease
inhibitors, steroids, tamoxifen, thiazides, non-cardioselective

beta-blockers
Clinical:
Histology:

Crops of red-yellow papules on the buttocks and thighs
Normal epithelium, early-perivascular lipid and neutrophils,

later perivascular histiocytes, and foam cells seen

IHC repertoire: N/A

Staging: None
Prognosis: 5% mortality
Adverse variables:
Treatment:

Eruptive xanthoma (EX) is a distinct cutaneous entity that
most commonly manifests in the skin following a severe
systemic dyslipidemia. Although the dermatologic mani-
festations are not in themselves serious, their presence may
be the harbinger of serious visceral disease. EX is an
uncommon disease with a near equal gender incidence,
principally seen in two age groups with different predis-
posing factors. Elevated serum triglyceride levels and/or
very low-density lipoproteins (VLDL) appear to be a com-
mon underlying feature in both age groups. Primary
causes occur more often among children and young adults.
They include genetic disturbances in lipid metabolism like
lipoprotein lipase deficiency and types I and V hyperlipo-
proteinemias [1]. Secondary causes are observed more in
older adults, such as acute ethanol ingestion and endocri-
nologic disturbances including hypothyroidism and dia-
betes mellitus.

Products of fat acquired during digestion, including tri-
glycerides, are packaged into a composite with apolipo-
protein B-48 (Apo-B48) to produce nascent chylomicrons.

© Springer International Publishing Switzerland 2016

Acute pancreatitis, serum triglycerides >2000 mg/dL
Dietary modification, weight loss, exercise, fibrates, statins

This packaging process is mediated by microsomal triglyc-
eride transfer protein (MTP). The apolipoproteins are
critical in the metabolism of the chylomicrons.
Chylomicrons are synthesized in the intestine and circu-
lated in the serum. In the serum, they acquire apolipopro-
teins C and E and cholesteryl esters from serum
high-density lipoproteins (HDL). While circulating, the
chylomicrons pass off triglycerides to the peripheral tissue
endothelial capillaries via the enzymatic action of lipopro-
tein lipase (LPL) and the binding of cofactor apolipopro-
tein CIIL. Cholesterol-rich chylomicron remnants return to
the liver via apolipoprotein E receptors or low density
lipoprotein (LDL)-receptor-like protein (LRP) receptors
for metabolic breakdown. VLDL particles are synthesized
in the liver and complexed with Apo-B100 to perform a
similar function as chylomicrons in delivering triglycer-
ides to peripheral tissues and returning to the liver for
breakdown [2].

In primary hyperlipidemia syndromes, these lipids are
markedly elevated in the serum due to a directly inherited
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consequence of faulty lipid metabolism. Lipoprotein lipase
deficiency and Apo-CII deficiency are two etiologies that
can produce chylomicronemia syndrome (Fredrickson
type I). Both are autosomal recessive disorders that arise
during childhood and result in eruptive xanthomatous skin
manifestations [2]. Chylomicronemia syndrome is defined
as triglyceride levels that exceed 1000 mg/dL and includes
at least one of the following: eruptive xanthomas, lipemia
retinalis, or abdominal findings (abdominal pain, acute
pancreatitis, and/or hepatosplenomegaly) [3].

Types IV and V hyperlipoproteinemias are also associ-
ated with EX. These have a later age of onset, usually during
adulthood [2]. Type V hyperlipoproteinemia is the most
common hereditary-mediated cause of EX and is inherited
as an autosomal dominant trait. It presents as a combined
elevation of chylomicrons and VLDL [3, 4]. This disorder is
aggravated by secondary acquired factors such as obesity,
which is known to be associated with elevated VLDL levels
and insulin resistance. Insulin resistance and diabetes mel-
litus are also associated with defective lipolysis of chylomi-
crons and VLDL [3, 5, 6].

Secondary causes of hyperlipidemia and hypercholester-
olemia include hypothyroidism, excessive ethanol con-
sumption, metabolic syndrome, HIV infection, nephrotic
syndrome, Cushing’s syndrome, acute spinal cord injury,
and even systemic lupus erythematosus [3]. Multiple
myeloma can produce chylomicronemia syndrome via
immunoglobulin-lipoprotein complexes disrupting lipo-
protein metabolism [7]. Certain medications have also
been associated, including miconazole, isotretinoin, olan-
zapine, protease inhibitors (ritonavir and lopinavir), corti-
costeroids, oral estrogens, tamoxifen, cyclophosphamide,
non-cardioselective beta-blockers, thiazides, and bile-acid
binding resins [8—11]. Pregnancy can affect the dynamics
of liver lipoprotein synthesis, resulting in a plasma triglyc-
eride level increase of up to three times the normal [11, 12].

EX presents as 1-mm to 4-mm reddish-yellow papules
on the buttocks or extensor surfaces of the thighs and arms
(Fig. 25.1) [13]. The lesions may be surrounded by an ery-
thematous halo and usually occur in crops that may
coalesce, forming plaques. Their presence is indicative of a
triglyceride level that typically exceeds 2000 mg/dL. Among
95 patients studied with triglyceride levels greater than
20 mM (1772 mg/dL), 8.5% exhibited eruptive xantho-
mas. Curiously, the average triglyceride level for those
expressing eruptive xanthomas (6007 mg/dL) was consid-
erably higher than the average level of those with a history
of pancreatitis (3376 mg/dL) [14]. Eruptive xanthomas
can take on a linear appearance in response to trauma or
scratching due to Koebner’s isomorphic reaction [15]. A
Wolf’s isotopic response has also been described in which
eruptive xanthomas developed at sites of previous herpes
zoster eruption [16].
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Ficure 25.1. Orange-yellow grouped papules on the buttocks of a
patient with eruptive xanthoma.

The pathogenesis of the skin lesions and associated visceral
findings relate to the presence of intravascular lipid as well as
the escape of lipids from the circulation, evoked inflamma-
tion, and resulting foam cell formation. Marked elevation in
intravascular lipids may induce platelet clumping and vascular
plugging as observed in the retinal artery and the complications
of lipemia retinalis, capable of inducing blindness. Extravascular
lipids may incite acute inflammation that, in conjunction with
the lipid itself, produces free radical and oxidant-mediated
cell membrane destruction. In time, the extravascular lipid is
scavenged by histiocytes forming foam cells. A relevant recep-
tor-independent mechanism of macrophage lipid uptake is
fluid-phase pinocytosis [17]. Free cholesterol undergoes
reesterification to cholesteryl fatty acid esters by enzyme acyl-
CoA creating foam cells [18].

These mechanisms underlie the formation of the typi-
cal cutaneous lesions and the development of the most
important systemic complication of acute pancreatitis.
The risk for acute pancreatitis rises precipitously when
triglyceride levels exceed 2000 mg/dL. One study showed
that approximately 15.8% of patients with triglyceride
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levels above 20 mM (1772 mg/dL) had a history of pan-
creatitis [14].

Otbher clinical stigmata of EX include ocular, abdomi-
nal, and pulmonary findings. The most important oph-
thalmic complication is lipemia retinalis. On fundoscopic
examination, the retinal arteries and veins appear white
and engorged with a salmon-pink retina. The appearance
of the retinal vessels is due to the triglycerides in the
plasma scattering light. Early signs of lipemia retinalis
occur in the peripheral retina. At triglyceride levels
between 2500 and 3499 mg/dL, these peripheral vessels
are creamy and thin. As levels increase to between 3500
and 5000, posterior retinal vessels take on a creamy color.
Above 5000 mg/dL, the characteristic features occur: the
salmon-colored fundus with creamy arteries and veins.
Other ocular manifestations include lipemic aqueous,
corneal arcus, xanthelasma, and palpebral xanthomas.
Retinal blood vessel sludging and vein occlusion have
also been described [19]. Abdominal pain is a common
accompaniment toEX. The source of the pain may be due
to acute pancreatitis or hepatosplenomegaly. Chest pain
or dyspnea may also occur due to decreased pulmonary
oxygen diffusing capacity that may be aggravated by
abnormal hemoglobin oxygen affinity. The natural his-
tory of the cutaneous lesions is gradual resolution with
successful treatment within 6-8 weeks of instituting
therapy.

Ficure 25.2. Dome-shaped
papule with dermal inflam-
matory infiltrate.
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The histologic changes of EX are often subtle, particu-
larly in early lesions [20]. The changes principally involve
the dermal capillaries and perivascular tissue and consist of
initial accumulations of neutrophils that in time are
replaced by lymphocytes and histiocytes, including foam
cells (Figs. 25.2,25.3, and 25.4). Extravascular lipid or fibrin
may be identified as a granular precipitate seen within the
vicinity of the blood vessels.

The prognosis of EX is generally favorable with
prompt recognition and institution of therapy [13, 21].
Delayed diagnosis, marked elevation of serum triglycer-
ides, or acute pancreatitis is associated with a worse
prognosis. In its initial setting, acute pancreatitis consti-
tutes the most important cause of mortality with an
overall rate of 5%. Approximately 20 % of patients with
acute pancreatitis have severe cases. Of those with severe
acute pancreatitis, the morality rate is between 10 and
30% [22]. Therapy should be aimed at measures that
reduce serum levels of triglyceride and/or VLDL and
that palliate complications of EX or its disease associa-
tions such as diabetes mellitus, obesity, or ethanolism
[13, 14]. Nonpharmacologic approaches include weight
reduction, dietary modification, and exercise. The
National Cholesterol Education Program recommends a
diet composed of 55-60 % carbohydrates, 15-20 % pro-
teins, and no more than 30 % total fat or 7 % saturated
fat. A consumption of 4 g of omega-3 fatty acids daily
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Ficure 25.3. Medium-power photomicrograph depicting perivascular and interstitial inflammatory infiltrates.

Ficure 25.4. High-power detail with perivascular foamy histiocytes and neutrophils.
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has been shown to lower plasma triglycerides as much as
20 %. Pharmacologic treatments include fibrates and
statins [11]. Plasmapheresis has been used to reduce
serum chylomicrons, although its effects on morbidity
and mortality are unknown thus far [21].
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Toxic Epidermal Necrolysis

Flat atypical targets, widespread dusky patches, and denudation of

Full-thickness epidermal necrosis with minimal inflammation

m Synonyms:  Lyell syndrome
m Etiology: Response to medication, infection
m Associations: AIDS, certain Human leukocyte Antigen [HLA] types
m Clinical:
the skin
m Histology:
m [HC: None
m Prognosis: Dependent on several clinical variables
m Treatment:

When multiple entities in a “spectrum” of disease are
described in vastly different periods of time, with vastly dif-
ferent available technology, confusion and debate regarding
classification is the rule. This is never more apparent than
in the setting of drug or infection-induced “acute skin fail-
ure.” Epidermal necrosis, usually full-thickness, involves a
variable proportion of the skin surface and is usually asso-
ciated with an underlying stimulus. Necrosis can be
restricted to the center of a classic target lesion or a rapid
assault of the entire skin and mucosal surface can occur,
resulting in death. The main source of confusion is that
although there are differences between entities caused pre-
dominantly by infections (erythema multiforme [EM]
spectrum) and those caused predominantly by drugs
(Stevens-Johnson syndrome [SJS] and toxic epidermal
necrolysis [TEN]), there can be considerable overlap.
Added to this clinical overlap is histologic overlap, although
the degree of inflammation and epidermal necrosis are
cited as potential differentiating factors.

Ferdinand von Hebra described erythema multiforme
(EM) in 1866 in his treatise “On Disease of the Skin.” A
half-century later, classification became more complicated.
In 1922, Stevens and Johnson described two children with
a severe condition associated with severe mucous mem-
brane disease, which eventually became known as Stevens-
Johnson syndrome (SJS) [1].A 1950 attempt at classification
allowed the term erythema multiforme major to develop,
which at the time was synonymous with SJS [2]. Lyell
described four cases of a severe generalized “scalding” con-
dition which he named toxic epidermal necrolysis (TEN)

© Springer International Publishing Switzerland 2016

Meticulous wound care, cessation of causative medication

in 1956 [3]. This condition will be the focus of this chapter,
although relationship between these entities deserves fur-
ther discussion.

Current classification is based mainly on clinical criteria,
and the EM group (erythema multiforme minor and ery-
thema multiforme major) is separated from the SJS/TEN
group on the basis of perceived differences in etiology [4].
Some believe that the presence of raised versus flat target-
oid lesions can also differentiate these two groups [5]. The
SJS/TEN group, classically drug-induced, is further divided
into SJS, SJS/TEN overlap, and TEN based on the percent
of body surface involvement. The classifications can be
summarized (Table 26.1), but differentiation clinically can
be difficult, particularly when initial presentation occurs in
the mucous membranes without early skin involvement.

Pathogenesis is likely through overlapping mechanisms.
Fas-Fas ligand interactions between cytotoxic T lympho-
cytes and keratinocytes are thought to allow caspase-
mediated apoptosis. Fas ligand can be upregulated by
medications and can mediate cell death in keratinocytes
which express the Fas “death receptor” at baseline. Cytotoxic
T lymphocytes may also produce local mediators such as
perforin and granzymes, which allow for the penetration
and induction of the apoptosis of keratinocytes, respec-
tively. In addition, the possibility of widespread release of
granulysin from T and NK cells can cause widespread
apoptosis without the need for proximity to keratinocytes.
The role of tumor necrosis factor in the induction of kera-
tinocyte necrosis via caspase activation is a tantalizing
treatment target, although requires further review [6].
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TaBLE 26.1. Classification and features of erythema multiforme, SJS, and TEN

Criteria EM minor EM major SJS SJS/TEN overlap TEN

% skin involvement <10% <10% <10% 10-30% >30%

Distribution Extremities Extremities Trunk, face, neck Trunk, face, neck Widespread

Typical target lesions Present Present Absent Absent Absent

Atypical target lesions Raised Raised Flat Flat Flat

Macules Absent Absent Present Present Present when scattered
Mucous membranes 1-2 involved Multiple sites Multiple sites Multiple sites Multiple sites

Cause (majority) Infections: herpes Infections: mycoplasma,  Drugs Drugs Drugs

simplex virus HSV
[HSV], parvovirus

The most common pharmacologic causes of SJS/TEN
include allopurinol, the aromatic anticonvulsants such as phe-
nytoin, carbamazepine, and barbiturates, antibiotic sulfon-
amides, lamotrigine, nevirapine, and oxicam nonsteroidal
anti-inflammatory drugs (NSAIDs). To a lesser extent, most
beta-lactam antibiotics have been implicated in the causation
of SJS/TEN, as have macrolide and fluoroquinolone antibiot-
ics [7]. Drug exposure usually precedes the onset of disease by
14 weeks with first exposure, with shorter latency on rechal-
lenge, and occurrence of SJS/TEN after more than 2 months of
therapy with a particular drug is quite rare. Risk of adminis-
tration also varies based on the features of the individual
patient. Certain HLA types predispose to higher risk, includ-
ing an elevated risk with HLA-B*5801 and allopurinol-
induced SJS/TEN and HLA-B*1502 and aromatic
anticonvulsant-induced SJS/TEN. The latter allele is more
prevalent in those of Asian ancestry (10%) [8]. Patients with
AIDS are at higher risk for SJS/TEN and other severe drug
reactions, with some studies indicating the risk increases 1000-
fold [9]. Tendency for prophylactic use of trimethoprim/sulfa-
methoxazole as well as direct implication of antiretroviral
therapy as causative agents may inflate these figures beyond
any increased risk related to HIV itself. However, it is thought
that loss of regulatory T cells as a consequence of HIV infec-
tion may predispose these patients to SJS/TEN [10].

Symptoms of early SJS/TEN are quite nonspecific and
consist of high fevers, myalgia, and malaise. A few days
later, mucosal symptoms develop. Ocular findings such as
pruritus, photophobia, conjunctival injection, and oral
mucosa pain with chewing and swallowing can be a red flag
for impending skin disease. Ocular disease is absent in 20 %
of patients. This progression is not without variability, and
skin disease develops prior to mucosal disease in 20 % of
patients. Morphology and color of skin lesions reflect the
degree of epidermal necrosis and stage of disease to the
adept clinician. Early lesions are usually flat, pink, and vari-
ably extensive, with tendency to involve the face and trunk.
When distribution is scattered, lesions can be round and
can have a vaguely targetoid appearance (Fig. 26.1). As
necrosis of individual keratinocytes progresses to full-
thickness cell death, skin pain increases and lesions take on
a dusky red to violaceous hue (Fig. 26.2). This change takes

Ficure 26.1. Early, individual lesion of SJS with flat targetoid
morphology with the central vesicle.

Ficure 26.2. Early TEN with confluent dusky patch in the axilla.

place initially in the center of targetoid lesions and involves
large confluent areas of the skin in patients with more
extensive disease. Dusky epidermis can be easily dislodged
from the underlying dermis at this stage, as all semblance of
a viable dermoepidermal junction have been abandoned.
By this time oral mucositis is usually severe and hemor-
rhagic with impaired alimentation, with concomitant
worsening of ocular disease (Fig. 26.3). There is variable
involvement of other mucous membranes. The pharynx is
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Ficure 26.3. Early TEN with focal epidermal detachment, severe
mucositis, and multiple coalescing dusky macules and patches.
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Ficure 26.4. TEN—complete epidermal necrosis with subepidermal separation and scant dermal inflammation.

usually involved. Urethral involvement is present in two-
thirds of patients and can cause pain and urinary retention.
Vaginal mucosal disease can be present and can result in
permanent cicatricial sequelae. Otolaryngologic endo-
scopic evaluation should take place if dysphonia or dys-
pnea is present, as laryngeal lesions with the risk of airway
obstruction can be predictive of impending pulmonary
infection and substantial morbidity [11].

Histology of TEN in early stages can be quite nonspecific
and cannot be differentiated from erythema multiforme, as
scattered necrotic keratinocytes and variable lymphohis-
tiocytic inflammation can be present in both entities [12].
Late TEN shows confluent epidermal necrosis with associ-

ated subepidermal split and scant inflammation [13]
(Fig. 26.4). Frozen section analysis is useful only in that an
absence of epidermal necrosis in involved skin makes TEN
extremely unlikely, although differentiation from erythema
multiforme is often not possible [14]. Frozen section exam-
ination can also allow differentiation from staphylococcal
scalded skin syndrome. Direct immunofluorescence should
be performed in the setting of atypical histological or clini-
cal findings, as autoimmune bullous disease can mimic SJS/
TEN [15].

Treatment of SJS/TEN at the present time is grounded in
meticulous wound care and aseptic technique, fluid and
electrolyte supplementation, and prevention of long-term
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TABLE 26.2. Severity-of-illness score for toxic epidermal necroly-
sis (SCORTEN)

Criteria: 1 point per condition

Age >40 years

Heart rate >120 beats/min

Comorbid malignancy Yes

Epidermal detachment >10% BSA on day 1

Blood urea nitrogen >28 mg/dL or >10 mmol/L

Glucose >252 mg/dL or >14 mmol/L
Bicarbonate <20 mEq/L

Total score Mortality rate

0-1 3.2%

2 12.2%

3 35.5%

4 58.3%

>5 90 %

ocular and oral mucosal sequelae. The optimal environ-
ment, particularly when >10% body surface area (BSA) is
involved, is a burn unit, as there is some overlap with the
management of patients with extensive cutaneous thermal
injury. Ophthalmologic and otolaryngologic consultations
are usually necessary. Beyond specialized supportive care,
active treatment is extremely controversial and somewhat
dependent on the severity of disease. Severity of disease and
mortality risk can be approximated with the TEN-specific
severity-of-illness score (SCORTEN, Table 26.2) [16]. For
many years, particularly among dermatologists, oral corti-
costeroids were used frequently for disease classified as
Stevens-Johnson syndrome. Corticosteroid use had fallen
out of favor for use in TEN, as it was found in some studies
to lengthen hospital stay and increase the rate of infec-
tions [17]. Studies in which corticosteroids are given early in
treatment, especially with concomitant use of intravenous
immunoglobulin (IVIG), show some benefit [18, 19].

The idea of treatment with IVIG alone or in combina-
tion with other agents is supported by the Fas-FasL theory
of pathogenesis, in that pooled human immunoglobulins
may block this pathway of cell death and arrest the progres-
sion of epidermal necrosis. IVIG treatment for SJS/TEN
was initially met with great enthusiasm, which has faded to
skepticism as more patient data accumulates. Substantial
cost of treatment has also tempered the regular use of this
treatment, especially given the high doses which are recom-
mended. It is relatively clear that lower total doses (<3 g/kg
body weight) are not beneficial to any greater extent than
supportive care. Doses from 3 to 5 g/kg (a commonly
administered dose is 1 g/kg daily for 3 days) have previously
been thought to reduce mortality. A recent meta-analysis
by Huang and colleagues did not show significant benefit
from IVIG treatment [20]. Recent comparison study of 64
patients treated with either IVIG or cyclosporine showed
survival benefit from cyclosporine and potentially increased
mortality and a trend toward the progression of disease
with IVIG [21].
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The enthusiasm for the use of cyclosporine in SJS/TEN
has waxed and waned over time. Dosage is usually 3—-5 mg/
kg daily for 3—7 days. While relatively low cost is an advan-
tage, immunosuppression and renal toxicity can loom large
in the critically ill patient. Two studies support the use of
cyclosporine in TEN, with data included from 40 total
patients. Both reported a mortality rate of 0% and rapid
cessation of disease progression [22, 23].
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Drug Reaction with Eosinophilia and

Systemic Symptoms

m Synonyms:

Drug-induced hypersensitivity syndrome (DIHS), drug

hypersensitivity, drug-induced delayed multi-organ

m Etiology:

hypersensitivity syndrome, anticonvulsant hypersensitivity
syndrome (AHS)

A wide range of drugs including antiepileptics, antibacterials,
antidepressants, antihypertensives, antituberculosis agents,
nonsteroidal anti-inflammatory drugs (NSAIDs), biologics,

etc.
m Incidence:
m Clinical:

1/1000-1/10,000 drug exposures
Severe cutaneous reaction (e.g., maculopapular rash and

generalized erythematous rash), fever, eosinophilia or atypical
lymphocytes, and internal organ involvement.

m Distribution: Generalized

m Histology:

Superficial perivascular lymphocytic infiltrate, erythrocyte

extravasation, focal interface changes

m Adverse variables:
m Treatment:

End-organ failure
Withdrawal of the offending drug, administration of

corticosteroids, intravenous immunoglobulin (IVIG)

m Prognosis:

m Mortality rate: 10%

Drug reaction (or rash) with eosinophilia and systemic
symptoms (DRESS) was originally described in 1996 by
Bocquet et al. in their description of patients who devel-
oped fever, a severe cutaneous reaction with infiltrated
papules, facial edema or an exfoliative dermatitis, lymph-
adenopathy, hematologic abnormalities (eosinophilia or
atypical lymphocytes), and internal organ involvement
within 2 months after initiation of the offending drug [1].
The current literature defines DRESS as a syndrome with
varying combination of the following factors: drug-induced
immunological background, late onset drug reaction, lon-
ger duration than other drug rashes, multi-organ involve-
ment, lymphocyte activation, eosinophilia, and frequent
virus reactivation [2].

© Springer International Publishing Switzerland 2016

Relapses may occur, long-term complications may develop

DRESS is a severe drug-induced adverse reaction that has
commonly been associated with anticonvulsants including
phenytoin, carbamazepine, phenobarbital, and lamotrigine
and with sulfonamides. Additional drugs include allopuri-
nol, nevirapine, antibiotics, nonsteroidal anti-inflammatory
drugs (NSAIDs), and antituberculosis drugs [3]. The risk
factors for DRESS include cranial irradiation, young age,
HIV infection, and viral reactivation of Human Herpes Virus
HHV4, HHV5, HHV6, and HHV7. Cytomegalovirus
(CMV), and Epstein-Barr virus (EBV) [4]. The significance
of the human leukocyte antigen (HLA) as a risk factor for
developing DRESS has been demonstrated in the scientific
literature. In a Taiwanese study of 30 patients with allopuri-
nol-induced DRESS, they reported 100% prevalence of
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HLA-B*5801 [5]. The association was also reported in a
European study of 19 patients with allopurinol-induced
DRESS, which demonstrated 12 patients as carriers for HLA-
B*5801 [6]. Additionally, HLA-B*5701 has been identified as
a risk factor for DRESS in Caucasians receiving abacavir [7,
8]. In addition to HLA genotypes, the role of genetic poly-
morphisms as a risk factor for DRESS has been hypothesized.
Polymorphisms in epoxide hydroxylase, an enzyme respon-
sible for detoxification of aromatic anticonvulsants, result in
the buildup of toxic metabolites and subsequent immuno-
logic activity [9]. Furthermore, individuals with genetic vari-
ability of N-acetylation, an enzyme reaction involved in the
metabolism of sulfonamides, demonstrate an increased sus-
ceptibility to the development of DRESS [10].

The pathogenesis of DRESS is not completely under-
stood; however, the current viewpoint associates several
factors as implicated in the development of the syndrome
including detoxification abnormalities resulting in toxic
metabolite accumulation, slow acetylation, and the reacti-
vation of human herpes viruses [9-11].

The incidence of DRESS ranges from 1/1000 to 1/10,000
exposures in patients taking the culprit drug [12]. DRESS
was previously reported to have no predilection for gender
or age [13]; however, a more recent prospective observa-
tional study of 117 patients with DRESS demonstrated a
male to female ratio of 0.8 and a borderline significance of
younger females than males [14].

DRESS syndrome is characterized by a long latency
period; symptoms usually develop 2—8 weeks following the
introduction of the offending drug. Early features of DRESS
include a fever greater than 38 °C, lymphadenopathy, dys-
phagia, flu-like symptoms, pruritus, and burning pain [14].
A polymorphous rash, often a morbilliform eruption and
frequent facial edema, will subsequently develop; in later
stages of DRESS, the rash will progress into an exfoliative
dermatitis or erythroderma. Mild involvement of mucous
membranes may be present [14]. Organ involvement in
DRESS may include the liver, kidney, lung, muscle/heart,
pancreas, or additional organs. Laboratory findings in
patients with DRESS commonly demonstrate leukocytosis
with either eosinophilia or atypical lymphocytes. Because
of the diversity in clinical presentation, onset of symptoms,
and clinical course, DRESS is challenging to diagnose. The
clinical course of DRESS is commonly around 15 days or
greater. A prolonged or more severe course of DRESS has
been implicated with the reactivation of HHV6 [15].

Skin biopsy demonstrates a dense perivascular lympho-
cytic infiltrate in the papillary dermis; eosinophils, atypical
lymphocytes, spongiosis, and erythrocyte extravasation
may be present. Biopsy of affected lymph nodes may show
either benign lymphoid hyperplasia or a pseudolymphoma
pattern. Biopsy of internal organ involvement may demon-
strate an eosinophilic infiltrate.
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Three different sets of diagnostic criteria currently exist
for DRESS including Bocquet’s criteria [1], the RegiSCAR
criteria [2], and Japanese DIHS criteria [13]. Bocquet’s
criteria includes a cutaneous drug eruption, hematologic
abnormalities such as eosinophilia or the presence of
atypical lymphocytes and systemic involvement including
lymphadenopathy (greater than 2 cm in diameter), hepa-
titis, interstitial nephritis, interstitial pneumonia, or car-
ditis [1]. The RegiSCAR criteria includes at least three of
the following seven characteristics: skin eruption, fever
greater than 38 °C, lymphadenopathy at two sites or more,
involvement of one or more internal organs, lymphocyto-
sis or lymphocytopenia, eosinophilia, and thrombocyto-
penia [2]. The RegiSCAR scoring system categorizes
DRESS cases as definite, probable, possible, or no case
based on the following characteristics: fever equal to or
greater than 38.5 °C, enlarged lymph nodes, eosinophilia,
atypical lymphocytes, skin involvement, organ involve-
ment, resolution equal to or greater than 15 days, and
evaluation of other potential causes (including antinu-
clear antibody, blood culture, hepatitis A virus (HAV)/
hepatitis B virus (HBV)/hepatitis C virus (HCV) serolo-
gies, and Chlamydial Mycoplasma) [2]. The Japanese DIHS
criteria is defined by a maculopapular rash developing
more than 3 weeks after drug onset, prolonged clinical
symptoms lasting 2 weeks following discontinuation of
the offending drug, fever greater than 38 °C, liver abnor-
malities, leukocyte abnormalities (including leukocytosis,
atypical lymphocytosis, and/or eosinophilia), lymphade-
nopathy, and HHV6 reactivation [13].

