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Preface

Although cancer in children is rare, it is the leading cause of death by dis-
ease past infancy among children in the United States [1]. Fortunately,
therapeutic advancements have improved the outlook of children with can-
cer, with a decline in cancer mortality rate by more than 50% from 1975—
1977 to 2007-2010 [2]. However, with the development of novel anticancer
therapies and increase in cancer survivorship, there is a growing need for
multidisciplinary care to manage both acute and long-term complications
of therapy. Dermatologists play important roles in this care, from the recog-
nition of cutaneous reactions to therapy requiring only symptomatic relief,
to the detection of life-threatening secondary skin cancers and treatment
side effects.

Cutaneous malignancies are particularly rare in children and thus may
pose significant diagnostic or therapeutic dilemmas when encountered.
While many skin cancers can be seen across ages, there are special consid-
erations in clinical presentation (e.g., modified ABCDs of pediatric mela-
noma), risk factors (e.g., genetic predisposition syndromes associated with
nonmelanoma skin cancer), and therapeutic response (e.g., phototherapy in
cutaneous T cell lymphoma) in children that are important to recognize
[3-5]. In addition, there are cutaneous proliferations with uncertain progno-
sis, such as pityriasis lichenoides chronica, skin-limited Langerhans cell
histiocytosis, and cutaneous mastocytosis that demand further attention and
research.

Our book strives to address the most pertinent issues that dermatologists
face in the care of children with oncologic conditions. We begin by discuss-
ing various cutaneous malignancies and tumors with malignant potential. We
then focus on acute complications of therapy, including drug reactions, graft-
versus-host disease, and opportunistic skin infections. We conclude with a
chapter on malignant and nonmalignant late effects of the skin in childhood
cancer survivors.

We hope that this book will be a guide for practicing dermatologists on
the care of children with oncologic conditions and serve as an impetus for
future research and future texts as the important niche of oncodermatology
evolves.
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Melanoma and Spitz Nevi

in Children

Catherine Warner and Melinda Jen

Melanocytic nevi are common skin neoplasms
and can be either congenital or acquired. While
congenital nevi can be present at birth or appear
shortly thereafter, acquired nevi continue to
develop through childhood and into early adult-
hood. In a large cross-sectional study of kinder-
garten children in Germany, nevi were noted to
increase in number from a median of 3 at 2 years
of age to 19 at 7 years of age [1]. Variations in
mean nevi number across geographic locations
has been noted to be inversely associated with
latitude and supports the role of sun exposure in
nevi development. A study comparing the number
of nevi over time in children born in Scotland ver-
sus Australia found a similar frequency of nevi at
birth but a significant difference in the number of
nevi over time. At 2 years of age, 100% of the
children in Australia had nevi compared to 62%
of children in Scotland [2]. Since these two groups
have similar skin types, this highlights the role of
sun exposure in the development of nevi.
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In addition to the development of new nevi,
existing nevi naturally evolve throughout child-
hood, and a change in appearance may be not
be concerning for melanoma [3-5]. Although
pediatric melanoma is uncommon, identify-
ing clinically suspicious lesions is essential for
timely diagnosis and treatment. Appropriately
identifying concerning lesions is especially
important in the pediatric population where
biopsies may be relatively more emotionally
or psychologically stressful. Spitz nevi and
atypical Spitz nevi pose a particular challenge
clinically and histologically because of fea-
tures that overlap with melanoma. Research has
focused on histologic, immunohistochemical,
and genomic methods to differentiate between
these three entities.

Spitz Nevi

Key Points

e Most commonly found in the pediatric
population.

e Present as smooth pink, red, brown, or
black papules that initially grow rapidly
and then stabilize.

* Composed of epithelioid and/or spindle
cells.

J.T. Huang, C.C. Coughlin (eds.), Skin Tumors and Reactions to Cancer Therapy in Children,
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In 1948, Dr. Sophie Spitz described a subset
of pediatric melanocytic tumors that had features
of melanoma but lacked their aggressive clinical
characteristics [6]. Although previously called
“benign juvenile melanoma,” this tumor is now
called “spindle and epithelioid cell nevus” or,
more commonly, “Spitz nevus.” A variant of the
Spitz nevus is the pigmented spindle cell nevus
(pigmented cell tumor of Reed, Reed nevus, pig-
mented Spitz nevus).

Clinical

Spitz nevi most commonly arise in patients less
than 20 years of age [7-9]. They present as well-
circumscribed pink, red, brown, or black papules.
They are generally smooth and dome shaped,
though can sometimes be verrucous, and are less
than 1 cm in diameter and solitary. A period of
initial rapid growth is often followed by stabil-
ity in size. A common clinical scenario is that
of a new onset pink papule with rapid growth
initially and then stabilizes in size in a young
child (Fig. 1.1). Spitz nevi are most often found
on the lower extremities and the trunk [8-12].
Regression of Spitz nevi over years to months
has been observed [13, 14]. In comparison,
pigmented spindle cell nevi are uniformly dark
brown to black macules or thin papules. They
are usually less than 6 mm in diameter and most
commonly found on the extremities [15].

On dermoscopy, Spitz nevi have several com-
mon patterns, including starburst, globular,
homogeneous, negative network, and reticular
patterns (Fig. 1.2) [17]. The starburst pattern is
demonstrated in more than 50% of biopsied Spitz
nevi and is associated with 96% diagnostic sensi-
tivity. This pattern was named for its exploding
star-type appearance and can be composed of
streaks (pseudopods or radial streaming) or mul-
tiple rows of peripheral globules [18]. The star-
burst pattern signifies an initial radial growth
phase before transitioning to a homogeneous pat-
tern with a blue-white veil [19]. The starburst
pattern also characterizes pigmented spindle cell
nevi [20]. Common melanoma-specific struc-
tures, such as atypical pigment network, negative

Fig. 1.1 Characteristic appearance of a Spitz nevus as a
smooth dome-shaped pink papule [16]. Reprinted from
Journal of the American Academy of Dermatology, Vol.
65, No. 6, Luo S, Sepehr A, Tsao H, Spitz nevi and other
Spitzoid lesions: Part I. Background and Diagnoses, pages
1073-1084, © 2011, with permission from Elsevier

network, crystalline structures, blue-white veil,
and irregular vessels, have been described in
Spitz nevi but are more likely to be symmetric
and organized.

Histology

While the majority of Spitz nevi are compound,
they can also be junctional or intradermal. At low
power, Spitz nevi are dome or wedge shaped,
symmetric, and well-circumscribed. At higher
power, Spitz nevi have characteristic epithelioid
and/or spindled melanocytes with prominent
cytoplasm. Junctional cells are nested and often
have clefts separating individual cells or nests
from adjacent epidermis. Cells mature to become
small individual melanocytes deeper in the der-
mis. Kamino bodies are acellular pale eosino-
philic structures often found within the epidermis
and are composed of basement membrane mate-
rial. Epidermal hyperplasia, hyperkeratosis, and
hypergranulosis are commonly seen. Occasional
mitotic figures can be seen within the epidermis
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Starburst Pattern

Negative network pattern

Fig. 1.2 Common dermoscopy patterns seen in Spitz
nevi [17]. Reprinted from Dermatologic Clinics, Vol. 31,
No. 2, Kerner M, Jaimes N, Scope A, Marghoob AA,

or superficial dermis, although deep mitoses can
indicate a more atypical tumor (Fig. 1.3a, b).
Pigmented spindle cell nevi resemble Spitz nevi
histologically but have prominent cytoplasmic
pigmentation.

Genetics

Approximately 20% of Spitz nevi demonstrate an
increase in chromosome 11p, which is the site of
the HRAS gene [21]. Gain of this genetic locus is
very rare in cutaneous melanoma. Gain of chro-
mosome 11p therefore suggests a more benign
etiology (see Genetics and Molecular Analysis
below). Apart from an occasional gain in HRAS,
genetic gains or losses are rare in Spitz nevi.

Reticular pattern

Atypical pattern

Spitz nevi: a bridge between dermoscopic morphology
and histopathology, pages 327-335, © 2013, with permis-
sion from Elsevier

Management

Although generally considered to be benign, con-
troversy exists surrounding the management of
Spitz nevi. For classic appearing Spitz nevi in
school-aged children, some advocate for clinical
observation, while others advocate a biopsy of any
Spitzoid lesion [22-29]. There is consensus
throughout the literature, however, that biopsy
should be performed for any lesion with atypical
features, rapid evolution, asymmetry, or ulceration.
A partial biopsy should be avoided because overall
architecture is an important criterion for diagnosis
of a Spitz nevus. If clinically visible tumor remains
after initial biopsy, then most clinicians would rec-
ommend re-excision. If only the histologic margins
of a biopsy are positive, the need for re-excision is
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Fig. 1.3 Spitz nevus. (a) At low power, the characteristic
wedge-shaped, symmetric, well-circumscribed architecture
of a Spitz nevus is seen (H&E, 40x). (b) Junctional and
dermal nests of mostly epithelioid and some spindled mela-
nocytes are seen. Eosinophilic globules (Kamino bodies)
are in the epidermis, and there is mild epidermal hyperpla-
sia. Lymphohistiocytic inflammation is present in the der-
mis (H&E, 100x) (Image courtesy of Adam I. Rubin, MD)

controversial. In a survey of pediatric dermatolo-
gists, approximately one-third of respondents
would re-excise a Spitz nevus after partial biopsy,
which is similar to the results of a survey of general
dermatologists [28-30]. Though, if re-excision is
pursued, narrow 1-2 mm margins are adequate.

Atypical Spitz Tumors

Key Points

e Histologic features overlapping with
Spitz nevi and melanoma.

* Molecular testing with fluorescence in
situ hybridization and/or comparative
genomic hybridization is an adjunct to
histologic evaluation.

¢ HRAS mutations, BAP1 mutations, and
kinase fusions have been identified in
these tumors.

Atypical Spitz tumors (AST), also called
Spitzoid tumors of uncertain malignant potential
(STUMP), are challenging because they have
histologic features that overlap with both classic
Spitz nevi and with melanoma. Consequently, the
diagnosis and management of these tumors are
controversial and still evolving.

Atypical Spitz tumors are often considered
within the larger category of “borderline melano-
cytic tumors” or “melanocytic tumors of unknown
malignant potential” (MelTUMP). The term
“MelTUMP” was first used by Elder and Xu to
encompass a wide spectrum of lesions that dem-
onstrate features of both benign melanocytic nevi
and melanoma [31]. In addition to AST, pig-
mented epithelioid melanocytoma, deep pene-
trating nevus, and cellular blue nevus are the
most common neoplasms included in this group.

Clinical

Atypical Spitz tumors have a varied clinical
appearance. They can be indistinguishable from
benign Spitz nevi and present as growing pink,
red, brown, or black papules. In other cases, AST
can have concerning clinical characteristics, such
as rapid growth, irregular pigmentation, ulcer-
ation, nodularity, or easy bleeding. AST can be
found anywhere on the body but are most often
on the trunk or extremities [32].

Genetics

Several mutations have been identified in ASTs,
including HRAS mutations, BAPI mutations, and
kinase fusions. These mutations are not unique to
AST and are often not definitive for distinguish-
ing an AST from a Spitz nevus or melanoma.
Comparative genomic hybridization (CGH) and
fluorescence in situ hybridization (FISH) are
being used to further identify chromosomal aber-
rations in tumors to aid in diagnosis (see Molecular
Analysis below).

ASTs with HRAS mutations have an increase
in chromosome 11p copy number and conse-
quently HRAS gain of function. HRAS is an
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oncogene that activates both the MAP/ERK and
PI3K/AKT/mTOR pathways allowing for cell
proliferation. HRAS mutations are rarely found
in melanoma [33-36] and, when found in AST,
tend to have a good prognosis [37]. On histol-
ogy, these tumors are predominantly intradermal
and comprised of large, pleomorphic melano-
cytes that have an infiltrating growth pattern at
the base. There is marked stromal desmoplasia
and sclerosis [35].

BAP] (BRCAl-associated protein 1) is a
nuclear protein that functions as a tumor suppres-
sor and has a role in DNA damage repair, cellular
differentiation, transcription, and cell cycle con-
trol. Germline BAPI mutations are found in can-
cer predisposition syndrome, but somatic loss of
BAPI has been identified in some ASTs. These
tumors generally also harbor BRAF mutations
[38]. BAPI inactivated tumors have also been
known as BAPI-inactivated Spitzoid nevus,
BAP-oma, nevoid melanoma-like melanocytic
proliferation (NEMMP), and melanocytic BAPI-
mutated atypical intradermal tumors (MBAIT)
[39]. BAPI inactivated tumors tend to be skin-
colored or dome-shaped papules or nodules.
Histologically, BAPI-inactivated tumors are pre-
dominantly dermal tumors comprised of large
epithelioid cells with abundant amphophilic
cytoplasm, nuclear pleomorphism, and promi-
nent nucleoli [39]. Loss of BAPI staining on
immunohistochemistry can be used to identify
these tumors.

Kinase fusion proteins involving the tyrosine
kinases ALK, ROSI, NTRKI, RET, and MET and
the threonine kinase BRAF have been identified
in approximately 50% of AST [40, 41]. The
fusion of these kinase genes with another gene
creates an enzyme that is constitutively active.
ALK fusion proteins are present in 5-15% of
AST and are most commonly fused with TPM3
and DCTNI [41-43]. ALK-positive tumors typi-
cally have a plexiform growth pattern with fasci-
cles of fusiform melanocytes in the dermis [42,
43]. ALK immunohistochemical staining is posi-
tive in these tumors. ROS/ fusion proteins are
present in 6% of AST [41]. These tumors have no
characteristic clinical or histologic appearance,
and ROS1 staining has low sensitivity and speci-

ficity. NTRK1 fusion proteins have been identi-
fied in up to 25% of AST [40]. NTRKI1 staining
has high sensitivity and specificity and can be
useful in identifying ASTs that otherwise have no
characteristic clinical or histologic findings. RET,
MET, and BRAF fusions are less commonly
found in AST [40, 41, 44].

Histology

Histopathologic criteria for AST have not been
established. There 1is frequently variability
between pathologists as to the whether a tumor is
a benign Spitz nevus or an AST and whether a
tumor is an AST or Spitzoid melanoma. In one
study, there was poor agreement between 13
expert dermatopathologists asked to evaluate a
cohort of atypical tumors [45]. Molecular genetic
analyses have been pursued as a way to more pre-
cisely define and distinguish between these
entities.

Compared to the classic histology of Spitz
nevi, AST may demonstrate greater cytologic
atypia, ulceration, cellular density, lack of matu-
ration, deep mitoses, and larger size. Histologic
features that would be considered more consis-
tent with a diagnosis of melanoma include a
mitotic rate above 6 mitoses/mm?, significant
asymmetry, and tumor extension to the subcuta-
neous fat [46].

Immunohistochemical stains for HMB-45
(Gp-100), Ki-67 (MIB-1), and p16 can be used
together to further assess these tumors. HMB-45
is a melanocyte stain that can be used to assess the
maturation of a tumor. Spitz nevi demonstrate
maturation with depth, so HMB-45 expression
decreases toward the base. On the other hand,
melanoma demonstrates a more uniform or scat-
tered HMB-45 distribution throughout. Ki-67 is a
marker of cellular proliferation and in benign nevi
is usually present in the epidermis but is absent in
the deep dermis, also reflecting melanocyte matu-
ration. Increased Ki-67 expression in deep dermal
melanocytes is seen in melanoma [47]. CDKN2A
on chromosome 9p21 encodes for the tumor sup-
pressor pl6 and has been found to be associated
with more clinically aggressive AST [44, 48-51].



C.Warner and M. Jen

If staining for pl6 is lost, it is indicative of a
homozygous loss of 9p21 and may be associated
with more aggressive behavior [44].

Molecular Analysis

As the genetic landscape of melanocytic tumors
has become more defined, chromosomal analysis
is used to distinguish between Spitz nevi, AST,
and melanoma. FISH and array CGH are molecu-
lar techniques that identify genetic aberrations in
tumors. FISH utilizes fluorescently labeled short
fragments of DNA (probes) that bind to tumor
DNA. Each nucleus should bind two probes and
thus have two fluorescent dots. If there is chromo-
somal gain or loss corresponding to the probes,
then there will be more or less than two dots,
respectively. Array CGH is similar, though able to
detect chromosomal gain and loss over the entire
genome through binding to a DNA microarray.

Current FISH testing includes the five probes,
RREBI1/6p25, MYC/8q24, CDKN2A/p16/9p21,
CCNDI/11q13, and Cen9/centromere 9. This set
of probes have been shown to have a sensitivity
of 94% and specificity of 98% for detecting
Spitzoid melanomas [52]. Studies have found
clinical patterns based on FISH testing that can
help prognosticate AST (Table 1.1).

AST with isolated homozygous loss of 9p21
exhibit more aggressive behavior, with a greater
likelihood of tumor spread to lymph nodes and
death due to disease [44, 48-51]. Because of this
aggressive behavior, the term “Spitzoid mela-
noma with isolated homozygous loss of 9p21” has
been proposed for these tumors [44, 48]. Although
more aggressive, these tumors seem to have a better
prognosis than conventional melanomas [44, 48].
AST with isolated heterozygous loss of 9p21 have
a more benign clinical course, with no tendency
for metastasis and with a prognosis similar to

tumors with negative FISH [44, 48-51]. Tumors
with isolated heterozygous loss of 9p21 have less
cytologic atypia, less atypical dermal mitoses,
less nodular growth, and more Kamino bodies
compared to those with homozygous loss of 9p21
[44]. Gain of 6p25 or 11q13 also exhibits aggres-
sive behavior but may be less aggressive than
tumors with homozygous 9p21 loss [48]. Gain of
8924 has been rarely identified in AST, appears as
amelanotic papules or nodules, and histologically
has sheets of small- to intermediate-sized melano-
cytes with monotonous cytologic appearance,
nuclear atypia, and prominent mitoses [49].
Because these tumors are so rare, it is difficult to
assess their risk. In the past, a probe for MYB/6q23
was included in FISH panels but has been replaced
with 8q24. Though AST with isolated loss of
623 could have positive sentinel lymph nodes,
these tumors tend not to spread beyond the senti-
nel node or have metastasis [48, 49, 53].