The treatment of DRESS involves the removal of the
offending drug and administration of systemic corticoste-
roids. Corticosteroids combined with intravenous immu-
noglobulin have also been used successfully for DRESS
treatment [16]. In mild cases, topical corticosteroids and
antihistamines may be utilized.

Although a rare condition, DRESS syndrome is poten-
tially life-threatening and has an estimated 10 % mortal-
ity rate, most frequently due to end-organ failure. In a
retrospective review of 172 cases of DRESS, the authors
reported no predictive factors for serious cases, as no dif-
ferences in demographic or clinical variables were found
between resolved cases and case fatalities [12]. Of note,
however, specific drugs, such as allopurinol and minocy-
cline, have been implicated to result in more serious
DRESS cases [17]. Relapses may occur weeks to months
after drug withdrawal. It has been hypothesized that
when corticosteroids are either tapered or stopped,
relapse may occur as these drugs may promote reactiva-
tion of herpes virus [11]. Long-term complications of
DRESS include autoimmune conditions such as type 1
diabetes mellitus, thyroiditis, or systemic lupus erythe-
matosus [18].
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Acute Generalized Exanthematous

Pustulosis: AGEP

m Synonyms:

Toxic pustuloderma, pustular drug rash, pustular

psoriasiform eruption with leukocytosis

m Etiology:
m Incidence:
m Clinical:

Drugs, infectious triggers, spider bites, exposure to mercury
1-5 cases/1 million/year
Acute onset of numerous sterile pinhead-sized pustules

accompanied by fever and leukocytosis

m Distribution:
m Histology:

Main flexural folds, face
Subcorneal, intracorneal, and intraepidermal pustules,

spongiosis, necrotic keratinocytes, eosinophils in pustules
and within the dermis, erythrocyte extravasation,
leukocytoclasia, interstitial and dermal infiltrate of
neutrophils, papillary edema, perivascular lymphocytic

inflammation
m Adverse variables:
m Treatment:

Significant comorbidities, secondary infection
Self-resolving; topical/oral/systemic corticosteroids for

symptomatic relief or for severe cases with or without organ

involvement
m Prognosis:

Favorable prognosis; resolution within 15 days following

withdrawal of the offending drug

m Mortality rate: 5%

Acute generalized exanthematous pustulosis (AGEP) is a
rare clinical entity characterized by an acute onset of
numerous sterile, nonfollicular, pinhead-sized pustules
arising on an erythematous, edematous base accompanied
by fever (>38 C), neutrophilia, and occasionally eosino-
philia. In 1968, Baker and Ryan reported 104 cases of pus-
tular psoriasis and specifically detailed five patients whom
they diagnosed as having “exanthematic pustular psoria-
sis” most likely due to a drug or infectious etiology [1].
These five patients did not have a history of psoriasis and
were characterized as having pustular skin reactions of
acute onset that quickly resolved and did not recur.
Subsequently, in 1980, Beylot et al. reviewed the existing
literature regarding pustuloses and reported four addi-
tional cases; they are responsible for coining the name of
this distinct entity as “acute generalized exanthematic pus-
tulosis” [2]. Additional literature reports by Macmillan in
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1973 and Staughton and Harper in 1984 denote pustular
skin eruptions most likely representing AGEP which they
termed as “generalized pustular drug rash” and “toxic pus-
tuloderma,” respectively [3, 4].

The vast majority (>90%) of AGEP cases are attribut-
able to drugs. A large-scale multinational case-control
study, the EuroSCAR study, reported 97 cases of AGEP
highly associated with pristinamycin, ampicillin/amoxicil-
lin, quinolones, hydroxychloroquine, anti-infective sulfon-
amides, terbinafine, and diltiazem. Additional suspected
drugs with less strong associations include corticosteroids,
macrolides, oxicam nonsteroidal anti-inflammatory drugs
(NSAIDs), and antiepileptic drugs [5]. Atypical medications
in association with AGEP include atenolol, nifedipine, itra-
conazole, minocycline, clindamycin, paracetamol, allopuri-
nol, dexamethasone, icodextrin (a peritoneal dialysate), and
IV radiocontrast media [6].
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Additional suspected causes of AGEP include infectious eti-
ologies such as enteroviruses, adenovirus, cytomegalovirus,
Epstein-Barr virus, hepatitis B virus, Mycoplasma pneumoniae,
parvovirus B19, Chlamydia pneumoniae, Escherichia coli of the
urinary tract, cystic echinococcosis of the liver, exposure to
mercury, and spider bites [7—-13]. The influence of infectious
agents as a cause of AGEP has been described with contrasting
theories in the literature. The role of infection in causing
AGEP has been demonstrated to lack stringent evidence;
rather, the use of anti-infective drugs to treat the infectious
agent has been reported as the primary cause of AGEP [5].
Contrastingly, another theory suggests that infectious agents
may trigger the AGEP response to the offending drug via
priming of the Thl immune response, leading to release of
CXCLS (IL-8) and GM-CSF and subsequent neutrophilia [6].

The pathogenesis of AGEP is largely a T-cell-mediated
phenomenon involving CD4 and CD8 T cells. The patho-
genesis of the disease is hypothesized to occur from drug-
specific CD4 and CD8 T cells that are activated in lymph
nodes following APC presentation of the drug. Once acti-
vated, the CD4 and CD8 T cells expand and infiltrate the
dermis and epidermis. Keratinocytes within the epidermis
are killed by CD8 T cells via granzyme and perforin release
in addition to the Fas/FasL mechanism. These initial steps
result in the formation of a subcorneal vesicle filled mainly
with CD4 T cells which subsequently release CXCL8 (IL-8)
and GM-CSE. These chemokines attract neutrophils and
occasionally eosinophils to the epidermis, converting the
subcorneal vesicle into a sterile pustule [14].

AGEDP is a rare clinical entity with an incidence rate of
approximately 1-5 cases out of every 1 million individuals
per year [15]. While previous literature demonstrates an
equal distribution of AGEP between men and women [15],
the more recent EuroSCAR study reported a female pre-
dominance, with a male to female ratio of 0.8 [5]. The
EuroSCAR study also reported a mean age of AGEP at 56
years with a SD of 21 years. AGEP has also been reported in
children [16]. While reports of AGEP have been reported in
North America, the majority of cases are represented in
European literature.

AGEDP is characterized by the rapid development (within
a few hours) of dozens to hundreds of sterile, nonfollicular
pinhead-sized (less than 5 mm in diameter) pustules on an
erythematous, edematous background commonly on the
main flexural folds. Additional dermatologic manifesta-
tions include edema of the face, purpura, atypical targets,
blisters, and vesicles. A small percentage of cases (20%)
involve mucous membranes, however; the involvement is
mild and commonly occurs in one site, most frequently
oral mucous membranes. Systemic features of the disorder
include a high fever usually above 38 C and marked leuko-
cytosis, from a predominance of neutrophils (greater than
7,000 neutrophils/pL) and occasionally eosinophils (in
approximately 1/3 of patients). While internal organ
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involvement is not usually observed, atypical presentations
of AGEP have reported systemic involvement including
renal insufficiency, hepatocellular involvement, acute respi-
ratory failure, hemodynamic instability, and bone marrow
involvement [17]. Following discontinuation of the drug,
spontaneous resolution of the disorder occurs within 15
days and is characterized by resolution of the pustules fol-
lowed by postpustular desquamation.

It is important to note that atypical presentations of
AGEP with clinical similarity to toxic epidermal necrolysis
(TEN) and drug-induced hypersensitivity syndrome
(DIHS) have been reported. While the clinical presentation
of these cases resemble TEN and DIHS, histopathologically,
the cases are typical of AGEP. Cases simulating TEN were
described as having mucosal involvement, diffuse exfolia-
tion with bullae formation, and occasionally atypical target
formation [6]. In most AGEP-TEN overlap cases, the prog-
nosis of patients clinically modeled AGEP with complete
recovery; however, some cases resulted in end-organ dys-
function requiring aggressive treatment, and another case
was recently reported to result in mortality [18]. AGEP-
DIHS cases have been reported to have systemic involve-
ment including organ dysfunction, most frequently hepatic
and renal involvement. These cases resulted in complete
recovery (resolution of dermatological manifestation,
transaminitis, and renal dysfunction) following drug dis-
continuation, supportive measures, and topical corticoste-
roids [6]. Atypical localized presentations of AGEP have
also been reported including AGEP resembling contact
dermatitis in association with methylchloroisothiazolinone
and hydrocortisone butyrate, and photodistributed AGEP
following sertraline administration [6].

AGEP is characterized histologically by subcorneal,
intracorneal, and intraepidermal pustules often large in
size with greater than 15 keratinocytes; pustules may also
contain eosinophils. Spongiform features are common in
the intraepidermal pustules as compared to subcorneal or
intracorneal pustules. Follicular pustules may also be
observed. Perivascular lymphocytic inflammation is also
typical with neutrophils and some eosinophils. Epidermal
features recognized in AGEP include necrotic keratinocytes
with segmental necrosis and spongiosis with exocytosis of
neutrophils. Dermal characteristics include papillary
edema, mixed superficial, interstitial, and middle to deep
dermal infiltrates of neutrophils and eosinophils. While
vasculitis has rarely been observed, erythrocyte extravasa-
tion and leukocytoclasia are more frequently noted.
Additional histologic features of AGEP include parakerato-
sis, rete ridge elongation, fusion of rete ridges, mild club-
bing, and the presence of a granular cell layer [19].

AGEDP has similar clinical and histological features to gen-
eralized pustular psoriasis, specifically the most severe form
of generalized pustular psoriasis — the von Zumbusch type,
which is marked clinically by an abrupt generalized onset of
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pustules on an erythematous background lasting for up to
several weeks and frequently accompanied by fever and leu-
kocytosis. Distinguishing the histopathological features of
these two diseases may pose a challenge; thus, reliance on
clinical information such as association with drugs and
quick resolution following drug withdrawal, nonrecurrence,
a lack of family history of psoriasis, and a lack of arthritis
favor a diagnosis of AGEP. Differentiating features between
AGEP and generalized pustular psoriasis may include eosin-
ophils in the pustules or dermis, necrotic keratinocytes, an
interstitial and dermal infiltrate of neutrophils, and the
absence of tortuous, dilated blood vessels which are fre-
quently noted in AGEP as compared to generalized pustular
psoriasis [20].

The EuroSCAR study group developed the AGEP valida-
tion score, a standardized scoring system based upon clini-
cal features including morphology (pustules, erythema,
distribution, postpustular desquamation), course of the
disease (mucosal involvement, acute onset of less than 10
days, resolution in less than 15 days, fever >38 C, neutro-
phils >7000/mm), and histopathologic data. The scoring
system ranges from 0 to 12 and categorizes cases into one of
four categories: no AGEP (<0), possible AGEP (1-4), prob-
able AGEP (5-7), and definite AGEP (8-12).

The course of AGEP typically features spontaneous reso-
lution following withdrawal of the offending agent; thus
treatment for AGEP includes supportive measures during
the acute pustular reaction phase. Treatments include disin-
fectant solutions to prevent infection and moist dressings
with drying. During the postpustular desquamation phase,
emollients have been used to promote the integrity of the
skin barrier. Topical corticosteroids may provide symptom-
atic relief; systemic corticosteroids may be appropriate in
severe cases of AGEP such as those with organ involvement.

AGEDP has a favorable prognosis, with most patients expe-
riencing resolution of dermatologic and/or systemic involve-
ment within 15 days of onset if the offending drug is removed.
The mortality rate of AGEP is approximately 5%; mortality
most frequently occurs in elderly individuals with secondary
infections or in those with significant comorbidities.
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Anthrax

Synonym:

m Etiology:

Associations:

m Clinical:

Histology:

Evaluation:

Woolsorter’s disease (inhalational anthrax)

Inoculation or inhalation of spores of Bacillus anthracis, a
gram-positive bacillus

None

Cutaneous: papule, followed by vesicle then ulcer with eschar at
the site of inoculation; septicemia in approximately 20 %

Partial epidermal necrosis, dermal edema with fibrin, neutrophils,
and abscess formation; positive Gram stain expected

Notifying local health department and laboratory of clinical
suspicion, Gram stain and culture of vesicle fluid or eschar base,

skin biopsy with tissue culture

m Treatment:
m Prognosis:

Ciprofloxacin or doxycycline
99 % survival for cutaneous disease if treated early, 20 % survival

for inhalational disease, and intermediate survival for

gastrointestinal disease

Anthrax is an infection caused by the spore-forming bacte-
rium, Bacillus anthracis. Infection occurs in mammals, particu-
larly herbivores that ingest bacterial spores from soil. Human
infection occurs from inhalation of spores, ingestion of ani-
mal meat contaminated with spores, or percutaneous inocu-
lation of spores from exposure to infected animals or
contaminated animal products. Anthrax has been an occu-
pational disease of textile workers, farmers, butchers, veteri-
narians, and shepherds.

Anthrax is a historically important infection, thought to
be the fifth and sixth plagues of ancient Egypt, brought by
Moses. It was the cause of several disastrous animal plagues
in Europe in the eighteenth and nineteenth centuries. In
1877, Robert Koch cultured Bacillus anthracis, the first
proof of a microbial agent causing human disease [1]. This
discovery supported “germ theory” and gave birth to the
science of modern microbiology. Subsequently, Pasteur and
Greenfield successfully developed the first vaccine, com-
posed of attenuated B. anthracis [2]. Anthrax has been
explored as an agent of biological warfare because of its
exceptional virulence and capability to create an aerosol of
odorless, invisible spores. Its spores could potentially be
dispersed over densely populated areas and generate dis-
ease in a multitude of people with high morbidity. This
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organism has gained notoriety more recently because of
the anthrax attacks of 2001, in which anthrax spores were
distributed by mail using the US Postal Service, resulting in
inhalational or cutaneous anthrax infection in 22 people.

Bacillus anthracis is a gram-positive, nonmotile, aerobic,
spore-forming rod. The organism grows readily on stan-
dard culture media, especially sheep’s blood agar, forming
nonhemolytic irregular white-gray colonies, with tapered
extensions [3]. Gram stain of cultures reveals long chains of
bacilli. Notifying the laboratory of clinical suspicion of B.
anthracis is important because of the prevalence of the
similar-appearing organism, Bacillus cereus, which is a fre-
quent laboratory contaminant [4].

The infective unit of the organism is the endospore,
which may reside in soil for decades. It is resistant to heat,
ultraviolet and gamma irradiation, drying, and antimicro-
bial agents [5]. Spores enter the body through broken skin,
the lungs, or the gastrointestinal tract, and are engulfed by
macrophages, and then transported to lymph nodes.
Within the macrophage, they transform to the vegetative
form and then multiply within the lymphatic system. They
are eventually released in high concentrations into the
bloodstream, resulting in sepsis. The organism achieves its
virulence by the production of three polypeptides and an
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antiphagocytic capsule, encoded on two plasmids, pXO1
and pXO2. Both plasmids are needed for the organism to
achieve complete virulence. pXO1 encodes the three poly-
peptides, protective antigen (PA), lethal factor (LF), and
edema factor (EF), which combine as binary toxins. PA
combines with LF to form lethal toxin and combines with
EF to form edema toxin. The PA component of the toxin
facilitates access to the host cell by its binding to cellular
receptors. The complex is cleaved by the serine protease
furin, causing oligomerization and subsequent transport of
toxins into the cell. The lethal toxin is a zinc metallopro-
teinase that activates oxidative burst pathways, forming
reactive oxygen intermediates. It also induces the produc-
tion of tumor necrosis factor-a and interleukin-1p, which
are involved in inducing septic shock. Plasmid pXO2
encodes three genes involved in production of the polyglu-
tamic acid capsule that inhibits phagocytosis of the vegeta-
tive state of B. anthracis [4, 6, 7].

The three forms of anthrax infection in humans are
cutaneous, inhalational, and gastrointestinal. The disease is
spread to humans via contact with infected animals or con-
taminated animal products. Naturally occurring anthrax
has been almost eradicated in the United States and in
Western Europe due to the presence of long-standing vac-
cination programs for at-risk livestock, but is still relatively
common in Asia Minor.

Cutaneous anthrax is by far the most common form of
the disease. Infection usually occurs from contact with
infected animals or animal products such as hides, wool,
hair, or bones. The primary lesion is a papule, sometimes
pruritic, occurring 3-5 days after inoculation. The face,
neck, and extremities are most commonly affected [4].
Within 2 days, vesiculation occurs, with central necrosis,
and formation of a 1-3 cm painless ulcer and subsequent
eschar (Fig. 29.1) [3]. The eschar accounts for the deriva-
tion of the organism’s name from the Greek word anthra-
kos, meaning coal [1]. Lymphadenopathy and lymphangitis
may develop, with satellite hemorrhagic vesicles and edema.
Inoculation sites on the extremities usually result in “malig-
nant pustule” formation. More central sites tend to have
prominent edema, resulting in the “malignant edema” pre-
sentation [3]. The latter form is more likely to be compli-
cated by airway obstruction, requiring concomitant use of
systemic steroids and antibiotics. Secondary bacterial infec-
tion of the site is common, so that treatment with extended
spectrum antibiotics may be needed. While many cases of
cutaneous anthrax are self-limited, antibiotic treatment is
recommended because of the approximately 20 % of cases
in which disseminated infection associated with high mor-
tality occurs. Case fatality rate is less than 1% in treated
cases [8]. Cutaneous lesions are reported to heal without
scarring in the large majority of cases [4]. However, in one
series, considerable scarring requiring reconstructive sur-
gery in 23 % of cases was noted [3].
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Inhalational anthrax is exceptionally uncommon, but
was more prevalent in occupational settings as
“Woolsorter’s disease” before adequate hygienic standards
were employed. In contrast to inoculation anthrax, disease
caused by inhalation of anthrax spores is usually fatal
because the disease causes nonspecific influenza-like
symptoms followed by rapid onset of septic shock and
death. Important information regarding inhalational
anthrax was yielded by an accidental release of anthrax
spores from a biological weapon facility in Sverdlovsk in
1979, in which 66 deaths occurred. The incubation time
ranged from 2 to 43 days, with an average of about 10 days.
The mortality rate was approximately 80 % [9]. Despite its
rarity, inhalational anthrax was the mode of infection in
50 % of the anthrax cases in the 2001 attacks and would be
expected to be the prevalent form of the disease in a bio-
logical weapon attack [10]. In the setting of an anthrax
outbreak, clinical features favoring inhalational anthrax
over an influenza-like illness include presence of dyspnea,
hypoxemia, chest pain, lack of sore throat or rhinorrhea,
and presence of mediastinal widening, pulmonary infil-
trate, or pleural effusion on chest radiography. Laboratory
evaluation may reveal neutrophilia with bandemia and
elevated liver enzyme tests [11].

Gastrointestinal tract and oropharyngeal anthrax are
also uncommon. These infections result from ingestion of
contaminated meat from infected animals. The incubation
period is 2-5 days. Infection probably occurs in a manner
similar to that in the skin, with ulcer formation and bacte-
rial proliferation in lymphatic tissues. Inoculation may
occur at any point along the gastrointestinal tract, includ-
ing the oropharynx. Symptoms and signs vary depending
on the site of inoculation and may include fever, abdominal
pain, nausea, vomiting, dysphagia, constipation, diarrhea,
melena, and ascites. Mortality is considerable and may be
the result of sepsis or intestinal perforation [4].

Cutaneous, inhalational, and gastrointestinal anthrax
may all be complicated by anthrax meningitis, a compli-
cation occurring during bacteremia. Central nervous sys-
tem involvement portends a grave prognosis despite
therapy [4].

Diagnosis of anthrax may be made by blood culture in
the setting of disseminated infection. Growth usually
occurs in 6-24 h [10]. For cutaneous anthrax, vesicle fluid
culture may grow the organism, and 64 % of cases in one
series had organisms identified by gram-stained smears of
cutaneous lesion contents [3]. The organism is unlikely to
grow from the skin or blood if the patient has received anti-
biotics prior to obtaining culture material [10]. A rapid
diagnostic test for anthrax that detects antibodies to
anthrax-protective antigen in 45 min is US Food and Drug
Administration approved [12, 13]. PCR may be used in
diagnosis, but does not offer real-time detection. Future
diagnostic technologies are likely to involve peptide-based



29. Anthrax

Ficure 29.1. Cutaneous anthrax: ulcer, with central eschar, and
surrounding erythema and edema.

biosensors which are small peptides adapted to specific
binding to B. anthracis proteins and adsorbed to nanorods,
subsequent to which B. anthracis-specific fluorescent
probes can be used in detecting the presence of specific
viral protein [14].

The differential diagnosis of cutaneous anthrax is con-
siderable and includes ecthyma, insect or arachnid bite
reaction, tularemia, glanders, rickettsialpox, diphtheria,
syphilitic chancre, ecthyma gangrenosum, and orf. In
endemic or occupational settings, history of contact with
animals or animal products is expected in cases of anthrax.
Clinical features that may point to anthrax include relative
lack of symptoms given impressive clinical findings and
prominent edema. Gram stain and culture of cutaneous
vesicles or ulcers will yield the organism in the majority of
cases. Skin biopsy specimens of Bacillus anthracis infection
have prominent superficial dermal edema with variable
epidermal necrosis and an infiltrate of neutrophils
throughout the dermis, with abscess formation. There is
prominent dermal fibrin, with foci of vasculitis. Gram
stain reveals gram-positive rods within the dermis
(Fig. 29.2a—c) [15, 16]. Should there be clinical suspicion
of cutaneous anthrax, the following list of procedures
should be employed:

29.1 Diagnostic Evaluation
of Suspected Cutaneous
Anthrax

1. Patient should be under contact precautions only, since
the infective unit, the spore, is not shed.

2. Gram stain and culture of vesicle fluid or unroofed
eschar.

3. Two punch biopsy specimens, one for tissue culture and
one in formalin for routine processing.
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4. Blood cultures if clinical suspicion of bacteremia is
present.

5. Contact laboratory and local health department with
clinical suspicion, blood work as recommended for
serologic and diagnostic studies.

Diagnostic and management information on anthrax is
available on the Internet from the US Centers for Disease
Control (CDC) [17].

Cutaneous anthrax in endemic areas is treated success-
fully with penicillin, given intravenously in cases of
“malignant edema” [3, 18]. Current CDC recommenda-
tion calls for ciprofloxacin 500 mg p.o. twice daily or
doxycycline 100 mg p.o. twice daily for 7-10 days.
Levofloxacin, moxifloxacin, and clindamycin are alterna-
tives [19]. However, treatment of cutaneous anthrax in
the setting of a bioterrorism attack as recommended by
the CDC includes ciprofloxacin 500 mg p.o. twice daily
for 60 days or doxycycline 100 mg p.o. twice daily for 60
days, The rationale for extended treatment is to cover the
likelihood of concomitant inhalation of anthrax spores,
which may incubate for close to 60 days before resulting
in clinical infection. Penicillin has not been recom-
mended because isolates from the 2001 anthrax attacks
showed an inducible B-lactamase that degrades the anti-
biotic. The clinical significance is uncertain, but suggests
the potential for rapid onset of penicillin resistance [10].
No resistance to fluoroquinolones has been identified,
but in vitro high-level resistance can be induced by serial
passage of Bacillus anthracis in media containing fluoro-
quinolones, suggesting that drug-resistant strains can be
cultivated [20].

In addition to antibiotic therapy, a three-dose series of
anthrax vaccine adsorbed (AVA) BioThrax is recom-
mended to provide longer-term protection [19]. The vac-
cine consists of a sterile filtrate of cultures of an attenuated
unencapsulated, non-proteolytic strain of B. anthracis,
containing predominantly protective antigen [2]. Doses
are given subcutaneously at 0, 2, and 4 weeks, with boost-
ers given at 6, 12, and 18 months. Further boosters are rec-
ommended if continued exposure is a possibility. The
vaccine has been widely used in military personnel and in
some industries that have exposures to at-risk animals
from endemic areas. Given the slow immunogenicity of
this vaccine, an effort has been made to develop a more
rapidly acting and immunogenic vaccine. An adenovirus-
vectored vaccine containing protective antigen has been
used in animal trials and found to offer a more rapid and
persistent antibody response than AVA, even in a single
intranasal dose [21].

In a patient suspected of having systemic involvement,
the addition of antitoxin therapy is recommended. Options
include anthrax immune globulin intravenous (AIGIV),
polyclonal antisera from persons immunized with AVA,
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Ficure 29.2. (a) Anthrax: mild epidermal hyperplasia and striking superficial dermal edema. (b) Deep dermal and subcutaneous mixed
inflammatory infiltrate of lymphocytes, neutrophils, and plasma cells, with edema and fibrin deposition. (c) Mixed inflammatory infil-
trate with gram-positive bacilli (arrows) (Courtesy of Eduardo Calonje, MD).

and raxibacumab, a monoclonal antibody to protective
antigen [19].

Naturally occurring cutaneous anthrax is a disease that
has become almost nonexistent in the United States and
Western Europe due to vaccination programs in at-risk
animal reservoirs. However, the significance of this organ-
ism has been heightened recently because of its use in bio-
terrorism. The anthrax attacks of 2001 focus the potential
for cutaneous presentations of this disease to be the first
detectable manifestation of a terrorist biological weapons
attack.
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Ecthyma Gangrenosum

m Synonyms: None

m Etiology:

Pseudomonas aeruginosa and other Gram-negative bacteria,

similar lesions caused by opportunistic fungi

m Associations:
m Clinical:

Immunosuppression, premature infants
Indurated plaques with black eschar and rim of erythema, favors

axillae, inguinal folds, and perineum

m Histology:

Mixed infiltrate of lymphocytes, neutrophils, plasma cells; special

stains of affected skin usually demonstrate the organism

m Evaluation:

Blood cultures, skin biopsy with fresh tissue culture, special stains

on touch preps of skin biopsy, consider frozen section

m Treatment:
m Prognosis:

Aimed at the specific infectious agent
High mortality rate; worse with extensive skin disease, prolonged

immunosuppression, and delayed treatment

Ecthyma gangrenosum describes a cutaneous infection
with Pseudomonas aeruginosa that is manifested by necrotic
plaques with an eschar. The infection usually occurs in
immunosuppressed patients. Three to six percent of
Pseudomonas septicemia is complicated by ecthyma gan-
grenosum [1]. The term ecthyma gangrenosum was given by
Hitschmann and Kreibich in 1897 in Germany to describe
necrotic cutaneous plaques due to cutaneous involvement
in disseminated Pseudomonas infection. However, ecthyma
gangrenosum is now known to be a morphologic pattern of
cutaneous infection caused by a wide variety of organisms.

Ecthyma gangrenosum usually starts as an erythematous
macule, which subsequently forms a vesicle. Multiple
lesions may occur. Lesions rapidly become indurated and
may develop pustules or bullae, which slough and leave an
ulcer. An eschar forms, with a rim of erythema (Fig. 30.1).
The disease has a strong predilection for axillae, inguinal
folds,and perineum, so-called “apocrine” areas. Extremities,
trunk, and face are affected less frequently. Though once
regarded as cutaneous seeding during Pseudomonas bacte-
remia, most cases represent aggressive primary infection,
which may disseminate in immunosuppressed patients.
Synchronous multiple lesions of the perineum, genitalia,
and axillae are common. This pattern of infection supports
the notion that ecthyma gangrenosum arises in the skin
and then disseminates. In one series, folliculitis due to

© Springer International Publishing Switzerland 2016

Pseudomonas aeruginosa O-11 from a hospital water supply
rapidly developed into ecthyma gangrenosum in six hospi-
talized immunosuppressed patients [2]. This represents a
common scenario in which early lesions resemble a bacte-
rial folliculitis and then rapidly progress to typical ecthyma
gangrenosum lesions. In the largest series of patients with
ecthyma gangrenosum, over 75 % were felt to originate in
the skin, and two thirds primarily involved apocrine areas.
Some patients developed septicemia [1].

The majority of patients who develop ecthyma gan-
grenosum are neutropenic, either secondary to chemother-
apy or due to primary immunodeficiency. The disease may
be a presenting sign of underlying neutropenia in previ-
ously healthy children [3]. The disease has also been
described in HIV-infected patients in the absence of neu-
tropenia and in patients with other forms of immunosup-
pression [4, 5]. A neonatal form of the disease termed noma
neonatorum occurs in premature infants. In addition to
anogenital involvement, this presentation has a distinct
orofacial predilection [6]. A necrotizing stomatitis, the
mucosal equivalent of ecthyma gangrenosum, has also
been described in immunocompromised patients [7].

Classical ecthyma gangrenosum is usually caused by
Pseudomonas aeruginosa, but may be caused by several
other Gram-negative bacteria (Table 30.1). Similar lesions
in immunosuppressed patients may be caused by a multi-
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Ficure 30.1. Indurated erythematous plaque with central ulcer-
ation and eschar.

TaBLE 30.1. Causes of ecthyma gangrenosum and similar lesions
in immunosuppressed patients

Bacteria
Pseudomonas aeruginosa
Escherichia coli [8]
Morganella morganii [9]
Klebsiella pneumoniae [10]
Citrobacter freundii [11]
Xanthomonas (Stenotrophomonas) maltophilia [12]
Aeromonas hydrophila [13]
Chromobacterium violaceum [14]
Fungi
Curvularia sp. [15]
Candida sp. [16]
Fusarium sp. [17]
Scytalidium dimidiatum [18]
Metarhizium anisopliae [19]
Mucor sp. [20]
Exserohilum sp. [21]
Aspergillus niger [22]

tude of opportunistic fungi. These patients usually do not
present with the typical apocrine folliculocentric lesions.
However, the morphologic features of individual lesions
may closely resemble ecthyma gangrenosum. As in bacte-
rial ecthyma gangrenosum, cutaneous lesions due to
opportunistic fungi may be a manifestation of hematoge-
nous dissemination with secondary seeding of the skin.
Alternatively, they may represent primary invasive infec-
tion, which may then disseminate. Gastrointestinal and
respiratory tracts and skin are common portals of entry for
disseminated infections. Invasive infections of the skin may
occur in previously normal skin, but are more likely to
occur in areas that have had a disrupted barrier, such as
sites of vascular access, venipuncture, burns, or surgical
procedures.

The clinical presentation of ecthyma gangrenosum in
an immunosuppressed patient constitutes a medical
emergency. Investigation into the etiologic agent must be
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pursued urgently, so that appropriate antibiotic therapy
can be instituted. A list of organisms known to cause
ecthyma gangrenosum or similar lesions in the immuno-
suppressed patient is given in Table 30.1.

The organisms listed in Table 30.1 cause ecthyma gan-
grenosum or lesions closely resembling it. However, numer-
ous veasts, and fungi causing hyalohyphomycosis and
phaeohyphomycosis, can cause invasive cutaneous infec-
tions in immunocompromised hosts. These cutaneous
lesions may include subcutaneous and dermal nodules or
cellulitis. Since morphologic overlap with ecthyma gan-
grenosum could occur with a multitude of organisms, the
list included in the table should not be viewed as
comprehensive.

A clinical presentation of necrotizing papules and
plaques in apocrine areas of an immunosuppressed patient
strongly suggests ecthyma gangrenosum, but the differen-
tial diagnosis for a plaque or plaques with eschar is much
wider, including true ecthyma caused by Staphylococcus or
Streptococcus species, arachnid or arthropod bite reactions,
anthrax, tularemia, diphtheria, syphilitic chancre, herpes
simplex virus infection, and orf. Similar lesions may
develop in patients with septicemic plague (Yersinia pestis)
[23]. Also in the differential diagnosis is Fournier’s gan-
grene, a polymicrobial acute necrotizing infection of the
genitalia. Causes include Streptococcus and Staphylococcus
species, usually in combination with various Gram-
negative and anaerobic bacteria. This infection differs from
ecthyma gangrenosum in its frequent occurrence in diabet-
ics, severe pain, and tissue crepitus.

Cultures of the blood will reveal the organism in most
cases of septicemic ecthyma gangrenosum. Since bacte-
rial and fungal causes are morphologically indistinguish-
able, both bacterial and fungal cultures should be
performed. The laboratory should be notified of the sus-
picion of opportunistic infection to minimize the possi-
bility that a true positive culture will be dismissed as a
contaminant. Tissue evaluation may include skin biopsy
with touch preps, microbial stains, and culture. Touch
preps may be stained with gram stain for bacteria and
calcofluor white for fungi. Frozen sections from affected
tissue with and without special stains may aid in more
rapid diagnosis.

Biopsy findings in ecthyma gangrenosum include der-
mal edema and an infiltrate composed of neutrophils, lym-
phocytes, histiocytes, and plasma cells within the dermis
and subcutaneous tissue (Fig. 30.2a, b). There is vascular
proliferation and variable epidermal necrosis. Organisms
may be found with special stains in most cases. The organ-
isms are usually located within the interstitium and adven-
titia of venules. The findings in ecthyma gangrenosum
differ from those of bacterial septic vasculitis in which
there is vascular damage associated with fibrin thrombi and
intraluminal bacteria [24].
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Ficure 30.2. (a) Deep ulcer with vascular congestion and neutrophil-rich infiltrate. (b) Numerous intravascular, perivascular, and inter-
stitial Pseudomonas bacilli.

Treatment of ecthyma gangrenosum is directed by the

etiologic agent. However, initially, broad-spectrum antibi-
otic therapy must be undertaken urgently because of the
high mortality associated with delayed treatment. Prognosis
in ecthyma gangrenosum is dependent upon the infectious
agent, but also the degree and duration of immunosup-
pression and the extent of cutaneous involvement [24].
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Rocky Mountain Spotted Fever and Rickettsioses

Rickettsia rickettsii following Dermacentor sp. tick bite

Fever/headache followed by macules and petechial eruption

m Synonyms: None
m Etiology:
m Associations: Outdoor recreational activity
m Clinical:
of wrists/ankles with subsequent generalization
m Histology:

Lymphocytic vasculitis with vascular thrombosis, epidermal
necrosis organisms with special stains seen in vascular wall

m [HC repertoire:

Organisms identified by immunohistochemical and

immunofluorescent antibodies

m Staging:
m Prognosis:

Not applicable

Fatality rate of 20—30%, worse in the elderly or with

coexisting G6PD deficiency

m Adverse variables:
m Treatment:

Rickettsioses constitute a diverse group of arthropod-borne
human diseases capable of producing significant morbidity
and mortality. They share important pathologic and clini-
cal attributes that permit their diagnosis in most instances
[1]. Rickettsioses are responsible for a great number of
deaths seen particularly in times of war. It is estimated that
over three million combatants and civilians in the First
World War succumbed to epidemic typhus. Among the
more deadly types of infection belonging to this group is
Rocky Mountain spotted fever, the principal subject of this
chapter.

Rickettsioses are endemic to most areas of the world
where contact with arthropods, namely, biting ticks, mites,
fleas, and lice, can be found. They can be broadly catego-
rized into tick-borne agents that principally include Rocky
Mountain spotted fever (R. rickettsii) and Mediterranean
fevers (R. conorii), mite-borne diseases including rickettsi-
alpox (R. akari) and scrub typhus (Orientia tsutsugamushi,
formerly R. tsutsugamushi), flea-borne endemic typhus (R.
typhi), and louse-borne epidemic typhus (R. prowazekii). Q
fever is unique within the group as its etiologic agent
Coxiella burnetii is acquired following aerosolization of
infected tissues. They can also be subcategorized into the
spotted fever group or the typhus group on the basis of
shared immunologic or biologic properties [2]. The infec-
tious agents are among the smallest of bacteria at 0.3—

© Springer International Publishing Switzerland 2016

Renal failure, myocarditis, arrhythmias, DIC, and ARDS
Intravenous tetracycline, doxycycline, or chloramphenicol

107¢ pm. They are considered to be gram-negative and exist
as pleomorphic-appearing bodies either exclusive to the
cytoplasm of infected cells (typhus group) or the nucleus
and cytoplasm (spotted fever group). They require passage
via blood-consuming arthropod vectors that use infected
mammals and the arthropods themselves as a reservoir.
Once introduced into the skin, the organisms attach to
endothelial cell membranes until phagocytosed by inflam-
matory cells with subsequent hematogenous or lymphatic
passage throughout the body.

Rocky Mountain spotted fever (RMSF) was first
described in the late nineteenth century among settlers in
the still-wild frontier of the American West, hence the term
“Rocky Mountain” fever. RMSF is the most common rick-
ettsial infection reported in North America and, though
found throughout the continent, is most common in the
south Atlantic region of the United States [3]. The most
important vector for disease is the dog tick or Dermacentor
variabilis and the Rocky Mountain wood tick Dermacentor
andersoni. The etiologic agent R. rickettsii is transmitted
with blood meals of the infecting ticks, which usually
requires at least a 6-h interval of feeding [4]. Most infec-
tions occur during the summer and are most commonly
seen in children or adult males engaged in outdoor recre-
ational activity. American Indians also have an increased risk
of contracting the disease [5]. Since 2000, the incidence of
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RMSF in the United States has increased from 1.7 to 7 cases
per million, though the case fatality rate has decreased from
2.2 t0 0.3 %. This trend may reflect changes in diagnostic and
surveillance practices [6]. Insect repellants, protective outer
garments, periodic tick surveillance, and timely and effica-
cious extraction of feeding ticks are all important means of
disease prevention [7].

The clinical manifestations are ushered in by high fever,
chills, myalgia, and headache at an average of 7 days fol-
lowing exposure (range 2-14 days). The fever often
exceeds 102 degrees and may be accompanied by gastro-
intestinal complaints [8]. The cutaneous manifestation,
namely, rash, follows within 2—4 days after the initial
complaints and consists of a macular followed by papular
petechial rash (Fig. 31.1). The rash initially begins on the
wrists and/or ankles and spreads to the trunk over the
ensuing day. Palm and/or sole involvement is fairly
uncommon, yet can occur. The classic triad of fever, head-
ache, and rash is present in about 60 % of patients. A dis-
tinct minority (~10%) of patients may never develop
rash, so-called spotless fever. This is most commonly seen
in the elderly or among the dark-skinned races. The rash
is most often accompanied by systemic manifestations
including hypovolemia, tachycardia, and peripheral
edema. Important complications include epidermal
necrosis in conjunction with ischemic vascular thrombo-
sis with digital or extremity loss, scarring, and visceral
organ failure including hepatic or renal failure, cardiomy-
opathy with electrical instability, disseminated intravas-
cular coagulation, the adult respiratory distress syndrome,
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and CNS involvement with delirium or seizure. Motor
deficits, cranial nerve palsy, or coma may also be seen. The
presence of neurologic sequelae is associated with increased
morbidity and mortality [9].

Important laboratory abnormalities routinely encoun-
tered in these patients include thrombocytopenia and nor-
mochromic  normocytic anemia  with  increased
prothrombin times and decreased fibrinogen, hyponatre-
mia, hepatic transaminasemia with hyperbilirubinemia,
and elevated BUN and creatinine levels.

Biopsies from the skin rash show perivascular lympho-
cytic infiltrates with variable degrees of vascular disruption
including fibrin deposits and thrombosis (lymphocytic
vasculitis), dermal purpura, and edema (Figs. 31.2, 31.3,
and 31.4) [10]. The overlying epithelium may undergo
necrosis in conjunction with ischemic vascular thrombosis.
The organisms may be positively identified within the
endothelia with the aid of immunohistochemical or immu-
nofluorescent staining [11]. Molecular-based methods
including in situ PCR have also been utilized but are not
widely available [12]. Serologic methods remain the most
important means of establishing a definitive diagnosis,
although they suffer from a delay in diagnosis requiring
comparison of acute and convalescent antibody titers. The
Weil-Felix and complement-based serologic methods are
antiquated due to poor sensitivity [13].

The differential diagnosis of RMSF is broad. Important
viral entities to consider include measles, rubella, and
infectious mononucleosis. Measles more often presents
with upper (coryza) and lower respiratory (cough) com-

Ficure 31.1. Maculopapular
eruption with petechial hem-
orrhage in Rocky Mountain
spotted fever.
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FiGure 31.2. Low-power pho-
tomicrograph depicting super-
ficial and deep lymphocytic
dermatitis with focal epithelial
exocytosis. Note the promi-
nent dermal hemorrhage.

Ficure 31.3. Medium-power
photomicrograph  detailing
perivascular lymphocytic
infiltrate.

plaints and less often produces a petechial rash. Rubella  less often produces a rash (~10% of patients) unless pre-
tends to be less symptomatic than RMSF and produces a  ceded by the administration of ampicillin. Important bac-
less dramatic rash that typically begins on the face.  terial infections to exclude include in particular
Infectious mononucleosis (Epstein-Barr viral infection)  meningococcemia, tularemia, and leptospirosis. The rash
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of meningococcemia typically develops in conjunction
with or shortly following the onset of symptoms and is
often accompanied by leukocytosis. The rash of meningo-
coccemia tends to produce larger and confluent stellate
configured purpuric areas with an angulated border.
Tularemia tends to produce solitary, often ulcerated, or
eschar-like cutaneous lesions with draining lymphadenop-
athy. Leptospirosis produces a rash that typically begins on
the trunk, spreading later to the extremities. A clinical
variant of leptospirosis termed Fort Bragg or pretibial
fever produces a petechial rash confined to the pretibial
surfaces.

Empiric intravenous antibiotics should be instituted
prior to biopsy or serologic confirmation as the untreated
mortality approaches 30% [8]. Treatment recommenda-
tions are tetracycline 25-50 mg/kg q 6 h or doxycycline
1 mg/lb q 12 h or chloramphenicol 50-75 mg/kg q 6 h for
at least 7 days or until 2 days following resolution of symp-
toms. For critically ill patients, some experts recommend ini-
tiating therapy with IV antibiotics for the first 3 days [14].
Aggressive fluid status and electrolyte balance management
is essential. The overall mortality of RMSF is between 2 and
5% with appropriate antibiotic therapy. Most fatalities are
observed between the eighth and fifteenth days of illness.
Geography appears to play a role with increased severe cases
seen in Southwest Tennessee and particularly low death rates
in parts of North Carolina [15]. Elderly patients and those
individuals with coexisting glucose-6-phosphate dehydro-
genase deficiency have been reported to have a worse
prognosis.
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Ficure 31.4. High-power detail
with perivascular lymphocytes
and erythrocytes. Note fibrin
deposits in proximity to the
capillaries.
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Smallpox

m Synonyms: Variola, alastrim, amaas

m Etiology: Infection with variola poxvirus

m Associations: Since eradication in 1979, confirmed presence should prompt
consideration of biowarfare/terrorism

m Clinical: Influenza-like prodrome ~ 3 days prior to erythematous
macular rash into vesiculating papules to umbilicated pustules
and finally scars

m Histology: Intraepidermal and subepidermal vesiculation with neutrophils
predominating, epithelium with eosinophilic (Guarnieri)
inclusions

m [HC repertoire: N/A

m Staging: None

m Prognosis: Overall ~30 % mortality

m Adverse factors: Confluent eruption, thrombocytopenia/DIC

m Treatment: Prevented with vaccination, cidofovir efficacious in animal

studies

Smallpox, otherwise known as variola, was first described
in ancient Chinese texts dating from the eleventh century
B.C. The Chinese were the first to discover that purposeful
inoculation of lesional material into the nose of the unin-
fected was preventative - disease in the sixth century B.C.
[1]. Although the disease was officially eradicated in 1979,
known stocks of the material have been maintained in bio-
labs located in Russia and the United States, where they
pose a potential source of public health concern if sub-
verted as biowarfare agents [2—5]. Smallpox belongs to the
poxvirus group of double-stranded DNA-containing
viruses that includes vaccinia, molluscum contagiosum,
and cowpox. The poxviruses are among the largest of all
human viruses, attaining a maximum diameter of 300 nm,
and possess characteristic rectangular or cylindrical outer
capsids and a central DNA core [6].

Natural infection follows contact with an infectious
human most commonly via respiratory droplets but may
also occur with skin inoculation or fomite spread. The
virus is hearty and resistant to desiccation. Scales and des-
quamated epithelium harbor viable virus for long periods.
Following exposure, there is an asymptomatic 10-14-day
period in which viral replication occurs within infected
respiratory mucosa and associated draining lymphatic tis-
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sues. This phase of infection (primary viremia) coincides
with generalized involvement of the reticuloendothelial
organs including the liver, spleen, and lymph organs.
Secondary viremia then follows in which systemic spread
of the virus through the bloodstream occurs, heralding the
onset of an influenza-like prodromal syndrome. Prodromal
symptoms, which last 2—4 days, include high fever, severe
headache, back pain, and vomiting [7]. Red lesions first
appear on the tongue and inside the mouth, which further
develop into sores that will eventually release copious
amounts of virus [7]. During this prodromal phase, a char-
acteristic and fleeting maculopapular rash involving the
waist and proximal lower extremities may occur. The
patient remains noninfectious during the prodromal phase,
becoming infectious only when the exanthem appears.
Laboratory testing during this period often yields abnor-
mal coagulation parameters including thrombocytopenia
and altered clotting times that may be associated with the
development of the disseminated intravascular coagulation
(DIC) syndrome. Abnormal bleeding is an ominous sign
ascribed to the hemorrhagic form of the disease (purpura
variolosa) with a generally fatal outcome. With secondary
viremia, there is viral spread to the mucosa and skin epithe-
lium, initiating the characteristic exanthematous rash of
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the disorder approximately 3 days after prodromal symp-
toms begin.

Although the morphology and course of individual
rash lesions are similar, their number can vary [6]. Mild
forms of the disease (alastrim, variola minor) are charac-
terized by a sparse number of lesions, whereas more severe
forms may present with a confluent eruption. Lesions
tend to be peripherally distributed with the greatest num-
ber located over the extremities and face (Fig. 32.1). The
earliest lesion consists of an erythematous macule that
proceeds to a deep-seated papule with a cloudy appearing
surmounted vesicle. The vesicle is multiloculated and
resilient. The lesions mature generally within 7 days into
pustules with characteristic central umbilication. Within
10 days, the surface forms a crusted scab, healing as a
depressed scar. Occasionally, the lesions may present as
crusted plaques or pass through the various stages with-
out vesicle or pustule formation. Mucosal involvement
often noted at the time of the exanthem includes ocular,
genital, or oropharyngeal disease including upper airway
obstruction with laryngeal and tracheal involvement.
Visceral disease may take the form of pneumonitis,
encephalitis, osteomyelitis, orchitis, or hepatitis.
Pneumonia and encephalitis constitute serious complica-
tions that may eventuate in death.

The histologic features seen in variola are suggestive of
the disorder [8]. Early lesions show dermal edema with
neutrophilic capillaritis. Developed lesions of smallpox
show, in addition to the dermal edema, pronounced
intraepidermal vesiculation with exocytosis of neutrophils
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(Figs. 32.2 and 32.3). The blister cavity may contain or be
surrounded by epithelial cells that possess characteristic
eosinophilic granular inclusions known as Guarnieri bodies
(Fig. 32.4). Elementary or Paschen viral bodies may be
demonstrated with Giemsa staining scrapped from or
expressed from lesional material. Multinucleation, nuclear
molding, and/or nucleus inclusions typical of the herpesvi-
rus infections are not identified.

Diagnosis of suspected cases of smallpox has obvious
global implications and public health ramifications. Once
presumptively diagnosed on the basis of the clinical presen-
tation, the disease should now be confirmed by ancillary
diagnostic techniques and in conjunction with public
health agencies. Genomic-based technologies, including
PCR techniques and fluorescent antibody testing of infec-
tious material, provide fairly rapid and presumptive results,
but the gold standard for identification involves tissue cul-
turing and anti-serum neutralization. The diagnosis can
also be achieved serologically through retrospective analy-
sis of paired acute and convalescent sera.

The most important disorder to distinguish from small-
pox is chickenpox. The latter typically produces little if any
prodromal symptoms and is associated with successive
crops of lesions, thus showing lesions in various stages of
development. There is a tendency of the lesions of smallpox
to be peripherally distributed, larger, more often deep
seated, to possess central umbilication, and to become con-
fluent compared to chickenpox.

There is no effective treatment for established cases.
Ongoing trials with the antiviral agent cidofovir have been

Ficure 32.1. Multiple ulcer-
~ ating pustules with erythem-
atous bases seen in smallpox.

s ~a
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Ficure 32.2. Low-power pho-
tomicrograph showing epider-
mal blister with subepidermal
necrosis.

Ficure 32.3. Medium-power
photomicrograph showing blis-
ter with reticular degeneration.

promising in animal models. Treatment with immune
globulin, anti-vaccinia serum, and thiosemicarbazone has
been attempted in the past with questionable efficacy.
Supportive measures aimed at reducing secondary bacte-
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rial infection and monitoring fluid and electrolyte levels
are important. Prevention remains the most important
means of deterring smallpox. The Jennerian vaccination
consists of the purposeful inoculation of vaccinia virus (a
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laboratory-altered form of smallpox) into the skin [9].
Following inoculation, a crusted papule should develop at
the site within 10 days of administration. Failure to develop
an inoculation site lesion is an indication of ineffective
immunization or loss of vaccine potency, and the immuni-
zation should be repeated. Vaccination is contraindicated
in the immunosuppressed, infants, or individuals with
atopy or other undisclosed dermatitis that may predispose
them to dissemination of the virus. Vaccination against
smallpox ended in 1972, leaving approximately 65 % of the
current US population who have never received vaccina-
tion and, of those vaccinated, all have a questionable abil-
ity to mount an effective immune response. While antiviral
antibody responses continue to be effective 1-75 years
post inoculation, antiviral T cell responses slowly decline
with a half-life of 8-15 years [10]. For these reasons, inter-
est in vaccination, particularly among health-care workers
and those who might respond to its use as a bioterrorism
agent, has emerged. Although intentional release/biowar-
fare involving this agent is an unlikely scenario, researchers
believe that the risk is outweighed by the need to preserve
the live virus for future developments in antiviral vaccines
and biomedical research. Fortunately, recent advances in
recombinant DNA technology can render the virus
incapable of replicating, producing disease in the setting
of accidental contamination with potential far-reaching
implications as it relates to prevention and/or therapies
[11]. Widespread immunization of the public engenders
important practical and medical concerns. Vaccine pro-
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Ficure 32.4. High-power detail
of blister cavity. Note central
rounded eosinophilic bodies
(Guarneri) associated with
smallpox cytopathic effect.

duction has only recently been reinstituted after a long
hiatus and thus limited stocks are available. Important
complications of the vaccine itself include hypersensitivity
reaction, systemization or progressive cutaneous spread of
the virus, encephalitis, and bacterial superinfection [9, 12,
13]. An increased incidence of myocardial infarction
among recipients of the vaccine has also been recently
reported [14].

The overall mortality rate of smallpox is 30 %. Individuals
who develop disseminated or confluent lesions, DIC,
encephalitis, or pneumonitis are at greater risk.
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Staphylococcal Toxin-Mediated Scalded Skin
and Toxic Shock Syndromes

m Synonyms:
TS—None
m Etiology:

SS—Ritter’s disease, Ritter von Rittershain’s disease

SS—Phage-infected strains of S. aureus

TS—Non-phage toxigenic strains of S. aureus

m Associations:

SS—Children with head/neck staph infections; adults with renal

failure, diabetes mellitus, or HIV
TS—90 % menstruating women, 10 % skin/soft tissue infection

m Clinical:

SS—Red macular rash to generalized flaccid bullae

TS—Fever, hypotension, and macular erythroderma

m Histology:
acantholysis

SS—Subcorneal (intragranular layer) cell-poor blister with

TS—Neutrophilic pustular dermatitis with necrosis

m [HC repertoire: SS—Not applicable
TS—Not applicable
SS—Not applicable

TS—Not applicable

m Staging:

m Prognosis:
TS—5%
m Adverse signs:

SS—Children 2-3 % mortality; adults ~40 %

SS—Bacteremia, renal failure

TS—Shock, encephalopathy, and renal failure

m Treatment:

SS—Oral/intravenous antibiotics

TS—Tampon removal, intravenous antibiotics/fluids

The toxin-mediated staphylococcal syndromes of staph-
ylococcal scalded skin syndrome (SSSS) and toxic shock syn-
drome (TS) constitute important dermatologic entities
capable of producing significant morbidity and mortality.
Distinctive clinical and pathologic attributes usually per-
mit their early recognition, allowing for prompt institution
of potentially lifesaving therapy.

Credit for the first clinical description of SS belongs to
Ritter von Rittershain, who in 1878 described 297 cases of a
generalized exfoliative exanthem in neonates [1]. An asso-
ciation with staphylococcus and subsequently the mecha-
nism of phage-mediated toxin elaboration would be
discovered in the 1940s and 1950s. Today, it is known that
the epidermolytic toxins elaborated by viral phage-infected
strains 71 and 55 of Staphylococcal aureus are responsible
for the characteristic clinical and pathologic findings of this
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disorder. Interestingly, the target of the exfoliative toxin is
pathogenically identical to superficial pemphigus [2, 3].
Both involve the disruption of the cadherin adhesion mol-
ecule desmoglein 1 antigen, hence the pathologic similarity
between these two otherwise distinctive disorders. The
toxin is renally excreted, thus the epidemiologic association
between the relatively decreased renal clearance mecha-
nisms characteristic of young children and among the
renally impaired adult [4-6]. Unlike children, adults with
SS are more likely to have positive blood cultures. In adults,
SS has also been described in patients with diabetes melli-
tus, HIV, and undergoing hemodialysis, possibly due to
diminished capacities to excrete the toxins and form anti-
bodies against them [7].

The historical experience with TS is much more brief.
The association of a multiorgan systemic toxic syndrome
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with certain strains of staphylococcus and menstruating
women using superabsorbent tampons would emerge in the
early 1980s [8]. Although most of the initial reports involved
menstruating women, it was subsequently determined that
the syndrome could occur in accordance with soft tissue
and cutaneous infections by toxin-producing strains of
Staphylococcus aureus. Important risk factors for non-men-
strual TS include minor abrasions that serve as a portal for
toxin entry, burns, trauma, and antecedent surgery [9, 10].
Since the removal of superabsorbent tampons from the
market, non-menstrual TS is now the most common pre-
sentation of this illness. A common clinical antecedent of
non-menstrual TS is streptococcal necrotizing fasciitis.
Following entry into the bloodstream, the toxins them-
selves, termed TSST-1 and enterotoxin Cl, are non-phage
related and produce illness on the basis of TNF-like proper-
ties including hypotension, fever, and leukocyte activation
[11]. The clinical presentations of these entities are distinc-
tive. SS is broadly grouped into three different forms termed
generalized, localized, and abortive disease [12]. Generalized
SS is the most important manifestation of the disease and is
ascribed the greatest risk for complications. This form is
associated with remote staphylococcal infection of the head
and neck area including conjunctivitis or otitis media. The
symptoms are heralded by the development of an orange-
red, often tender macular rash. The rash may show periori-
ficial or flexural accentuation. Within 24—48 h, flaccid bullae
typically develop. The blister roof is typically wrinkled and
expands, forming large cavities, in particular involving flex-
ural sites such as the groin or axillae. The blisters are typi-
cally Nikolsky’s sign positive and, when removed, yield an
erythematous glistening base. Despite widespread involve-
ment of the bodily surfaces, the mucous membranes are
characteristically spared. This stage is typically followed by
desquamation and complete resolution within 5-7 days.
Clinical improvement coincides with the presence of neu-
tralizing serum antibodies to the toxin. The localized form
of disease is synonymous with bullous impetigo and repre-
sents localized infection by toxigenic strains of S. aureus. As
with the generalized form, this entity is typically encoun-
tered in children. The lesions are represented by superficial
erosions with minimal gray exudates or by fragile vesicles or
bullae filled with turbid fluid and surrounded by an ery-
thematous rim. Lesions are typically encountered on the
exposed surfaces of the skin and, in particular, periorificial
sites. Unlike the generalized form of the disease, wound cul-
tures and Gram stains are positive for staphylococcus. The
abortive form of the disease is less common and essentially
consists of regionally limited bullae, the dermatologic mani-
festations of which may be confused with TS.