Array CGH identifies copy number alterations
over the entire genome of a tumor. In general,
benign nevi lack copy number alterations, while
melanomas have multiple copy number altera-
tions, sometimes involving a portion of a chro-
mosome but other times entire chromosomes
[54, 55]. Melanomas often have amplification of
oncogenic genes (BRAF/1q34 and MITF/3p13)
or gain in larger oncogenic regions (6p, 7, and
8q). Homozygous loss of tumor suppressor genes
(CDKN2A/p21 and PTEN/10q23) and tumor
suppressor regions (6q, 8p, 9p, 10) are commonly
seen. The more atypical Spitzoid tumors have
more chromosomal aberrations.

Management
No guidelines for management exist for these

extremely challenging tumors. Because AST
have an uncertain malignant potential, complete

Table 1.1 Risk stratification of atypical Spitz tumors based on fluorescence in situ hybridization results

High risk Intermediate risk

Low risk

Isolated homozygous loss of 9p21

Isolated gain 6p25 or gain 11q13

Heterozygous loss 9p21
Isolated loss of 6q23
Negative FISH
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excision is recommended. The role of sentinel
lymph node (SLN) biopsy for the diagnosis and
management of AST is controversial. Some
have advocated for the use of SLN biopsy to
aid in diagnosis, with the presence of tumoral
deposits in the lymph node as evidence for
malignancy. The interpretation of finding atypi-
cal cells in the SLN is complicated by the fact
that deposits of benign nevi, including Spitz
and blue nevi, can be found within local lymph
nodes [56—-60]. Furthermore, there is mount-
ing evidence that SLN biopsy is not useful for
diagnosis or management for AST. Even when
the SLN is positive, multiple studies have found
that it does not indicate an increased risk for
metastasis or increased mortality [61-66]. In
pediatric patients with AST treated with exci-
sion with clear margins alone and without SLN
biopsy, a follow-up study showed excellent
prognosis, with no recurrence, metastasis, or
death from disease [65]. Patients with a history
of AST should continue to have close clinical
follow-up 1-2 times a year.

Pediatric Melanoma

Key Points

* Uncommon and decreasing in incidence.

» Three age categories: congenital (in utero
to birth), childhood (<10 years of age),
and adolescent (10-19 years of age).

* Additional ABCD criteria of pediat-
ric melanoma (amelanotic, bleeding,
bump, color uniformity, de novo, of any
diameter) aids in identifying suspicious
lesions.

Pediatric melanoma is an uncommon diagno-
sis and accounts for about 6% of cancers in ado-
lescents between 15 and 19 years of age. The
incidence of melanoma in individuals under
20 years of age is 0.37 per 100,000 person years,
with the incidence increasing with age [67].

Fortunately, the incidence of pediatric mela-
noma has been decreasing up to 11% annually
in the United States [68—70]. This decrease may
be due to improved public health programs edu-
cating about the risks of indoor tanning and
advocating for sun safety and sun protection.
After Australia instituted a skin cancer educa-
tional program, a similar decrease in incidence
was documented [71].

Clinical

Pediatric melanoma can be subdivided into
three age groups: congenital (in utero to birth),
childhood (<10 years of age), and adoles-
cent (10-19 years of age). Congenital mela-
noma is extremely rare, with only 23 cases
reported between 1925 and 2002 [72]. It can
occur within a congenital melanocytic nevus
or secondary to transplacental transmission of
maternal melanoma. Childhood and adolescent
melanoma can occur de novo or in association
with another nevus.

The clinical presentation of melanoma in chil-
dren differs from that in adults. A study evaluat-
ing the usefulness of the classic ABCDE criteria
(asymmetry, irregular borders, multiple or irreg-
ular color, diameter >6 mm, evolution) in the
pediatric population found it failed to identify
melanoma in 60% of cases in patients less than
10 years of age. Additional ABCD criteria were
recommended in this prepubertal age group:
amelanotic, bleeding, bump, color uniformity, de
novo, of any diameter [73].

Overall, there is a female preponderance for
pediatric melanoma, though more common in
males in the prepubertal (<10 years of age) age
group and females in adolescence [74]. Tumors
in the younger age group tend to be significantly
thicker and diagnosed at a more advanced stage
than in adolescence [74]. This difference is likely
related to the delay in diagnosis because of the
low index of suspicion for melanoma in younger
age groups and difficulty or reluctance to biopsy
children. Head and neck melanoma is more com-
mon in the very young, while the trunk is more
common in adolescence [69].



C.Warner and M. Jen

Risk Factors

Risk factors for the development of melanoma in
children are fair skin, blue or green eyes, blond or
red hair, tendency to freckle, intermittent intense
sun exposure, family history of melanoma, per-
sonal history of atypical nevi, and systemic
immunosuppression. Additional risk factors
include large congenital melanocytic nevi, famil-
ial atypical multiple mole melanoma syndrome,
BAP] tumor predisposition syndrome, and xero-
derma pigmentosum.

Congenital melanocytic nevi (CMN) are cate-
gorized based on their projected final adult size,
with small CMN measuring less than 1.5 cm,
medium-sized CMN 1.5-20 cm, and large CMN
greater than 20 cm. Small and medium CMN
have a lifetime risk of less than 1%, though the
general risk of melanoma in the United States is
about 2% [67, 75-81]. The reported risk of mela-
noma in large CMN ranges from 0 to 50%,
though the risk is likely closer to 5-10% [77,
82-92]. Importantly, prophylactic excision of
CMN does not entirely eliminate the risk of
melanoma [91, 93].

Familial atypical multiple mole melanoma
(FAMMM) syndrome is characterized by the
development of atypical nevi starting early in
life and an increased lifetime risk of melanoma.
Inherited, in an autosomal dominant manner,
FAMMM is caused by a mutation in CDKN2A,
which encodes for pl6, a tumor suppressor. In
addition to the risk for cutaneous melanoma,
patients with FAMM have an increased risk of
developing ocular melanoma and other inter-
nal malignancies, most commonly pancreatic
cancer. Up to 10% of melanomas in this group
occur in individuals before the age of 20, mak-
ing the identification of at-risk children impera-
tive [94]. Melanoma astrocytoma syndrome
(MAS) is a variant of FAMMM that is also
caused by a mutation in CDKN2A. CDKN2A
encodes for two proteins, pl6 and pl4, both
tumor suppressors, and MAS is caused by a
mutation in pl4. Patients with MAS are at risk
for melanoma and for a number of central ner-
vous system tumors, including astrocytoma and
meningioma.

As noted above, mutations in BRCAI-
associated protein 1 (BAP1) has been identified
as a risk factor for multiple malignancies. In
addition to characteristic BAPI-inactivated
tumors described above (see Atypical Spitz
Nevus), patients with BAPI tumor predisposition
syndrome develop cutaneous and uveal melano-
mas, mesothelioma, clear cell renal cell carci-
noma, and basal cell carcinoma.

Xeroderma pigmentosum (XP) is a rare auto-
somal recessive disorder caused by mutations in
the DNA repair mechanism, so patients are
unable to repair UV-induced DNA damage.
Patients with XP are at an increased risk of devel-
oping multiple types of skin cancer, including
melanoma. Melanoma develops in approximately
5% of patients with XP, often at younger than
20 years of age [95].

Genetics

Pediatric conventional melanoma has the greatest
number of single-nucleotide variations of any
pediatric cancer [96]. Mutations in TERT (telom-
erase reverse transcriptase core promoter) are
found in all pediatric conventional melanoma
[96]. Eighty-seven percent of conventional mela-
noma also has BRAF V600 mutations, commonly
in association with a PTEN mutation [96].
Interestingly, BRAF V60OE mutations have been
found in a higher proportion of adolescents with
histologically conventional melanomas than in
the adult population [97]. Melanoma arising in a
congenital nevus tends to have mutations in
NRAS. Some Spitzoid melanomas have kinase
fusions, and another subset with 7TERT mutations
is at increased risk for metastasis and poor
prognosis [96, 98].

Management

Staging of pediatric melanoma utilizes the adult
staging system recommended by the American
Joint Commission on Cancer (Tables 1.2 and 1.3)
[99]. All melanoma should be completely
excised, with excision margins identical to those
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Table 1.2 (a—¢) American Joint Commission on Cancer 2009 melanoma TNM staging categories [99]

a. Tumor classification

Classification Thickness (mm) Ulceration status/mitoses

Tis N/A N/A

T1 <1 a: Without ulceration and mitoses <1mm?
b: With ulceration or mitoses >1mm?

T2 1.01-2 a: Without ulceration
b: With ulceration

T3 2.01-4 a: Without ulceration
b: With ulceration

T4 >4 a: Without ulceration

b: With ulceration

b. Regional lymph node classification

Classification Number of metastatic nodes Nodal metastatic burden
NO None N/A
N1 1 a: Micrometastasis
b: Macrometastasis
N2 2-3 a: Micrometastasis
b: Macrometastasis
c: In-transit met(s)/satellite(s) without
metastatic nodes
N3 4+ Metastatic nodes, matted nodes, in-transit

met(s)/satellite(s) with metastatic node(s)

c. Distant metastasis classification

Classification Site Serum LDH

MO No distant metastases N/A

Mla Distant skin, subcutaneous, or nodal metastases Normal

MIlb Lung metastases Normal

Milc All other visceral metastases Normal
Any distant metastasis Elevated

Reprinted with permission. © 2009. American Society of Clinical Oncology All Rights reserved. Balch CM,
Gershenwald JE, Soong S-J, Thompson JF, Atkins MB, Byrd DR, et al. Final version of 2009 AJCC melanoma staging
and classification. Journal of Clinical Oncology, Vol 27, No. 36, © 2009, pages 6199-6206

recommended for melanoma excision in adults
(0.5 cm for in situ, 1 cm for tumors <1 mm thick,
1-2 cm for tumors 1-2 mm thick, and 2 cm for
tumors >2 cm thick) [100, 101].

As in adults, sentinel lymph node biopsy is
recommended for melanomas greater than 1 mm
in depth or those less than 1 mm with ulceration
and Clark level IV or V. Support for SLN biopsy
in the pediatric literature has been based on the
fact that multiple series showed mortality only in
patients with positive lymph nodes [102—-104].
Notably, several studies have shown no differ-
ence in overall survival between node-positive
and node-negative pediatric patients [102, 103,
105, 106]. Intriguingly, rates of positive SNL
biopsy are higher in the pediatric than adult pop-

ulation (around 40% in pediatric patients vs. 20%
in adults), while disease-free survival is superior
[103, 107-110]. Some authors have suggested
the better prognosis stems from age-related dif-
ferences in lymphatic flow and immune system
[111]. An association between methylation of
tumor-related genes in positive SLNs of pediatric
patients and worse outcomes needs to be further
investigated [112]. The ability to stratify pediat-
ric patients into high- and low-risk groups based
on SLN biopsy may prove helpful in the future.
While the utility of SNL biopsy in pediatric mel-
anoma is further investigated, it remains a part of
tumor staging. If the SLN is positive, the role for
complete lymphadenectomy remains unclear.
Studies have shown that a positive SLN is not
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Table 1.3 American Joint Commission on Cancer 2009 melanoma anatomic staging categories [99]

Clinical staging

Pathologic staging

0 Tis NO MO 0 Tis NO MO
1A Tla NO MO 1A Tla NO MO
1B Tlb NO MO 1B T1b NO MO
T2a NO MO T2a NO MO

A T2b NO MO A T2b NO MO
T3a NO MO T3a NO MO

B T3b NO MO 1B T3b NO MO
T4a NO MO T4a NO MO

1c T4b NO MO 1c T4b NO MO
I Any T >NI1 MO IIA T1-4a Nla MO
T1-4a N2a MO

IIB T1-4b Nla MO

T1-4b N2a MO

Tl-4a N1b MO

T1-4a N2b MO

T1-4a N2¢ MO

e T1-4b N1b MO

T1-4b N2b MO

T1-4b N2c MO

Any T N3 MO

v Any T Any N Any M v Any T Any N Ml

Reprinted with permission. © 2009. American Society of Clinical Oncology. All Rights reserved. Balch CM,
Gershenwald JE, Soong S-J, Thompson JF, Atkins MB, Byrd DR, et al. Final version of 2009 AJCC melanoma staging
and classification. Journal of Clinical Oncology, Vol 27, No. 36, © 2009, pages 6199-6206

associated with additional positive nodes, and
complete lymph node dissection can have consid-
erable morbidity while not altering prognosis
[103, 108, 113].

Adjuvant therapy in pediatric patients is lim-
ited primarily due to lack of FDA-approved ther-
apies, though there are several clinical trials in
process evaluating the use of newer therapies.
Interferon-a2b is most commonly used, with evi-
dence showing its safety and tolerability in chil-
dren [114]. Other newer classes of therapies
include immunotherapies and targeted therapies.
For melanomas with BRAF mutations, BRAF
inhibitors (vemurafenib, dabrafenib, encorafenib)
target the mutated protein that leads to uninhib-
ited cell proliferation. MEK inhibitors (tra-
metinib, cobimetinib) block the RAS/RAF/MEK/
ERK pathway downstream from mutant proteins
in tumors caused by BRAF and NRAS mutations.
For tumors that are BRAF negative, immunother-
apy can be considered. These treatments stimu-

late the immune system to recognize and target
melanoma cells. PD-1 inhibitors (pembroli-
zumab, nivolumab) and CTLA-4 inhibitors (ipili-
mumab) are checkpoint inhibitors that allow the
immune system to identify and target melanoma
cells. Other targeted therapies in development
include MEK inhibitors with or without CDK4/6
inhibitors for NRAS mutant melanomas, mTOR
and MEK inhibitors for NF-1 mutant melanoma,
and tyrosine kinase inhibition for K/T-mutated
melanoma.

Prognosis

Overall age-adjusted mortality rate for pediatric
melanoma is 2.25 deaths per year [115]. One reg-
istry analysis of 365 patients found 5-year sur-
vival to be 97, 88, 84, and 40% in patients with
stage I, II, III, and IV disease, respectively [75].
Factors associated with a poor prognosis include
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ulceration, higher Clark level, higher tumor
thickness, lymph node metastasis, and higher
tumor stage [74, 102, 105, 116]. Though studies
have shown conflicting results, it appears that
younger age at diagnosis is associated with better
prognosis [74, 75, 102, 105, 106, 115-118].
Spitzoid melanoma has a better prognosis com-
pared to conventional melanoma of the same
stage [61, 119].

Summary

Since Sophie Spitz’s initial description of Spitz
nevi as “benign juvenile melanoma,” much has
changed in the way we think about Spitz nevi and
pediatric melanoma. The spectrum of melano-
cytic tumors ranging from Spitz nevi, to atypical
Spitz tumors, to melanoma, has been better
defined, though much still needs to be understood.
Adjunctive histologic and molecular testing has
helped to better categorize melanocytic tumors
within this spectrum. As we continue to define the
genomic landscape of Spitzoid tumors and mela-
noma, more definitive methods of diagnosis will
hopefully become available and, importantly, a
better understanding on how to counsel families
on the nature and prognosis of these tumors.
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Key Points

» Congenital melanocytic nevi are present
in 1% of newborns.

* Most CMN likely occur due to postzy-
gotic somatic mutations.

* CMN are classified by their projected
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medium, large, and giant, which inform
associated risks of melanoma and neu-
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Overview

Congenital melanocytic nevi (CMN) are pig-
mented lesions that form in utero (5th—24th week
of gestation) and are present at birth or appear
within the first weeks of life as melanin devel-
ops [1, 2]. Approximately 1% of newborns [3]
have a CMN of any size, but larger lesions are
far rarer than smaller ones. CMN over 20 cm are
estimated to occur in only 1 out of every 20,000—
500,000 newborns [4]. Historically, giant CMN
(over 40 cm) have also been called other names
based on their distribution and visual features,
including garment nevus, bathing trunk nevus,
giant hairy nevus, giant pigmented nevus, nevus
pigmentosus, and nevus pilosus [3].

Pathogenesis

CMN are thought to develop from cutaneous stem
cells in a process independent of normal melano-
cyte differentiation [5]. In ordinary skin, melano-
blasts migrate from the neural crest to the
embryonic dermis and subsequently to the epider-
mis where they differentiate [6]. An observation
of normal basal layer epidermal melanocytes
overlying dermal CMN suggests that CMN cells
have a unique pathogenesis [5].

J.T. Huang, C.C. Coughlin (eds.), Skin Tumors and Reactions to Cancer Therapy in Children,
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Genetics

Most CMN occur sporadically due to postzygotic
somatic mutations. Mutations in NRAS and
BRAF, genes part of the mitogen-activated pro-
tein kinase pathway, have been identified as driv-
ers of CMN melanocyte proliferation [7]. NRAS
and BRAF normally activate oncogene-induced
senescence following melanocyte proliferation;
this process may be delayed with NRAS or BRAF
mutations [8]. There have been attempts to asso-
ciate specific mutations with CMN phenotypes,
and 77.2-94.7% of large and giant CMN have
been found to harbor NRAS mutations, in contrast
to 62.5-70% of small-medium CMN [9, 10].
While these data suggest that NRAS may be an
important driver of large CMN, 5.2-8.8% of
large-giant CMN harbor BRAF mutations with-
out an NRAS mutation, and up to 12.3% of sam-
ples have been identified with no mutations.
Accordingly, NRAS mutations may not be as uni-
versal in large CMN as previously thought.
Evidence for genetic mosaicism in CMN
patients comes from research demonstrating that
patients with multiple CMN and/or associated neu-
rologic lesions, harboring a single persistent NRAS
mutation within their cutaneous lesions and neuro-
logic samples, do not have this mutation present in
non-lesional skin and blood samples [11].
However, a few rare cases of CMN familial
clustering indicate that paradominant inheritance
may be possible [12, 13]. In paradominant inheri-
tance, heterozygous individuals are phenotypi-
cally unaffected; paradominant traits develop
only in individuals who have a postzygotic loss of
heterozygosity [14]. This theory of non-Mendelian
inheritance has been posited in other rare diseases
such as cutis marmorata telangiectatica [15] and
Klippel-Trenaunay syndrome [16] and would
explain both familial clustering as well as mosa-
icism observed in the CMN patients’ skin.
Germline RAS mutations have been associated
with severe growth and hormonal disorders [17—
20], and patients with CMN may be susceptible
to endocrine disturbance. A recent study showed
that the body mass index of CMN patients was

almost double that of their non-affected peers,
and CMN patients had increased adiposity as
well as insulin insensitivity [21]. Premature the-
larche and undescended testes were also observed
in several CMN patients, though puberty was
otherwise unaffected, and these results raise the
possibility of an underlying genetic defect in
CMN patients [21].