The clinical presentation of TS is ushered in by the pre-
cipitous development of high fever, hypotension, and mac-
ular rash [9]. The rash is often localized to the site of
infection and typically shows pronounced erythema with
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Ficure 33.1. Epidermal loss with erythematous base seen in toxic
shock syndrome.

associated non-pitting edema (Fig. 33.1). The conjunctivae
are often injected and the oral mucosa may show petechiae
and diffuse erythema. The rash is often followed by desqua-
mation, in particular involving the palms and soles.
Important systemic accompaniments to the rash to be cog-
nizant of include painful skeletal muscles associated with
rhabdomyolysis, decreased urine flow/hematuria associ-
ated with the azotemia and encephalopathy of renal failure,
jaundice with hepatitis and hemorrhage associated with
thrombocytopenia, and disseminated intravascular coagu-
lation. A related condition consisting of recurring ery-
thematous rash and desquamation has been described in
HIV patients, termed recalcitrant erythematous desquamat-
ing disorder, that produces a subacute illness of longer
duration and high mortality [13]. Important consider-
ations within the diagnostic differential of these entities
include Kawasaki’s disease, drug eruption, scarlet fever, and
toxic epidermal necrolysis (TEN). Kawasaki’s disease shows
many of the features of TS, similarly sharing fever, conjunc-
tivitis, and desquamative rash that can, however, usually be
distinguished on the basis of the patient’s age (Kawasaki’s,
90 % less than 5 years), lack of hypotension, and the pres-
ence of lymphadenopathy. Drug eruption and scarlet fever
are seldom associated with hypotension. TEN is typically
seen in adults and usually follows ingestion of an offending
medication. Unlike TS, hypotension is not commonly seen
in the early stages of TEN.

The histopathology of these entities is distinctive. SS
shows blister formation situated within the epithelium just
below the stratum corneum or within the granular layer
(Figs. 33.2 and 33.3) [14]. The blister cavity typically con-
tains free-floating keratinocytes (acantholysis) and is
devoid of inflammatory cells. Special (Gram) stain for bac-
teria is negative. The dermis may show a sparse superficial
perivascular lymphocytic or neutrophilic infiltrate.
Localized forms of SS (bullous impetigo) show, in addition



33. Staphylococcal Toxin-Mediated Scalded Skin and Toxic Shock Syndromes 203

Fiure 33.2. Low-power photomicrograph of SSSS. Note subcor-
neal blister formation.

to the blister, copious numbers of neutrophils and pyogenic
organisms. The histologic findings of TS show pustular col-
lections of intraepithelial and subcorneal neutrophils with
single and grouped dyskeratotic and necrotic keratinocytes.
The dermis often shows edema with a perivascular and
interstitial infiltrate of neutrophils and lymphocytes.

The therapy for SS should be directed toward treatment
of the underlying S. aureus infection. For empiric treat-
ment or treatment of the methicillin-sensitive strains which
are responsible for most cases, parenteral administration of
a penicillinase-resistant penicillin, such as nafcillin or
oxacillin, is recommended. Additional use of clindamycin
is recommended to reduce bacterial toxin production [7,
15]. If methicillin resistance is suspected or known, intrave-
nous vancomycin is indicated [16]. The majority of adults
have antibodies against the exfoliative toxins, and therefore
fresh frozen plasma (FFP) has been used successfully in
pediatric cases, although its efficacy has not been estab-
lished in adults. Although intravenous immunoglobulin
(IVIG) is reported to be useful in some cases, one study

Ficure 33.3. High-power detail of subcorneal blister with scat-
tered neutrophils. Note the absence of acantholysis.

demonstrated longer hospitalizations in patients with SS
who had received IVIG compared to those who had not
received IVIG [7, 17]. Attention to fluid and electrolyte bal-
ance and local wound care precautions is important.
Complications include cellulitis, osteomyelitis, pneumonia,
and, in the adult, sepsis. Measures that prevent the nosoco-
mial transmission of the organism, including patient isola-
tion, health provider handwashing, barrier functions, and
oral antibiotic therapy for infected health-care providers,
should be considered.

The overall mortality rate of SS in children is about 3 %,
increasing to 40-50 % among immunosuppressed or renally
impaired adults. The management of TS involves rapid
intravenous resuscitation to ameliorate hypotension,
removal of infected tampon or identification of the underly-
ing infection, and appropriate intravenous antibiotics [18].
Antimicrobial therapy generally consists of cell wall active
agents (i.e., penicillin) with adjunctive clindamycin. IVIG or
immunoglobulin-containing FFP has also shown promise in
therapy. The overall mortality of TS is approximately 5 %.
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Meningococcemia and Purpura Fulminans

Meningococcemia

m Synonyms:
adrenal hemorrhage)

m Etiology:

m Associations:

Waterhouse-Friderichsen syndrome (with purpura fulminans and

Invasive infection with Neisseria meningitidis
Inherited or acquired deficiencies of complement or

immunoglobulin in some cases

m Clinical:

Upper respiratory tract symptoms, then fever, myalgias,

arthralgias; cutaneous involvement—macules, papules, petechiae,
palpable purpura; purpuric necrotic patches of purpura fulminans

m Histology:

Skin biopsy with mixed lymphocyte and neutrophil infiltrate,

*vasculitis, organism may be found by Gram’s stain

m Evaluation:

Blood cultures, CBC with differential, platelets, PT/PTT, other

coagulation parameters, Gram’s stain of smears from purpuric

lesions

m Treatment:  Intravenous antibiotics—penicillin G or third-generation
cephalosporin, fluid and inotropic support; * activated protein C
infusion or bactericidal permeability increasing protein for severe
sepsis

m Prognosis:  Good if treated early, but guarded with signs of sepsis or purpura
fulminans

Purpura Fulminans

m Synonyms:  Symmetrical peripheral gangrene

m Etiology: Diffuse intravascular coagulation

m Associations: Inherited protein C or S deficiency, postinfectious, bacteremic
sepsis

m Clinical: Widespread purpura with necrosis, skin and other organ systems

m Evaluation:

PT/PTT, proteins C and S, antithrombin III, CBC with

differential, platelets, fibrinogen, fibrin degradation products

Treatment:
m Prognosis:

Reversal of underlying process
High incidence of long-term deformity related to necrosis and

amputations, high mortality in that associated with sepsis

Meningococcemia is an invasive bacterial infection by the
Gram-negative diplococcus, Neisseria meningitidis, which
is often rapidly fatal if not detected and treated early.
Neisseria meningitidis infections occur both endemically
and epidemically. Sporadic disease occurs more commonly
during winter and early spring months and affects predom-
inantly children. The highest rate of infection is in infants 6
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months to 1 year, with a steady decline in infection rate
with age. This is likely explained by passive maternal immu-
nity providing protection in the first 6 months and gradual
onset of acquired immunity with age. Approximately two-
thirds of invasive meningococcal disease occurs in children
[1]. The human bacterial reservoir is the upper respiratory
tract. In the general population, the carrier state is quite
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common, but in only rare cases do carriers develop invasive
disease. There are many different serotypes of Neisseria
meningitidis, but types A, B, C, W-135, and Y account for
nearly all invasive disease. Worldwide, type A is responsible
for most large epidemics, but in the United States, sero-
types B and C account for approximately 90 % of invasive
infections. Most people exposed to an infected individual
will become colonized in the upper respiratory tract. There
is an approximately 5% chance of invasive infection devel-
oping in household contacts in the first 60 days after expo-
sure. Most of these occur in the first week [2].

The carrier state for Neisseria meningitidis is common,
but invasive infection occurs in few individuals. The organ-
ism is able to survive in a carrier state by a number of dif-
ferent mechanisms. It may adhere to epithelial cells by pili
and may produce IgA proteases—factors that inhibit ciliary
activity. The bacterial polysaccharide capsule assists in
adherence and inhibits phagocytosis [3]. Invasive disease
may be precipitated by antecedent viral infections; inhala-
tion of dry, dusty air; or passive smoke inhalation, all fac-
tors that may disrupt the integrity of mucosal epithelium
[3]. Once in the bloodstream, the type IV pili of the organ-
ism binds to endothelial cells via the CD147 receptor, and
then cell signaling resulting in the bacteria traversing the
wall of the vessel occurs by interactions with the endothe-
lial cell p2-adrenoreceptor [4]. Low levels of bacteremia
may favor infection in the brain vasculature leading to
meningitis, whereas a large bacterial load may favor a florid
septic picture with purpura fulminans [4]. Immunologic
response to meningococcal disease utilizes all three compo-
nents of the complement pathway, the classical pathway,
the alternative pathway, and the mannose-binding lectin

Ficure 34.1. Meningococcemia:
purpuric papules of the lower
extremities.
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pathway. Patients with inherited defects of the terminal
components of complement C6-C8 [5, 6], properdin [7],
and genetic variants of mannose-binding lectin [8] are sus-
ceptible to neisserial infections, including fulminant or
chronic meningococcemia. Acquired deficiencies of com-
plement as may occur in chronic liver disease, systemic
lupus erythematosus, and multiple myeloma also predis-
pose to invasive meningococcal infection [5, 9]. In one
series of patients presenting with a first episode of menin-
gococcemia, 30 % had either inherited or acquired deficien-
cies of complement [5]. In addition to complement
deficiencies, deficiencies of IgG, IgG subclass 2, and IgA
have been described in patients with meningococcal infec-
tions [10, 11].

The clinical manifestations of meningococcal infection
are varied. Tracheobronchitis, conjunctivitis, genital tract
infection, pneumonia, and meningitis may all occur, with
or without septicemia. Bacteremia may be occult. Acute
meningococcemia usually begins with upper respiratory
tract symptoms, progressing to fever, chills, myalgias,
arthralgias, headache, and nausea and vomiting.
Meningococcal meningitis usually presents without dis-
tinctive clinical features. It may closely resemble viral men-
ingitis. Bacteremia is not necessarily present.

Cutaneous findings in meningococcemia are not consis-
tently present. In one series of adult patients, 50 % had no
cutaneous findings or clinical evidence of meningitis [1].
When present, skin findings are not specific. They may
include a morbilliform eruption, urticarial papules and
plaques, petechiae, or purpuric patches (Fig. 34.1).
Morbilliform eruptions, papules, and urticarial plaques
may occur early in the disease, and then purpura subse-
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quently develops. Small purpuric necrotic papules and
vesicles may occur in any anatomic site. These usually rep-
resent septic or immune complex vasculitis. Broad areas of
purpura and necrosis are more likely to be manifestations
of purpura fulminans, an ominous presentation of sepsis-
associated  disseminated intravascular  coagulation
(Fig. 34.2). Such cases may be rapidly fatal and in the set-
ting of adrenal hemorrhage are referred to as Waterhouse-
Friderichsen syndrome. Early literature mistook
manifestations of sepsis for adrenal insufficiency due to
adrenal hemorrhage. Most patients with this syndrome
have elevations in cortisol [2].

In the child presenting with fever and a purpuric erup-
tion, one must be vigilant for the possibility of meningo-
coccemia. However, in a series of such patients, bacterial
sepsis comprises about 12% of the total, and of those,
meningococcemia accounts for approximately two-thirds
[2]. Most children with fever and purpura have viral infec-
tions, particularly enterovirus. Enterovirus may cause asep-
tic meningitis, resulting in a clinical presentation similar to
that of meningococcemia. The differential diagnosis also
includes infection with parvovirus B19, Epstein-Barr virus,
and cytomegalovirus, as well as endocarditis, gonococce-
mia, typhus, drug eruption, and other forms of systemic
vasculitis such as Henoch-Schénlein purpura.

A chronic form of meningococcemia also occurs and
generally presents with a less fulminant course and variable
skin findings. These include macules, papules, erythema
nodosum-like lesions, or palpable purpura due to small
vessel neutrophilic vasculitis. However, cutaneous involve-
ment is not a constant feature of the disease, particularly in

Ficure 34.2. Purpura fulmi-
nans: extensive purpuric
necrotic patches.
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adults. Other manifestations include fever, malaise, myal-
gias, and arthralgias. Symptoms may persist for weeks prior
to diagnosis. Chronic meningococcemia may occur in
immunocompetent individuals or those with HIV infec-
tion or deficiencies of complement or immunoglobulin
[12,13].

The diagnosis of meningococcal infection is made from
isolation of the organism from usually sterile sites such as
blood or cerebrospinal fluid. Surface cultures, especially
those from the oropharynx, are not useful because of high
rates of carriage in the general population. Blood drawn
from puncture wounds of purpuric lesions is reported to
have a high yield for organisms by Gram’s stain [14]. The
organism may be found in Gram’s stains of biopsy speci-
mens of skin lesions or even on the peripheral blood smear
[15]. Rapid serologic tests are available to detect Neisseria
meningitidis capsular polysaccharide antigen. These may be
particularly useful for CSF or if treatment has been insti-
tuted. In cases of suspected chronic meningococcemia,
PCR assay of skin biopsy specimens may be a useful adjunct
in diagnosis, particularly if blood cultures are negative [16].

Fulminant sepsis may develop rapidly in meningococ-
cemia. Endotoxin is a critical component of host immune
activation, and its levels correlate with the severity of dis-
ease. Serotype C frequently has fulminant manifestations,
probably because it has the highest production of endo-
toxin of any of the serotypes. In the circulation, CD14 on
the surface of monocytes and endothelial cells is the princi-
pal receptor for endotoxin. The interaction causes produc-
tion of pro-inflammatory cytokines such as TNF-a and
IL-1pB, which are important inflammatory mediators in
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sepsis [3]. Neutrophils are activated via endotoxin and
complement to produce proteases that result in tissue
damage.

Complications of meningococcal sepsis may include
septic arthritis, pericarditis, and endocarditis. One particu-
larly deadly complication of meningococcemia is purpura
fulminans, which occurs in 15-25% of patients with
meningococcemia [17]. Patients develop a severe form of
disseminated intravascular coagulation, clinically mani-
fested by purpuric patches with extensive cutaneous necro-
sis, accompanied by high mortality rates. Purpura
fulminans is not specific to meningococcemia and occurs
in several clinical settings.

34.1 Purpura Fulminans

Purpura fulminans (PF) occurs in three different clinical
settings: neonatal homozygous protein C or S deficiency,
after infection, and with bacterial sepsis. Homozygous pro-
tein C or S deficiency causes spontaneous intravascular
coagulation in the neonatal period, clinically presenting as
PE Postinfectious PF usually occurs 7-10 days after an
infectious trigger. Possible triggers include varicella, HHV-6
[18], scarlet fever, viral exanthem, or even hypersensitivity
reactions. This form is usually less severe than other forms,
with disease more frequently limited to the skin. At least
some cases seem to be mediated by autoantibodies induced
against protein S [19]. The third type of PF occurs in the
setting of sepsis with endotoxin-producing bacteria. The
majority of these cases are due to meningococcemia, but
some occur in association with infection by Streprococcus
pneumoniae, group A or B Streptococcus, and Haemophilus
influenzae, among others. PF has also been induced by sep-
ticemia with Capnocytophaga canimorsus (DF-2), a compli-
cation of a dog bite [20]. Hypercoagulable states such as
factor V Leiden mutation may predispose to some sepsis-
induced PF [21].

Purpura fulminans likely represents a phenotype with
multiple causes. A consumptive coagulopathy causes dis-
seminated intravascular coagulation. In sepsis, circulating
bacterial endotoxin and complement attack sequence dis-
rupt the endothelium, resulting in release of tissue factor.
Tissue factor binds to coagulation factor VII, and the com-
plex causes activation of factors V, X, VIII, and IX, with
consequent formation of thrombin and other procoagulant
proteins. Protein C is a vitamin K-dependent glycoprotein
that circulates in plasma in an inactive form. In a pro-
thrombotic state, thrombin forms a complex with endothe-
lial membrane-bound thrombomodulin. Circulating
inactive protein C binds to that complex and to membrane-
bound endothelial protein C receptor, resulting in activated
protein C. Once it is activated, it acts with its cofactor pro-
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tein S to inactivate activated factors V and VIII, thus exert-
ing an anticoagulant effect.

A dysfunctional protein C activation system likely con-
tributes to PF in meningococcal sepsis. In meningococcal
sepsis with PF, activated protein C in plasma is undetect-
able in most patients, and infusions of unactivated protein
C concentrate do not increase activated protein C levels.
Additionally, thrombomodulin and endothelial protein C
receptor expression are reduced, theoretically leaving less
available for use in protein C activation. The result of this
imbalance in coagulation homeostasis is a thrombotic state
[22].

The classical clinical presentation of purpura fulminans
is acute onset of painful purpuric papules, plaques, and
patches with a rim of erythema. Necrosis quickly ensues,
sometimes with formation of vesicles and bullae and subse-
quent eschar. Distal extremities are most commonly
affected. Proximal involvement also occurs, but is more
common in the postinfectious variant [17]. Similar involve-
ment of internal organ systems occurs. A consumptive
coagulopathy develops in PE which helps distinguish it
from heparin and Coumadin necrosis, thrombotic throm-
bocytopenic purpura, cryoglobulinemia, and thrombotic
states associated with antiphospholipid antibody.
Laboratory evaluation reveals reduced fibrinogen, platelets,
factor V and VIII, protein C, S, and antithrombin III levels.
There is a prolongation of PT and PTT and an elevation in
fibrin  degradation products such as D-dimers.
Histopathologic evaluation reveals thrombi of vessels, with
fibrin, platelets, leukocytes, and, in the case of meningococ-
cemia, sometimes Gram-negative diplococci (Figs. 34.3
and 34.4). In cases of PF associated with bacterial sepsis, a
neutrophilic vasculitis may accompany the thrombi, distin-
guishing it from noninfectious causes [17].

The treatment of purpura fulminans is aimed at revers-
ing the underlying cause, but may also include a variety of
measures to counter the hypercoagulable state. Early surgi-
cal consultation is advised. Patients should be monitored
for compartment syndrome, particularly if aggressive fluid
resuscitation is implemented. “Compartments” are fascially
delineated anatomic regions susceptible to ischemic necro-
sis in the setting of edema and low blood flow. Urgent
fasciotomy may be necessary if compartment syndrome
develops [23]. Postinfectious PF may be induced by auto-
antibodies to protein S. These patients may benefit from
plasmapheresis or intravenous immunoglobulin in
addition to other therapies [19]. Treatment for sepsis-
induced purpura fulminans is discussed below.

Treatment in suspected cases of meningococcemia
should be instituted immediately after cultures are
obtained, because prognosis is dependent upon early
intervention. Generally, intravenous treatment with a
third-generation cephalosporin is given until cultures
and susceptibilities allow narrowing the coverage. Fluid
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Ficure 34.3. Meningococcemia:
septic vasculitis with neutro-
phils, necrosis, and hemorrhage.

Ficure 34.4. Purpura fulmi-
nans: prominent intravascular
coagulation with occasional
neutrophils and superficial
necrosis.

and inotropic support are given as needed. Patients
should be placed on contact and droplet precautions
until 24 h of antibiotic therapy has been completed
[24]. In patients who develop purpura fulminans,
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extensive cutaneous involvement portends a poor
prognosis. Beneficial effects in severe sepsis have been
seen with infusions of bactericidal permeability
increasing protein (which binds endotoxin, preventing
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the pro-inflammatory cascades), in a randomized pla-
cebo-controlled trial [25]. No benefit was found with
activated protein C infusions in a randomized con-
trolled trial [26]. However, a retrospective case series of
patients with purpura fulminans using protein C con-
centrate infusions in children suggested lower mortal-
ity and long-term complications compared to historical
controls [27]. Unfractionated heparin was found to be
of no benefit in patients with sepsis in a randomized,
placebo-controlled trial [28]. In case reports, addi-
tional therapeutic measures reported to be of benefit
include anti-endotoxin antibody, systemic steroids,
anti-TNF-a antibody, anti-IL-1-f antibody, fresh fro-
zen plasma, antithrombin III, tissue plasminogen acti-
vator, plasmapheresis, and extracorporeal membrane
oxygenation [3]. Anticoagulation agents may be associ-
ated with bleeding complications, so if used, it should
be with great caution.

Poor prognostic features in meningococcemia include
petechiae present for less than 12 h prior to admission,
hypotension (systolic blood pressure <70 mmHg), absence
of meningitis, peripheral WBC count <10,000, erythrocyte
sedimentation rate <10 mm/h, difference between rectal
and skin temperature >3 °C, and parental opinion that
child’s condition has deteriorated in the previous hour [29,
30]. The mortality rate is 8—10% [2]. More recently, it has
been appreciated that genetic variations in host immune
factors can affect the severity and outcomes in infectious
diseases. Genetic polymorphisms in protein C promoter
and toll-like receptor 9 have been found to correlate with
clinical outcomes in patients with meningococcemia [31,
32]. Long-term complications usually result from ischemia
during acute infection and consist of amputations and
abnormal bone growth. In those patients surviving the
acute infection, evaluation for complement and immuno-
globulin deficiency should be performed to determine if
ongoing replacement therapy is needed.

Household and other close contacts should be treated
prophylactically because of the potential for epidemic spread
of invasive meningococcal disease. Recommended treatment
protocols include oral rifampin for 2 days or single-dose cip-
rofloxacin or intramuscular ceftriaxone. Treatment should
commence within 24 h of exposure [24]. Meningococcal
vaccine consists of purified capsular polysaccharide with
groups A, C, Y, and W-135. This quadrivalent vaccine is rec-
ommended for all children 11-12 years old, with a booster at
age 16 years, and also for adults and younger children at risk
[33]. Serogroup B was not included in early forms of the vac-
cine because of its lack of immunogenicity. Complement
control factor H is a soluble regulator of the alternative path-
way of complement activation. Neisseria meningitidis pro-
duces a factor H binding protein which has a permissive
effect on intravascular bacterial growth. The addition of this
protein to the vaccine has led to protection against serogroup
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B organisms [4]. This additional vaccine is recommended
for at-risk groups, including those with complement defi-
ciency or splenic dysfunction [33].
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Cutaneous and Systemic Lupus Erythematosus

Etiology:

Failure of surveillance for autoreactive B cells allows for

production of a variety of autoantibodies which target the skin

and visceral organs
m Associations:

Clinical:
Histology:

Ultraviolet radiation, family history, hormonal influence,
complement deficiency

Variable depending on subtype

Variable findings often including interface dermatitis, mucin

deposition, and lymphohistiocytic inflammation

m Prognosis:
m Treatment:

The evolution of systemic lupus erythematosus as a disease
entity began with simple dermatologic observations. Early
attempts in the classification of skin disease used the term
“lupus,” which is Latin for wolf, in reference to ulcers which
advanced and “consumed” surrounding tissue. It is likely
that these ulcers included cutaneous neoplastic disease
(enlarging, destructive basal cell carcinoma), infectious
diseases such as cutaneous tuberculosis, and early cases of
discoid lupus. Robert Willan made the first meaningful
attempt at classification of the ulcers of “lupus” in Practical
Synopsis of Cutaneous Disease according to the arrangement
of Dr. Willan in 1813. It is likely that cutaneous tuberculosis
(particularly lupus vulgaris) and discoid lupus erythemato-
sus were again intertwined and described as one entity in
his text.

Moritz Kaposi published groundbreaking work in
1873 which not only clearly delineated lupus erythema-
tosus as a distinct entity but recognized the systemic
manifestations of disease [1]. He also established that
discoid lupus and lupus vulgaris were distinct entities.
Sir William Osler coined the term systemic lupus erythe-
matosus and described the systemic manifestations in
more detail in the late twentieth and early twenty-first
century [2], with Jadassohn providing detailed clinical
and pathological descriptions in 1904 [3]. Discoveries of
the so-called LE cell reaction in 1948 established the
groundwork for the autoimmune basis of disease [4].
Criteria for the diagnosis of SLE set in 1982 were updated
in 1997 (Table 35.1) [5].

© Springer International Publishing Switzerland 2016

Depends on subtype, severity
Dependent on type, extent, and severity of disease

SLE is eight times more common in women than in
men and three times more common in blacks than in
whites. Average age of onset is also earlier in black women
(35) than in white men (44) [6]. Systemic disease is more
common and more severe in those of black and Hispanic
descent. SLE can be familial, associated with both com-
mon histocompatibility antigens and complement
deficiency.

Proper understanding of the pathogenesis of systemic
lupus requires a brief review of B cell tolerance. Through
the immunologic maturation process, elimination of
autoreactive B cells is accomplished both in the bone
marrow and spleen. Maturation of B cells into plasma
cells occurs in the germinal centers of lymph nodes. Each
of these locations has the potential for dysregulation in
the setting of SLE, allowing autoreactive B cells to bypass
normal pathways of elimination and perpetuate produc-
tion of damaging autoantibodies as plasma cells. Types of
autoantibody produced can correlate with subtypes and
characteristics of expressed cutaneous LE and severity of
renal disease. The reason for this immunologic dysregu-
lation is likely multifactorial, but certainly includes
genetic predisposition and environmental triggers. Cases
of SLE are documented to be familial in 4-10% [7]
although this number would likely rise if newer diagnos-
tic criteria were applied. SLE has been reported to occur
in identical twins with a concordance rate of 65% [8].
Family members of those with SLE will often have ele-
vated levels of autoantibodies and have a higher
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TABLE 35.1. Criteria for systemic lupus erythematosus [5]

Criterion Explanation
1. Malar rash Fixed erythema over malar eminences
tending to spare the nasolabial folds
2. Discoid rash Erythematous plaques with adherent
keratotic scale, follicular plugging,
scarring
3. Photosensitivity Skin rash as a result of sunlight exposure,

w

(=)}

~

oo

o

. Oral ulcers

. Nonerosive arthritis

. Pleuritis or

pericarditis

. Renal disorder

. Neurologic disorder

. Hematologic disorder

patient history or physician observation

Oral or nasopharyngeal ulceration, observed
by the physician

Tenderness, swelling, effusion of two or
more peripheral joints

Pleuritis: pleural effusion, pleuritic pain, or
rubbing heard by physician or

Pericarditis: on ECG, exam findings, or
evidence of pericardial effusion

Persistent proteinuria: >0.5 g daily or greater
than 3+ if not quantified

Cellular casts: RBC, granular, tubular,
mixed

Seizures or

Psychosis in absence of other known
causes

Hemolytic anemia with reticulocytosis or

Leukopenia <4000/mm? (more than 1
occasion) or

Lymphopenia <1500/mm® (more than 1
occasion) or

Thrombocytopenia <100,000/mm’ (no
other causes)

10. Immunologic Anti-DNA OR anti-Smith or findings of
disorder antiphospholipid antibodies

11. Positive antinuclear Abnormal titer ANA at any point in time in
antibody (ANA) the absence of causative medications

If four or more criteria are satisfied at any point in the disease course, a
diagnosis of systemic lupus erythematosus is made

incidence of connective tissue disease in general [9].
Patients with lupus have increased frequencies of histo-
compatibility antigens HLA-BS8, Dr3, A1, and DR2, and
complement deficiency is common in familial cases of
SLE. Potential environmental triggers and exacerbating
factors include ultraviolet radiation, drugs, and hor-
monal imbalance. Ultraviolet radiation, both UVB and
UVA, is a known trigger of onset and/or exacerbation of
disease in 60 % of SLE patients and 5% of DLE patients
[10]. Low levels of androgens in both females and males
with SLE as well as premenstrual flares and rare induc-
tion of disease from estrogen-containing contraceptives
underscore a possible hormonal influence on disease
expression [11]. Drug-induced LE is quite different
from idiopathic SLE, with a virtual absence of the com-
mon subtypes of skin disease, a tendency toward occur-
rence in Caucasians and occurrence in an older age
group. Renal and CNS diseases are also quite rare in
drug-induced LE.
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35.1 Subsets of Cutaneous Lupus

Discoid lupus erythematosus, of all the cutaneous lupus
subsets, has the largest footprint on dermatologic literature
and is most commonly seen in dermatologic clinics.
Incidence spikes in the fourth and fifth decade, and devel-
opment is uncommon in childhood and the elderly. There
is a female predominance, although not as striking as that
seen in SLE. Some believe that DLE can be separated into
localized and generalized variants, with the latter group of
patients developing coexistent SLE at a much higher rate.
The rate of SLE in “localized” DLE is comparatively small
(2-5%). Regardless of the clinical variant, involvement of
head and neck is nearly universal, with conchal bowl and
scalp involvement being a strong diagnostic indicator.

A discrete plaque of discoid lupus is a complex and fasci-
nating array of morphologic features which can be quite
difficult to describe for a struggling student of dermatol-
ogy. Lesions are usually well defined, although in lighter
skin types the dyspigmentation is less obvious and can
blend with the surrounding skin (Fig. 35.1). Scale is tough
and adherent and ranges in thickness from nearly nonexis-
tent to hyperkeratotic and platelike (Fig. 35.2). Epidermal
atrophy and telangiectasias are invariably present, and fol-
licular plugging is a key feature which can be difficult to
recognize. As mentioned before, dyspigmentation ranges
from peripheral darkening (especially in darker skin types)
to complete depigmentation, which is more common in the
center of “burnt-out” discoid lupus lesions. Symptoms
range from pruritus to intolerable burning pain. When
lesions are active, erythema ranges from pink to violaceous
to bright red, with variable lesional edema and induration.
Erythema, scale, and induration can be indicators of dis-
ease activity, with the absence of all three being a strong
indicator of lesional quiescence. Each described feature,
taken alone, has an extensive differential diagnosis,
although the composite of all features could represent little
other than discoid lupus. Scalp lesions have similar fea-
tures, with more obvious follicular plugging, and the ten-
dency to cause permanent, cicatricial alopecia (Fig. 35.3).
Squamous cell carcinoma can develop in patients with dis-
coid lupus, usually after many years, usually in those with
extensive, severe disease. One series reported malignant
degeneration in 3.3 % of 120 Caucasian patients [12].

There is an overlapping relationship between tumid
lupus (TLE) and discoid lupus. Classically, tumid lupus
refers to well-defined indurated persistent pink plaques
without discernable surface change. Tumid lupus is often
exquisitely photosensitive, more so than other cutaneous
lupus subtypes. Distribution strays from that of DLE in
that truncal involvement is more common and scalp and
ear involvements are uncommon. Lesions resolve without
scarring. Biopsy specimens show the dermal features of
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Ficure 35.1. Discoid lupus, left jawline.

Ficure 35.2. Discoid lupus, conchal bowl.

discoid lupus (mucin deposition, superficial and deep peri-
vascular lymphocytic inflammation) but minimal epider-
mal change aside from mild vacuolar interface dermatitis.
A caveat to this relationship is that many patients show his-
tologic overlap with DLE in clinical lesions reminiscent of
TLE, often when presenting early in the course of disease.
These “overlap” patients will often have both types of
lesions present (DLE and TLE), with lesions of TLE devel-
oping into lesions of DLE, suggesting that TLE may be a
precursor to DLE in some instances. A similar phenome-
non has been noted over time in patients with the malar
rash of SLE, as malar DLE occasionally develops.

Subacute cutaneous lupus (SCLE) is a more clearly
defined entity which only rarely overlaps with other cuta-
neous lupus subtypes, although SLE develops more fre-
quently than in the context of DLE. SCLE is classically
separated into psoriasiform and annular/polycyclic vari-
ants, representing two-thirds and one-third of patients,
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Ficure 35.3. Discoid lupus, scalp, with scarring alopecia.

respectively (Figs. 35.4 and 35.5). Lesions resolve with dys-
pigmentation but frank scarring does not occur.
Distribution often spares the face but the neck, arms, and
trunk are often involved, tending toward a photosensitive
distribution. SLE is present in 50% of those diagnosal with
SCLE, and 10 % of SLE patients have SCLE lesions. Age of
presentation is similar to DLE, in the fifth to sixth decade,
with a female predominance of 4:1. Unlike SLE, SCLE is
much more common in light-skinned patients.

Lupus panniculitis refers to an inflammatory condition
involving the subcutaneous fat, almost exclusively lympho-
cytic in nature, associated with SLE and other forms of
cutaneous LE in a high percentage of patients. Lupus pro-
fundus refers to the coexistence of discoid lupus and lupus
panniculitis within the same clinical lesions, which can
occur clinically (3-5%) or only on histologic evaluation
(30%) [13]. Subcutaneous nodules are usually skin-col-
ored to pink, firm, rubbery, and well-defined and can be
several centimeters in diameter. Clinical features which
allow differentiation from other forms of panniculitis
include distribution which favors the proximal extremities,
face, breasts, buttocks, and shoulders and the unique
crateriform subcutaneous atrophy left behind in quiescent
lesions. Histologic differentiation from subcutaneous T cell
lymphoma is vital, as the treatment options are obviously
quite different.

The cutaneous manifestations in those with systemic
lupus can take many forms beyond what has been
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Ficure 35.4. Subacute cutaneous lupus, psoriasiform subtype.

mentioned. The classic malar rash is the most recognizable
of this group, presenting as smooth to slightly scaling
edematous symmetric erythematous patches on the face
(Fig. 35.6). There is some clinical overlap with rosacea and
seborrheic dermatitis, so evaluation for a similar eruption
in photosensitive sites is extremely important. Photo-
exacerbation is common, and heavy sun exposure in sus-
ceptible individuals can result in widespread acute
LE. Widespread acute LE with TEN-like desquamation can
be abrupt and life-threatening. Hair loss occurs in approxi-
mately 50 % of patients. It is usually patchy and nonscar-
ring, fully reversible with therapy for SLE, although scarring
alopecia can occur in the setting of discoid lupus of the
scalp [14].

Antiphospholipid syndrome (APS) can be present in iso-
lation or as a component of systemic lupus erythematosus.
Evidence of APS occurs in 40 % of SLE patients, although
only 40 % of these patients have thrombotic complications.
It can result in venous or arterial thrombosis, recurrent
spontaneous abortion, and thrombotic complications of
both cerebral and myocardial vessels. Laboratory findings
of both antiphospholipid antibodies (such as anticardio-
lipin antibodies) and abnormalities in the clotting profile
are usually found. Cutaneous findings associated with

Ficure 35.5. Subacute cutaneous lupus, annular/polycyclic

subtype.

FiGure 35.6. Acute malar rash of SLE.
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antiphospholipid antibody syndrome are those reflecting
unchecked thrombosis. Larger vessel occlusion can result in
livedo reticularis due to vascular stasis and occurs in 25%
of patients with antiphospholipid antibody syndrome [15].
Stellate necrosis and cutaneous ulceration can occur with
complete occlusion.

Bullous lupus, referring to the subcutaneous immuno-
bullous disorder associated with SLE and antibodies to
type VII collagen, also falls into this group. This occurs
more often in young black women in the second and third
decade. Multiple tense bullae develop with a variable distri-
bution, occasionally involving mucous membranes.
Scarring and mechanobullous lesions do not occur, which
occur more commonly in epidermolysis bullosa acquisita, a
disease which overlaps a great deal with bullous lupus [16].

Most of the aforementioned variations have some histo-
pathologic findings in common. Most have lymphocytes as
the main inflammatory cell, and most have some degree of
vacuolar interface dermatitis, except those variants which
do not involve the epidermis. Keeping these similarities in
mind, discoid lupus will be described in more detail, with
other subsets compared with this initial description.

In classic discoid lupus, clinically adherent scales are
reflected in dense irregular clumps of parakeratosis.
Epidermal atrophy and sparse lymphocytic inflammation of
the basal layer of the epidermis causing vacuolar change are
somewhat characteristic features, with interface dermatitis

Y
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spreading down along the basal layer of hair follicles plugged
with keratin. An intense superficial and deep perivascular
infiltrate of lymphocytes and plasma cells along with dermal
mucin deposition results in clinical erythema and indura-
tion (Figs. 35.7 and 35.8).

In subacute cutaneous lupus, epidermal atrophy is more
pronounced, with occasional extension into the
pilosebaceous unit, and hyperkeratosis and basement
membrane thickening is less apparent. Follicular plugging
is minimal to nonexistent. Intensity of inflammation both
at the dermoepidermal junction and at perivascular sites is
markedly reduced, as is depth of inflammation and extent
of mucin deposition [17] (Fig. 35.9).

Acute cutaneous lupus displays features that in early
lesions consist of subtle basal layer liquefactive degenera-
tion, mild dermal edema, and a mild superficial perivascu-
lar lymphocytic infiltrate. Mucin deposition is usually
sparse. Lesions can also be reminiscent of SCLE or DLE at
times. Bullous LE usually consists of a subepidermal vesicle
which is typically neutrophil-rich. Adjacent skin may show
subepidermal neutrophilic microabscesses, similar to those
seen in dermatitis herpetiformis. Either a granular or linear
pattern of IgG or IgA can be seen lining up along the der-
moepidermal junction on direct immunofluorescence [18].
Indirect immunofluorescence on salt-split skin reveals
exclusively dermal serum antibody aggregation, which is
expected given the target antigen (type VII collagen).

Ficure 35.7. Discoid lupus erythematosus, low power: Follicular plugging with superficial and deep dermal

inflammation with subcutaneous hyalinization.
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Ficure 35.8. Discoid lupus erythematosus, high power: Chronic interface folliculitis with pigment incontinence and dermal lympho-

plasmacytic inflammation with increased mucin.

In lupus panniculitis, overlying features of discoid lupus
may or may not be present. Some use the term “lupus pro-
fundus” when findings of both are present in the same
lesion. The deep dermis and septae of the subcutaneous fat
are packed with nodular infiltrates of lymphocytes and
plasma cells, occasionally spreading into fat lobules and
causing fat necrosis (Fig. 35.10). There is often fibrinoid
degeneration of nearby collagen [19].

Description of the use of autoantibodies in the diagnosis
of SLE and subtypes of cutaneous LE deserves attention.
Antinuclear antibodies are almost always positive in the
setting of SLE and usually of high titer (>1:320). Antibodies
to double-stranded DNA are quite specific for SLE,
although with limited sensitivity. The same holds true for
anti-Smith antibodies, which are insensitive, but extremely
specific for SLE. Anti-Ro antibodies are often positive in
SLE, but nonspecific and found in a variety of cutaneous
subtypes of LE and other connective tissue diseases.
Anticardiolipin antibodies are positive in 16% of SLE
patients.

Diagnosis of cutaneous subsets of LE is more often a
clinical diagnosis which can be supported by autoantibody
presence. This is particularly true in the setting of SCLE, in
which 60% are ANA positive and 80% are Ro antibody
positive. DLE autoantibody profile is even less diagnostic,
with ANA positivity in several studies ranging from 5 to
60%. Older age, longer duration, and more extensive

cutaneous disease portend a higher rate of ANA positivity
in discoid lupus. A small percentage of patients with DLE
are anti-Ro positive (~10%) [20].

Treatment of SLE and cutaneous lupus is complex, and
some medications used exclusively for SLE will not be dis-
cussed. Given similar histologic infiltrates and perceived simi-
larities in pathogenesis, there is overlapping efficacy among
the subtypes, particularly when it comes to response to anti-
malarials and corticosteroids. Response to immunomodula-
tors varies, and benefits must always be carefully balanced with
risk, especially in the context of purely cutaneous disease.

Treatment of localized cutaneous lupus, especially in TLE,
SCLE, and DLE, should begin with topical treatment (high-
potency steroids and/or calcineurin inhibitors), with or with-
out intralesional injection of corticosteroids. Protection from
ultraviolet radiation in photosensitive disease is paramount.
First-line oral therapy for recalcitrant local disease or wide-
spread cutaneous disease includes topical therapy in addition
to hydroxychloroquine. Dosage of 200 mg twice daily is
appropriate for most patients, although some advocate for an
upper limit of 6 mg/kg body weight to avoid ocular compli-
cations. The use of a 4-week prednisone taper in addition to
initiation of hydroxychloroquine can account for slow onset
of action with use of antimalarials and halt progression of
disease during this time. Failure of hydroxychloroquine (no
improvement after 2-3 months) will usually result in addi-
tion of quinacrine (100 mg daily) or substitution of chloro-
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Ficure 35.9. Subacute cutaneous lupus erythematosus, low power: Subacute interface dermatitis with increased dermal
mucin and patchy lymphoplasmacytic inflammation.

Ficure 35.10. Lupus profundus, high power — hyalinizing panniculitis with lymphoplasmacytic inflammation.
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quine (250 mg daily). Afterward, the treatment algorithm
becomes somewhat controversial and varies depending on
subtype of cutaneous LE and the treating physician.
Methotrexate and oral retinoids (acitretin, isotretinoin) have
both shown benefit in multiple studies, particularly for SCLE
and DLE. The only head-to-head comparison, between
acitretin and hydroxychloroquine in a group of patients with
various subsets of cutaneous LE, showed similar rate of
response, although dosage of acitretin used was 50 mg daily.
Dapsone shows better response in SCLE and bullous LE than
in DLE and can be considered a reasonable second-line agent.
Mycophenolate mofetil and azathioprine can also be used for
refractory skin disease, particularly in the context of con-
comitant SLE [21]. Thalidomide can be used as a third-line
agent as well, with 98% improvement and 85% complete
clearance in a study of 60 patients with DLE and SCLE refrac-
tory to antimalarials, although disease recurred/worsened in
>70% after discontinuation [22].
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Dermatomyositis

Pink violaceous patches and papules overlying joints of the hands,
elbows, knees; symmetric violaceous upper eyelid eruption, shawl

m Synonyms:  Wagner-Unverricht syndrome

m Etiology: Primary autoimmune disorder predominantly affecting the
skeletal muscle and skin

m Associations: Interstitial lung disease, malignancy

m Clinical:
pattern eruption of the neck and upper trunk

m Histology:  Interface dermatitis of mild intensity with some variation

depending on site of biopsy

m Prognosis:
malignancy
m Treatment:

Good in some juvenile types and in adults without associated

Prolonged course of prednisone, methotrexate,

hydroxychloroquine (skin disease)

Dermatomyositis was first described in the late nineteenth
century by Ernst Wagner [1], and detailed descriptions of
clinical course and skin disease by German physician
Heinrich Unverricht led to its distinction from polymyosi-
tis [2]. This leads to the rarely used eponym “Wagner-
Unverricht syndrome” Later discoveries included
malignancy association (1916) [3, 4], details of cutaneous
manifestations by Gottron (1930) [5], differentiation from
systemic lupus erythematosus (1942) [6], and amyopathic
dermatomyositis (1975) [7]. The first full postmortem
examination of a child with dermatomyositis was pub-
lished in 1912 [8]. Childhood cases represented 20 % of 338
cases reviewed in two large case series in the presteroid era
in 1932 and 1939 [9, 10], although the differences between
and childhood and adult dermatomyositis didn’t become
clear until 1966 [11].

Dermatomyositis is a rare multisystem disorder which
can result in debilitating cutaneous and musculoskeletal
disease, as well as signal the presence of occult, potentially
lethal malignant neoplasms. It is closely related to polymy-
ositis in terms of disease course, associations, and progno-
sis. Some believe dermatomyositis, polymyositis, and

© Springer International Publishing Switzerland 2016

amyopathic dermatomyositis to exist on a spectrum, with
many patients existing within the gray area between these
established diagnoses. Indeed, diagnostic criteria proposed
in 1975 by Bohan and Peter applied to both dermatomyosi-
tis and polymyositis (Table 36.1) [12]. These criteria
focused mainly on muscle weakness, electromyographic
findings, serum signs of skeletal muscle breakdown, and
muscle biopsy pathologic findings, with the absence of
other possible causes. Skin findings alone differentiate der-
matomyositis from polymyositis. Dermatomyositis is an
uncommon diagnosis, with a female predominance of
about two to one. There is a bimodal peak of incidence
both in children (average 7 years) and in adults in the fifth
and sixth decade. Amyopathic dermatomyositis accounts
for roughly 20 % of cases in adults [13].

Pathogenesis likely involves environmental triggers,
genetic predisposition, immune system dysregulation,
and vascular occlusion. Most adult patients display a posi-
tive antinuclear antibody, and some have antibodies
against nuclear antigens which can reflect disease tenden-
cies and affect prognosis. HLA-B8 and DR3 are associated
with dermatomyositis and polymyositis and anti-Jo-1
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TaBLE 36.1 Bohan and Peter diagnostic criteria

Diagnostic criteria for dermatomyositis

A Proximal and symmetric muscle weakness
progressive for weeks to months

B Elevation of serum levels of skeletal muscle
enzymes

C Electromyographic findings characteristic
of myopathy

D Muscle biopsy evidence of myositis

E Typical cutaneous findings of
dermatomyositis

Criteria for dermatomyositis

Possible One criterion (A, B,C,or D)+E
Probable Two criteria (A, B, C,or D)+ E
Definitive Three criteria (A, B, C,or D)+E

antibodies [14]. There is deposition of immunoglobulins
and complement in blood vessels and at the dermoepider-
mal junction of affected skin of some patients. The com-
ponents of the membrane attack complex (C5b-9) can be
demonstrated in skeletal muscle arterioles and capillaries,
lending more credence to pathogenetic relationship to
immunologic microvascular injury [15]. This was found
in a higher percentage in childhood (83 %) than adult
(26 %) dermatomyositis. Given this information, it is
likely that muscle injury in dermatomyositis is related to
autoantibody and complement-mediated occlusion or
destruction of blood vessels, resulting in ischemic necro-
sis of musculature. However, direct immunofluorescence
studies of skin and muscle also show absent or nonspe-
cific perivascular patterns of immunoglobulin and com-
plement deposition in many cases. It is unclear whether
endothelial damage is mediated directly by autoantibod-
ies or whether endothelial cell death and vasculopathy are
mediated by other means, followed by production and
deposition of autoantibodies in damaged tissue.
Cutaneous findings vary, but the combination of charac-
teristic findings in a well-developed case of dermatomyosi-
tis can be mistaken for little else. The heliotrope rash,
consists of a pink to violaceous periocular eruption, classi-
cally favoring the upper eyelids occasionally associated
with marked edema (Fig. 36.1). Gottron papules are closely
set variably violaceous papules on the dorsum of the meta-
carpophalangeal and interphalangeal joints (Figs. 36.2 and
36.3). Scale is occasionally present, which can lend an
appearance similar to papulosquamous diseases such as
psoriasis. The definition of Gottron sign varies depending
on the opinion of the clinician. Some refer to Gottron sign
as patchy/macular erythema only on the elbows, knees, and
ankles; others prefer this term for any raised/papular skin
changes in these areas as well. As we proceed to less specific
findings of dermatomyositis, we find signs which are com-
mon to other connective tissue diseases such as systemic
lupus and scleroderma. A photodistributed pink to faintly
violaceous eruption of the shoulders and upper trunk,
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referred to as the “shawl” sign, can be intensely pruritic and
develop poikilodermatous changes over time (Fig. 36.4).
Minimal scale is present, and this sign may closely mimic a
photosensitive flare of acute cutaneous lupus. Scalp disease
can resemble seborrheic dermatitis and psoriasis. Intense
pruritus, violaceous hue, and histopathological correlation
can help to distinguish from these entities.

As mentioned previously, the hands can harbor many
clues to diagnosis in the dermatomyositis patient. Erythema
and papules typically involve the extensor aspect of the fin-
ger joints, rather than the interphalangeal joint space,
although this “classic” distinguishing feature is not without
exception. Periungual erythema with intermittent dilated
capillary loops is accompanied by “ragged” cuticles which
gradually climb the nail plate well past the lunula. Mechanic’s
hands, referring to rugged, often hyperpigmented hyperker-
atotic plaques of the lateral aspects of the fingers, appears
with more frequency in the anti-synthetase syndrome.

Muscular symptomatology can dominate the clinical
picture or can present months to years after cutaneous dis-
ease develops. Usually weakness has an insidious onset,
with proximal musculature such as the hip flexors and

Ficure 36.1. Dermatomyositis: classic heliotrope eruption con-
sisting of symmetric edema and violaceous erythema of the
eyelids.
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Ficure 36.2. Dermatomyositis: Gottron papules overlying the
proximal and distal interphalangeal joints of the index finger.

Ficure 36.3. Dermatomyositis: “Shawl sign” consisting of sym-
metric patchy erythema of the chest with accompanying
poikiloderma.

FiGure 36.4. Dermatomyositis: Gottron papules in skin of color.

deltoids being first affected. Climbing stairs and lifting
heavy objects become difficult. 50-60% of patients with
dermatomyositis have muscle weakness at presentation
[16], with 25-50 % having myalgias and muscle tenderness.
Facial muscles are not involved. Electromyographic fea-
tures are diagnostic and included in most modern criteria
for the classification of adult inflammatory myopathy [17].
Useful indicators of muscle disease include serum creatine
kinase and aldolase levels, which parallel muscle inflamma-
tion as well as response to treatment. Muscle biopsy should
be obtained, preferably from a weakened proximal muscle.
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When EMG is used to target appropriate musculature,
biopsy should be performed on undisturbed, contralateral
muscle to avoid iatrogenic pathology from EMG. MRI can
be used to target involved musculature in young children
who are unlikely to tolerate EMG. Rates of cardiac involve-
ment including myocardial fibrosis leading to diastolic dys-
function and ECG abnormalities are difficult to accurately
quantify due to variability in sensitivity of diagnostic tests
used in studies through the years [18]. Weakening of the
muscles of respiration and swallowing are less common but
can result in substantial morbidity.

Interstitial lung disease (ILD) is a another aotertial sys-
temic finding 40 % of patients with polymyositis or derma-
tomyositis have radiologic or clinically identified lung
disease (interstitial or restrictive), and the risk is higher in
those with anti-Jo-1 antibodies [14, 19]. In those with ILD,
patients can be asymptomatic (25%), present with a
chronic and slowly progressive course (58 %), or can result
in acute respiratory failure (17%) [20]. Amyopathic der-
matomyositis carries an association with rapidly progres-
sive ILD and poor prognosis in studies of eastern Asian
populations [21, 22]. Clinically significant interstitial lung
disease in JDM is rare.

The many differences between childhood and adult der-
matomyositis are outlined in Table 36.2 [37]. Cutaneous
vasculopathy with concomitant ulceration/necrosis and
calcinosis cutis is much more common in childhood der-
matomyositis reflecting a possible difference in primary
pathogenesis [23]. Vasculopathy of the gastrointestinal
tract and heart is also much more common in childhood
disease. Myositis-specific antibodies are present in both
adults (80%) and children (>60%), and implications are
summarized in Table 36.3 [24].

Malignancy association varies based on patient popula-
tion and subtype of dermatomyositis, although rates of
association in adults range from 7 to 43 %, with risk increas-
ing with age [25]. Risk is approximately threefold for adults
overall, risk being highest within 1 year of diagnosis and
increased risk continuing until up to 5 years after diagnosis
of myositis [26]. Cases of childhood dermatomyositis and
those with anti-Jo-1 antibodies are rarely associated with
malignancy. Those patients with repeated attacks of severe
myositis with lack of response to conventional therapy
should be aggressively screened with either computed
tomography or positron emission tomography scanning.
Associated malignancies are often common to age group
and gender of the affected individual. Otherwise healthy
adults should undergo age-appropriate screening for
malignancy.

Cutaneous histopathology is relatively nonspecific. Most
sites of inflammatory skin disease will display some degree
of papillary dermal edema and dermal mucin deposition
associated with a mild lymphobhistiocytic interface derma-
titis with liquefactive degeneration of basal cells (Fig. 36.5).
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The remainder of histologic findings depend somewhat on
the biopsy site morphology. Not surprisingly, Gottron pap-
ules add hyperkeratosis and epidermal acanthosis to the
findings mentioned above. Additional findings in the
“shawl” of poikilodermatous change show epidermal atro-
phy, hyperkeratosis, increased mucin deposition, and
dilated superficial dermal vessels [27]. Juvenile disease
occasionally will add fibrosis, calcification, and occlusive
vascular disease [28]. Skeletal muscle pathology and
inflammatory features vary based on the site of biopsy.
Necrosis of muscle tissue with associated occlusion or
necrosis of nearby vasculature is more common in muscle
biopsy in childhood dermatomyositis [23].

Treatment of muscle disease hinges on rapid institu-
tion of oral corticosteroids (0.5-1 mg/kg/day) until nor-
malization of muscle enzymes followed by a very slow
taper, with some advocating 1-2 years of treatment until
cessation [29]. Steroid-sparing agents can be used with
recalcitrant disease or with medical contraindications to
oral steroid therapy. One of the most studied of these
agents is methotrexate, which shows ability to induce
improvement and remission as monotherapy [30] or
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when combined with corticosteroids in a significant
number of patients. One study with a combination of
patients with DM, polymyositis, and inclusion body
myositis showed a 73 % response rate in those refractory
to steroids [31]. Similarly, azathioprine has shown
impressive results as steroid-sparing agents in doses of
2-2.5 mg/kg/day, although the side effect profile makes
this a less favorable option, particularly in juvenile der-
matomyositis [32]. For short-term control of exacerba-
tions, cyclosporine has been used in doses of 3-3.5 mg/
kg/day with success for refractory disease, although the
need for long-term therapy makes cumulative nephro-
toxicity a concern [30].

In the case of refractory skin disease or dermatomyositis
sine myositis, sun protection, topical corticosteroids, and
hydroxychloroquine can be useful adjunctive therapies [33].
41-75% of patients improve with antimalarials, in particu-
lar periorbital and facial skin disease, although the response
is not as impressive as in cutaneous lupus erythematosus
[34]. Topical tacrolimus can be used for limited cutaneous
disease. Oral mycophenolate mofetil or methotrexate can be
considered in refractory severe skin disease [35, 36].