Classification

Historically, various guidelines have been used to
classify CMN based on size, depth, percent of
body surface area, anatomical distribution, and
satellite lesions [22]. CMN are primarily classi-
fied by their projected adult size, based on the
observation that CMN grow proportionally with
children [22]. Despite long-term overall propor-
tional growth, there may be disproportionate
rapid expansion during infancy [23]. Based on
projected adult size, small CMN are <1.5 cm,
medium lesions are 1.5-20 cm, large lesions are
20-40 cm, and giant lesions are greater than
40 cm (Table 2.1).

The following enlargement factors can be
used to estimate the adult size of a CMN from
its size at birth: 1.7 times for the head, 2.8 times
for the trunk or arms, and 3.3 times for legs
(Fig. 2.1) [22]. Krengel and colleagues propose
a consensus-based, detailed classification to
help clinicians identify patients at greatest risk
and requiring close follow-up. These character-
istics include CMN anatomic location and other
morphologic features common in CMN: pres-
ence of satellite lesions, color heterogeneity,
rugosity, nodules, and hypertrichosis [22].
Satellite lesions are melanocytic nevi that sur-
round a CMN. They may exist as single or mul-
tiple lesions, and the following classification
exists: SO for no satellites present, S1 for less
than 20 satellites, S2 for 20-50 satellites, or S3
for more than 50 satellites (Fig. 2.2). Color het-
erogeneity is classified as CO for none, C1 for
moderate, or C2 for marked variation of hue.
Surface rugosity, which captures the amount of
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Table 2.1 Standard classification of CMN features [22]

CMN size
Small <1.5 cm projected adult size
Medium
Ml 1.5-10 cm projected adult size
M2 >10-20 cm projected adult size
Large
L1 >20-30 cm projected adult size
L2 >30—40 cm projected adult size
Giant
Gl >40-60 cm projected adult size
G2 >60 cm projected adult size
Multiple >3 medium CMN without a single,
medium predominant CMN
Satellite nevi
SO No satellites
S1 <20 satellites
S2 20-50 satellites
S3 >50 satellites

Color heterogeneity

Co No color heterogeneity
Cl Moderate color heterogeneity
Cc2 Marked color heterogeneity

Surface rugosity

RO No rugosity

R1 Moderate rugosity

R2 Marked rugosity
Proliferative nodules

NO No nodules

N1 Scattered nodules

N2 Extensive nodules
Hypertrichosis

HO No hairiness

Hl1 Notable hairiness

H2 Marked hairiness
Anatomic distribution

Head Face, scalp

Trunk Neck, shoulder, upper back, middle

back, lower back, breast/chest,
abdomen, flank, gluteal region, genital
region

Extremities | Upper arm, forearm, hand, thigh, lower

leg, foot

Reprinted and adapted from Journal of the American
Academy of Dermatology, Vol. 68/No. 3, Krengel S,
Scope A, Dusza SW, Vonthein R, Marghoob AA, New
Recommendations for the categorization of cutaneous
features of congenital melanocytic nevi, pages 441-451,
© 2013, with permission from Elsevier

surface texture or “wrinkles” present, is classi-
fied as: RO for none, R1 for moderate, or R2 for
marked. Nodules are benign, secondary prolif-
erative lesions that can develop in CMN, and are
classified as NO for none, N1 for scattered, or
N2 for extensive dermal or subcutaneous nod-
ules. Finally, hypertrichosis indicates amount of
hair present and is classified as HO for none, H1
for notable, or H2 for marked presence of hair
(Fig. 2.3). This classification system has shown
moderate to excellent interobserver agreement
(kappa values 0.54-0.93), and its use is impor-
tant for the consistency and reliability of future
research [22].

Congenital Melanocytic Nevus
Syndrome

Observations about the prevalence of certain
extracutaneous features associated with CMN
have led to the proposal of the entity “congeni-
tal melanocytic nevus syndrome,” and bring
into question whether genes associated with
CMN have widespread effects. For example,
Kinsler and colleagues found that children
with CMN were more likely to have the follow-
ing facial characteristics compared to a con-
trol population: wide or prominent forehead,
apparent hypertelorism, eyebrow variants,
periorbital fullness, small/short nose, narrow
nasal ridge, anteverted nares, broad nasal tip,
broad or round face, full cheeks, prominent
premaxilla, open-mouth appearance, promi-
nent or long philtrum, and prominent everted
lower lip [24]. Neurologic abnormalities,
whether identified clinically or by imaging, are
also common in patients with CMN (see sec-
tion on “Neurocutaneous Melanocytosis”). It is
suggested that patients who meet both of the
following criteria be considered patients with
CMN syndrome: 1) CMN with projected adult
size of more than 5 cm or presence of two or
more CMN and 2) neurologic involvement or
three or more of the characteristic CMN facial
features described above [24]. Further research
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Fig. 2.2 Adult patient with multiple CMN and satellite
lesions. CMN are hypertrichotic (H2) and vary in color; Fig. 2.3 Small CMN with marked hypertrichosis; H2
some papules have faded as the patient aged classification



2 Congenital Nevi

on CMN syndrome may yield important insight
about CMN genetics and patient outcomes to
improve counseling regarding prognosis and
expected course.

Differential Diagnosis

When evaluating CMN at their initial presenta-
tion, a broad differential should be considered. In
one study, infantile pigmented lesions were biop-
sied, and many conditions other than CMN were
found including café au lait spots, fibrosis and
increased capillaries, toxic erythema of the new-
born, congenital dermal melanocytosis, nevus
sebaceous, and leiomyoma [25]. The differential
diagnosis for CMN additionally includes
Becker’s nevus, hamartoma, pigmentary mosa-
icism, mastocytoma, and melanoma.

Later in life, CMN may be confused with
common acquired nevi. While certain histologic
and dermoscopic features may be characteristic
of CMN, clinical history provides the best evi-
dence for CMN diagnosis. If biopsy is per-
formed, the following features are often found
in CMN: nevomelanocytes that are located
deeper than melanocytes of acquired nevi,
within the lower two-thirds of the dermis and
subcutaneous tissue [26], and nevomelanocytes
that are spread between collagen bundles of the
reticular dermis and other dermal apparatus,
nerves, and vessels [27]. In some cases, CMN
nevomelanocytes display a perivascular and
perifollicular distribution and can disturb the
normal development of arrector pili [3]. On der-
moscopy, CMN may have a globular, reticular,
complex (reticular-globular), or homogenous
pattern [2, 28-30], but CMN less than 3 cm do
not have dermoscopic features that distinguish
them from nevi acquired during the first two
years of life [30]. Likewise, it is quite common
for nevi acquired at an early age to have con-
genital histologic features [31]. Acquired mela-
nocytic nevi that have features of CMN have
been called “tardive congenital nevi” as well as
“congenital nevus-like nevi”; whether their
pathogenesis is the same or distinct from that of
CMN is unknown.
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Evolution and Complications

Key Points

* The natural evolution of CMN includes
a number of benign changes, including
development of proliferative nodules.

e CMN may be associated with vitiligo,
secondary skin conditions, and muscu-
loskeletal changes.

e Serious complications include neuro-
logic abnormalities and melanoma.

Benign Changes

CMN frequently evolve over the course of a life-
time. Benign and anticipated changes can include
pruritus, increasing thickness, development of
rugosity or hypertrichosis, and proliferation of
nodules [2, 32-40]. Xerotic and eczematous
changes may occur due to modified sebaceous
glands in CMN [7]. Color lightening or darken-
ing may also occur, though most untreated CMN
lighten [41]. Some may even lighten so markedly
that they are no longer visible—spontaneous
involution of CMN has been reported and is par-
ticularly common on the scalp [33].

Proliferative Nodules

Proliferative nodules within CMN are a benign
occurrence, though the growths are commonly
mistaken for melanoma [39]. The development of
proliferative nodules within a CMN is far more com-
mon than development of a melanoma. Clinically,
reassuring features include the presence of multiple
nodules and lack of ulceration [35]. Histologically,
proliferative nodules often have lower mitotic
counts, less expansile growth, and no epidermal
involvement [35, 36]. Immunohistochemistry and
fluorescence in situ hybridization have not shown
to be reliable in differentiating between benign and
malignant processes [42]. Melanomas arising in
CMN may be distinguished from benign prolifera-
tive nodules by the presence of partial chromosome
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gains or losses [35], though melanoma without this
feature has been reported [43]. Preliminary results
suggest that DNA methylation may also be utilized
for diagnostic clarification. In one study, 90.65%
of proliferative nodules expressed high levels of
the epigenetic marker 5-hydroxymethylcytosine,
whereas only 7.87% melanomas showed expres-
sion [44].

Proliferative nodules are thought to originate
from a unique clonal population of cells within
CMN, as nodule tissue stains intensely for c-kit
while surrounding CMN tissue does not [37].
Over time, proliferative nodules may transform
further—clinically, they have been observed to
soften or decrease in size and pigmentation [37].
Additional findings of soft nodules and large
neurofibroma-like plaques may result from
peripheral nerve sheath differentiation of dermal
melanocytes [45].

Autoimmune Response

Large CMN may be associated with a greater
antigen burden that can trigger an autoimmune
response against melanocytes. Halos, or areas of
depigmentation, have been observed to surround
CMN prior to spontaneous regression [34, 46],
and vitiligo may be associated with CMN
(Fig. 2.4). In a review of 92 patients with large
CMN, 8.7% of patients had areas of depigmenta-
tion [47]—a large number in comparison to the
worldwide incidence of vitiligo—which is 0.5—
2.0% [48]. Furthermore, in patients with both vit-
iligo and halo CMN, vitiligo has been reported to
resolve following excision of the halo CMN [34,
49, 50]. While CMN are suspected to trigger
autoimmune disruption, the mechanism is not
well understood [51].

Secondary Cutaneous Processes

CMN are subject to secondary infections and
several other skin processes, similar to the sur-
rounding skin. Potentially related to disturbance
of the normal skin architecture, there have been
reports of molluscum, warts (Fig. 2.5), and

Fig.2.4 Medium CMN with development of surrounding
depigmented macules and patches

Fig.2.5 CMN with follicular prominence and overlying
verrucous pink papule. Subsequent biopsy demonstrated
histopathologic findings consistent with wart

eczema (termed the Meyerson phenomenon)
affecting CMN [52, 53]. One case report
describes a rhabdomyosarcoma arising in a CMN
[54]. Therefore, clinicians should consider a
wide variety of etiologies, apart from melanoma,
when CMN evolution is observed.

Musculoskeletal Effects

CMN can also present with musculoskeletal
changes. Atrophy underlying CMN has been
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reported [55, 56], and whole-body dual-energy
X-ray absorptiometry (DXA) scanning shows
that there is often a reduction of fat and muscle
underlying large CMN, with no change in bone
development [21].

Neurocutaneous Melanocytosis
(NCM)

NCM is a condition in which patients have CMN
as well as melanocytes present in the meninges
[57], first described by Rokitansky in 1861 and
termed by Van Bogaert in 1948 (though the 1948
article was referring to heredofamilial melano-
sis, a different disorder) [57-59]. The terms neu-
rocutaneous melanosis and neurocutaneous
melanocytosis have been used interchangeably,
but neurocutaneous melanocytosis is preferred
for its accuracy, as the condition involves menin-
geal melanocytes as opposed to melanin accu-
mulation [60, 61]. Criteria, proposed in 1991, for
diagnosis of NCM include 1) large (> 20 cm) or
multiple (more than three) congenital nevi in
addition to melanosis or melanoma of the lepto-
meninges, 2) no cutaneous melanoma except in
patients with histologically benign meningeal

lesions, and 3) no meningeal melanomas except
in patients with histologically benign cutaneous
lesions [57]. These criteria avoid the potential
for confusing patients with NCM for those
with metastatic cutaneous melanoma. The dif-
ferential diagnosis for symptomatic NCM
includes metastatic melanoma and neurofibro-
matosis type I (if café au lait patches are mis-
taken for CMN [61]).

Risk factors for NCM include larger-sized
CMN, greater number of satellite nevi, and mul-
tiple small- to medium-sized CMN [57, 62-67]
(Fig. 2.6a, b). Some data suggest that male gen-
der also represents a risk factor for neurological
complications [67]. Head, neck, and posterior
axial CMN were previously thought to increase
the likelihood of NCM [63, 64, 66], but more
recent data indicate that this effect was
confounded by size, as large and giant CMN are
most commonly found in the posterior axial
region [67, 68].

NCM incidence statistics are difficult to esti-
mate given a paucity of prospective studies and
selection bias, but the incidence of NCM found
on magnetic resonance imaging (MRI) in high-
risk patients is reported between 12.3% and 33%
[62, 66, 68, 69]. In the largest prospective study

Fig. 2.6 (a) Infant with giant CMN. Large darkly pig-
mented plaque with hypertrichosis present on the entire
back and extending to the anterior trunk, with some
eroded areas on the right lower back, and with satellite
hyperpigmented papules on the left upper posterior thigh.
(b) (Patient from a) Brain magnetic resonance imaging

without contrast, T1 FLAIR, revealing multiple foci of T1
shortening within the cerebellar hemispheres (shown), in
addition to the dentate nuclei, pons, midbrain, and right
temporal lobe, consistent with melanotic deposits.
Findings are consistent with brain involvement of neuro-
cutaneous melanocytosis
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to date, 46 of 271 children (17%) with CMN
demonstrated abnormalities on central nervous
system MRI screening [68]. Data was collected
from 1991 to 2013, and criteria for screening
before 2008 was a CMN overlying the spine or
brain >2 cm in size or a CMN occurring in any
location equal to or larger than the patient’s hand.
After 2008, to reflect new results published by
the group [41], researchers screened patients
born with multiple CMN in any anatomic loca-
tion and of any size.

NCM may present with a variety of symp-
toms. Symptoms most often occur in patients
less than 3 years of age; however, there have
also been reports of patients aged 20-30 years
with presenting symptoms. These symptoms are
heterogeneous; they include those associated
with increased intracranial pressure and those
based upon focal location of the melanocytes.
Symptoms associated with increased intracranial
pressure include headache, neck stiffness, photo-
phobia, irritability, lethargy, vomiting, seizures,
abnormal neurologic exam, and hydrocephalus
with increased head circumference [57]. Bowel
and bladder dysfunction, as well as developmen-
tal delay and behavioral changes, may also occur
due to melanocytic accumulation in the brain
[70-72]. Communicating hydrocephalus, a result
of melanocytic accumulation in the basal cisterns
preventing cerebrospinal fluid reabsorption, can
lead to death [61].

In the large prospective study mentioned
above, 72.2% of patients with MRI findings were
symptomatic with mean follow-up time of
11 years [68]. This percentage is similar to or
higher than other reported rates, ranging from
53-71% with varied follow-up times [62, 63, 71].
While symptomatic NCM was previously thought
to portend an almost universally poor prognosis
[57, 64], imaging advances and studies with
larger sample sizes have led to lower fatality esti-
mates [67, 68, 73]. In a study of 1008 patients
with large or multiple CMN, 100% of those with
head or extremity CMN and symptomatic NCM
survived (0/3 deaths), 66% of those with truncal
lesions and symptomatic NCM survived (10/29
deaths), and 62% of those with multiple
congenital melanocytic nevi and symptomatic

NCM survived (7/12 deaths) [73]. However,
other large studies of patients with symptomatic
CMN report that >90% of patients die from this
disease and 70% of patients die before 10 years
of age [40, 50, 74].

Monitoring patients with NCM includes head
circumference measurements, neurodevelopmen-
tal assessments, and imaging [57]. Pediatricians
and dermatologists alike must be meticulous in
their physical and neurologic examinations in
order to recognize early signs of NCM. MRI is
the gold standard for diagnosing NCM patients
and should be performed in any patient who dis-
plays delayed development or neurologic symp-
toms [2, 68]. Traditionally, clinicians have also
pursued baseline imaging for patients with a sin-
gle large CMN, multiple medium CMN, axially
distributed CMN, or CMN with satellite lesions
[7, 67]. A new recommendation by Waelchli and
colleagues encourages baseline imaging when
two or more CMN are present regardless of size,
based on data suggesting that imaging a single
lesion is low yield for detecting serious intracra-
nial abnormalities [68]. While this recommenda-
tion will decrease MRI procedures for patients
with a single CMN, it increases imaging for
patients with multiple small CMN, whom clini-
cians previously considered low-risk CMN and
have traditionally monitored conservatively.

It is generally recommended that baseline
MRI be performed at 4-6 months of age, prior
to brain myelination that may obscure radiolo-
gists’ ability to see melanocytic deposits [68, 71].
While some do not endorse time sensitivity for
this radiologic reason [65], parents and physi-
cians may elect to perform a baseline MRI image
early enough such that general anesthesia is not
required. Unfortunately, recent observational
data suggest that general anesthesia may cause
cognitive changes in exposed children [75, 76].
Opponents of early imaging state that MRI is nei-
ther sensitive nor specific for symptomatic NCM;
some CMN patients have neurological abnor-
malities in the absence of MRI changes [67, 77],
and some CMN patients with positive MRI find-
ings never develop symptoms [78]. Further, one
may consider that there are no active interven-
tions for treatment if NCM is discovered, unless
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it is causing hydrocephalus, in which case the
goal of relieving pressure should be addressed.
Proponents of early imaging state that while false
positives can lead to overtreatment, there are
cases in which screening MRI can lead to prompt
intervention and improved clinical outcome [68].
Further, at later points in life, the development of
any focal neurologic abnormality would prompt
imaging, and it is helpful to have a baseline com-
parison to aid in interpretation of results. At this
time, these authors are supportive of early assess-
ment of CMN patients, and if MRI can be per-
formed prior to requirement of sedation, we have
found this baseline study to be helpful in clinical
management.