TasLE 36.2. Comparison between juvenile and adult dermatomyositis

Juvenile poly/dermatomyositis (JDM)

Adult dermatomyositis

Incidence
Variants

Age of onset
Gender predilection
Cardiovascular
Pulmonary
Gastrointestinal
Renal

Hepatic

Cutaneous disease
Muscular

Serology

Pathogenesis

Malignancy association

Arthritis
Fever

2—4 per million

Monocyclic, polycyclic, chronic continuous (amyopathic extremely
rare)

Average age of onset: 7 years

Female/male ratio 2:1

Uncommon: EKG changes, cardiomegaly, pericarditis,
hypertension (25 %)

Restrictive lung disease (60—70 %) due to muscle weakness with
rare (3 %) interstitial lung disease

Oral ulceration, erythema, gingivitis (10-46 %), dysphagia/
dysphonia (12-85 %), GI ulceration/perforation (common cause
of death)

Transient mild proteinuria, hematuria, and renal dysfunction

Hepatomegaly (10-20 %)

Calcinosis (30 %) occurs late in disease course; ulceration more
common

Weakness (95 %), muscle pain (60-85 %), contractures (62—-90 %),
muscular induration (50-100 %), CPK elevation (90 %)

ANA and RF positivity (<10 % initially), myositis-specific
antibodies (60 %), Mi-2 (4-10%), p155 (23 %)

Immune complex-mediated vasculopathy of capillaries and small
muscular arteries leads to ischemic or infarctive muscle tissue
loss

None

7-38 %, mild
50-85%

9.5 per million
Amyopathic (20 %), classic

5th—6th decade

Female/male ratio 2:1

Myocardial fibrosis, ECG changes, diastolic
dysfunction, congestive heart failure, increased risk
of myocardial infarction

Interstitial lung disease (20—-60 % with idiopathic
inflammatory myopathy) or restrictive lung disease

Less common: distal esophageal dysmotility and reflux,
rare GI inflammation/ulceration

Rare
Rare
Calcinosis less common (15 %)

50-60% weak at presentation, 25-50 % muscle pain

80 % ANA +, myositis-specific antibody (80 %),
including Jo-1 (40 %), Mi-2 (20 %), p155 (13-21 %)

Inciting factor for production of autoantibodies may
differ and be related to immunologic response to
neoplasm; less occlusion and necrosis of the skin and
muscle occur in general than in JDM

7-43 % overall; threefold increased risk after diagnosis,
80 % adenocarcinoma, risk minimal if age at
diagnosis <45 years

Rare, mild inflammatory arthritis

Less common
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TaBLE 36.3. Features and implications of myositis
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Antibody Target Frequency Associations Comments
Anti-Jo-1 Histidyl-tRNA synthetase 20 % (adults) Anti-synthetase syndrome: myositis, QOJ, EJ, PL-7, PL-12, KS, Zo, and Ha
ILD, mechanic’s hands, Raynauds, are other anti-synthetase targets
arthritis, rapid onset in DM and PM
Anti-Mi-2 Helicase for transcription 7 % adult Acute onset, shawl sign, respond well to ~ Present 30 % of Central American
activation Caucasians treatment patients
Anti-CADM-140  RNA helicase 7% (US) Amyopathic DM and rapidly AKA anti-MDAS5 (melanoma
progressive ILD (Japanese, Chinese differentiation associated gene 5)
pt), severe arthropathy, little myositis
(Us)
Anti-P140 NXP2 10-20% (JDM) Calcinosis in childhood DM
Anti-p155-TIF1 Nuclear factor, ubiquitin 13 % adult, 23 % Severe cutaneous disease (children), Specific for dermatomyositis
ligase juvenile 50 % malignancy assoc (adults)
Anti-SAE Small ubiquitin-like 3% adult Initial classic skin disease, followed by Specific for dermatomyositis

modifier activating
enzyme

myositis and systemic disease

Tansley et al. [24]

Ficure 36.5. Dermatomyositis 20X magnification: subacute interface dermatitis with prominent dermal mucin deposition and sparse
lymphoplasmacytic inflammation.
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Diffuse Systemic Sclerosis

m Synonyms:
m Etiology:

m Associations:
m Clinical:

m Histology:

= [HC:
m Prognosis:

m Treatment:

progressive systemic sclerosis, systemic scleroderma

primary autoimmune disorder resulting in endothelial
dysfunction, progressive dermal fibrosis, and visceral
complications

interstitial lung disease, pulmonary hypertension, renal crisis,
esophageal reflux, Raynaud phenomenon

diffuse progressive dermal induration of the trunk > extremities,
sclerodactyly, dyspigmentation, and contractures

thickened sclerotic dermis with trapping of adnexal structures,
usually with minimal inflammation and flattening of rete ridges
none

poor, especially with concomitant interstitial lung disease or
pulmonary hypertension

multidisciplinary care with inclusion of treatment of dermatologic
manifestations and monitoring and treatment of visceral

manifestations

The concept of a disease which hardens the skin and creates
profound disability is one that has been described for cen-
turies. Carlo Curzio described a 17-year-old female patient
in Naples, Italy, with wood-like skin, reminiscent of a dry
hide, with restriction of movement of the mouth and face.
She recovered completely after 11 months [1]. Although
this is widely considered to be the first accurate description
of scleroderma, her spontaneous remission and lack of sys-
temic sequelae bring to mind type I scleredema. The term
“scleroderma generale” was first used by Fantonetti in 1836,
although his patient also had features more reminiscent of
scleredema. It was not until Maurice Raynaud and Sir
William Osler that a clear picture of the features (and bur-
den) of scleroderma developed. Osler eloquently wrote, “In
its most aggravated forms diffuse scleroderma is one of the
most terrible of human ills. Like Tithonus, to ‘wither slowly’
and like him to be ‘beaten down and marred and wasted’
until one is literally like a mummy, encased in an ever-
shrinking, slowly contracting skin of steel, is a fate not pic-
tured in any tragedy, ancient or modern.” Although current
treatments can be helpful and occasionally alter the course

© Springer International Publishing Switzerland 2016

of diffuse systemic sclerosis, Osler’s words ring true for
some patients with severe progressive disease, encased in a
skin of steel.

The scleroderma-like illnesses have a confusing history
of classification. Morphea and its subtypes will not be dis-
cussed in this chapter, and limited systemic sclerosis (LSSC)
(previously known as calcinosis, Raynaud phenomenon,
esophageal dysmotility, sclerodactyly, and telangiectasia
(CREST) syndrome) will be mentioned only in passing. We
will focus on the subset of scleroderma which results in the
most profound morbidity, diffuse systemic sclerosis. In
addition to cutaneous sclerosis, joint contractures, and loss
of mobility, diffuse systemic sclerosis can involve almost
any organ or tissue in the human body. There is a female
predominance (approximately 3—-4:1 combining limited
and diffuse types), with onset usually in the fourth to sixth
decades of life [2].

Pathogenesis is via a two-pronged, interrelated attack of
vascular endothelial dysfunction and abnormal collagen
synthesis and accumulation. Endothelial cells of capillaries
undergo a series of changes beginning with subtle
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ultrastructural separation, proceeding to vacuolation and
complete destruction of the capillary wall. Compensatory
dilatation of residual vessels, best seen by nailfold capilla-
roscopy, is a visible manifestation of this microscopic
pathology. Arteriole involvement is also marked, especially
in the kidneys and is marked by concentric, fibrotic lamina-
tion of the vascular intima. As mentioned previously, depo-
sition of collagen in the dermis is excessive and abnormal
in morphology and type. It is likely that the immune
response to vascular injury (and exposure of damaged col-
lagen) results in excessive production of autoantibodies (B
cells) and cytokine milieu (activated T cells) which pro-
mote collagen deposition [3]. Cytokines found in excess
include transforming growth factor- beta and interleukin 4,
which induce production of excess collagen via fibroblasts
and likely play a key role in pathogenesis.

Skin disease in diffuse scleroderma is marked sclerotic
induration which insidiously develops on the acral and
(more characteristically) truncal skin (Fig. 37.1). An iso-
lated acral (hands, feet, face) distribution is more common
in limited systemic sclerosis (LSSC), formerly known as
CREST syndrome. As the skin thickens and becomes immo-
bile, salt-and-pepper dyspigmentation occurs in large
patches, particularly in darker skin types (Fig. 37.2). When
acral involvement is present, an initial edematous phase
progresses to sclerosis and tapering of the fingers, associated
with Raynaud phenomenon and occasionally ischemic
ulceration of the fingertips (Fig. 37.3). Occurrence of
Raynaud phenomenon from years to decades prior to cuta-
neous induration is more common in LSSC. The skin takes
on a glossy, waxy appearance, and mobility is reduced with
occasional flexion contractures of involved joints. Facial dis-
ease results in a relatively characteristic facies consisting of
thinned lips, lack of ability to fully open the mouth, and
perioral and periorbital wrinkling and tightening [4].

Extracutaneous manifestations are protean. The lungs are
particularly severely involved, with the possibility of inter-
stitial lung disease and pulmonary hypertension contribut-
ing markedly to morbidity and mortality. Renal
involvement, particularly the scleroderma renal crisis, was
previously a common cause of death before regular use of

Ficure 37.1. Diffuse systemic sclerosis: sclerotic induration of the
skin of the arm in late diffuse systemic sclerosis.

Deadly Dermatologic Diseases

angiotensin-converting enzyme (ACE) inhibitors. Early
crisis presents with new-onset arterial hypertension and/or
progressive oliguric renal failure, which is often asymptom-
atic, with catastrophic results [5]. Cardiac involvement
including pericarditis and effusion are common and often
initially asymptomatic, and myocardial infiltration can
occur [6, 7]. The latter can result in arrhythmia and sudden
death. Gastrointestinal involvement occurs most com-
monly in the esophagus with reflux, pathologic dilatation,
and abnormal peristalsis and can cause pain, dysphagia,
and aspiration. Small and large bowel involvement cannot
be ignored, as pseudo-obstruction, malabsorption, diar-
rhea, and constipation can occur [8].

Diagnosis is via a combination of clinical characteristics
with supportive serologicand imaging studies. Classification
criteria for systemic sclerosis were recently updated by the
American College of Rheumatology (ACR), as the previous
system (published in 1980) left many patients with early
disease unclassified. The lack of adequate understanding of
autoantibody profiles and the diagnostic value of telangiec-
tasias and nailfold capillaroscopy at the time of publication
reduced diagnostic sensitivity. The new classification crite-
ria (Table 37.1) revolve around seven clinical and serologic
parameters, all of which are assigned weights which allow
for more “diagnostic” features to impart more impact on

Ficure 37.2. Diffuse systemic sclerosis: salt-and-pepper dyspig-
mentation of the arm occurring in skin of color.

Ficure 37.3. Diffuse systemic sclerosis: sclerodactyly and isch-
emic ulceration of fingertips.



37. Diffuse Systemic Sclerosis 231
TABLE 37.1 2013 ACR/European League Against Rheumatism (EULAR) criteria for the classification of systemic sclerosis
Item Sub-item(s) Weight/score
Skin thickening of the fingers of both hands extending - 9
proximal to the metacarpophalangeal joints
Skin thickening of fingers (only higher score counted) Pulfty fingers 2
Sclerodactyly of fingers (distal to MCP joints but proximal 4
to PIP joints)
Fingertip lesions (only higher score counted) Digital tip ulcers 2
Fingertip pitting scars 3
Telangiectasia - 2
Abnormal nailfold capillaries - 2
Pulmonary arterial hypertension and/or interstitial lung Pulmonary arterial hypertension 2
disease Interstitial lung disease 2
Raynaud phenomenon
SSc-related autoantibodies (any of the three) Anticentromere 3 3

anti-topoisomerase I (SCL-70)
anti-RNA polymerase II1

Not applicable for those with skin thickening sparing the fingers or those with a scleroderma-like disorder that better explains their manifestations

Total score of 9 or more is classified as having definite scleroderma

the probability of proper classification. The clinical feature
thought to be pathognomonic was “skin thickening of the
fingers of both hands extending proximal to the metacar-
pophalangeal (MCP) joints,” the presence of which, in the
absence of any other criteria, is sufficient for diagnosis of
systemic sclerosis. Other features which carry weight
include “puffy” fingers or sclerodactyly (distal to the MCP
joint but proximal to the proximal interphalangeal (PIP)
joint), digital ulcerations or pitted scarring, telangiectasias,
abnormal nailfold capillaries, pulmonary arterial hyper-
tension or interstitial lung disease, Raynaud phenomenon,
and presence of SSc-related antibodies (anti-SCL-70, anti-
centromere, anti-RNA polymerase III). The caveat to this
system is that it is not to be applied to patients who are
known to have a condition that better explains their con-
stellation of symptoms [10]. As mentioned above, autoan-
tibodies play a role in supporting diagnosis and subtype
classification. Antinuclear antibodies are found in >95 % of
patients, centromere antibodies are found in 50-70% of
limited systemic sclerosis, and SCL-70 antibodies are found
in 35-40 % of those with diffuse systemic sclerosis.

As would be expected from the classification criteria pre-
sented above, the clinical differential diagnosis of systemic
sclerosis is broad. Mixed connective tissue disease and
undifferentiated connective tissue disease are similar, as
one might expect, and changing symptoms or clinical signs
may lead to eventual reclassification of these patients with
systemic sclerosis with time. Eosinophilic fasciitis can be
differentiated in that induration of the hands is usually
absent in this condition, and many other criteria listed
above are not present. Scleromyxedema and nephrogenic
systemic fibrosis also have minimal acral involvement, and
in addition, clinical lesions are more likely to be papular
and coalescing in scleromyxedema. Sclerodermatous graft
versus host disease can have very similar cutaneous mani-

festations, although the past medical history of the patient
will usually allow for easy differentiation from idiopathic
systemic sclerosis. Scleredema, while similar in terms of
nomenclature, differs in that acral involvement is absent,
histopathology is quite different, distribution and clinical
course is usually benign, and there is a lack of systemic
involvement.

Histopathology is not specific. The epidermis is usually
normal, although some flattening of the rete ridges can
occur in established lesions. In early lesions, there is a mild
lymphobhistiocytic perivascular infiltrate along with a
broadening and thickening of the dermis with swelling of
collagen fibers [4]. Established lesions consist of marked
thickening of the dermis with a vast expanse of sclerotic
collagen with a paucity of adnexal structures (Fig. 37.4).
The individual collagen is elongated, swollen, and oriented
parallel to surface epithelium (Fig. 37.5). Blood vessels
progress through a period of endothelial cell swelling fol-
lowed by medial hypertrophy and hyalinization. Morphea
is a close histologic mimic, although some believe that cel-
lular infiltrate is heavier in morphea than in scleroderma.

Treatment requires multidisciplinary cooperation and
communication among healthcare personnel. Most impor-
tant in reducing mortality is adequate monitoring of kid-
ney function and blood pressure, often with the use of
angiotensin-converting enzyme inhibitors. Monitoring and
adequate treatment for cardiopulmonary disease is also of
substantial importance, and regular evaluation for symp-
toms of pulmonary hypertension, interstitial lung disease,
and arrhythmias is mandatory. Immunosuppressive treat-
ments for progressive lung disease, such as cellcept and
cyclophosphamide, can also be helpful for skin disease.
First-line treatment for severe Raynaud phenomenon
includes calcium channel blockers such as nifedipine.
Sildenafil is wuseful for both recalcitrant Raynaud
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FiGure 37.5. Scleroderma 40x magnification: hypocellular sclerotic collagen with lymphoplasmacytic inflammation.
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phenomenon with ulcers and pulmonary hypertension.
Proton pump inhibitors are almost always required for
esophageal dysmotility and gastroesophageal reflux.

Phototherapy can be helpful as a “skin-directed”
approach, with psoralen ultraviolet A (PUVA) and ultravi-
olet (UV) A-1 treatment resulting in improvement in skin
thickness as evaluated by the modified Rodnan skin thick-
ness score (MRSS) [11-13]. Penicillamine has fallen out of
favor due to toxicity profile and lack of consistent, demon-
strable evidence of patient improvement. Mycophenolate
mofetil has recently been shown to be a promising thera-
peutic option for those of recent-onset skin disease, in
doses averaging 2000 g/day [14, 15]. Methotrexate mono-
therapy has been shown to be effective in skin disease in
doses of 15-25 mg weekly in two multicenter randomized
placebo-controlled double blind trials [16, 17]. Treatment
with methotrexate is ideal when improvement of skin
thickening is a primary goal or if arthritis is a prominent
symptom in addition to cutaneous manifestations.
Azathioprine is used only as a second-line systemic agent
for isolated skin thickening, given its lack of benefit for lung
disease [18]. Intravenous immunoglobulin (IVIG) at a dos-
age of 2 g/kg over 5 days monthly for 6 months improved
MRSS in a small sample of patients, but is also considered a
second- or third-line agent [19]. Oral corticosteroids are
not used with regularity in systemic sclerosis due to lack of
demonstrable benefit.
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Pemphigus Vulgaris and Paraneoplastic

Pemphigus

m Synonyms:
m Etiology:

m Associations:
m Clinical:

m Histology:

None

Circulating antibodies (IgG) against keratinocyte cell surface
peptides including:

PV—desmogleins

PP—periplakin, envoplakin, desmoplakin, desmogleins
PV—Myasthenia gravis, thymoma, penicillamine, and
captopril

PP—Non-Hodgkin’s lymphoma, chronic lymphocytic
leukemia, Castleman’s disease

Both variants show flaccid blisters with erosions and oral
ulceration; PP is associated with variable features including
targetoid- and lichenoid-appearing lesions with a tendency
toward severe oral ulceration

Intraepidermal acantholysis with bullae formation; PP may
show a lichenoid/interface dermatitis or rarely, subepidermal
bullae; both conditions show intraepidermal IgG and C3 on

direct immunofluorescence (DIF)

m [HC repertoire:
m Staging:
m Prognosis:

None

Immunohistochemical repertoire

PV—S5-year ~90 % survival

PP—S5-year ~38 % survival

m Adverse variables:

PV—Delay in diagnosis, advanced age, high-dose

corticosteroids, and associated infection
PP—Non-Hodgkin’s lymphoma and chronic lymphocytic

leukemia
m Treatment:

PV—_Corticosteroids, cyclophosphamide, azathioprine,

mycophenolate mofetil, plasmapheresis, and IVIG
PP—Problematic, treat underlying malignancy and

corticosteroids

The disease pemphigus encompasses a group of related
blistering conditions characterized by circulating antibod-
ies against keratinocyte cell surface antigens important in
mediating cell-to-cell adhesion [1, 2]. Of the various types
and forms of the disease including pemphigus foliaceus,
pemphigus erythematosus, IgA pemphigus, and pemphi-
gus vegetans, it is pemphigus vulgaris (PV) and paraneo-
plastic pemphigus (PP) that constitute the most important
causes of mortality. Overall, these disorders are quite rare,

© Springer International Publishing Switzerland 2016

with an estimated prevalence of between 1 in 100,000 for
PV and less than 1 in 1,000,000 for PP. Both disorders are
seen principally in aged adults with a near equal gender dis-
tribution. PV is more commonly observed among Jews and
individuals of Mediterranean descent, whereas there is no
known ethnic predilection for PP.

The etiology of both disorders involves circulating IgG
antibody against specific adhesion molecules present on
the cell surface of keratinocytes that mediate cell-to-cell
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adhesion and are localized to the desmosome apparatus |3,
4]. The pathogenically important antigens differ among
these two disorders. In mucosal PV, desmoglein 3 (130 kDa)
is the predominant antigen, while both desmoglein 1
(160 kDa) and desmoglein 3 are targeted in mucocutane-
ous PV. In contrast, PP has multiple target antigens includ-
ing plectin (500 kDa), desmoplakin I (250 kDa), bullous
pemphigoid antigen 1 (230 kDa), envoplakin (210 kDa),
desmoplakin II (210 kDa), periplakin (190 kDa), 170 kDa
antigen, desmoglein 1, and desmoglein 3 [5, 6]. Of these
antigens, antibodies against envoplakin and periplakin are
the most specific for PP [7, 8]. Antibodies directed against
these peptides disrupt cell-to-cell adhesion or desmosome
assembly, resulting in acantholysis and blister formation.
Despite a similarly evoked mechanism of blister formation,
it is thought that the pathogenesis of antibody induction is
different among these disorders. Patients with PV have a
markedly increased frequency of certain class I major his-
tocompatibility complex antigens including HLA-DR4 and
HLA-DR14 that predispose to antibody induction against
desmogleins [9, 10]. In contrast, the pathogenesis of PP is
thought to involve tumor antigen cross-reactivity to nor-
mal cell surface constituents resulting in dysregulated
immune modulation mediated by both humoral and cell-
mediated mechanisms [11].

There are distinct disease associations with these disor-
ders as well. PV is associated with myasthenia gravis and
thymoma, as well as the administration of certain medica-
tions including penicillamine and captopril [12]. PP is
invariably associated with the lymphoproliferative disor-
ders, most commonly non-Hodgkin’s lymphoma (39 %),
chronic lymphocytic leukemia (18 %), Castleman’s disease
(18 %), carcinoma (9 %), thymoma (6 %), sarcoma (6 %),
and Waldenstrom’s macroglobulinemia (1%) [13]. There
are rare associations between PP and the more common
solid organ malignancies such as breast, lung, colorectal, or
prostate adenocarcinoma.

The clinical manifestations of PV consist of flaccid blis-
ters with erosions that develop anywhere on the skin sur-
face, frequently demonstrating a positive Nikolsky sign [14,
15]. The blisters may develop on normal appearing or ery-
thematous skin (Fig. 38.1). Vegetative lesions with excessive
granulation tissue may be seen in the intertriginous areas.
Mucous membrane involvement, most importantly of the
oral cavity, is present in nearly all cases of PV and is often a
heralding symptom. It may antedate the development of
skin lesions for several months and often persists following
skin resolution. The most common presentation is of pain-
ful shallow ulcerations most frequently involving the buc-
cal mucosa, palate, floor of the mouth, tongue, and less
commonly the pharynx, larynx, conjunctiva, vagina, penis,
or anus. The clinical findings in PP are more varied,
although mucous membrane involvement is a characteris-
tic of the disorder (Fig. 38.2). Stomatitis is usually the
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Ficure 38.1. Widespread superficial ulcers in an elderly man with
pemphigus vulgaris.

Ficure 38.2. Severe mucositis seen in paraneoplastic pemphigus.
Note involvement of the nasal mucosa.

earliest sign of the condition, often persisting throughout
the course of the disease, and is usually refractory to ther-
apy. Painful erosions and ulcerations are typically encoun-
tered throughout the oropharynx, although lateral tongue
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FiGure 38.3. Low power photomicrograph depicting suprabasilar acantholysis with follicular involvement.

involvement with extension to and involvement of the ver-
milion border of the lips is characteristic. The skin lesions
often occur episodically as waves of tense or flaccid blisters
surmounted on an erythematous base situated on the trunk
or extremities. Individually, the lesions may appear as shal-
low ulcerations similar to PV, as tense blisters similar to
bullous pemphigoid, as confluent and erosive patches simi-
lar to erythema multiforme/toxic epidermal necrolysis, or
as flat-topped papules similar to lichen planus [16-19].
Lichenoid-appearing lesions may be observed on the palms
and soles as well as the paronychial skin in established cases,
constituting an important means of clinically distinguish-
ing this disorder from PV.

The histopathology of PV is distinctive. Early lesions
show exocytosis of neutrophils with accompanying inter-
cellular spongiosis and focal acantholysis. Established
lesions show a mixture of dermal and epidermal neutro-
phils and eosinophils with conspicuous epidermal acan-
tholysis and bullae formation (Fig. 38.3). The acantholysis
characteristically spares the basilar layer of the epithelium,
imparting an appearance likened to that of “tombstones.”
Chronic lesions, particularly derived from intertriginous
areas, are apt to show acanthosis with neutrophilic and
eosinophilic abscesses. Although the histopathology of PP
may be identical to that of PV, more often, considerable his-
tologic variation capable of simulating lichenoid/interface
dermatitis or bullous pemphigoid is encountered. This his-
tologic diversity may be seen in disparate lesions biopsied

synchronously or in metachronous lesions from the same
individual. The lichenoid interface pattern often shows
striking dyskeratosis with a tendency toward confluent bas-
ilar necrolysis (Fig. 38.4). The inflammatory infiltrate of PP
often shows a predominance of lymphocytes. Oral biopsies
obtained from patients with both disorders show a variable
degree of acantholysis with intramucosal or submucosal
vesiculation. The inflammatory infiltrate characteristically
shows a predominance of neutrophils.

The direct immunofluorescence (DIF) findings are
similar and consist of intraepithelial staining with anti-
bodies to IgG and C3 of the lesional skin [20, 21]. DIF
is more likely to be negative among patients with PP
or to additionally show basement membrane staining.
Distinction of these disorders can also be attained with
indirect immunofluorescence as monkey esophagus is a
more sensitive substrate in PV (anti-Dsg3 autoantibod-
ies) while rat bladder is more sensitive with PP (antiplakin
autoantibodies) [22]. Additional methods for identify-
ing the pemphigus autoantibodies include enzyme-linked
immunosorbent assay (ELISA), immunoprecipitation, and
immunoblotting.

Systemic steroids are first-line treatment for PV. Various
regimens and tapering schedules have been employed and
cited in the literature. Other reported nonsteroidal thera-
pies include azathioprine, mycophenolate mofetil, dap-
sone, cyclophosphamide, cyclosporine, methotrexate,
rituximab, and intravenous immunoglobulin. These agents
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Ficure 38.4. Dense lichenoid inflammatory infiltrate with increased necrotic keratinocytes and incipient subepidermal blister formation

seen in paraneoplastic pemphigus.

are often used in combination with systemic steroids as
adjuvant therapy for PV. The prognosis of PV is generally
much more favorable today, particularly since the advent of
multifactorial immunosuppressive therapy [23]. The mor-
tality rate is approximately 10%. Opportunistic infection
and fluid/electrolyte imbalances are the main causes of
morbidity and mortality. The prognosis of younger patients
with PV or those cases associated with medications, myas-
thenia gravis, and/or thymoma is generally more favorable.
In contrast, the prognosis of PP is grave with a 1-, 3-, and
5-year survival rate of 49%, 41%, and 38 % respectively
[24]. Of note, in patients who present with PP prior to
being diagnosed with any internal malignancy, an extensive
examination for an occult neoplasm is warranted. It is rec-
ommended that a CT of the chest, abdomen, pelvis as well
as CBC, LDH, and serum protein electrophoresis be per-
formed [5]. In addition to the association with malignancy,
an increased risk of bronchiolitis obliterans contributes to
the high mortality rate in PP patients [25]. The mainstay of
treatment is addressing the underlying neoplasm. Patients
with resectable lesions such as thymoma or Castleman’s
disease have more favorable outcomes compared to those
with indolent lymphoproliferative disorders such as
chronic lymphocytic leukemia. Immunosuppressive agents
are usually employed to suppress the symptoms of PP, often
with very variable responses.
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Relapsing Polychondritis

m Synonyms:  None

m Etiology:

Possible Th1-mediated disease, also antibodies against type II

collagen are common; HLA-DR4 association

m Associations:
autoimmune diseases
m Clinical:

Myelodysplastic syndromes, systemic vasculitis, connective tissue/

Erythematous, painful ear(s) and nose, arthropathy, and

respiratory and ocular symptoms

m Histology:

Frequently nonspecific, degenerative changes of the cartilage with

fibrosis and lymphocytic infiltrate at the chondrofibrous junction

m IF:
m Evaluation:

Immunoglobulin and C3 at the chondrofibrous junction
Complete blood count (CBC), creatinine, urinalysis, erythrocyte

sedimentation rate (ESR), rheumatoid factor (RF), pulmonary
function tests (PFTs), ophthalmological evaluation,
electrocardiogram (EKG), and possible biopsy of the involved ear

m Treatment:

Systemic corticosteroids, nonsteroidal anti-inflammatory drugs,

colchicine, methotrexate, and TNF-o blockers

m Prognosis: >55% 10-year survival

In 1923, Jaksch-Wartenhorst described a 32-year-old man
with polyarthritis and fever who subsequently developed
bilateral auricular and nasal chondritis. He applied the
term polychondropathia to this entity [1]. In 1960, Pearson
and colleagues added four more cases and coined the term
relapsing polychondritis (RP), which has become the
accepted terminology for this disease [2].

Relapsing polychondritis (RP) is a systemic disease of
unknown etiology, associated with the formation of anti-
bodies to type II collagen, the type of collagen predominat-
ing in the cartilage. This results in inflammation of the
cartilage of the ears, nose, tracheobronchial tree, and joints
[3]. Involvement of the inner ear and heart may be
explained by evidence suggesting that type II collagen exists
in those tissues [4, 5]. Murine models suggest that tissue-
specific antibody and complement activation are both nec-
essary for expression of the disease [6]. The presence of
circulating antibody to type II collagen is not specific to
RP. In one investigation, these antibodies were found in
50 % of RP patients, 15% of rheumatoid arthritis patients,
and 4 % of normal controls [7]. Reactivity against different
epitopes probably results in different disease manifesta-
tions. Antibodies in the sera of normal controls are specific
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to bovine or chick type II collagen, suggesting that they are
induced by dietary exposure to antigen. These antibodies
do not cross-react with human type II collagen [7]. There is
also evidence that RP is a Thl-mediated disease. T cells
from mice immunized with type II collagen can be trans-
ferred to naive mice and trigger auricular chondritis in
those mice [8]. It has also been noted that interferon-v,
interleukin-12, and interleukin-2 levels in serum of RP
patients parallel disease activity, and Th2 cytokines that
would suggest a humoral pathogenesis do not. This sug-
gests that the autoantibodies to type II collagen could rep-
resent an epiphenomenon [9]. Genetic susceptibility to RP
is associated with expression of HLA-DR4, but no predom-
inant subtype is present in patients with the disease [10].
Further evidence of a genetic component to RP is seen in its
association with multiple autoimmune diseases.

The most common presentation of RP is auricular chon-
dritis or arthritis. Other relatively frequent presentations
include nasal chondritis, laryngotracheal symptoms, ocular
inflammation, auditory or vestibular dysfunction, or cuta-
neous eruption. The onset of disease is usually abrupt and
most commonly is manifested as a tender, erythematous,
indurated ear (Fig. 39.1). Local trauma has been implicated
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Ficure 39.1. Erythema and induration of the ear, with sparing of
the lobe.

as a trigger in some patients [11]. Bilateral involvement is
common. Acute episodes of chondritis last from days to
several weeks and resolve spontaneously. Repeated episodes
result in a distorted auricular contour, with a “cauliflower
ear” deformity, and a similar nasal deformity, resulting in a
“saddle nose.” Arthropathy is also a common presenting
manifestation of RP and is usually migratory, asymmetric,
non-nodular, nonerosive, and seronegative. Joint sizes
involved are variable and include parasternal articulations
[12]. Anemia and an elevated erythrocyte sedimentation
rate may be present. Noncutaneous manifestations of RP
are catalogued in Table 39.1 [13-15].

Cutaneous involvement in RP is divided into two catego-
ries: that consisting of changes overlying areas of auricular
or nasal chondritis and those cutaneous manifestations not
directly associated with chondritis. Typical ear and nasal
involvement with cutaneous erythema and induration
occurs in the majority of patients with RP at some time
during the course of their disease, frequently at the outset.
Other cutaneous findings attributable to RP occur in
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TaBLE 39.1 Clinical features of relapsing polychondritis

Auricular and nasal chondritis

Laryngotracheal inflammation (throat pain, cough, hoarseness,
dyspnea, stridor, wheezing, choking)

Arthritis

Ocular (episcleritis, scleritis, iritis, keratoconjunctivitis sicca, keratitis,
optic neuritis, retinopathy, cataracts, proptosis, eyelid edema)

Neurologic (headaches, cranial nerve palsies, cerebellar ataxia,
hemiplegia, encephalopathy, seizures)

Audiovestibular (hearing loss, tinnitus, vertigo, dizziness, nausea,
vomiting)

Cardiovascular (aortic or mitral regurgitation, aortic aneurysm,
myocarditis, pericarditis, silent myocardial infarction, conduction
system abnormalities)

Renal/genitourinary (mesangial proliferation, focal and segmental
necrotizing glomerulonephritis, glomerulosclerosis, IgA
nephropathy, tubulointerstitial nephritis, epididymo-orchitis)

Constitutional (fever, malaise, weight loss)

approximately 35% of patients. However, the actual per-
centage of patients with skin disease in RP is greater than
that because of the cutaneous manifestations of comorbid-
ities. Cutaneous, nonchondritic presentations of RP repre-
sent approximately 10% of the total [16]. The more
common mucocutaneous lesions seen in a series of 200
patients with RP include oral and genital aphthosis, acral
subcutaneous nodules resembling erythema nodosum, and
purpura, most of which is due to small vessel neutrophilic
vasculitis. A summary of cutaneous findings excluding skin
changes superficial to chondritis reported in this case series
is given in Table 39.2 [16].

Cutaneous lesions have not been found to correlate with
disease severity or specific organ system involvement, but
occur with higher frequency in patients with coexistent dis-
ease, particularly those with myelodysplastic syndromes.
Cutaneous disease activity correlates with systemic disease
activity in approximately 50 % of cases.

RP is a multisystem disease with a wide array of clinical
manifestations, the diversity of which may delay diagnosis.
This is further complicated by RP’s occurrence with other
diseases in 25—35 % of cases [14]. The most common disease
associations are myelodysplastic syndromes, in approxi-
mately 10% of cases, other connective tissue and autoim-
mune diseases, and systemic vasculitis. Disease associations
with RP are summarized in Table 39.3 [13, 14, 16, 17].

There is no specific diagnostic test for RP. Criteria for
diagnosis as suggested by McAdam include presence of
three of the following clinical features and histologic con-
firmation: (1) bilateral auricular chondritis, (2) nonerosive
and seronegative inflammatory polyarthritis, (3) nasal
chondritis, (4) ocular inflammation, (5) respiratory tract
chondritis, and (6) audiovestibular damage [14]. In an
attempt to diagnose RP, biopsy specimens of areas sus-
pected to represent chondritis are frequently taken, the ear
being the most common site. Sampling of the posterior
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auricular skin and underlying cartilage is preferred to pre-
vent accentuation of any contour deformities.
Histopathologic changes of the affected ear are not specific
and may include perichondrial fibroplasia, collagen hyalin-
ization, angioplasia, hemosiderin deposits, vacuolated or
pyknotic chondrocytes, loss of cartilaginous matrix baso-

TABLE 39.2 Mucocutaneous findings in RP (in approximate order
of frequency)

Aphthosis, oral and genital

Acral subcutaneous nodules (septal panniculitis, neutrophilic
vasculitis, neutrophilic panniculitis, vascular thrombosis)

Purpura (neutrophilic predominating over lymphocytic vasculitis)

Papular eruption (urticarial, or blue gray)

Sterile pustules

Superficial phlebitis

Livedo reticularis

Digital necrosis

TaBLE 39.3 Relapsing polychondritis: associated diseases (in
approximate order of frequency)

Hematologic (myelodysplastic syndrome, IgA myeloma, lymphoma,
acute leukemia)

Connective tissue disease (rheumatoid arthritis, juvenile rheumatoid
arthritis, systemic lupus erythematosus, scleroderma,
dermatomyositis, Sjogren’s syndrome, Reiter’s syndrome, psoriatic
arthritis)

Autoimmune diseases (Grave’s disease, hypothyroidism, Hashimoto’s
thyroiditis, ulcerative colitis, Crohn’s disease, myasthenia gravis,
primary biliary cirrhosis, pernicious anemia, diabetes mellitus)

Systemic vasculitis (Wegener’s granulomatosis, polyarteritis nodosa,
Behget’s disease, Churg-Strauss syndrome, temporal arteritis,
Takayasu’s arteritis)

Dermatologic disease (psoriasis, lichen planus, vitiligo, atopic
dermatitis, Sweet’s syndrome [18], erythema nodosum, erythema
elevatum diutinum [19])

Infection (hepatitis C infection [20], HIV infection [21])
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philia, and lymphohistiocytic and plasmacytic inflamma-
tion (Fig. 39.2a, b) [22]. Given the distinctive clinical
pattern of RP in most cases and nonspecific histologic find-
ings, it has been suggested that performing a biopsy is usu-
ally unnecessary to make the diagnosis [23]. Direct
immunofluorescence of affected areas may show granular
deposits of immunoglobulins and C3 at the chondrofi-
brous junction [24].

The differential diagnosis of relapsing polychondritis is
extensive because of the wide variety of disease manifesta-
tions. In the classic presentation with auricular chondritis,
the differential diagnosis includes auricular cellulitis asso-
ciated with otitis externa, systemic vasculitis, trauma, frost-
bite, phototoxic reaction, and arthropod bite reaction.
Chondritis is usually distinguished by its frequent bilateral
occurrence and typical sparing of the lobe because of its
lack of cartilage. With repeated episodes, distortion of the
auricular contour may be noted, and there may be radio-
graphic evidence of dystrophic calcification. Joint presenta-
tions may mimic other forms of arthritis, including
rheumatoid arthritis, septic arthritis, and crystal-induced
arthritis. Other organ system involvements may result in
clinical ~presentations resembling Behcet’s disease,
Wegener’s granulomatosis, sarcoidosis, asthma, posterior
circulation stroke, or Meniere’s disease.

Patients with RP should undergo diagnostic evaluation
because of the possibility of multisystem disease and coex-
istent diseases. While evaluation should be directed by clin-
ical symptoms and signs, general guidelines are suggested
in Table 39.4. Additional diagnostic evaluation may be
necessary if preliminary evaluation suggests the presence of
coexistent disease.

Mortality in RP is most frequently due to complications
of respiratory tract involvement, either respiratory collapse
or infection. Other causes of death include cardiovascular

Ficure 39.2. (a, b) Prominent degenerative changes of the ear cartilage with perichondral scarring and lymphoplasmacytic inflammation.
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TABLE 39.4 Evaluation of the with

polychondritis

patient relapsing

. Complete blood count

. Erythrocyte sedimentation rate

. Urinalysis

. Serum creatinine

. Rheumatoid factor

. Pulmonary function tests, with computed tomography (CT) of the
chest if abnormal

. Ophthalmological examination

. Electrocardiogram

. Echocardiography if abnormal cardiac physical examination

QN U W N =

O o0 N

involvement (vasculitis, aneurysm, or valve rupture) and
malignancy [14]. Ten-year survival in a group of 112
patients followed at one institution was 55 %, but a more
recent series of 66 patients had a survival rate of 94 % with
a mean follow-up of 8 years [13, 15]. Anemia at the time of
diagnosis predicts decreased survival. In patients less than
51 years old, saddle-nose deformity and systemic vasculitis
are the worst prognostic signs, and in older patients, only
anemia correlates with worse clinical outcomes [15].

The mainstay of treatment for RP is systemic corticoste-
roids. Doses of 10-20 mg of prednisone per day may be
sufficient. Higher doses are usually required for respiratory,
audiovestibular, and ocular involvement [23]. Low-dose col-
chicine and methotrexate may be useful as steroid-sparing
agents. Nonsteroidal anti-inflammatory agents may help with
mild flares of inflammation. Other treatments have included
azathioprine, dapsone, cyclosporine, penicillamine, cyclo-
phosphamide, minocycline, and plasma exchange [13].
Biologics, predominantly TNF-a bockers, have been reported
to be of therapeutic benefit in small case series and in anec-
dotal reports [25]. A novel treatment using oral type II colla-
gen as a tolerogen has been described in a child with RP [26].
In a mouse model of spontaneous chondritis, injection of
immature dendritic cells pulsed with chick type II collagen
was found to delay the onset and decrease the severity of dis-
ease. This finding offers hope for a similar treatment in
patients with RP [27]. Adjunctive treatments may include air-
way stent placement, cardiac valve replacement, or surgical
repair of aneurysms. Long-term follow-up is indicated
because of a propensity for disease persistence, recurrences,
and evolution of coexistent diseases.
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Graft-Versus-Host Disease

m Synonyms:

m Etiology:

m Associations:
m Clinical:

m Histology:

m [HC repertoire:
m Staging:

m Prognosis:

m Adverse variables:

Autologous graft-versus-host disease, graft-versus-host
reaction, and cutaneous eruption of lymphocyte recovery
syndrome

Cytotoxic T cells attack antigens on keratinocytes

Bone marrow transplantation

Erythematous patches and papules progressing in some cases
to bullae, associated with fevers, diarrhea, and elevated liver
function tests

Dying keratinocytes within the epidermis and mild
perivascular and interface lymphocytic infiltrate

CD8 + lymphocyte predominate, decreased epidermal
Langerhans cells

Based upon degree of involvement in the gastrointestinal
tract, liver, and skin

Correlated with histologic grade of lesions and overall clinical
stage; in general, poor

Histologic subtype of high-grade GVHD

m Treatment:

In 1962, Barnes and Loutit first reported graft-versus-host
disease (GVHD) in mice [1]; the condition was later
described in humans by Simonsen in 1965 [2]. GVHD is a
common consequence of allogeneic bone marrow trans-
plantation. Approximately 3 weeks following complete
marrow eradication and the transplantation of allogeneic
donor marrow cells, a cutaneous eruption is seen in up to
20-80% of patients and may result in the death of the
patient [3, 4]. The cutaneous manifestations may be the
first indication of evolving GVHD.

GVHD is arbitrarily divided into acute and chronic
forms. The acute form of the disease ordinarily occurs
between 21 and 60 days following bone marrow trans-
plantation. Patients develop maculopapular or scarlatini-
form eruptions (Fig. 40.1). In the more severe forms of
the disease, bullae may develop and progress to wide-
spread desquamation in a toxic epidermal necrolysis-like
pattern. The palms and soles are often involved early in
the disease, while the trunk, neck, cheeks, and ears are
commonly affected as the disease progresses (Fig. 40.2).

The chronic form of the disease occurs more than 100
days following bone marrow transplantation. The histo-

© Springer International Publishing Switzerland 2016

Increased corticosteroids

logic features consist of a band-like lymphocytic infiltrate
similar to lichen planus in the early chronic phase. Well-
developed lesions of chronic GVHD show epidermal atro-
phy with a thickened basement membrane and dermal
fibrosis simulating morphea scleroderma.

Ficure 40.1. Acute graft-versus-host disease with erythematous
macular rash and blister formation.
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Ficure 40.2. Acral erythematous plaques seen in acute graft-ver-
sus-host disease.

GVHD, or a virtually identical process, has been reported
in patients receiving autologous blood transfusions [5].
The process is much milder and does not ordinarily lead to
adverse consequences, but suggests that even the host’s own
lymphocytes are capable of causing disease in these
immunocompromised patients. The responsible cell is an
immunocompetent T cell derived from the bone marrow,
be it autologous or allogeneic [6].

The cutaneous eruption of lymphocyte recovery is a
similar process that occurs in patients who have not
received a transfusion of blood products. This eruption
occurs during the time of bone marrow reconstitution, in
patients who have had marrow ablative therapy. Again, sev-
eral weeks following chemotherapy and radiation therapy,
patients develop fevers and a cutaneous eruption indistin-
guishable from that seen in GVHD. The eruption coincides
directly with an increasing lymphocyte count and abates as
the marrow fully recovers [7].

The histologic features of each of these entities are simi-
lar and differ only in degree. There is a well-recognized

Deadly Dermatologic Diseases

TABLE 40.1 Histologic grading scheme for GVHD

Histologic

grade Histologic features

I Basal vacuolization, mild lymphocytic infiltrate with
exocytosis—nondiagnostic

11 Basal vacuolization, dyskeratotic keratinocytes, mild
lymphocytic infiltrate with exocytosis and satellitosis

III Focal clefting at dermal-epidermal junction due to basal
keratinocyte necrosis, mild lymphocytic infiltrate with
satellitosis

v Epidermis completely separated from dermis, mild

lymphocytic infiltrate with exocytosis and satellitosis

grading scheme for evaluating histologic changes of GVHD
in the skin (Table 40.1).

In all cases, a mild infiltrate of lymphocytes is present
surrounding the vessels of the superficial vascular plexus.
Scattered lymphocytes are present within the lower levels
of the epidermis, and in grades II-IV, these lymphocytes
are present around dying keratinocytes (Figs. 40.3 and
40.4).

The histologic differential diagnosis includes an ery-
thema multiforme-like drug eruption and a viral
exanthem.

Widely accepted National Institutes of Health (NIH)
consensus criteria were developed in 2005 for the diagnosis
of chronic GVHD. Diagnosis requires the presence of at
least one diagnostic clinical sign of chronic GVHD (includ-
ing poikiloderma or esophageal web) or the presence of at
least one distinctive symptom (including keratoconjuncti-
vitis sicca) confirmed by biopsy or other relevant tests in the
same or another organ. Additionally, other possible diagno-
ses based upon clinical symptoms must be excluded [8].

A rigorous staging classification has been developed for
acute GVHD [9]. Higher-stage disease is associated with
increased risk for transplant-related mortality [10].

Patients who develop GVHD have been shown to have a
lower risk for relapse of their primary neoplastic disease.
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Ficure 40.3. Medium-power detail of subacute interface dermatitis with epidermal necrolysis.

Ficure 40.4. High-power detail showing clusters of necrotic keratinocytes with adjacent lymphocytes (satellitosis) typical of acute graft-
versus-host disease.
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Systemic Vasculitis

Granulomatosis with Polyangiitis (GPA)

Synonym:

m Etiology:

Incidence:
Clinical:

Distribution:
Histology:

Adverse variables:

Treatment:

Prognosis:

m Mortality rate:

Wegener’s granulomatosis

Genetic factors, infectious agents, and environmental factors
Annual incidence of 10-20/million in Europe and North
America

Oral ulcers, nasal discharge, pulmonary nodules, infiltrates or
cavities, and hematuria

Upper and lower respiratory tract and kidney

Necrotizing granulomatous inflammation and necrotizing
vasculitis

Advanced renal failure, increasing age, a high disease activity
score and white blood cell (WBC) count, and low
hemoglobin

Corticosteroids, oral cyclophosphamide, methotrexate,
azathioprine, and Biologics (FDA approval of rituximab)
Chronic relapsing and remitting disease

25% at 5 years

Microscopic Polyangiitis (MPA)

Synonym:

m Etiology:

Incidence:
Clinical:
Distribution:

Histology:

m Adverse variables:

Treatment:

m Prognosis:

Mortality rate:

Microscopic polyarteritis

Environmental factors, myeloperoxidase anti-neutrophil
cytoplasmic antibody (MPO-ANCA)

Annual incidence of 10-20/million in Europe and North
America

Nephritis, pulmonary hemorrhage, purpura, neuropathy;,
arthralgia, and myalgia

The respiratory tract, kidney, skin, nervous system, GI tract,
and skeletal muscles

Small-vessel necrotizing vasculitis

Advanced renal failure, increasing age, a high disease activity
score and WBC count, and low hemoglobin
Corticosteroids, oral cyclophosphamide, methotrexate,
azathioprine, and Biologics (FDA approval of rituximab)
Chronic relapsing and remitting disease

25% at 5 years
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Eosinophilic Granulomatosis with Polyangiitis (EGPA)

m Synonyms: Churg-Strauss syndrome and allergic granulomatosis and
angiitis
m Etiology: Inflammatory response directed at target antigens

m Incidence:

Annual incidence of 0.5—6.8 new cases/million and

prevalence of 10.7—13/million [1]

m Clinical:

m Distribution:
nervous system
m Histology:

Asthma, eosinophilia, neuropathy, pulmonary infiltrates, and
sinus abnormalities
Skin, nose, lungs, GI tract, kidney, heart, and peripheral

Necrotizing granulomatous inflammation with eosinophils

and necrotizing vasculitis

m Adverse variables:
m Treatment:

Vasculitis of extrapulmonary organs
Corticosteroids, oral cyclophosphamide, methotrexate,

azathioprine, and Biologics

m Prognosis:
m Mortality rate:

Granulomatosis with polyangiitis (GPA), microscopic
polyangiitis (MPA), and eosinophilic granulomatosis with
polyangiitis (EGPA) are three primary systemic vasculitides
that affect multiple organ systems via a pauci-immune nec-
rotizing vasculitis of small- to medium-sized blood vessels.
Antineutrophil cytoplasmic antibody (ANCA) positivity is
a characteristic of most cases of these three diseases; thus,
they are commonly called the ANCA-associated vasculiti-
des (AAVs).

In 1990, the American College of Rheumatology (ACR)
proposed classification criteria for the systemic vasculitides
[2, 3]. At this time, MPA was not yet considered a distinct
entity; thus, criteria were not created for its classification.
Furthermore, ANCA testing was not widely available at this
time; therefore, ANCA serology was not considered in the
diagnostic criteria. More recently, the International Chapel
Hill Consensus Conference on the Nomenclature of
Systemic Vasculitides (CHCC) redefined the vasculitides in
2012 with nomenclature representative of their pathogen-
esis and clinicopathological characteristics [4]. The CHCC
did not use ANCA antigen specificity in the classification of
AAVs.

The etiology of GPA is currently unknown; however,
genetic factors, infectious agents via molecular mimicry,
and environmental factors such as dust inhalation or expo-
sure to silica have been proposed as etiologic agents [5].
The etiology of MPA has not yet been fully elucidated;
however, environmental agents such as silica exposure have
been proposed as etiologic factors [6]. Additionally, a
pathogenic role of anti-myeloperoxidase (MPO) ANCA
has been reported [7]. The etiology of EGPA is related to an

Chronic relapsing and remitting disease
Dependent upon prognostic factors

inflammatory response directed at target antigens. Various
environmental agents including infectious triggers, drugs,
desensitization, and vaccination have been reported as
potential triggers of EGPA. It has also been theorized that
the triggering drugs are indirectly involved in the etiology
of EGPA; it has been proposed that drugs might be one of
several multifactorial agents involved in the process of
EGPA [1].

The pathogenesis of the vasculitides is not completely
understood; however, ANCA is theorized to contribute to
pathogenic mechanisms [7].

The annual incidence of AAVs in Europe and North
America is approximately 10—20/million, with a peak age of
onset in the 65-74 age range [8]. Although the AAVs are
more prevalent in men, they occur at a younger age in
females [9].

GPA is a systemic, necrotizing, granulomatous ANCA-
associated small-vessel vasculitis with kidney and respira-
tory manifestations. ANCAs demonstrate a cytoplasmic
immunofluorescence pattern (cANCA) and are directed
against proteinase 3 (PR3). The initial pathogenic mecha-
nisms of GPA most commonly affect the respiratory tract,
resulting in nose, throat, and lung pathology such as sinus-
itis or cough. The condition may then affect blood vessels
and their target organs. A commonly affected organ is the
kidney resulting in necrotizing glomerulonephritis. The
clinical course of GPA frequently involves relapses; ¥4 of
patients relapse within 2 years of diagnosis and over 2
relapse within 5 years [10]. Individuals with localized forms
of GPA relapse more often than individuals with systemic
GPA with renal involvement [11]. Additionally, chronic
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nasal carriage of Staphylococcus aureus is associated with a
greater risk of relapse [12].

MPA may affect blood vessels of the kidney, lungs, skin,
gastrointestinal tract, nerves, and skeletal muscles; clinical
findings of MPA frequently include glomerulonephritis,
pulmonary hemorrhage, palpable purpura, peripheral neu-
ropathy, arthralgias, myalgias, and abdominal pain.
Individuals commonly demonstrate pANCA positivity.
Antibodies directed against PR3 may be present but less
frequently than antibodies directed against MPO.

EGPA is characterized by allergic rhinitis/asthma, atopy,
pulmonary infiltrates, and peripheral eosinophilia. The
development of allergic rhinitis/asthma characterizes the
first phase of EGPA which is then followed by the second
phase, eosinophilia, and subsequently the third phase char-
acterized by vasculitis. The vasculitic phase most frequently
affects the skin and peripheral nervous system. EGPA is
variable in terms of its presentation and course; some indi-
viduals will not experience all three phases or progress
from one phase to the next. Clinical manifestations of
EGPA include peripheral neuropathy, ENT abnormalities,
skin lesions, lung infiltrates, and cardiomyopathy. The
presence of MPO-ANCAs is present in about 30-38% of
patients [1]. Furthermore, ANCA status has also been
reported to influence the clinical characteristics of EGPA
patients; a study of 383 patients in the French Vasculitis
Study Group cohort demonstrated that ANCA-positive
patients had more frequent ENT symptoms, peripheral
neuropathy, and/or renal involvement but less frequent car-
diac symptoms than the ANCA-negative patients [13].

The AAVs are currently considered chronic diseases with
periods of remission and relapse.

The histology of GPA is characterized by necrotizing gran-
ulomatous inflammation frequently involving the upper and
lower respiratory tract and necrotizing vasculitis predomi-
nately affecting small- to medium-sized vessels [4]. Histologic
features of MPA include a necrotizing vasculitis predomi-
nately affecting small-sized vessels (Fig. 41.1a—c); necrotizing
arteritis of small- and medium-sized arteries may also be
present [4]. EGPA is characterized by necrotizing granulo-
matous inflammation with eosinophils often involving the
respiratory tract and necrotizing vasculitis predominately
affecting small- to medium-sized vessels [4].

The American College of Rheumatology published a tra-
ditional format for classification of Wegener’s granuloma-
tosis in 1990 which includes four criteria, of which two
must be met for diagnosis of GPA: (1) nasal or oral inflam-
mation (development of oral ulcers or purulent or bloody
nasal discharge); (2) abnormal chest x-ray showing nod-
ules, fixed infiltrates, or cavities; (3) urinary sediment with
microhematuria (>5 RBCs/HPF) or the presence of red cell
casts; and (4) granulomatous inflammation on biopsy
within the wall of an artery or in the perivascular or extra-
vascular area [2].
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The nomenclature of MPA has been defined by the
Chapel Hill Consensus Conference asa non-granulomatous,
necrotizing, pauci-immune, predominately small-vessel
vasculitis frequently causing pulmonary capillaritis and
necrotizing glomerulonephritis [4]. The presence of small-
vessel (arterioles, venules, capillaries) vasculitis is the defin-
itive diagnostic criterion of MPA and helps to differentiate
it from polyarteritis nodosa (PAN). Additionally, the
absence of granulomatous inflammation and sparing of
the upper respiratory tract differentiate MPA from GPA.

The American College of Rheumatology published a tra-
ditional format for classification of EGPA which includes
six symptoms: asthma, eosinophilia (>10% on differential
WBC count), mononeuropathy, non-fixed pulmonary
infiltrates, paranasal sinus abnormalities, and biopsy con-
taining a blood vessel with extravascular eosinophils [3].

Treatment for the AAVs should be tailored based upon
the severity of the disease, with more severe cases requiring
more aggressive treatments. Severe disease is defined as
organ-threatening or life-threatening and includes features
such as rapidly progressive glomerulonephritis, pulmonary
hemorrhage, mesenteric ischemia, scleritis, and nervous
system involvement. Limited disease is non-organ and
nonlife-threatening and includes mild renal or pulmonary
involvement [11].

The goal of treatment for the AAVs is aimed at inducing
remission and instituting maintenance treatment. For
induction of remission, corticosteroids are considered the
predominant treatment; once remission is achieved, ste-
roids are tapered to minimize relapse. Daily oral cyclophos-
phamide in combination with high-dose corticosteroids is
considered effective at inducing remission in the majority
of patients [14]. For maintenance therapy, low-dose corti-
costeroids may be used; for most individuals, maintenance
treatment is utilized for approximately 2 years [15].
Methotrexate and azathioprine have also been used suc-
cessfully for maintenance therapy. The optimal time period
of maintenance therapy should be individualized for each
patient and should reflect the risks of relapse vs. the risk of
immunosuppression.

Within the past decade, the development of biologic
therapies such as Rituximab, a monoclonal anti-CD20
antibody that targets B cells, has demonstrated efficacy in
both inducing remission and maintaining remission for
severe AAVs [11, 16].

The prognosis of the AAVs has significantly increased
since the 1960s with the introduction of cyclophosphamide
and corticosteroids. Despite the increased prognosis, a pro-
spective cohort of 535 patients with GPA and MPA treated
with conventional regimens demonstrated that these
individuals are at increased risk of death compared to an
age- and sex-matched population [17]. It is noteworthy to
report that the study reported a cause of death within the
first year from either infection (48 %) or active vasculitis
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Ficure 41.1. (a) Low-power photomicrograph depicting dermo-
epidermal separation (vesicle) and “busy” dermis due to leukocy-
toclasia with extravasated erythrocytes. (b) Medium-power
photomicrograph depicting deeper component of inflammation

(19%) as opposed to a cause of death after the first year as
cardiovascular disease (26 %), malignancy (22 %), or infec-
tion (20 %). They reported that the main predictive factors
of poor outcome at presentation were advanced renal fail-
ure, increasing age, a high disease activity score and WBC
count, and low hemoglobin [17].
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seen in perivascular locations. (c¢) High-power photomicrograph
depicting destruction of vessel (note rounded silhouette) with
extravasated erythrocytes, leukocytoclasia, and pink fibrin vascular
deposits.

The French Vasculitis Group Study produced a five-
factor score that predicts risk of death in individuals with
EGPA. The five factors include impaired renal function
(serum creatinine > 140 pmol/L), proteinuria (>1 g/24 h),
gastrointestinal hemorrhage, infarction, or pancreatitis,
CNS involvement, and cardiomyopathy. Individuals with
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none of the above factors have a mortality rate of 11.9% at
5 years as opposed to individuals with two or more factors
having a mortality rate of 46% at 5 years [18]. A more
recent retrospective study of 383 patients with EGPA in the
French Vasculitis Study Group cohort reported cardiomy-
opathy, older age, and diagnosis during or prior to 1996 as
independent risk factors for death; furthermore, a lower
eosinophil count at diagnosis was predictive of relapse [13].
Additionally, they reported the influence of ANCA status
on the long-term outcome of EGPA patients; ANCA posi-
tivity was associated with more frequent vasculitis relapses
but a lower mortality rate. Furthermore, they stated that
although EGPA relapses remain frequent, mortality has
decreased since 1996.
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Calciphylaxis (Calcific Uremic Arteriolopathy)

Calcifying panniculitis, subcutaneous calcific arteriolopathy,
uremic small-artery disease with medial calcification and
intimal hyperplasia, and metastatic calcinosis cutis
Multifactorial, including hyperphosphatemia, hypercalcemia,

hyperparathyroidism, hypoalbuminemia, rapid weight loss, and

Subcutaneous vascular calcification, thrombosis, and necrosis
Serum blood urea nitrogen, creatinine, calcium, phosphate,
albumin, parathyroid hormone, quantitative and functional
proteins C and S, skin biopsy, possible soft tissue radiographic
evaluation for subcutaneous calcification, and arterial large-

m Synonyms:
m Etiology:
obesity
m Associations: Chronic renal insufficiency
m Histopathology:
m Evaluation:
vessel evaluation in distal variant
m Treatment:

Reduction of calcium and phosphorous levels, treatment of
secondary hyperparathyroidism, sodium thiosulfate, and

hyperbaric oxygen

Calciphylaxis is a syndrome of subcutaneous vascular calci-
fication resulting in painful ulcers on the legs, thighs, or
abdomen. The disease develops almost exclusively in
patients with end-stage renal disease and is frequently fatal
due to infectious complications. Calciphylaxis was
described in 1962 by Hans Selye. He made rats hypercalce-
mic with “sensitizers” vitamin D or parathyroid hormone.
“Challengers” were then administered. These included skin
injury by hair-plucking or injections of various sorts.
Injured areas calcified and became ulcerated. Injection of
“challengers” intravenously resulted in systemic necrotic
lesions associated with tissue calcification [1]. The concept
of calciphylaxis has been imperfectly applied to cutaneous
ulcerations that develop in patients with end-stage renal
disease due to vascular calcification and subsequent occlu-
sion. While this clinical scenario has some parallels with
Selye’s experiments, his experimental subjects were not
uremic, and the calcifications were not vascular. Therefore,
“calciphylaxis” does not accurately describe the syndrome.
Because this disease does not conform to the model of cal-
ciphylaxis as described by Selye, many advocate eliminating
that label in favor of “calcific uremic arteriolopathy.”