The most common finding on MRI is intrapa-
renchymal melanocytosis, associated with T1
hyperintensity and T2 hypodensity [67-69, 79].
However, a wide range of central nervous system
abnormalities have been reported in association
with CMN, including dorsal spinal arachnoid
cysts, other benign tumors, tethered cord syn-
drome, and various additional malformations
[67-69, T1]. Accordingly, experts have suggested
the terminology, “CMN syndrome,” for CMN
patients with any MRI changes or neurodevelop-
mental abnormalities [7, 68]. Waelchli and col-
leagues recommend that patients who have only
intraparenchymal melanocytosis on MRI do not
undergo serial MRI unless a clinical change
occurs, but patients with additional findings on
MRI require a multidisciplinary team including
pediatric dermatology, neurology, neurosurgery,
and neuroradiology to determine the frequency
of follow-up imaging [68].

Treatment options for symptomatic NCM
are primarily supportive. Treatment of CMN
is discussed in the “treatment” section below.
Nonmedical interventions such as speech, behav-
ioral, and occupational therapy can attenuate
developmental delay. Antiepileptic medications
can control or prevent seizures. Radiation ther-
apy can be helpful for unresectable or disfigur-
ing lesions. Surgical removal of spinal cysts may
reduce myelopathy, and ventriculoperitoneal
shunts can decrease symptoms of increased intra-
cranial pressure and prevent brain stem herniation
[2, 61, 68]. Experimental therapies such as inter-

feron, IL-2, chemotherapy, and retinoids have
also been trialed in order to alleviate symptoms,
but results are ambiguous [73, 80-83].

Melanoma

Melanoma is a feared complication of CMN but
may be less common than previously believed.
In one systematic review, the overall incidence
of melanoma among CMN patients was 0.7%
[84]. This data demonstrates a higher incidence
of melanoma in CMN patients compared to that
observed in the general pediatric population (the
incidence rate in the general population was
estimated at 5.93 per 1,000,000 children and
adolescents, based on 20002010 Surveillance,
Epidemiology, and End Results cancer registry
data [85], but included older studies confounded
by selection bias). Out of the 6571 CMN patients
followed for a range of 3.4-23.7 years, 46 patients
developed 49 melanomas [84]. The mean and
median ages of melanoma diagnosis were 15.5
and 7 years, respectively, suggesting that CMN
patients who develop melanoma are most likely
to present in childhood or early adolescence.
Melanoma risk increases with CMN size;
small- and medium-sized CMN have not been
associated with a significantly elevated risk of
melanoma [67, 78, 84, 86—89]. The lifetime mel-
anoma risk for patients with large and giant CMN
has historically been estimated at 5-15%, but
newer studies report much lower incidences [90].
A recent meta-analysis including 2578 patients
with large and giant CMN reported only a 2%
melanoma incidence [4]. Mean age of diagnosis
was 12.6 years, 14% of melanomas presented
viscerally, and 55% were fatal. Melanomas most
commonly occurred in patients whose CMN
were greater than 40 cm (74%), were located on
the trunk (68%), and had satellite lesions (94%)
[4]. A retrospective study of case reports of fatal
or metastasizing melanomas in children (436
patients) reported the following characteristics
associated with pediatric melanoma in CMN
patients (178 patients): prepubertal age
(0-10 years), female gender, CMN with satellite
lesions, multiple CMN, and presence of ulceration
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or bleeding. On histopathology, melanomas in
patients with CMN tended to be deeper in the
dermis or subcutaneous fat than non-CMN mela-
nomas [91].

Although most CMN-associated melanomas
appear in childhood [4, 84], malignant melanoma
can occur at any age and at any anatomical site.
Congenital malignant melanoma arising in a
CMN has been reported [92], and there are sev-
eral reports of adult-onset melanoma associated
with CMN [93-95]. Results from 1998 to 2012
National Cancer Data Base showed 976 adults
with invasive melanoma in pigmented nevi more
than 20 centimeters, as compared to 111,870
patients with superficial spreading melanoma and
35,962 patients with nodular melanoma [96]. In
this cohort, there was an approximately normal
distribution for diagnosis, around age 52 years of
age, and overall survival was comparable to adults
with invasive superficial spreading melanoma,
despite findings that CMN patients were more
likely to present with thicker Breslow depth, posi-
tive lymph nodes, and distant metastases [96].

Adult melanoma treatment algorithms have
been applied to pediatric CMN patients with mel-
anoma. Surgery is the primary treatment option,
and clinicians can consider a variety of adjuvant
and systemic therapies for more widespread dis-
ease (e.g., interferon-alpha2b, BRAF inhibitors,
anti-PD1 therapies). Though these therapies have
been studied in adults, there is minimal data for
use in the pediatric population. Palliative radia-
tion is an option for metastatic or unresectable
disease [97].

One aspect of melanoma management that is
unique to CMN patients is interpretation of the
sentinel lymph node biopsy; CMN patients with-
out metastatic melanoma may have large amounts
of benign melanocytic deposits in subcapsular
and parenchymal lymph node tissue. Even though
it is commonly known that non-CMN patients
(with or without melanoma) will often have small
amounts of benign melanocytic deposits in their
lymph nodes (termed “nevic rests”), the large
amount of melanocytes that can be found in
CMN patients may easily be mistaken for

malignancy [98-102]. These benign melanocytic
deposits must be distinguished from malignant
cells by cytology and staining; these cells are
typically cytologically bland, do not stain for
Ki-67, and do not stain or only weakly stain for
HMB-45 [103].

A second aspect of melanoma management
that is unique among CMN patients is the poten-
tial utility of NRAS-targeted treatment.
Melanoma in CMN patients are frequently
found to have NRAS mutations, as opposed to
the BRAF V600 mutations suggestive of ultra-
violet damage more commonly found in con-
ventional melanoma of sun-exposed skin and
the chromosomal rearrangements with activated
kinase signaling found in Spitzoid melanomas
[8, 104]. Enthusiasm for anti-NRAS therapy as
CMN melanoma treatment, however, is tem-
pered by the fact that an overwhelming propor-
tion of benign large and giant CMN harbor
NRAS mutations [9]. However, it is plausible
that anti-NRAS therapy could prevent the
growth of all CMN lesions and thus minimize
their malignant potential.

Theorized strategies for NRAS-directed
treatment include targeting NRAS by membrane
localization of NRAS, reducing expression with
small interfering RNAs, or inhibiting down-
stream signaling [105]. Recently, there have
been promising results in preclinical and early
clinical trials for MEK inhibitors targeting
downstream signals, combined with inhibitors
of the cell cycling and PI3K-AKT pathway
[106]. In clinical use, there is only one case
report of a MEK-inhibitor administered to a
patient with NCM on a compassionate use basis,
and this patient expired prior to any potential
therapeutic effect [107].

In contrast to conventional melanoma, where
BRAF targeted therapies have found therapeutic
utility, the use of BRAF inhibitors is contraindi-
cated in NRAS-positive melanoma due to the
potential activation of RAS by the BRAF inhibi-
tors [108, 109]. This is particularly relevant to
CMN melanomas due to the predominance of
NRAS mutations in these lesions.
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Key Points

e CMN may be excised for improvement
of aesthetic appearance, functional limi-
tations, and melanoma management,
though universal removal for melanoma
prophylaxis is not recommended, as
data does not support reduction of mela-
noma risk with excision.

e Surgical excision must be considered on
a case-by-case basis.

e Adequate psychosocial support is
exceedingly important in the treatment
of CMN patients.

Treatment Options and Indications

Past treatments for CMN have included observa-
tion, excision, dermatome shaving, curettage,
dermabrasion, chemical peels, cryotherapy, elec-
trosurgery, radiation therapy, ablative lasers, and
pigment-specific lasers [110]. Reasons to remove
CMN include distress regarding aesthetic
appearance, functional limitation (such as
obstruction or intractable pruritus), and manage-
ment of a diagnosed melanoma [7]. Surgery is
currently the recommended therapy if treatment
is necessary, as evidence for the efficacy and
safety of the other treatment modalities is scarce
[110]. However, clinicians are increasingly
favoring observation [111].

Treatment Considerations

Given that small and medium CMN are not asso-
ciated with a significantly increased risk of mela-
noma [68, 78, 84, 86-89], observation is
recommended for these lesions in the absence of
another surgical indication. While clinicians his-
torically endorsed excising large and giant CMN
for prophylaxis against melanoma, the risk of
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these patients developing melanoma is lower
than was once thought [78]. Further, there is no
data to suggest that excision of CMN alters a
patient’s lifetime risk of melanoma, though ran-
domized controlled data is lacking [41, 73, 84,
111, 112]. CMN patients can develop melanoma
in other cutaneous sites, extracutaneous sites, or
as metastatic disease of unknown primary loca-
tion [62, 73, 87, 113]. In areview of 1539 patients
with CMN larger than 20 cm and 49 melanomas,
33% of melanomas (16 cases) did not develop
primarily within CMN. About 10% of melano-
mas (5 cases) occurred in cutaneous sites outside
of the patient’s CMN or satellite lesions, 14% (7
cases) were metastatic melanomas of unknown
primary, and 8% (4 cases) were extracutaneous
[84]. Furthermore, melanoma has been reported
to occur in sites where CMN excision and graft-
ing previously occurred [73, 94, 114-116], and
postsurgical scars can obscure monitoring and
make it more difficult for physicians to diagnose
melanoma clinically and histologically (Fig. 2.7).
Additionally, excision of CMN does not impact
the risk of NCM development [61]. Overall, phy-
sicians are moving toward a conservative man-
agement strategy of observation and close
monitoring for melanoma development [111].
The adverse outcomes associated with surgery
must also be considered when recommending
treatment for CMN patients. Anesthesia has seri-
ous risks in young children, including neurotox-
icity and other poorly understood effects
[117-120]. Data from animal studies have shown
that many anesthetic agents have serious and last-
ing effects on the developing brain, leading to
recommendations that procedures requiring gen-
eral anesthesia be avoided in pediatric patients—
especially children less than 3 years of age—unless
the patient requires urgent attention, or failing to
perform the procedure will have harmful effects
later in life [75]. Surgical complications that have
been reported in CMN patients include keloid
formation [121], growth limitations from the
fibrotic nature of scars [111], paralysis caused by
iatrogenic nerve injuries [111], and darkening of
remaining CMN [41]. Furthermore, some parents
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report that CMN excisions worsened their child’s
appearance [41, 77, 122]. Surgical dissatisfaction
may increase with lesion size, but the potential
for unfavorable aesthetic outcome following any
excision cannot be understated. Large scars may
be more disfiguring than naturally appearing pig-
mented lesions and may create challenges for
melanoma monitoring (Fig. 2.7). It has also been
reported that after surgical excision, remaining
CMN can become darker in color (possibly due
to activation and migration of non-excised
nevomelanocytes) [111]. In contrast, untreated
CMN may lighten over time. In one study where
CMN patients were followed for 19 years and
families completed yearly questionnaires, 48
patients never received treatment for their
CMN. Among these patients, 31 (65%) reported
lightening, 16 (33%) reported no change, and
only 1 (2%) reported darkening [41].

While excision of all CMN for the purpose of
melanoma prophylaxis is not recommended
[111], the decision to treat must be determined
on a case-by-case basis. Any lesion with suspi-
cious change should be biopsied for melanoma,
and patients may be candidates for prophylactic
excision if there is significant parental anxiety,
if the lesion will be difficult to monitor, or if
psychosocial factors will prevent adequate fol-

Fig.2.7 Adult patient with a history of extensive excision
and grafting for giant CMN performed in childhood. This
patient has developed subcutaneous melanomas within
the depicted lower back scars, despite surgical excision,
and her physical exam is challenging due to the abnormal
pigment patterns and substantial scar tissue

low-up [111]; however, the risks of surgery must
be addressed. If a patient elects observation, it is
important to observe him or her consistently
over the course of a lifetime, as thorough skin
examinations and a comprehensive review of
systems are crucial in detecting extracutaneous
and metastatic melanomas. Patients who
undergo treatment or excision also require life-
long monitoring, as the procedure may not sig-
nificantly alter the risk of developing melanoma
[84, 111].

Psychosocial Considerations

To support families and recommend observa-
tion, dermatologists must effectively counsel
toward acceptance of CMN appearance.
Providing adequate support is crucial, given that
many patients with large and giant CMN suffer
psychosocial consequences and stigma from
visible disease. Many parents and patients suffer
anxiety from the possibility of developing NCM
or melanoma in the future. Patients with exten-
sive CMN have been found to have social,
behavioral, and emotional problems, and in one
study 69% of mothers of children with giant
CMN agreed with the statement, “I think it is
awful that my child was born with a congenital
anomaly” [123].

Physicians should be aware of patient and
parent-organized support organizations. These
exist on the national scale and are tremendously
beneficial to patients and parents alike, by pro-
viding information and allowing families to con-
nect with each other. These organizations should
also be recognized for their role in research, as
several large studies on CMN have been com-
pleted with their network of patients [22, 73,
124]. As research advances, and as scientists
hone in on the molecular pathways contributing
to CMN development, dermatologists and other
medical professionals must continue to approach
patients as unique individuals, offer adequate
support, and stand up as allies for this uncommon
but highly visible skin condition.
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Lymphoproliferative Disorders

of the Skin

Markus Boos and Sara Samimi

Cutaneous Lymphoid Hyperplasia/
Pseudolymphoma

Key Points

e Cutaneous lymphoid  hyperplasia
(CLH/pseudolymphoma) is a benign,
reactive condition that can occur sec-
ondary to multiple different stimuli.

e Clinically it may be difficult to distin-
guish CLH from true cutaneous lym-
phoma, though histologic features and
response to therapy can assist in proper
diagnosis.

Cutaneous lymphoid hyperplasia (CLH) is a term
used to describe a benign, reactive proliferation
of T and B cells in the skin. Despite its indolent
behavior, CLH engenders concern because it can
mimic cutaneous T- and B-cell lymphomas both
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clinically and histologically. As such, a careful
history, physical examination, and appropriate
pathologic evaluation are central to establishing a
proper diagnosis.

CLH traditionally presents as asymptomatic,
pink- to plumb-colored papules, plaques, and
nodules with minimal to no surface change.
Individual lesions are either unifocal or region-
ally clustered, most commonly on the face and
scalp [1]. Importantly, patients with CLH are
typically well appearing, without evidence of
constitutional symptoms, lymphadenopathy, hep-
atosplenomegaly, or lab abnormalities. CLH is
most frequently seen in young adults, though its
existence is well documented in children, as well
[1,2].

Though most commonly considered an idio-
pathic condition, CLH is known to be associated
with a variety of exogenous stimuli and may
develop in response to specific antigenic expo-
sures [1, 3]. These include vaccinations (particu-
larly hepatitis A and B vaccines) [4], molluscum
contagiosum [5], tattoos [6], arthropod assault,
and medications. Drugs that commonly induce
CLH and that are of interest in the pediatric pop-
ulation include antiepileptics, antihistamines,
cefixime and cefuroxime, trimethoprim-
sulfamethoxazole, fluoxetine, aspirin, ibuprofen,
naproxen, and methylphenidate [7]. CLH also is
known to occur in response to Borrelia infections
in Europe, specifically to B. afzelii and B. garinii
[8]. These so-called Borrelia lymphocytomas
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frequently appear on the ear and breast/areola
and present similarly to conventional CLH as
asymptomatic red-blue nodules.

The histology of CLH varies with its inciting
cause, a discussion of which is beyond the scope
of this text. In general, CLH can be divided into
major categories depending on its cellular archi-
tecture and whether it is T- or B-cell predomi-
nant, though lesions often demonstrate a mixed
infiltrate that may include plasma cells and eosin-
ophils [9]. B-cell predominant CLH often exhib-
its a nodular pattern, though its architecture may
also appear diffuse. In contrast, T-cell predomi-
nant CLH may present histologically in a band-
like pattern that mimics mycosis fungoides,
though it can also assume nodular or diffuse
forms. In general, cellular atypia is minimal, and
the cellular infiltrate is polyclonal in CLH, but
immunohistochemical studies may be used to
help differentiate CLH from its malignant coun-
terparts including marginal zone lymphoma, fol-
licle center lymphoma, and mycosis fungoides.
Gene rearrangement studies lacking evidence of
a T- or B-cell clone are supportive of a diagnosis
of CLH, but the presence of clonal populations
must always be interpreted with caution, as they
(including artefactual “pseudoclones”) may be
suggestive of, but do not necessary define, a
malignant process [10].

A variant of CLH known as pseudolympho-
matous folliculitis (PLF) presents as a large, vio-
laceous, dome-shaped or flat-topped nodule,
typically on the face. In contrast to the absence of
surface change in traditional CLH, PLF may
present with minimal scale and follicular accen-

Fig. 3.1 Pseudolymphomatous
folliculitis. Indurated erythematous
nodule with associated follicular
accentuation and scale on the forehead
of an adolescent

tuation (Fig. 3.1) [11]. Histologically, PLF is also
characterized by a dense dermal lymphocytic
infiltrate, but distinguishes itself from CLH by
the presence of irregular enlargement of pilose-
baceous units accompanied by blurring of their
epithelial lining. Atypical lymphocytes may be
seen, leading to pathologic confusion with true
cutaneous lymphomas. However, the presence of
perifollicular histiocytes thought to represent
T-cell-associated dendritic cells may be used as a
clue to diagnosis [11].

A special form of CLH that is more common
in children and adolescents warranting special
mention is acral pseudolymphomatous angioker-
atoma of children (APACHE). This clinical entity
is characterized by asymptomatic red-to-
violaceous grouped papules with variable overly-
ing keratotic scale, typically at acral locations
[12, 13]. Initially thought to be a vascular neo-
plasm, it is now accepted to represent a form of
pseudolymphoma. Despite its name, APACHE
has also been reported in adults at non-acral sites
[14]. Histologically, APACHE is characterized
by a polymorphous dermal infiltrate of lympho-
cytes, histiocytes, and plasma cells admixed
about thick-walled blood vessels with plump
endothelial cells. Epidermal changes are variable
and may include hyperkeratosis, spongiosis, lym-
phocytic exocystosis, and vacuolization of the
basal layer [12, 13]. Treatment options include
excision, intralesional corticosteroid injection,
cryotherapy, or radiation therapy [13].

A diagnosis of CLH can only be made via
thoughtful synthesis of clinical and histopatho-
logic findings and in some cases may only be
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diagnosed after prolonged monitoring with regu-
lar follow-up. A diagnosis of CLH/pseudolym-
phoma is suggested by the localized nature of the
lesions, an absence of constitutional symptoms,
andrecognition of aninciting agent. Histopathology
with a mixed infiltrate and the absence of marked
atypia or a clonal population is also reassuring of a
benign process.

Treatment mandates cessation of the inciting
agent when CLH is recognized as medication
induced [7]. CLH often also responds to biopsy
by self-resolving. Beyond observation, however,
more active interventions may include topical or
intralesional corticosteroids or administration of
anti-inflammatory agents such as doxycycline or
methotrexate [2]. Treatment with appropriate
antibiotics also causes resolution of CLH induced
by Borrelia species [8]. In select cases, radiation
therapy or surgical excision may also be consid-
ered, though this must be carefully weighed
against the risks of these procedures, particularly
in children. While in general CLH is believed to
follow a benign course, it has been proposed that
persistent antigenic stimulation may promote
evolution to malignancy [3]. As such, regular
clinical monitoring via physical and detailed
history is warranted for all patients with CLH,
even after resolution.

Pityriasis Lichenoides

Key Points

* Pityriasis lichenoides (PL) is a benign
disorder that exists on a spectrum with
both acute and chronic forms.

e It is typically self-limited and is not
thought to predispose to malignancy but
can wax and wane over months to years.

* A severe variant of PL known as febrile
ulceronecrotic Mucha-Habermann dis-
ease is characterized by rapid onset of
characteristic lesions with high fevers
and systemic involvement; in rare cases
it can be fatal.
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Pityriasis lichenoides (PL) is a benign lymphop-
roliferative disorder that is typically classified as
two main variants: pityriasis lichenoides et vario-
liformis acuta (PLEVA) and pityriasis lichenoi-
des chronica (PLC). These two manifestations
lay on a disease spectrum, with PLEVA being
more acute and symptomatic and PLC being
more chronic in nature, though some patients
may exhibit features of both [15, 16]. Both pre-
sentations are rare and have a collective incidence
of about 1/2000 people per year [17].

The average age of onset of PL is 6.5 years
with rare cases reported in infancy, and even at
birth, with a slight male predominance [18]. In
a review by Hapa et al. of 24 patients (ages
2—14 years, with a median age of 7 years) with
PL, PLC was more common than PLEVA
(62.5-25%, respectively), with features of both
in a small subset of patients (2.5%) [19]. In
contrast, a larger retrospective review of 124
patients in 2007 identified PLEVA in 57.3%
and PLC in 37% of patients, with features of
both seen in the remainder [16]. Patients with
PLEVA had a younger median age of onset
(60 months) as compared to those with PLC
(72 months), with a median duration of disease
ranging from 18 months in PLEVA to
20 months in patients with PLC [16]. Both sub-
types present more commonly in the spring or
the fall [16, 19].

Clinically, PLEVA is characterized by the
abrupt onset of pruritic and at times painful,
symptomatic papulovesicles with necrotic, ulcer-
ative, or hemorrhagic changes (Fig. 3.2). Early in
its course, the condition may be confused with
varicella. Patients with PLEVA, however, lack
the typical fever and mucous membrane involve-
ment seen in varicella, and the course of PLEVA
is considerably more prolonged. In contrast, the
hallmark of PLC is recurrent crops of asymptom-
atic, scaly, erythematous, or red-brown papules
and plaques with central adherent scale that flat-
ten or regress over a period of weeks. Lesions
tend to be diffuse, though some patients may
have truncal predominance, as well as segmental
restriction of their disease [20]. Clinically, the
papulosquamous appearance of this condition
may resemble pityriasis rosea or hypopigmented
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Fig.3.2 Pityriasis lichenoides et
varioliformis acuta. Multiple
erythematous papules and vesicles,
some with associated ulceration and
hemorrhagic crusting, present on the
back of a child

mycosis fungoides. Rarely, restriction to the
palms and soles resembling psoriasis can occur
[21]. Lesions of both PLEVA and PLC may be
present at all stages of development. In both vari-
ants, the lesions usually resolve with hyper- or
hypopigmentation [16]. As compared to the clini-
cal presentation in adults, children with PL are
more likely to have more prominent dyspigmen-
tation and extensive cutaneous involvement,
especially of the face [22].

Notably, the histopathology of both entities
can overlap, with more subtle changes identified
in PLC. Tissue examination reveals focal para-
keratosis, mild to moderate acanthosis, focal
areas of spongiosis, few dyskeratotic keratino-
cytes, vacuolar interface changes, a mild superfi-
cial perivascular lymphocytic infiltrate, and
variable erythrocyte extravasation. Necrotic kera-
tinocytes, vesiculation, and ulceration may be
seen in the epidermis. Immunohistochemistry
also helps to distinguish these entities, as a pre-
dominantly CD8+ T-cell lymphocytic infiltrate is
present in patients with PLEVA, while the infil-
trate in patients with PLC is characterized pri-
marily by CD4+ T-cells [23].

PLEVA and PLC are regarded as benign,
reactive disorders, and several theories regard-
ing their etiology have been postulated.
Specifically, PLEVA and PLC have been pro-
posed to represent a T-cell-mediated reaction
triggered by an infectious agent or medication
or to occur secondary to a T-cell dyscrasia. A
history of a preceding URI is reported in a third
of cases and preceding drug or vaccination in
20% of cases [18, 19]. Suspected infectious trig-
gers include VZV [24], HHV-8 [23], streptococ-
cal pharyngitis, Toxoplasma gondii, parvovirus
B19, Epstein-Barr virus (EBV), and human
immunodeficiency virus (HIV) [25]. Implicated
medications and vaccinations include subcuta-
neous immunoglobulin [26]; etanercept [27];
measles, mumps, and rubella (MMR) vaccine;
influenza vaccine; and hepatitis B immunization
[18, 28, 29]. Clonality has been detected in
patients with PL, supporting an alternate theory
that these entities represent a lymphoprolifera-
tive disorder rather than an inflammatory pro-
cess [30, 31]. Currently, it is unclear if T-cell
clonality in PL is dependent upon a specific dis-
ease trigger. It is also unknown whether those
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patients identified as having a clonal population
may be at increased risk of developing a second-
ary lymphoproliferative disease.

PL often waxes and wanes and may exhibit
spontaneous resolution. Treatment is initiated due
to concerns about the appearance of the eruption,
associated symptoms, or to guard against long-
term sequelae, such as scarring. First-line treat-
ment options for both PLEVA and PLC include
oral antibiotics with or without topical corticoste-
roids or topical immunomodulators. Erythromycin
is commonly administered, with greater than 50%
improvement in skin disease in 64% of patients at
1 month, 73% at 2 months, and 83% at 3 months
[19]. It is recommended that erythromycin be
continued for 2-3 months after resolution given
concern for recurrence if stopped too quickly
[18]. Cephalexin, amoxicillin-clavulanic acid,
cefaclor, tetracycline and minocycline (both con-
traindicated in children younger than 8 years old),
and azithromycin have also been used with some
success [32, 33]. Second-line treatment options
include ultraviolet B (UVB) and psoralen with
ultraviolet A (PUVA) phototherapy, though their
success and tolerability may vary based on the age
of the patient [34]. PLC may respond better to
phototherapy than PLEVA [35]. Narrowband (nb)
UVB alone has been successful in 44-48% of
patients with PLC [36]. A recent study demon-
strated greater efficacy of nbUVB compared to
broadband (bb) UVB and PUVA, as recurrence
was decreased in patients who received nbUVB
therapy. Patients on average achieved a response
with 18.8-22 sessions. Commonly observed side
effects of phototherapy include erythema, pruri-
tus, and discomfort or pain [37]. PUVA may also
be less optimal given its risk of treatment-related
secondary cutaneous malignancy [38]. Third-line
agents include methotrexate, acitretin, dapsone,
or cyclosporine. Up to 77% of patients have evi-
dence of disease recurrence after complete clear-
ance with appropriate treatment [16].

Febrile ulceronecrotic Mucha-Habermann
disease (FUMHD) is a rare and severe variant of
PLEVA that may follow a diagnosis of PLEVA or
occur de novo [39, 40]. When a patient presents

with a PLEVA-like eruption with evidence of
rapid clinical progression and systemic symp-
toms, FUMHD is probable [41]. It tends to occur
more commonly in children and young adults. In
contrast to adults, children may demonstrate a
shorter time transforming from PLEVA to
FUMHD with more frequent mucosal involve-
ment and a more favorable outcome, [42] though
fatal cases have been reported [43]. Affected
patients exhibit a rapid onset of necrotic papules
coalescing into large ulcerations with histologic
features of PLEVA. Mucous membrane involve-
ment is evident in about 28% of cases (including
oral, genital, and conjunctival mucosae), with
systemic involvement in 45%. Systemic symp-
toms include markedly high fevers, abdominal
pain, diarrhea, arthritis, pulmonary involvement,
central nervous system involvement, and sepsis
[25, 43, 44]. Laboratory abnormalities may
include increased leukocyte count, elevated
erythrocyte sedimentation rate and C-reactive
protein, anemia, mild hypergammaglobulinemia,
hypoproteinemia, hypoalbuminemia, hypocalce-
mia, eosinophilia, lymphopenia, and positive
skin and blood cultures [44]. Clinical mimickers
of FUMHD include varicella, papulovesicular
pityriasis rosea, leukocytoclastic vasculitis, and
lymphomatoid papulosis [44, 45]. Rarely,
FUMHD may clinically mimic Stevens-Johnson
syndrome (SJS), given the extent of cutaneous
involvement with epidermal necrosis [41].
However, distinguishing features include flexural
accentuation, constitutional manifestations, and
histologic appearance. Similar to PL, no clear
triggers have been identified for FUHMD, though
isolated cases have demonstrated seropositivity
to VZV and HSV-2 [46, 47]. Treatment modali-
ties for FUMHD may overlap with PL; however,
given its severity with rapid progression, sys-
temic complications, and potential fatality, more
aggressive or combination medications are uti-
lized. Treatment options include methotrexate
[40, 41, 48, 49], TNF-alpha inhibitors [50], pred-
nisone [41], cyclosporine [43], intravenous
immune globulin (IVIG), and extracorporeal
photopheresis [51].



40

M. Boos and S. Samimi

Lymphomatoid Papulosis

Key Points

e Lymphomatoid papulosis (LyP) is a
CD30+ cutaneous lymphoproliferative
disorder characterized by self-healing
but recurrent, ulcerative papules.

e Treatment of LyP is not thought to influ-
ence disease course or progression.

e LyP is associated with secondary malig-
nancies in approximately 10-20% of
patients.

Lymphomatoid papulosis (LyP) is a chronic pri-
mary cutaneous CD30+ lymphoproliferative dis-
order of intermediate malignant potential.
Clinically it is distinguished by crops of pink-red
papulonodules, most commonly distributed on
the trunk and extremities (Fig. 3.3). LyP charac-
teristically advances over weeks to months
through stages of necrosis, ulceration, and hem-
orrhagic crusting before spontaneously resolving
with pigmentary changes and scarring. Individual
lesions are often in different stages of evolution
[52]. A variant of LyP termed persistent agmi-
nated LyP (PALP) presents as multiple lesions of

Fig. 3.3 Lymphomatoid papulosis.
A crop of pink-red papulonodules
with early scale and crust present on
the arm and axilla of a child

LyP within a circumscribed area that wax and
wane in intensity but never completely resolve.
As a result of this behavior, whether PALP repre-
sents a localized form of LyP or a distinct lym-
phoproliferative disorder on the spectrum of
mycosis fungoides (MF) remains controversial
[53, 54].

Although more common in older adults, LyP
is also well documented in children, and its inci-
dence may be underestimated [55]. Recent retro-
spective analyses and systematic literature
reviews provide greater insight into the nature of
pediatric LyP. In children, LyP occurs at a mean
age of approximately 7-8 years, though diagno-
sis is often delayed by 1 year [55, 56]. Boys are
somewhat more frequently afflicted than girls
[55, 56]. As in adults, pediatric LyP favors the
extremities and trunk, though generalized forms
are not uncommon and multiple lesions (up to 75
total in some reported cases) may be seen [57]. In
a series of 25 children with LyP, the majority of
patients had fewer than 10 lesions that resolved
over a mean time of 5 weeks, though disease
duration was, on average, 18 months [55].
Approximately 25% of all patients had recurrent
disease, with disease-free intervals between out-
breaks lasting from less than 1-20 months [55].
Interestingly, though LyP is typically thought to
be asymptomatic, children often endorse
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associated pruritus that may lead to a misdiagno-
sis of arthropod assault [55, 56].

LyP can be classified histologically into dif-
ferent subtypes, denoted LyP types A through F
[52]. Although the nuances of each histologic
subtype are beyond the scope of this text, some
salient features are worth noting. Among both
children and adults, type A LyP appears to be the
most common form [55-58]. Type A LyP dem-
onstrates a wedge-shaped infiltrate of grouped,
large, pleomorphic lymphocytes admixed among
neutrophils, eosinophils, and histiocytes. These
tumor cells usually possess a CD4+ T-helper cell
phenotype with CD30 expression, though many
cases of CD8+ LyP have been reported in the
pediatric population, without evident prognostic
implications [57, 58]. Type B LyP displays a
superficial perivascular or band-like infiltrate of
lymphocytes with cerebriform nuclei in the der-
mis accompanied by lymphocytic epidermotro-
pism that is reminiscent of the histologic features
of MF (see below). In this subtype, many neo-
plastic cells lack CD30 expression, and distinc-
tion from MF on histologic grounds alone can be
difficult, requiring clinicopathologic correlation.
Type C LyP is characterized by sheets of large,
atypical, CD30+ lymphocytes and resembles
anaplastic large-cell lymphoma [58].
Distinguishing between these two entities is dif-
ficult and requires clinicopathologic correlation.
Rare, histologically unique subtypes D, E, and F
have also been reported [59]. T-cell clonality is
common in lesions of LyP [55, 58, 60]. Studies
conflict as to whether the histologic subtype of
LyP influences clinical course or prognosis,
though a retrospective study of 123 patients with
LyP suggests that T-cell clonality and multiple
subtypes of LyP present in the same individual
may indicate an increased risk of associated
hematologic malignancy [61].

The etiology of LyP is unknown, though per-
sistent antigenic stimulation of skin-resident T
cells has been suggested. In support of this, up to
25% of pediatric patients who develop LyP report
having an antecedent viral illness prior to disease
onset, while another quarter of patients carry a
diagnosis of atopic dermatitis [55, 56]. PL can
also be seen concomitantly with LyP. Given that

some cases of PL are identified as having a
CD30+ cellular infiltrate, it has been proposed
that PL and LyP are related entities, though this
remains controversial [55, 56]. Importantly,
approximately 10-20% of patients with LyP
develop a secondary hematologic malignancy
prior to, concurrently with, or after their diagno-
sis. MF, anaplastic large cell lymphoma (ALCL),
or Hodgkin disease are the most commonly asso-
ciated malignancies [52, 62]. Although MF is the
most frequent LyP-associated malignancy in
adults, ALCL appears to be the most common
secondary hematologic malignancy in children
[52, 56, 62, 63].

Initial evaluation of LyP includes skin biopsy,
complete blood count (CBC) with differential, a
comprehensive metabolic panel (CMP), and lac-
tate dehydrogenase (LDH). If malignancy is
considered in the differential diagnosis, more
extensive evaluation may be warranted. LyP fol-
lows a spontaneous, self-resolving course. Thus,
providers must carefully weigh risks and bene-
fits when considering treatment. Treatment does
not appear to influence the natural course of the
condition or development of associated malig-
nancies; no known “curative” therapies exist
[52, 56, 64]. Therefore, close observation is a
reasonable option in the management of
LyP. Factors that may warrant active interven-
tion include multiple cosmetically bothersome
lesions, intense pruritus, or a desire to reduce
the risk of subsequent scarring. For localized,
infrequently recurrent disease, application of
ultrapotent topical corticosteroids can help
speed resolution or limit growth and ulceration
of individual lesions [52]. For more widespread
disease, systemic agents are more appropriate
options, but their specific risks must be care-
fully considered in the pediatric population. For
example, PUVA appears to be a useful treatment
for LyP. However, given its risk for inducing
cutaneous malignancy, nbUVB therapy may be
a more appropriate choice in children, despite
only anecdotal evidence to support its efficacy
[52, 62]. Other potential treatment options
include oral antibiotics (i.e., doxycycline),
though low-dose methotrexate may be a safe,
more effective, and therefore preferred option
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[64]. Topical nitrogen mustard, as well as sys-
temic bexarotene or interferon, may also be con-
sidered as second-line agents [52]. Owing to the
risk of developing a secondary malignancy, all
patients with LyP warrant regular, long-term
monitoring.

Cutaneous T-Cell Lymphoma/
Mycosis Fungoides

Key Points

e Mycosis fungoides (MF) is the most
common subtype of cutaneous T-cell
lymphoma (CTCL) in children.

e The hypopigmented variant is the most
common form of pediatric MF.

* Most children with MF have both lim-
ited body surface area with rare sys-

temic involvement and have life
expectancies similar to age-matched
controls.