The pathogenesis of calciphylaxis is likely multifactorial.
The precise process has remained elusive. Most patients

© Springer International Publishing Switzerland 2016

developing calciphylaxis have end-stage renal disease, but
some have milder renal insufficiency. Other cases have
occurred in association with primary hyperparathyroid-
ism, alcoholic liver disease, malignancy, and connective tis-
sue disease [2]. Most earlier literature on the subject
regarded the disease as a form of metastatic calcification
due to secondary hyperparathyroidism of end-stage renal
disease. This view is not supported by data that show that
only one third of patients with calciphylaxis have an ele-
vated calcium phosphate product. Additionally, the cal-
cium phosphate products of calciphylaxis patients and a
control group of patients with end-stage renal disease with-
out skin lesions are similar [3]. Evidence of hyperparathy-
roidism is often lacking in patients with calciphylaxis, and
treatment by parathyroidectomy results in clinical improve-
ment in only a subset of patients. A group of patients with
calciphylaxis has been described in which low turnover of
renal bone disease is present, with low intact parathyroid
hormone levels and a low calcium phosphate product,
favoring other inciting factors [4].

Earlier descriptions of calciphylaxis attribute its cause to
metastatic calcification resulting from an elevated calcium
phosphate product and secondary hyperparathyroidism.
However, the data do not support that contention. Vascular
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calcification, the hallmark of calciphylaxis, is a complex pro-
cess regulated by many factors. Medial arterial calcification
is a feature characteristic of both diabetes mellitus and end-
stage renal disease. This calcification involves a phenotype
switch of the vascular myofibroblast to one of an osteopro-
genitor (osteogenic transdifferentiation), a process influ-
enced by osteotropic hormones and inhibitors. In pathologic
states, the end result is vascular calcification. Local paracrine
control of the process involves bone morphogenetic pro-
teins (BMP) 2 and 7 among others, pyrophosphate, matrix
metalloproteinases, parathyroid hormone-related peptide,
osteopontin, osteoprotegerin, Pit-1 (a sodium-dependent
phosphate cotransporter), fetuin-A, and matrix Gla protein
(MGP), all of which respond to various metabolic and
inflammatory stimuli (summarized in Fig. 42.1) [5-8].
Much of the process of osteogenic transdifferentiation is
mediated by the transcription factor nuclear factor kB
(NFkB). The receptor activator of NFkB is RANK at its
ligand is RANKL. The activation process potentiates the
phenotype switch from vascular smooth muscle to osteo-
progenitor. Its activation can be inhibited by osteoprote-
gerin and bisphosphonates and enhanced by corticosteroids,
PTH, vitamin D3, and an inflammatory setting [8].
Osteopontin inhibits calcium crystal growth and
increases osteoclast function, thus inhibiting calcification
[7]. MGP is an inhibitor of vascular calcification. Warfarin,
which is a risk factor for calciphylaxis, inhibits gamma-
carboxylation of MGP, rendering it nonfunctional, theo-
retically tipping the balance toward vascular calcification
[9]. Parathyroid hormone-related peptide is an endoge-
nous inhibitor of vascular calcification that is suppressed
by vitamin D3, another mechanism by which vascular cal-
cification may occur [10]. The activity of Pit-1, a sodium-

PTH-related peptide
matrix Gla
fetuin-A*

BMP-7

Osteopontin
Osteoprotegerin
pyrophosphate*
vitamin K
bisphosphanates
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dependent phosphate cotransporter, is enhanced by
exposure to calcium and phosphorous, as it may occur in
patients with chronic renal insufficiency. Pit-1 transports
phosphorous into vascular smooth muscle cells, causing
mineralization of matrix vesicles that provide nuclear ele-
ments for mineralization of the extracellular matrix.
Intracellular phosphorous also induces phenotypic switch-
ing toward an osteoprogenitor cell [6]. Osteoprotegerin
inhibits vascular calcification by inhibiting the RANKL-
RANK-NF«kB cascade [8].

In addition to vascular calcification, tissue calcification
due to precipitation of calcium phosphate may occur in
calciphylaxis. Such calcification is normally suppressed by
mineralization inhibitors, such as fetuin-A, a circulating
glycoprotein, and tissue pyrophosphates. Fetuin-A produc-
tion may be suppressed by vitamin D, another factor favor-
ing calcification in some patients with end-stage renal
disease [5]. Matrix metalloproteinases, which can be asso-
ciated with the catabolic state of rapid weight loss, partially
digest elastic tissue, which then avidly binds calcium. This
process may contribute to the pathogenesis of calciphylaxis
in patients with recent weight loss [11]. Fetuin-A, pyro-
phosphates, and matrix metalloproteinases also have paral-
lel effects on vascular mineralization homeostasis [7].
Additional factors promoting calcification include BMP-2,
calcium, phosphate, hyperglycemia, increased blood urea
nitrogen, and inflammatory setting via pro-inflammatory
cytokines and those inhibiting calcification include BMP-7
and vitamin K [7]. While the above observations do not
elucidate a specific pathogenesis of calciphylaxis, they indi-
cate that vascular and tissue calcification is induced in a
certain metabolic milieu. Many of the forces that favor this
process are found in patients with renal disease.

BMP-2

Pit-1

calcium

phosphate

matrix metalloproteinases*
hyperglycemia

BUN

warfarin

pro-inflammatory cytokines (IL-1, IL-6, TNF-a)
corticosteroids

vitamin D3

No Calcification

Calcification

FiGURe 42.1. Vascular calcium homeostasis. * Parallel effects in tissue.
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In addition to metabolic factors that may be involved in
the pathogenesis of calciphylaxis, there may also be physical
factors. Obesity is known to be a risk factor for the develop-
ment of disease, and it is noted that skin lesions tend to
occur in areas of greatest adipose tissue deposition, such as
the abdomen, hips, and thighs. With fixed subcutaneous
fibrous septa, there may be considerable tensile stress that
compromises blood flow in these areas, predisposing to
vascular stasis, associated ischemia, and dystrophic lesions
[12]. Another predisposing factor may be reduced cutane-
ous oxygen tension. Patients with calciphylaxis have been
shown to have reduced transcutaneous oxygen tension in
multiple body regions, in areas with and without ulcers
[13]. This phenomenon may be explained by background
vascular calcification of subcutaneous vessels that precedes
the onset of clinical lesions. This has been referred to as the
“primary lesion” of calciphylaxis [12]. It is in this back-
ground setting that patients are susceptible to developing
ischemic necrosis and tissue calcification. Hypercoagulable
states such as protein C or S deficiency and functional
impairment may further contribute to precipitation of the
disease [14].

Risk factors for calciphylaxis tend to be those that induce
a metabolic or physical state favoring vascular and tissue
calcification in an already susceptible patient with renal
insufficiency. In addition to those factors, the influence of
vascular stasis as may be seen in obesity, hypotension, and
hypercoagulable states may contribute to precipitation of
lesions of calciphylaxis. The risk factors for the development
of calciphylaxis are summarized in Table 42.1 (7, 8, 15].

TasLE 42.1. Risk factors for calciphylaxis

Renal insufficiency
Obesity
Female gender
Caucasian
Hypotensive episode
Recent period of rapid weight loss
Diabetes mellitus/hyperglycemia
Hypoalbuminemia
Increased parathyroid hormone level
Increased calcium phosphate product
Hypercoagulable state
Protein C or S deficiency or functional impairment
Antithrombin III deficiency
Antiphospholipid antibody syndrome
Cryofibrinogenemia
Medication use
Warfarin
Albumin infusions
Vitamin D
Calcium carbonate
Aluminum
Methotrexate
Corticosteroids
Iron
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Patients with calciphylaxis usually present with painful
indurated plaques or nodules of the abdomen, thigh, and
hips, which frequently ulcerate (Figs. 42.2 and 42.3). Livedo
reticularis, purpura, and bullae may also be seen. Disease
localized to the breast or penis has been described [9, 16].
There is also a distal form of the disease in which patients
present with acral ischemia resembling that of peripheral
arteriosclerotic disease. A distinguishing feature is that
peripheral pulses are generally intact. These patients are
reported to have higher survival rates than those with prox-
imal disease [17].

In addition to cutaneous involvement in calciphylaxis,
myopathy may develop secondary to skeletal muscle
involvement. This usually occurs in areas of skin involve-
ment and may result in rhabdomyolysis. Other less com-
mon areas of involvement are the heart, joints, lungs,
pancreas, eyes, and gastrointestinal tract [9].

Histopathologic features of calciphylaxis are vascu-
lar calcification and varying degrees of necrosis and

FiGure 42.2. Reticulated and stellate pattern of ulceration with
eschar formation on the legs.

gl

FiGure 42.3. Later-stage deep ulceration of the thigh with periph-
eral eschar.
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FiGURe 42.4. (a) Subcutaneous vascular and interstitial calcification. (b) Stippled vascular and lipocyte calcification.

inflammation, depending on timing and location of the
biopsy specimen. Calcification occurs in small- to medium-
sized venules, arterioles, and capillaries in the subcutaneous
tissue and, in some instances, the dermis (Fig. 42.4a, b)
[17, 18]. Calcification of subcutaneous septa and adipo-
cytes may also occur [12]. The inflammatory infiltrate
consists of lymphocytes, neutrophils, and occasional
eosinophils. Early lesions devoid of necrosis may have a
dermal inflammatory infiltrate. The subcutaneous com-
ponent is predominantly septal. Calcifications are usually
readily seen but occasionally require histochemical stain-
ing with von Kossa or alizarin red. Use of both may confer
greater sensitivity in diagnosis. Perieccrine calcifications
may be the sole finding in a small number of specimens.
Vascular thrombi are seen in approximately 50 % of cases.
Necrosis is variable [18]. Subcutaneous calciphylaxis-like
calcifications have been reported in biopsy specimens from
patients with nephrogenic systemic fibrosis. This finding
was not accompanied by clinical evidence of calciphylaxis
[19]. These calcifications may correspond to the “primary
lesion” of calciphylaxis that represents the setting in which
clinical lesions develop. A netlike pattern of calcification is
seen frequently in patients with calciphylaxis, reported to
have an almost 90% specificity for the disease [20]. The
histologic differential diagnosis of subcutaneous calcifica-
tions includes pancreatic panniculitis and Moénckeberg’s
medial calcific sclerosis. Pancreatic panniculitis has diffuse
subcutaneous necrosis with “ghost” cells and an infiltrate of
neutrophils, without vascular calcification. Ménckeberg’s
medial calcific sclerosis occurs as an incidental finding in
cutaneous biopsy specimens from the leg and correlates
with underlying arteriosclerotic disease.

The differential diagnosis of calciphylaxis depends
upon the distribution of lesions but may include warfarin
necrosis, primary hyperoxaluria, peripheral arteriosclerotic
disease, vasculitis, emboli, cryoglobulinemia, and cryofibri-

TaBLE 42.2. Diagnostic evaluation of suspected calciphylaxis

. Serum calcium, phosphate, blood urea nitrogen, creatinine, glucose

. Serum albumin

. Serum intact parathyroid hormone

. Hypercoagulation evaluation, including proteins S and C

. Exclude infection

. Skin biopsy of indurated plaque or ulcer margin

. Evaluation for large-vessel arterial disease (in distal subset)

. Consider radiographic evaluation of soft tissue for subcutaneous
calcifications
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nogenemia. The diagnosis of calciphylaxis in the right clin-
ical setting is usually apparent. However, some evaluation is
indicated for confirmation and, perhaps more importantly,
to gather data that will help direct management. A diagnos-
tic evaluation is suggested in Table 42.2.

Treating calciphylaxis is far more challenging than
establishing the diagnosis. Treatment is directed at revers-
ing metabolic derangements favoring calcification. In
early series, the focus of treatment was parathyroidec-
tomy. Literature favoring parathyroidectomy reported
higher survival rates in surgically treated patients, but
these were uncontrolled studies with limited follow-up
[17]. Use of parathyroidectomy is likely to be benefi-
cial only in cases with striking elevations in parathyroid
hormone. Cinacalcet, a calcimimetic useful in manag-
ing hyperparathyroidism, has been shown to decrease
the incidence of calciphylaxis approximately threefold
in patients with ESRD and moderate to severe second-
ary hyperparathyroidism in the Evaluation of cinacalcet
hydrochloride therapy to lower cardiovascular events
(EVOLVE) trial and may be used as an alternative to
surgery [21]. The incidence of calciphylaxis appears
be increasing, and this may be, in part, due to a switch
from aluminum-containing phosphate binders to those
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containing calcium. In the patient with calciphylaxis,
calcium-containing phosphate binders should be changed
to non-calcium ones such as sevelamer. In a pilot study,
lanthanum carbonate as a non-calcium phosphate binder
induced remission of calciphylaxis in four patients [22].
Increased frequency of dialysis from three to five times
a week with a low-calcium bath has been advocated to
reduce calcium burden [23]. This requires careful moni-
toring for hypocalcemia. While the use of vitamin D would
be expected to worsen disease based on Selye’s model, it
has a theoretical advantage of suppressing parathyroid
hormone levels while limiting gastrointestinal absorption
of calcium and phosphorous in the patient with second-
ary hyperparathyroidism [23]. Hyperbaric oxygen has
been reported to be of benefit in healing of cutaneous
ulcers [24]. Even oxygen administration by nasal can-
nula may increase cutaneous oxygen tension in patients
with calciphylaxis [9]. Bisphosphonates have been found
to suppress experimental calciphylaxis, and intravenous
treatment with the bisphosphonate, pamidronate, was
reported to result in dramatic disease resolution in a case
report [25, 26]. In a case series of 172 patients, intrave-
nous sodium thiosulfate, which may solubilize tissue cal-
cium deposits, was found to be associated with complete
resolution or marked clinical improvement in approxi-
mately 50 % of patients [27]. Another case report noted
good response to low-dose tissue plasminogen activator
in a patient with calciphylaxis, history of deep venous
thrombosis, low protein C and antithrombin III, and ele-
vated fibrinogen levels, suggesting that this is a therapy
to consider in calciphylaxis patients with evidence of a
hypercoagulable state [28]. A summary of possible thera-
peutic tools in calciphylaxis is given in Table 42.3.

The prognosis in calciphylaxis has been poor, with most
patients succumbing to sepsis because of extensive

TaBLE 42.3. Management of calciphylaxis

1. Eliminate calcium-containing phosphate binders and other oral
calcium intake
. Avoid excessive calcium phosphate product
. Low-calcium dialysate
. Increased frequency of dialysis
. Consider cinacalcet therapy for those with secondary
hyperparathyroidism
6. Consider parathyroidectomy in cases with severe secondary
hyperparathyroidism
7. Consider sodium thiosulfate
8. Hyperbaric oxygen, consider oxygen by nasal cannula
9. Weight loss in obese patients
10. Optimize nutritional status
11. Serum glucose control in diabetics
12. In patients on warfarin, attempt switch to a different anticoagulant
13. Gentle wound debridement
14. Consider low-dose tissue plasminogen activator and
bisphosphonates based on anecdotal reports
15. Pain management

Ul N
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cutaneous ulceration. Severe debilitation from comorbidi-
ties also contributes to a poor outcome. While the disease
has a grave prognosis, elucidation of the pathways of meta-
bolic control of vascular and tissue calcification gives hope
for effective management and treatment of these patients
in the future.
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Kawasaki Disease

m Synonym: Mucocutaneous lymph node syndrome

m Etiology: Unknown

m Associations: None

m Histology:  Coronary arteritis; skin-nonspecific with dermal edema and
perivascular lymphocytes

m Evaluation:  Throat culture, serologic testing for viral infections, urinalysis,

complete blood count with differential, electrocardiogram,
transthoracic echocardiography in younger patients, and magnetic

resonance angiography in older patients

m Treatment:
refractory cases
m Prognosis:
coronary arteritis

Kawasaki disease (KD), or mucocutaneous lymph node
syndrome, was first described in Japan in the late 1960s as
an illness characterized by persistent fever, conjunctivitis,
mucous membrane changes, acral erythema with desqua-
mation, and cervical adenopathy, associated with coronary
arteritis [1, 2]. While earlier descriptions of the disease
were limited to Asia and Hawaii, the disease is now known
to occur worldwide. The disease is primarily one of young
children, with 85 % of cases occurring in children under 5
years. It is uncommon in children less than 6 months. There
have been some epidemiologic investigations linking KD to
freshly cleaned carpets, humidifier use, and living near a
body of water, but these associations have not been observed
consistently [3].

The etiology of KD is unknown. There are seasonal peaks
in the winter and spring months, with occasional epidem-
ics. There are only rare cases of the disease occurring in
infants less than 3 months, suggesting protection via pas-
sive maternal antibodies. These findings have suggested an
infectious agent, yet extensive investigations have failed to
detect one. IgA plasma cells have been found in early and
subacute lesions of Kawasaki vasculitis, suggesting the pos-
sibility of an immune response to a gastrointestinal or
respiratory tract pathogen [4]. Furthermore, the IgA
response is oligoclonal rather than polyclonal, favoring an
antigen-driven response over nonspecific B-cell activation
[5]. Synthetic versions of these antibodies bind to

© Springer International Publishing Switzerland 2016

Intravenous gamma globulin and aspirin and systemic steroids in

Good with treatment and 1-2 % sudden cardiac death due to

intracytoplasmic inclusion bodies in ciliated respiratory
epithelium of children with KD, suggesting a potential viral
etiology [6]. Acute KD is associated with upregulation of
T-helper cell type 17 cytokines and downregulation of reg-
ulatory T cells (Treg), as is seen in rheumatoid arthritis and
systemic lupus erythematosus, suggesting an autoimmune-
like process [7]. The incidence of KD is greater in the Asian
population and in siblings and parents of those with the
disease, suggesting a genetic predisposition [3]. Several
immune function gene single nucleotide polymorphisms
(SNPs) have been shown to confer susceptibility to KD,
including CD40, FCGR2A, CASP3, and ITPKC genes, the
latter two of which may indicate risk of coronary artery
involvement [6].

Patients with KD present with persistent fever despite
antibiotics, conjunctival congestion, oral dryness, redness,
fissuring of the lips, strawberry tongue, and mucosal ery-
thema (Figs. 43.1 and 43.2). These findings are accompa-
nied by acral erythema and edema, followed by
desquamation in the convalescent stage (Fig. 43.3). The
acral erythema spreads to a truncal exanthem within 3-5
days (Fig. 43.4). Cervical adenopathy is also a relatively
constant feature. Other symptoms may include diarrhea,
arthralgia or arthritis, and aseptic meningitis [2]. A feature
found in the majority of patients, but not emphasized in
early descriptions, is perineal erythema and subsequent
desquamation (Fig. 43.5) [8]. Small sterile pustules have
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Ficure 43.1. Conjunctival injection (Courtesy of Nancy Esterly,
MD).

Ficure 43.2. Lip and tongue erythema and edema (Courtesy of
Nancy Esterly, MD).

Ficure 43.3. Acral edema and erythema (Courtesy of Nancy
Esterly, MD).
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Fiure 43.4. Morbilliform exanthem (Courtesy of Nancy Esterly,
MD).

Ficure 43.5. Inguinal and genital accentuation of exanthem with
minute pustules (Courtesy of Nancy Esterly, MD).

also been described in some patients with KD, occurring
symmetrically on erythematous skin on the buttocks, axil-
lae, genitalia, and extensor surfaces [9].

Diagnostic criteria for Kawasaki disease are as follows [3].

43.1 Diagnostic Criteria
for Kawasaki Disease

The presence of fever for at least 5 days, 4 of the 5 criteria
below, and the lack of another known disease process to
cause the illness:

1. Bilateral conjunctival injection

2. Changes of the mucous membranes of the upper respi-
ratory tract: injected pharynx, injected, fissured lips, and
strawberry tongue
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3. Polymorphous rash

4. Changes of the extremities: peripheral edema, periph-
eral erythema, and periungual desquamation

5. Cervical adenopathy

Strict use of these criteria will miss cases of KD, so-called
“atypical” or “incomplete” KD. These are patients in whom
coronary arteritis is present, in association with persistent
fever and fewer than four other diagnostic criteria. Vigilance
for these cases is mandated because of the potential for
disastrous consequences in untreated coronary arteritis. In
cases of suspected KD, imaging of the coronary vessels is
indicated. In young children, transthoracic echocardiogra-
phy can be used to diagnose coronary artery changes with
high specificity, but in older children and in adults, visual-
ization of the vessels is more difficult. Coronary X-ray angi-
ography has been the mainstay of evaluation. However,
magnetic resonance angiography has been shown to be
comparable to X-ray angiography [10]. Laboratory find-
ings may include elevated erythrocyte sedimentation rate
and C-reactive protein (CRP), leukocytosis with left shift,
pyuria, proteinuria, or anemia. In addition to traditional
biomarkers for diagnosis and disease activity, recent inves-
tigations suggest that complement system factor B and C5a
may be useful in diagnosis [11]. N-terminal prohormone
of brain natriuretic peptide (NT-proBNP) is elevated in
patients with KD relative to febrile controls and may cor-
relate with subtle cardiac involvement [12]. In cases of sus-
pected KD, a suggested diagnostic evaluation is given.

43.2 Diagnostic Evaluation
in Suspected Kawasaki
Disease

1. Complete blood count and differential

. Throat and nasal cultures

. Nasopharyngeal swab for adenovirus and rapid direct
fluorescent antigen test

. Urinalysis

. Erythrocyte sedimentation rate and C-reactive protein

. Electrocardiogram

. Echocardiogram or magnetic resonance angiography

. Blood urea nitrogen (BUN), creatinine, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT)

W N
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The principal differential diagnosis of KD includes scar-
let fever, Staphylococcal scalded skin syndrome, toxic shock
syndrome, and adenovirus infection. A summary of impor-
tant features of each is given in Table 43.1.

The typical pathologic finding in KD is that of a vasculi-
tis, occurring most commonly in the coronary arteries but
also occurring in renal, iliac, femoral, and mesenteric arter-
ies. A neutrophilic necrotizing arteritis occurs early in the
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disease, begins at the luminal surface, and may progress to
transmural involvement. This process generally resolves
within 2 weeks but may be complicated by large aneurysms
which are at risk for thrombosis and rupture. A second
form of vasculitis beginning in the first 2 weeks of disease
begins in the adventitial layer but can progress to involve
the entire thickness of the vessel. The infiltrate is composed
of lymphocytes, plasma cells, and eosinophils. A closely
related process is luminal myofibroblastic proliferation
forming a concentric mass which may more insidiously
cause luminal narrowing and delayed cardiac morbidity.
These recent pathologic observations suggest a potential
benefit for ongoing immunomodulatory therapy, although
to date, this has not been investigated [6]. Biopsy speci-
mens of the skin in KD do not have specific findings, but in
those with sterile pustules, the location is subcorneal [9].

The mainstay of the treatment of KD is intravenous
gamma globulin (IVIG), with aspirin, given before the
seventh day of onset. A comparison of treatment with
aspirin alone versus aspirin with IVIG reveals a striking
reduction in the development of coronary aneurysms in
the IVIG group and greater resolution of existing coro-
nary lesions over time in the same group [14]. Treatment
with IVIG is generally given using 2 g/kg as a single infu-
sion [3]. High-dose aspirin is recommended early on in
the disease to prevent thrombotic events, 80-100 mg/kg
per day, divided in four doses, for up to 14 days, and then
3-5 mg/kg as a single daily dose for 7 weeks or longer
[15]. Lower doses of 30-50 mg/kg per day are given in
Japan [16]. Aspirin does not reduce aneurysm formation
[17]. Approximately 80 % of patients will become afebrile
within 48 h of IVIG treatment. An additional dose of
1 g/kg is commonly given in those not responding to the
first dose. Forty percent of nonresponders will respond to
the second dose [16]. This second dose decreases the risk
of cardiac complications [18]. A number of risk stratifica-
tion scores have been developed to predict refractory dis-
ease. These factors include age, gender, duration of illness,
white blood cell and neutrophil count, hematocrit, plate-
let count, C-reactive protein (CRP), AST, ALT, total biliru-
bin, sodium, and albumin. In those high-risk patients,
coronary complications have been shown to be decreased
when initial therapy includes systemic steroids in addi-
tion to IVIG [16]. Treatment options for those refractory
to two doses of IVIG include additional doses of IVIG,
pulse methylprednisolone, infliximab, cyclosporine,
cyclophosphamide, and plasmapheresis [3, 19]. In patients
treated with systemic steroids, conversion from parenteral
to oral therapy should take place once the patient has
defervesced and is showing clinical improvement. A
15-day oral steroid taper should commence once the CRP
returns to normal [16].

The principal complication of KD is coronary artery
disease. Sudden death occurs in 1-2 % of patients in the
acute phase of the disease, and coronary aneurysms
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TasLe 43.1. Differential diagnosis of Kawasaki disease

Deadly Dermatologic Diseases

Kawasaki disease  SSSS Scarlet fever Toxic shock syndrome Adenovirus [13]

Age group >3 months, <3 months most 2-10 years most Menstruating women, Usually <10 years
<5 years common but any age common uncommon in children

Conjunctival +, injection +, purulent - +/—, injection Usually present

involvement

Strawberry tongue  + - +, white early on +/- rare

Lip involvement + - - - -

Acral + +, but part of diffuse - +, but part of diffuse -

involvement involvement

Perineal + +, but part of diffuse +/— +/— -

involvement

Bullae - + - - -

Other Cervical May be able to culture +Throat culture, +Culture for Staphylococcus ~ May have exudative
adenopathy, Staphylococcus aureus group A aureus, sometimes group pharyngitis and
may have Streptococcus, A Streptococcus, from conjunctivitis
aseptic truncal exanthem primary site of infection,
meningitis, accentuated in skin scarlatiniform eruption,
pyuria folds, “sandpaper” rhabdomyolysis, liver

texture on skin

dysfunction,
thrombocytopenia

develop in 25 % of patients with the disease; 55 % eventu-
ally regress, but some are complicated by stenosis or
occlusion [20]. Patients with giant aneurysms (those
greater than 8 mm in diameter) are at considerably higher
risk for complications [3]. Lifelong follow-up is war-
ranted in those with cardiac abnormalities. A recent study
evaluating optical coherence tomography (OCT), a tech-
nique with ten times the resolution of intravascular ultra-
sound, during routine coronary angiography being
performed as follow-up in KD patients, showed poten-
tially improved diagnostic benefit by revealing areas of
intimal hyperplasia in angiographically normal coronary
artery segments [21]. Persistent coronary lesions tend to
occur in patients with persistently elevated indices of
inflammation, such as C-reactive protein, serum amyloid
A, interleukin-6, and soluble intercellular adhesion mol-
ecule-1 [22]. This potential functional relationship may
have implications for long-term treatment. Recurrent
skin peeling has been described in patients with a history
of KD, without any other evidence of disease reactivation.
Some of these episodes have been associated with respira-
tory tract infections [23].

Kawasaki disease may resemble several bacterial toxin-
mediated diseases and, less likely, viral infections. Early
diagnosis is important because of the ability to dramati-
cally decrease the risk of complications with IVIG
treatment.
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