Cutaneous T-cell lymphoma (CTCL) is a general
term that refers to primary extranodal T-cell neo-
plasms of the skin. The frequency of CTCL is
estimated at 10.2 cases per million, which appears
to have stabilized after many years of increasing
incidence [65]. Although much more common in
adults, the entire spectrum of CTCL has been
reported in children [66].

Fig. 3.4 Mycosis fungoides. Nummular,
scaly, erythematous patches and thin
plaques present on the upper thigh and
buttocks of a teenager

Among the assorted forms of CTCL, MF is
the most common variant in both adults and chil-
dren. MF can present in diverse ways, from lim-
ited patch-stage disease to frank erythroderma,
with variable extracutaneous involvement.
Classically, MF presents as scaly, erythematous
patches or plaques that favor sun-protected,
“double-covered” areas including the buttocks
and upper thighs (Fig. 3.4). Overlying skin atro-
phy may be associated. More advanced stages,
which are uncommon in children, are character-
ized by larger tumors with a propensity toward
ulceration or erythroderma with accompanying
constitutional symptoms. Staging guidelines for
MF are found in Table 3.1.

Other presentations of MF that have been
described in children include pigmented purpu-
ric, pityriasis lichenoides-like, isolated acral
(Woringer-Kolopp), and leukemic variants [67—
70]. Among children, the hypopigmented vari-
ant of MF is the most common presentation and
is overrepresented relative to its incidence in
adults [67, 68, 71-73]. This form is character-
ized by hypopigmented macules and patches,
usually without secondary change, and can
occur in isolation or alongside more traditional
papulosquamous lesions of MF. Although more
commonly recognized in darker-skinned chil-
dren, hypopigmented MF is known to occur in
Caucasian children, as well [68, 74, 75].
Irrespective of clinical appearance, most chil-
dren present with early stage disease (IA, IB, or
ITA) [67, 68, 71, 74].
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Table 3.1 TNMB classification and clinical staging of mycosis fungoides [84]

Skin ‘ Description

TNMB classification

Tl Patches, papules, and/or plaques covering <10% total body surface area

T2 Patches (T2a), papules, and/or plaques (T2b) covering >10% total body surface area

T3 One or more tumors (>1 cm in diameter)

T4 Erythroderma (erythema involving >80% total body surface area)

Nodes

NO No clinically abnormal lymph nodes identified

N1 Atypical lymph nodes, histopathology Dutch grade 1 or NCI LNO-2

N2 Atypical lymph nodes, histopathology Dutch grade 2 or NCI LN 3

N3 Atypical lymph nodes, histopathology Dutch grades 3—4 or NCI LN 4

NX Abnormal lymph nodes without histopathologic evaluation

Visceral

MO No visceral organ involvement

Ml Visceral involvement with histologic confirmation (specify organ)

MX Abnormal viscera without histologic confirmation

Blood

BO Absence of significant blood involvement; <5% of peripheral blood lymphocytes are Sezary cells,
<15% CD4+/CD26 or CD4+/CD7 cells of total lymphocytes

Bl Low blood tumor involvement; >5% of peripheral blood lymphocytes are Sezary cells or >15% CD4+/
CD26 or CD4+/CD7 cells of total lymphocytes but do not meet classification as BO or B2

B2 High blood tumor involvement; >1000/mcL Sezary cells or CD4/CD8 > 10 or >40% CD4+/CD7 or
>30% CD4+/CD26 cells of total lymphocytes

Clinical staging of mycosis fungoides
T N M B

IA 1 0 0 0-1

1B 2 0 0 0-1

A 12 1-2 0 0-1

1IB 3 0-2 0 0-1

1A 4 0-2 0 0

1B 4 0-2 0 1

IVA, 14 0-2 0 2

IVA, 1-4 3 0 0-2

IVB 1-4 0-3 1 0-2

Adapted and referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®)
for National Comprehensive Cancer Network. T-cell lymphomas, Version 1.2017 [Internet]. 2016. Accessed 2017 Jan
15. © 2017 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN Guidelines® and illustrations
herein may not be reproduced in any form for any purpose without the express written permission of NCCN. To view
the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. The NCCN Guidelines are a
work in progress that may be refined as often as new significant data becomes available. The NCCN Guidelines® are a
statement of consensus of its authors regarding their views of currently accepted approaches to treatment. Any clinician
seeking to apply or consult any NCCN Guidelines is expected to use independent medical judgment in the context of
individual clinical circumstances to determine any patient’s care or treatment. The National Comprehensive Cancer
Network makes no warranties of any kind whatsoever regarding their content, use, or application and disclaims any

responsibility for their application or use in any way
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Folliculotropic MF (FMF) is a rare variant that
is more common in adults and clinically is char-
acterized by acneiform lesions including come-
dones, milia, or cysts. Hairless patches and
plaques with folliculocentric papules and variable
degrees of induration are a more common presen-
tation in children [76]. FMF deserves special
consideration because its clinical appearance
often overlaps with that of benign, reactive fol-
licular mucinosis (FM). This distinction is vital
as FMF in adults appears to carry a worse prog-
nosis than classic MF, and both treatment and
prognosis differ considerably between FM and
FMF [77]. Historically, the clinical presentation
of FM was divided into two main groups: FM
limited to the head and neck in young patients
and more widespread FM that was more typically
seen in older adults. Importantly, the former usu-
ally follows an indolent course, while more wide-
spread disease is thought to be more aggressive,
with a greater likelihood of transformation into
FMF [78, 79]. T-cell clonality does not appear to
help distinguish between FM and FMF and may
be of minimal prognostic value [80].

In children, FMF is believed to be uncommon.
Though some contend that FM is an early form of
FMF, two retrospective case series of pediatric
FM demonstrated a rare association of FM with
FMF, and those children who met criteria for
FMF still followed a benign trajectory [80, 81].
The authors of these studies argue that in chil-
dren, FM is an indolent disease with minimal risk
of malignant transformation and should therefore
not be considered on the spectrum of FMF. In
contrast, a retrospective study of 50 patients with
pediatric MF showed a higher incidence of FMF
compared to both adults and comparable cohorts
of children [76]. This may be secondary to differ-
ence in the interpretation of histopathologic fea-
tures leading to a diagnosis of FMF versus FM in
this study; regardless, FMF in this cohort behaved
similarly indolently. It appears that FM and FMF
in children are more indolent conditions that do
not require aggressive treatment. Nevertheless,
secondary malignancies have been documented
in association with FM, and children diagnosed
with both FM and FMF warrant long-term moni-
toring [80, 81].

Given its ability to mimic more common,
benign pediatric dermatoses, clinical suspicion
must remain high in order to successfully render
a diagnosis of mycosis fungoides in a child.
Classic lesions of MF may be mistaken for
lesions of atopic dermatitis or nummular eczema,
psoriasis, tinea corporis, or pityriasis rubra pila-
ris. The hypopigmented variant may clinically
resemble PLC, post-inflammatory hypopigmen-
tation, and progressive macular hypomelanosis,
as well as sarcoidosis or morphea [82].

MF is also a challenging diagnosis to make
histologically, particularly in early stages when
its defining pathologic characteristics may not
yet be evident. As such, clinicopathologic corre-
lation is always necessary before rendering a
final diagnosis. Histologic findings suggestive of
a diagnosis of MF include epidermotropism of
atypical lymphocytes (irregular nuclei, cerebri-
form cells), sometimes arranged in so-called
Pautrier’s microabscesses. Accompanying spon-
giosis is minimal to absent. A band-like infiltrate
of atypical lymphocytes abutting (“tagging”) the
basal layer of the epidermis, along with papillary
dermal fibroplasia, is another supportive feature
[83]. Immunohistochemistry revealing an
increased ratio of CD4+ to CD8+ cells in the epi-
dermis and dermis is typical. Nevertheless, a pre-
dominantly CD8+ T-cell phenotype of MF
appears to be overrepresented in children, though
this does not seem to influence clinical course
[67, 72]. Multiple biopsies may be necessary
before a definitive diagnosis can be made.

Workup of children with MF is not standard-
ized, and a thoughtful approach based upon the
current National Comprehensive Cancer Network
guidelines for adults is recommended [84]. A
complete history with special attention to consti-
tutional symptoms including fever, chills, drench-
ing night sweats, overwhelming fatigue, and
unintentional weight loss should be performed. A
meticulous physical exam is mandatory, with
attention to the morphology, distribution, and
total body surface area (BSA) involved, as well
as palpation for lymphadenopathy or hepato-
splenomegaly. A limited laboratory workup
including a CBC with differential, CMP, and
LDH is recommended. For patients with early
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patch-stage disease (T1) and no constitutional
symptoms, no further evaluation is required.
However, in patients with constitutional symp-
toms or more advanced disease, flow cytometry
of blood and T-cell receptor gene rearrangement
studies of blood and lesional skin are necessary
to evaluate for clonality and peripheral blood
involvement. Full body imaging via computer-
ized tomography (CT) or positron emission
tomography with CT (PET/CT) may be consid-
ered after taking into account a patient’s clinical
appearance and the results of the aforementioned
evaluation. However, the evident risk of second-
ary malignancy in patients exposed to frequent
CT scans must be thoughtfully weighed [85, 86].
It has been recommended that PET/CT scans be
performed in patients with >20% BSA involve-
ment of T1 or T2 disease or those with more
advanced stages of disease. The exception to this
is hypopigmented MF, as its typically indolent
course precludes aggressive imaging studies,
even with widespread BSA involvement [82]. If
possible, alternative methods of staging (i.e.,
ultrasound of lymph nodes) should be considered
to limit ionizing radiation as much as possible.
Treatment of MF is challenging, as no single
agent is known to prolong survival; it is also
unclear if the disease can be cured, though
extended remissions occur [87, 88]. Instead,
treatment should focus on symptom control,
quality of life, and mitigation of therapy-
associated morbidity [89]. For limited patch- or
plaque-stage disease, skin-directed therapies are
appropriate first-line treatment. Topical options
include potent and ultrapotent corticosteroids,
nitrogen mustard (NM), tazarotene, carmustine,
or bexarotene [90-92]. Each of these agents car-
ries their own associated risks, from skin irrita-
tion associated with many of these topical
therapies to atrophy and potential adrenal sup-
pression in younger children with extensive BSA
involvement treated with potent topical steroids
[92]. Bone marrow suppression is also an impor-
tant consideration with the use of the topical
alkylating agents NM and carmustine. While
topical treatment with NM has not been shown to
induce bone marrow suppression in adults and
children, carmustine does induce mild-to-

moderate myelosuppression in a subset of
patients [92, 93]. In both cases, periodic monitor-
ing with CBC and a metabolic panel should be
considered [82, 92, 93]. Given the potential risks
associated with even topical therapies, treatment
must be carefully selected for each individual
patient [91, 92]. An alternative option for patients
with early-stage (IA/IB) disease is phototherapy
with either nbUVB or PUVA. A recent retrospec-
tive review demonstrated the efficacy of photo-
therapy in children with early-stage MF, with a
complete or partial response to one of these
modalities in 77% of patients [71]. Though
PUVA appears to induce longer periods of remis-
sion than nbUVB therapy, its use must be
weighed against its potential side effects includ-
ing phototoxicity, ocular damage, and the long-
term risk of cutaneous malignancy [94].
Nevertheless, it may be superior for particular
variants of MF, including FMF [76]. The poten-
tial long-term risks of continued nbUVB photo-
therapy are not known but are believed to be
significantly less than with PUVA [95, 96]. With
both forms of phototherapy, close monitoring for
ongoing signs of skin damage and cutaneous tox-
icity is warranted, and treatment frequency and
duration should be limited, if possible. More
advanced stage disease may be more appropri-
ately treated with systemic agents including bex-
arotene or interferon. For disseminated cutaneous
or extracutaneous disease, consultation and
potential treatment in conjunction with an experi-
enced pediatric oncologist are recommended.
The prognosis of children with MF is typically
excellent. In studies of patients aged 35 years or
younger with a diagnosis of MF, overall and
disease-specific survival were both better than
that of older adults [97]. This appears to be
related to disease stage at presentation, however,
as younger patients are more likely to have lim-
ited Tl disease [97, 98]. Additionally, the
hypopigmented variant of MF appears to have
improved overall and disease-specific survival
(as mentioned above), as well as reduced risk of
disease progression compared to the classic form
of MF [77, 98]. Age does not appear to be an
independent predictor of survival as young
patients with more advanced stages of disease
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have similarly poor outcomes as older adults [97,
98]. These patients may also have an increased
risk of melanoma, posited to be secondary to
ongoing phototherapy treatment for MF. Patients
less than 30 years of age with MF also appear to
have an increased risk of secondary lymphomas,
warranting regular, ongoing clinical surveillance
[99]. For patients with indolent disease, evalua-
tion every 3 months is an appropriate interval;
complete restaging may be necessary with
changes in clinical appearance [82].

Cutaneous B-Cell Lymphoma

Key Points

e Primary cutaneous B-cell lymphomas
(PCBCLs) are exceedingly rare in chil-
dren and typically have an excellent
prognosis.

* Precursor B-cell lymphoblastic lym-
phoma (B-LBL) may also present in
childhood and should be considered a
diagnostic and therapeutic emergency.

Primary cutaneous B-cell lymphoma (PCBCL) is
classified as a subtype of non-Hodgkin lym-
phoma that originates in the skin without any evi-
dence of systemic involvement at the time of
diagnosis. There are four main subtypes of
PCBCL, all of which are exceedingly rare in
children and adolescents [83]. Of these, primary
cutaneous marginal zone lymphoma (PCMZL)
and primary cutaneous follicle center lymphoma
(PCFCL) are regarded as relatively benign enti-
ties with indolent behavior. In contrast, primary
cutaneous diffuse large B-cell lymphoma, leg
type (DLBCL-L), and primary cutaneous diffuse
large B-cell lymphoma, other (DLBCL), are
more aggressive neoplasms with poorer survival
[63, 100]. In general, all forms of PCBCL typi-
cally present as red-to-violaceous papules,
plaques, or smooth nodules [100]. Owing to their
rarity in children, PCFCL and DLBCL will not
be discussed further in this text [63].
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Primary Cutaneous Marginal Zone
Lymphoma

Though still rare, PCMZL appears to be the most
common form of PCBCL in children and does
not exhibit a gender predilection [101]. Lesions
are typically multifocal with a propensity for the
trunk and extremities, especially the arms [100,
101]. In children, PCMZL appears to follow an
indolent course with a minority of patients exhib-
iting persistent disease following treatment.
Although some cases of adult PCMZL have been
associated with exposure to European Borrelia
species, this is thought to be uncommon in chil-
dren [100, 101].

Histologically, PCMZL is characterized by a
nodular or diffuse infiltrate of small- to medium-
sized lymphocytes, lymphocytoplasmoid cells,
and plasma cells with an evident grenz zone.
Eosinophils and histiocytes may also be appreci-
ated [100, 102]. At low magnification, darker cel-
lular aggregates are often surrounded by a lighter
zone of pale-staining, centrocyte-like, marginal
zone B cells with minimally irregular nucleoli
[83]. On immunohistochemistry, these neoplastic
cells stain positively for CD19, CD20, CD70a,
and Bcl-2 while lacking expression of CDS5,
CD10, and Bcl-6 [102]. Clonal expression of IgH
genes is evident in a majority of cases [83].

Upon diagnosis of PCBCL, a complete stag-
ing workup is recommended to exclude second-
ary involvement of the skin by a primary systemic
lymphoma [103]. Recommended evaluation
includes a complete history and physical exami-
nation with specific evaluation for lymphadenop-
athy and hepatosplenomegaly. Laboratory
evaluation includes a CBC with differential,
CMP, and LDH. CT with contrast or PET/CT of
the chest, abdomen, and pelvis is also recom-
mended. In select instances, peripheral blood
flow cytometry, bone marrow biopsy, and serum
protein electrophoresis/quantitative immuno-
globulin levels may be evaluated.

The prognosis of children with PCMZL is
excellent. Treatment options for localized disease
include radiotherapy and excision. Observation,
topical corticosteroids, intralesional corticoste-
roids, or intralesional interferon alpha may also
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be considered as first-line therapies [101, 103]. In
cases of widespread or refractory disease, single-
or multi-agent chemotherapy, as well as targeted
immunotherapy with the anti-CD20 monoclonal
antibody rituximab, may be useful. If association
with Borrelia infection is suspected, appropriate
antimicrobial therapy can prompt resolution
[100, 103].

Precursor B-Cell Lymphoblastic
Lymphoma

Lymphoblastic lymphomas are neoplastic dis-
eases of T- or B-cell precursors. Although most
precursor lymphoblastic lymphomas are of a
T-cell phenotype, precursor B-cell lymphoblastic
lymphomas (B-LBL) are more likely to present
with cutaneous involvement [104, 105].
Clinically, cutaneous B-LBL presents as large,
blue-red, asymptomatic, firm, fixed nodules,
often located on the head and neck, particularly
the scalp [106, 107] (Fig. 3.5). The lesions are
solitary in approximately 80% of cases [63, 106].
B-LBL is seen more commonly in females than
males, with patients presenting at a mean age of
5 years [106].

Histologically, B-LBL is characterized by a
diffuse, monomorphic infiltrate of small- to
medium-sized cells with inconspicuous nucle-
oli and a high mitotic index [104, 106].
Immunohistochemistry is essential in making a
diagnosis of B-LBL, as neoplastic cells express
TdT and other B-cell antigens including CD10,
CD19, and CD79a, as well as the transcription
factor Pax5. However, they often lack expres-
sion of CD20 [63, 104, 106].

Diagnosis of cutaneous B-LBL requires man-
datory evaluation for evidence of B-cell acute
lymphoblastic leukemia (B-ALL), which is dis-
tinguished from B-LBL by peripheral blood
involvement of neoplastic cells or bone marrow
aspirate demonstrating >25% blasts [63, 108].
As such, a complete history and physical, labora-
tory evaluation including a CBC with differen-
tial, CMP, and LDH, as well as a bone marrow
aspirate, should be performed, and collaboration
with an experienced oncologist is recommended.

Fig. 3.5 Cutaneous precursor B-cell lymphoblastic lym-
phoma. A red-to-violaceous subcutaneous nodule present
on the chin of a child

Flow cytometry of peripheral blood, evaluation
of cerebrospinal fluid, and CT imaging are also
required to evaluate for other sites of involvement
including the CNS, soft tissue, and bone [105].
B-LBL should be considered a therapeutic emer-
gency. Though prognosis is generally good, out-
comes are improved if treatment is instituted
early, which may reflect the benefit of a smaller
tumor burden when compared to B-ALL [105,
106, 108]. Nevertheless, treatment of B-LBL,
regardless of degree of involvement, requires
aggressive multi-agent systemic chemotherapy
[104, 106].

CLPDs are rare in children and typically
mimic more common, benign dermatoses.
Nevertheless, the entire spectrum of reactive and
variably malignant lymphoproliferative disorders
has been recognized in childhood, though these
entities often require a high index of suspicion
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for diagnosis. Fortunately, the majority of these
conditions have favorable long-term prognoses
with appropriate treatment.
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Other Proliferative Disorders

of the Skin
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Mastocytosis

Key Points

* Though there is a broad range of disease
severity in mastocytosis, children fre-
quently have benign cutaneous variants
and do not usually require aggressive
systemic workup.

e Systemic symptoms associated with
cutaneous mastocytosis result from his-
tamine release, necessitating avoidance
of potential triggers of mast cell degran-
ulation in some patients.

» Cutaneous mastocytosis tends to resolve
gradually over time.

Introduction

Mast cells not only play an essential role in immu-
nity, tissue repair, and wound healing but also
contribute to the development of common disease
entities like allergy and asthma. Both pathogens
and allergens have the potential to aberrantly acti-
vate mast cells either directly or indirectly. The
term mastocytosis encompasses a wide spectrum
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of disease resulting from the proliferation of mast
cells; activation of these cells by various triggers
leads to degranulation and downstream symptoms
such as flushing, diarrhea, bronchospasm, and
anaphylaxis. The World Health Organization
(WHO) divides mastocytosis into nine distinct
disorders: cutaneous mastocytosis (including
maculopapular cutaneous mastocytosis, diffuse
cutaneous mastocytosis, and mastocytoma of
skin), indolent systemic mastocytosis, smoldering
systemic mastocytosis, systemic mastocytosis
with hematologic neoplasm, aggressive systemic
mastocytosis, mast cell leukemia, and mast cell
sarcoma [1]. Some authors also include telangiec-
tasia macularis eruptiva perstans (TMEP) as a
separate classification within cutaneous mastocy-
tosis, but this is very rare in children. The majority
of children with mastocytosis present with cuta-
neous mastocytosis (reviewed in Table 4.1), a
relatively benign disorder characterized by mast
cell infiltration restricted to the skin. This chapter
will focus on the diagnosis, clinical features, and
management of cutaneous mastocytosis, with
attention to situations that require further workup
for systemic mastocytosis.

Epidemiology
There are no epidemiologic studies of pediatric

cutaneous mastocytosis. Overall estimates of
prevalence of mastocytosis in European
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Table 4.1 Classification of pediatric cutaneous mastocytosis [2-4, 5]

Percent of
pediatric Associated signs and

Classification cases (%) | Description symptoms Prognosis
Cutaneous solitary 20 Solitary macule or Itching, Excellent: >90%
mastocytoma plaque with mast cell lymphadenopathy show partial or

infiltrate complete regression
Urticaria pigmentosa/ | 75 Multiple macules, Itching, flushing, Very good: 71% show
maculopapular papules, plaques, or diarrhea, dyspnea, partial or complete
cutaneous bullae hepatomegaly regression
mastocytosis lymphadenopathy,

splenomegaly

Diffuse cutaneous 5 Diffuse mast cell Itching, hepatomegaly, Excellent: >90%
mastocytosis infiltration of skin, often | lymphadenopathy, show partial or

causing peau d’orange splenomegaly, diarrhea complete regression

appearance; may have

overlying papules or

vesicles
Telangiectasia <1 Brown macules, often Limited data in children, |Long-term prognosis
macularis eruptiva on trunk. Scant mast cell | but often asymptomatic. | unknown, reported
perstans (TMEP) infiltrate, often with About half of adults have | cases have benign

negative Darier’s sign associated systemic course

mastocytosis

populations are around 9-13 per 100,000 [6].
Pediatric mastocytosis is largely a benign condi-
tion, with about 75% of children reported in
recent literature presenting with urticaria pig-
mentosa, 20% with solitary mastocytoma, 5%
with diffuse cutaneous mastocytosis, and <1%
with  TMEP [3]. Systemic and malignancy-
related forms are rarely encountered in pediatric
populations.

Natural History
About 90% of cases of cutaneous mastocytosis
present prior to age two, with a slight male pre-
dominance [2, 3]. In children with early-onset dis-
ease, lesions tend to resolve by adolescence [7].
One case series, which followed 13 patients with
UP and 2 patients with DCM for over 20 years,
demonstrated that 10 of 15 showed complete res-
olution, and the remaining 5 showed partial or
major improvement [8]. Pediatric patients with
small lesions (<1 cm) show significantly later
resolution that those with larger lesions, higher
tryptase, and later onset of disease [9]. Across all
types of pediatric mastocytosis, 67% of patients
show partial or complete regression [3].

Though the majority of patient’s signs and
symptoms resolve or gradually improve, a smaller

subset may have progressive disease. In a review of
published cases, Meni et al. 2015 noted that chil-
dren with UP were the most likely to have cutane-
ous worsening or develop systemic mastocytosis.
In the same review, 2.9% of cases with follow-up
data resulted in a fatal outcome; however, this is
likely heavily affected by publication bias [3].

Pathogenesis

The cause of mastocytosis is unknown, but genetic
factors have been proposed. Hematopoietic stem
cells differentiate into mast cells in response to
signaling through CD117, a transmembrane tyro-
sine kinase receptor [10]. Adults and children
with cutaneous mastocytosis have been shown
to harbor mutations in c-KIT, the gene encod-
ing CD117, though the affected codon differs in
pediatric patients in comparison to adult patients
[11, 12]. In adults, KIT mutations are commonly
found on exon 17, KIT D816V, whereas children
demonstrate mutations in exon 8, 9, or 17 [12].
c-Kit is a receptor tyrosine kinase essential for
numerous cellular signal transduction pathways
[13]. The significance of genetic polymorphisms
in c-Kit among pediatric patients is not yet clear,
and the utility of genetic testing in clinical prac-
tice has not been established.
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Symptoms of mastocytosis are largely due to
the activation and degranulation of mast cells,
resulting in release of a variety of mediators,
including proteases, histamine, proteoglycans,
cytokines, prostaglandins, and leukotrienes [14].
Histamine release from mast cells can lead to
symptoms in all forms of cutaneous mastocytosis
(Table 4.2), ranging from mild headache, nausea,
vomiting, diarrhea, and cutaneous flushing to
severe symptoms such as hypotension, anaphy-
laxis, and neurologic dysfunction [15].

Clinical Features

Mastocytosis has a variety of clinical manifesta-
tions from limited skin involvement to systemic
signs and symptoms. The rate of anaphylaxis in
children with all types of mastocytosis is esti-
mated to be 5-9% [3, 17]. Rates in urticaria pig-
mentosa are lower, around 1.5%, but greater
cutaneous involvement is associated with higher
risk of anaphylaxis [16, 17]. In one study, 13% of
adults with cutaneous mastocytosis reported a
history of anaphylaxis, whereas in adults with

Table 4.2 Symptoms of mast cell degranulation in
patients with mastocytosis [3, 16]

Skin symptoms

Itching

Flushing

Gastrointestinal symptoms

Diarrhea

Abdominal pain

Vomiting

Respiratory symptoms

Wheezing/dyspnea
Cough
Rhinorrhea

Other
Bone pain
Headache

Systemic symptoms

Irritability

Hypotension

Anaphylaxis

Syncope

systemic mastocytosis rates of anaphylaxis have
been reported to be as high as 56% [17].

Clinical manifestations may vary by mastocy-
tosis subtypes. Pediatric cutaneous mastocytosis
subtypes include solitary mastocytoma (SM),
maculopapular cutaneous mastocytosis or urti-
caria pigmentosa (UP), diffuse cutaneous masto-
cytosis (DCM), and telangiectasia macularis
eruptiva perstans (TMEP), with UP representing
the most common variant (see Table 4.1). Rare
cases of localized xanthelasmoid mastocytosis
have been reported, often favoring flexural areas,
with appearance similar to pseudoxanthoma elas-
ticum or juvenile xanthogranuloma [18-20].

About 20% of cases of pediatric mastocytosis
present as a solitary mastocytoma [3]. Solitary
mastocytomas typically present in early child-
hood as a single yellow-brown lesion. Induration
of skin with associated dimpling resulting from
cutaneous infiltration has been referred to as
having a peau d’orange (or orange skin) appear-
ance (Fig. 4.1). Systemic symptoms are rarely
encountered in association with solitary masto-
cytomas, and >90% of lesions will spontane-
ously resolve [3].

Urticaria pigmentosa presents with multiple
yellow-brown macules, papules, plaques, or blis-
ters. Lesions range from a few millimeters to
1-2 cm, tend to first appear on the trunk, and gen-
erally spare acral regions. Blistering can be seen,
most prominently in association with lesions on
the head [21]. Blistering tends to appear and
resolve in the first few years of life [22]. In

Fig. 4.1 Cutaneous mastocytosis. Several lesions in this
patient exhibit peau d’ orange textural changes
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patients with UP, both the number and severity of
skin lesions predict systemic symptoms, most
commonly gastrointestinal, respiratory, or neuro-
psychiatric disturbances [16].

Patients with DCM present with generalized
hyperpigmentation and induration of skin, as
opposed to the discrete lesions seen in UP or
SM. Two cutaneous manifestations of DCM have
been described, including indurated plaques or
blisters with background generalized erythema
and yellow/orange plaques mimicking xantho-
matous skin lesions [23, 24]. Systemic symptoms
such as flushing, GI distress, and bone pain are
more common in DCM than other forms of cuta-
neous mastocytosis [3, 15].

Telangiectasia macularis eruptiva perstans
(TMEP) is a form of cutaneous mastocytosis
seen in <1% of childhood cutaneous mastocyto-
sis, and in up to 14% of adult cases, with median
age of onset at 50 years [5]. TMEP is character-
ized by small red-brown telangiectatic macules
more commonly located on extremities. Up to
50% of adult patients with TMEP experience sys-
temic symptoms [5], but there is a paucity of
pediatric data due to the rarity of this presentation
in children.

It is important to note the distinctions in clin-
ical features between pediatric and adult-onset
mastocytosis. Adult-onset mastocytosis is much
more likely to be associated with systemic man-
ifestations, is less likely to regress, and presents
with smaller, monomorphic lesions on the trunk
and thighs. Children typically have larger, poly-
morphic macules, papules, plaques, or blisters
targeting the head and neck, trunk, and extremi-
ties [21]. Interestingly, children with small
(<1 cm), monomorphic maculopapular lesions
may have a later onset in disease and higher
likelihood of disease persistence beyond child-
hood [9].

Though pediatric fatalities in the perioperative
period have not been reported, the perioperative
period represents a clinical situation that requires
special attention. While 2—4% of children with
cutaneous mastocytosis may experience moderate
symptoms secondary to mast cell release and/or

anaphylaxis from anesthesia, such complications
may be avoided with prophylactic antihistamines
[25]. Importantly, there are no reported cases of
anesthesia-related complications in patients with
solitary mastocytoma [26]. The incidence in pedi-
atric systemic mastocytosis is unknown due to rar-
ity of the diagnosis. The perioperative period may
introduce numerous triggers, including stress,
temperature change, mechanical stress, and medi-
cations. Therefore, anesthesiologists should be
aware of the patient’s diagnosis and obtain a thor-
ough history of past triggers. Most authors advo-
cate for continued administration of maintenance
mastocytosis-directed  treatment, incremental
administration of medications with potential for
mast cell release, and substitution of fentanyl or
sufentanil for known degranulators, including
atracurium, mivacurium, meperidine, and mor-
phine [26]. NSAIDs may be used, with caution, in
children without known sensitivity. Regardless of
procedure, medication list, or severity of cutane-
ous symptoms, medical providers should be pre-
pared to respond to episodes of anaphylaxis in
children with cutaneous mastocytosis undergoing
anesthesia.

Diagnosis

The diagnosis of cutaneous mastocytosis is estab-
lished by identifying the highly characteristic
clinical exam (see Fig. 4.1) and/or with skin
biopsy. Lesions of cutaneous mastocytosis are
hyperpigmented, fixed macules, papules or
plaques that tend to exhibit a wheal and flare
reaction when stroked, known as the Darier’s
sign. Skin biopsy of suspected lesions demon-
strates a mast cell infiltrate in the papillary der-
mis. Increase in mast cell number can be subtle,
particularly in patients with TMEP. Giemsa, tolu-
idine blue, or immunohistochemical stains with
CD117/c-kit and tryptase can help to identify
mast cells on skin biopsy.

Many experts suggest that evaluation for sys-
temic mastocytosis is unnecessary for most
children with mastocytosis, but for certain
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patients with severe disease, further workup may
be warranted. Though controversial, some
authors recommend consideration of systemic
workup in the following scenarios: organomeg-
aly, elevated tryptase, unexplained peripheral
blood abnormalities, or persistence of cutaneous
lesions after puberty. Differentiation of cutane-
ous mastocytosis from systemic mastocytosis
generally requires a bone marrow biopsy and is
supported by the criteria listed in Box 4.1 [27].

Box 4.1 Criteria for the diagnosis of systemic
mastocytosis, adapted from Valent et al.
2001 [27]

Major

1. >15 mast cells in aggregates on bone
marrow biopsy or other extracutaneous
tissue

Minor

1. 25% spindle-shaped mast cells in extra-
cutaneous specimen or >25% atypical
mast cells

2. C-kit mutation in codon 816

3. Co-expression of kit and CD2 and/or
CD25 in mast cells in bone marrow,
blood, or extracutaneous tissue

4. Serum tryptase persistently >20 ng/mL

One major and one minor or three minor
criteria are required for the diagnosis of
systemic mastocytosis.

Laboratory Findings

Recommendations for initial laboratory testing
vary between authors and clinicians. Some sug-
gest that CBC with differential and biochemistry
should be obtained at diagnosis in addition to
baseline tryptase in those with UP or DCM [28].
Frequency of repeat testing has not been

57

established but likely should be based on the
severity of systemic symptoms.

Monitoring of tryptase levels may be helpful
in determining burden of cutaneous disease and
risk for systemic involvement. Children with dif-
fuse cutaneous mastocytosis display significantly
higher levels than those with urticaria pigmen-
tosa or solitary mastocytoma [15, 29]. Serum
tryptase tends to decrease over time and correlate
with improvement in symptoms. As such,
increases in serum tryptase may indicate the need
for further evaluation and consideration of bone
marrow biopsy [30]. In a case series of 105 chil-
dren evaluated for cutaneous mastocytosis, sys-
temic mastocytosis was found only in children
with both elevated tryptase (>20 ng/mL) and
organomegaly, suggesting that these factors
should be considered in the decision to pursue
bone marrow biopsy in pediatric patients [30].
Importantly, there were no patients with elevated
tryptase in the absence of organomegaly who
were found to have systemic mastocytosis [30].
Plasma histamine, though elevated in most cases
of CM, has not been found correlate with active
disease in mastocytosis [31].

The SCORing MAstocytosis (SCORMA)
index correlates with serum tryptase and has been
proposed as a standardized method to grade
severity of mastocytosis [32]. This index com-
bines the anatomical area involved, intensity of
cutaneous findings, and subjective symptoms
reported by patients or families.

Treatment

Treatment of mastocytosis is dependent on the
severity of symptoms relating to mast cell
degranulation and mast cell mediator release
(Table 4.3). Treatment can successfully amelio-
rate symptoms but does not appear to hasten res-
olution of mastocytosis. A detailed protocol for
management is proposed by Heide et al. 2008
[33]. For patients with severe disease, avoidance
of triggers of mast cell degranulation (Table 4.4)
can help prevent systemic symptoms.
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Table 4.3 Treatment options for cutaneous mastocytosis [33, 34]

Clinical presentation

Treatment recommendations

All forms

At least yearly follow-up with abdominal and lymph node exam
Screening for systemic symptoms of mast cell degranulation

Asymptomatic cutaneous lesions

No treatment required

Cutaneous solitary mastocytoma

Topical steroids may speed partial regression [34]
Consider surgical excision if severe

Urticaria pigmentosa or diffuse
cutaneous mastocytosis with symptoms
from histamine release (see Table 4.2)

First- and/or second-generation antihistamines
Oral cromolyn sulfate

Topical steroids

Avoid known triggers

Consider epinephrine prescription

Extensive cutaneous disease

Avoid known triggers
Provide epinephrine prescription PRN

Table 4.4 Triggers of mast cell degranulation [28, 33] Table 4.5 WHO classification of hematopoietic/lym-

Changes in temperature

phoid tumor subsets, adapted from Campo et al. 2008 [35]

Friction

(1) Mature B cell neoplasms

Stress

(2) Mature T cell and NK cell neoplasms

Infections

(3) Hodgkin lymphoma

NSAIDs, aspirin

(4) Posttransplant lymphoproliferative disorders

Opiates, especially morphine, codeine

(5) Histiocytic and dendritic cell neoplasms

Dextromethorphan

— Histiocytic sarcoma

Polymyxin B

— Langerhans cell histiocytosis

Contrast media

— Langerhans cell sarcoma

Alcohol

— Interdigitating dendritic cell sarcoma

Surgical or dental procedures

— Follicular dendritic cell sarcoma

Vaccines

— Fibroblastic reticular cell tumor

Bee/wasp stings

— Intermediate dendritic cell tumor

Any other past triggers

— Disseminated juvenile xanthogranuloma

Langerhans Cell Histiocytosis

Introduction

Manifestations of LCH range from relatively

Key Points benign collections of histiocytes in the skin or
 Langerhans cell histiocytosis (LCH) is a bone to multi-organ disease with a higher mor-
neoplastic disorder arising from histiocytes bidity and mortality rate. The WHO groups
that can affect nearly any organ system. LCH within the larger category of histiocytic/
 Single and multisystem forms of LCH dendritic cell neoplasms (see Tables 4.5 and 4.6)
have significantly different prognoses, [35, 36].
and evaluation for systemic involvement Recently, authors have advocated for a new

should be undertaken for all
with cutaneous lesions.

patients classification scheme of LCH from the traditional
eponyms into single-system (SS-LCH) and mul-

e Mutations in BRAF V600E are found in tisystem LCH (MS-LCH) (see Table 4.6). Focal

many cases of LCH. A portion of BRAF osteolytic lesions, previously known as eosino-
V600E mutation-negative patients har- philic granuloma, and congenital self-healing
bor mutations in MAP 2K1. reticulohistiocytosis (Hashimoto-Pritzker) are

now considered variants of SS-LCH.
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Table 4.6 Historic and modern classifications of LCH [37]

Historic classification model

Modern classification

Eosinophilic granuloma (localized LCH, often of
bone)
Hashimoto-Pritzker (congenital self-healing LCH)

Single-system LCH (SS-LCH)

Hand-Schuller-Christian (osteolytic lesions of the
skull, diabetes insipidus, and exophthalmos)
Abt-Letterer-Siwe (acute diffuse histiocytosis)

Multisystem LCH (MS-LCH)

-With “risk organ” involvement (liver, spleen,
hematolymphatic, or respiratory system)
-Without “risk organ” involvement

Epidemiology

Across subtypes, LCH occurs at a rate of about
1-4 per million children [38-40), with rates as
high as 9 per million in some studies [41]. Rates
are generally higher in children under age 1
(around 5-9 per million infants) [38, 39], as well
as in Caucasian and Hispanic populations [38].
Most cases of LCH are sporadic, but familial and
twin cases have been reported [42]. Most case
series show a modest male predominance.

Natural History
LCH is predominantly a disorder of childhood,
with median age at diagnosis of 4-5 years [41, 43,
44]. Skin-limited LCH has a very good prognosis,
with 100% 3-year overall survival and 89% 3-year
progression-free survival [45]. In contrast, 3-year
progression-free survival falls to 44% for patients
with multisystem disease [45]. Involvement of
high-risk organs, specifically the liver, spleen,
hematolymphatic, or respiratory system, portends
a worse prognosis [44]. Though the mortality rate
is relatively low, mortality typically affects
patients with multisystem disease involving high-
risk organs. For example, the 5-year survival rate
for patients with liver involvement is 25% [39].
Over 70% of neonates (infants less than
28 days) presenting with cutaneous features of
LCH have multisystem involvement on further
investigation [46]. Single-system LCH in infants
has excellent prognosis with a 94% 5-year overall
survival, but survival falls to 57% for patients with
multi-organ  involvement [46]. Historically,
authors defined a distinct benign entity in neonates
known as congenital self-healing reticulohistiocy-
tosis or Hashimoto-Pritzker. Solitary congenital

lesions have been reported, generally with excel-
lent prognosis and spontaneous resolution [47—
49]. However, as no reliable factors exist at this
time to predict which patients may experience pro-
gression or recurrence based on cutaneous features
[50, 51], many authors now advocate to view all
forms of LCH as having the potential for aggres-
sive features and long-term sequelae [52].

Pathogenesis

Langerhans cells are antigen-presenting cells
found in the skin and other organs. Both normal
Langerhans cells and LCH cells can be identified
by similar phenotypic markers such as CDla,
S100, and Langerin (CD207). Though they share
the same markers as epidermal Langerhans cells,
lesional Langerhans cells in LCH likely arise
from myeloid dendritic precursors [53]. Clonal
populations of Langerhans cells have been identi-
fied in LCH, including in unifocal, multi-organ,
and disseminated forms [54, 55]. Until recently,
many authors debated whether the clonal prolif-
erations seen in LCH represented a neoplastic or
reactive process. In 2010, Badalian-Very et al.
demonstrated high prevalence of activating
BRAF mutations in patients with LCH [56], sug-
gesting that LCH should best be defined as a neo-
plastic process. More recently, multiple studies
have identified that about 50% LCH lesions
express BRAF V600E mutations [57, 58].
Mutations in MAP 2K 1,which encodes MEK1, a
downstream effector protein in the BRAF signal-
ing pathway, have been found in about half of the
BRAF V600E-negative patients [59]. The clini-
cal implications of these mutations are unclear, as
no distinct disease phenotype has been found to
correspond to either mutation [60].
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Clinical Features

Skin lesions in LCH have a variable clinical pre-
sentation. Common cutaneous presentations
include crusted, scaly papules or vesicles. Lesions
often involve the seborrheic distribution, intertrigi-
nous areas, and mucosa or may resemble otitis
externa [52]. LCH should be suspected in cases of
seborrheic dermatitis, diaper dermatitis, and otitis
externa that do not respond to standard treatments.
See Fig. 4.2 for the most frequent distribution of
lesions. Rarely, lesions resembling hemangiomas,
varicella, or purpura have been reported [52]. In
children under age 1, cutaneous findings are the
most common presenting symptom [44, 46, 51].

Fig.4.2 Typical
distribution of lesions
in pediatric LCH [52]

About 30% of LCH patients present with
multisystem disease, with the bone as the most
frequently involved organ, followed by the
skin and soft tissue [43, 44]. In addition, pro-
gression from skin-limited to multisystem
LCH has been reported [61]. Signs and symp-
toms from extracutaneous LCH depend on
organ system involved and include fever,
weight loss, malaise, bone pain or swelling,
loose teeth, respiratory distress, ataxia, and
polydypsia/polyuria. Children with multisys-
tem disease are more likely to have long-term
sequelae such as diabetes insipidus, orthopedic
abnormalities, hearing loss, or neurologic dys-
function [62].

Involved in >50% of cases
(green areas)

Scalp
Trunk
Groin

Involved in 25-50% of cases

(red areas)

Retroauricular skin
Face

Axilla

Pubis

External otitis
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Diagnosis

The Histiocytosis Society recommends a stan-
dardized workup in cases of suspected LCH,
regardless of clinical variant (Box 4.2).

Box 4.2 Initial evaluation of suspected LCH,
adapted from the Histiocytosis Society of
Europe [37]

Physical exam: including lymph node
exam and abdominal exam for evalua-
tion of liver and spleen

Skin biopsy of suspected lesion(s)

Bloodwork
Complete blood count with differential
Electrolytes
Liver function tests (albumin, total pro-
tein, bilirubin, coagulation studies,
transaminases)
ESR

Imaging
Skeletal and chest radiographs
Abdominal ultrasound

Whenever possible, histologic examination is
essential to confirm the diagnosis of LCH, as
many diseases may mimic LCH. Hematology-
oncology will pursue additional studies, includ-
ing bone marrow biopsy, pulmonary function
tests, bronchoalveolar lavage or lung biopsy,
small bowel imaging, liver biopsy, CT or MRI of
brain, dental radiographs, endocrine evaluation
and ENT evaluation, based on initial clinical,
laboratory, and imaging findings [63].

Treatment

Treatment for single-system LCH varies based
on the organ system involved and associated
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risk for mortality or morbidity [37]. Single-
system disease can be effectively treated with
observation or curettage (bone-only disease) or
topical corticosteroids (skin-only disease),
while multi-organ or high-risk organ involve-
ment often necessitates initiation of chemother-
apy. Protocols employing vinblastine and
prednisone have been shown to effectively treat
multisystem LCH [64, 65], particularly with
intensified and prolonged courses of treatment
[65, 66]. In patients who require chemotherapy
to treat LCH, response to initial therapy predicts
long-term survival [40, 66, 67]. Based on the
identification of BRAF mutation in LCH, initial
investigation of vemurafenib for LCH has been
promising [68-70]. MEK mutations have been
identified in BRAF mutant-negative patients,
likely creating a role for targeted MEK inhibi-
tors in the future [59].
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Malignancy-Associated
Genodermatoses

Sarah N. Robinson, Hannah Song,
and Jennifer T. Huang

Genodermatoses Associated
with Primary Cutaneous
Malignancies

Introduction

In this section, we will highlight genodermatoses
associated with primary skin cancer during child-
hood, as opposed to those with development of
skin cancer secondarily in the setting of photo-
sensitivity or other predisposing factors such as
chronic wounds. Genodermatoses will be pre-
sented according to the type(s) of skin cancer
with which they are associated (basal cell carci-
noma, squamous cell carcinoma, or melanoma).
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Key Points

* Nevoid basal cell carcinoma syndrome
(also known as Gorlin syndrome) is the
genodermatosis most commonly associ-
ated with development of basal cell car-
cinoma in childhood.

» Ferguson-Smith syndrome is associated
with eruption of keratoacanthomas and
typically follows a self-limited course.

e Familial atypical multiple mole-
melanoma syndrome is associated with
the presence of numerous atypical nevi
and predisposition to development of
melanoma.

Basal Cell Carcinoma

Basal cell carcinoma (BCC) is the most common
form of nonmelanoma skin cancer (NMSC) in
adults, but a rare entity in the pediatric popula-
tion. The diagnosis of BCC at a young age merits
a thorough investigation for underlying predis-
posing factors including nevus sebaceous,
radiation exposure, immunosuppression, or asso-
ciated genodermatoses [1, 2]. We will review two
genodermatoses that are associated with develop-
ment of BCCs in children or young adults: nevoid
basal cell carcinoma syndrome and Bazex
syndrome.
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Nevoid Basal Cell Carcinoma Syndrome
Nevoid basal cell carcinoma syndrome, also
known as Gorlin syndrome or basal cell nevus
syndrome, is an autosomal dominantly inher-
ited genodermatosis associated with the devel-
opment of numerous BCCs. Hundreds of cases
have been reported in the literature to date,
with large series of more than 100 patients
each described in both the United States and
Australia [3, 4]. The gene affected in this con-
dition is the tumor suppressor gene PTCHI,
located on chromosome 9q22-31; the mutation
results in an upregulation of the Hedgehog sig-
naling pathway [5].

Clinically, patients typically have at least one
BCC and many develop hundreds or more, with
onset ranging from early childhood to adult-
hood, averaging in the early 20s [3]. They
appear as skin-colored papules, often develop-
ing in sun-exposed areas including the face,
neck, and extremities, as well as the trunk with
predilection for flexural regions such as the
neck, axillae, and inguinal regions. While BCCs
may begin as small, asymptomatic lesions dur-
ing childhood (Fig. 5.1), they continue to grow
in size with age and can become locally destruc-
tive. Importantly, patients with nevoid basal cell
carcinoma syndrome can have a number of
associated cutaneous and extracutaneous find-
ings, several of which may be noted in early
childhood prior to the development of BCCs.
Additional skin findings can include palmar or
plantar pits (Fig. 5.2), epidermal inclusion cysts,
and milia [6]. Many children have characteristic
facial features including hypertelorism, macro-
cephaly, and frontal bossing. Associated extra-
cutaneous features include ophthalmologic
anomalies (see Table 5.1), calcification of the
falx cerebri, medulloblastoma, odontogenic ker-
atocysts, or other skeletal or soft tissue abnor-
malities [6, 7]. Positive family history can also
suggest this diagnosis early in life [6]. While
there are no agreed upon diagnostic criteria,
proposed criteria for “reasonable consideration”
from the First International Colloquium on
Basal Cell Nevus Syndrome held at Saint Louis
University School of Medicine in 2011 were
one major criterion and confirmatory genetic

Fig. 5.1 Numerous small skin-colored, dome-shaped
papules on the neck, consistent with early basal cell carci-
nomas in Gorlin syndrome

Fig. 5.2 Palmar pits, which can be subtle clinically but
represent a major criterion for Gorlin syndrome

testing, two major criteria, or one major and two
minor criteria, as outlined in Table 5.1 [7].
With regard to management for these patients,
treatment for each individual BCC is similar to
that for any other BCC, typically consisting of
electrodessication and curettage (ED&C), curet-
tage alone, excision, or Mohs micrographic sur-
gery for nodular subtype or lesions on sites that
are cosmetically sensitive and/or at higher risk
for recurrence. When treating multiple BCCs
within a localized area, providers should consider
field treatment such as photodynamic therapy
(PDT) or topical chemotherapy such as
5-fluorouracil cream for superficial lesions. For
numerous, locally invasive, recurrent, or meta-
static BCCs, one may also consider systemic
treatment with the smoothened receptor inhibi-
tors such as vismodegib and sonidegib, although
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Table 5.1 Clinical criteria for diagnosis of Gorlin syndrome [7]

Major criteria

Minor criteria

BCC at age <20 years or multiple BCCs higher in number
than would be expected based on exposures

Ocular abnormalities (i.e., hypertelorism, strabismus,
congenital cataracts)

Odontogenic keratocyst during childhood

Skeletal anomalies (i.e., bifid or other rib
abnormalities, vertebral fusion, short fourth
metacarpals, polydactyly)

Medulloblastoma

Macrocephaly, frontal bossing

Calcification of the falx cerebri

Cleft lip/palate

Palmar or plantar pitting

Fibroma of ovary or heart

Family history of Gorlin syndrome in a first-degree
relative

Abdominal cysts containing lymphatic fluid

Information compiled from Bree et al. “Consensus statement from the first international colloquium on basal cell nevus

syndrome”

there is currently limited data on safety and effi-
cacy in children [8—10].

These patients require close surveillance with
routine full skin examinations every 6—12 months,
radiographic surveys to assess for odontogenic
keratocysts of the jaw, and counseling regarding
importance of strict sun protection. The treatment
team should be multidisciplinary and may include
dentistry, neurology, orthopedic surgery, ophthal-
mology, and genetics, in addition to dermatology.
While radiographs may be necessary to screen
for odontogenic keratocysts or brain tumors, ion-
izing radiation, e.g., radiologic imaging and radi-
ation therapy, should be used with caution in
these patients as it has been shown to signifi-
cantly increase risk for development of BCCs
within the treatment area [11, 12]. With appropri-
ate treatment and no internal malignancy, most
patients with nevoid basal cell carcinoma syn-
drome can expect a normal lifespan.

Bazex Syndrome

Bazex syndrome, also known as Bazex-Dupré-
Christol syndrome, is a rare genodermatosis
associated with development of multiple BCCs
with onset as early as the first or second decade of
life [13]. It is thought to have an X-linked domi-
nant inheritance pattern, although the causative
gene remains unknown. Other characteristic
cutaneous features include hypotrichosis (which
is often the presenting sign as it may become
apparent early in childhood), hypohidrosis, and
follicular atrophoderma of the dorsal aspect of

hands and feet [2, 14, 15]. While Bazex syn-
drome demonstrates significant overlap in clini-
cal features with Rombo syndrome, BCCs in
Rombo syndrome tend to develop during adult-
hood [16]. Management for patients with Bazex
syndrome should emphasize education on sun
protection as well as regular full skin checks with
dermatology.

Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is the second
most common form of NMSC in adults. Many
consider keratoacanthomas, which classically
present as rapidly enlarging nodules with a cen-
tral crater containing keratin, to be on a spectrum
with SCC. While they may be indistinguishable
from SCC histologically, they have a tendency to
erupt and then spontaneously regress clinically.
Similar to BCC, SCCs are also rare in childhood
and should prompt evaluation for predisposing
factors. In this section, we will discuss a single
genodermatosis that has been associated with
development of keratoacanthomas during child-
hood, Ferguson-Smith syndrome, as well as give
brief mention to a second entity that can have
similar findings in adults, Muir-Torre syndrome.

Ferguson-Smith

Ferguson-Smith syndrome, also known as multi-
ple self-healing squamous epitheliomas, is char-
acterized by multiple keratoacanthomas, as its
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name suggests. It has an autosomal dominant
inheritance pattern and results from TGFBR1 or
ALKS mutations, resulting in a loss of function
mutation in TGFbetal [17]. The clinical presen-
tation includes anywhere from a few to hundreds
of keratoacanthomas in adolescence or early
adulthood that grow rapidly before resolving,
often leaving deep scars. The disease is not asso-
ciated with photosensitivity, but keratoacantho-
mas have a propensity to develop on sun-exposed
areas. Given the spontaneous regression of kera-
toacanthomas, the lifespan of these patients is
typically not affected.

Muir-Torre syndrome is another condition that
can be associated with multiple keratoacantho-
mas, though the tumors typically appear in adult-
hood. It is an autosomal dominantly inherited
condition characterized by sebaceous gland neo-
plasms and internal malignancies. It is consid-
ered a phenotypic variant of hereditary
nonpolyposis colorectal cancer (HNPCC) that
results most commonly from mutations in mis-
match repair genes MLH1 and MSH2 [18].
Sebaceous adenomas, the most common skin
neoplasm, are considered benign and usually
present in the fifth decade but can present in ado-
lescence [19]. Multiple keratoacanthomas do not
usually occur until adulthood. The presence of
sebaceous neoplasms in children should prompt
screening for Muir-Torre and associated gastroin-
testinal malignancies [20].

Melanoma

In addition to squamous cell carcinoma in the set-
ting of immunodeficiency, melanoma is a malig-
nancy of the skin with potential to metastasize to
internal organs, leading to death. However, when
detected early, local surgical excision can be
curative. There are a number of factors associated
with increased risk for development of melanoma
in both children and adults, including, but not
limited to: skin type, sun exposure, family his-
tory, number and type of nevi, and atypical nevi
[2, 15]. In addition, there are several genoderma-
toses associated with increased risk of melanoma
including a familial mole syndrome and xero-

Table 5.2 Genodermatoses associated with cutaneous
malignancy in childhood

BCC

Nevoid basal cell carcinoma syndrome
(Gorlin)

Bazex syndrome
(Bazex-Dupré-Christol)

Xeroderma pigmentosum
Oculocutaneous albinism

SCC Ferguson-Smith syndrome
Xeroderma pigmentosum

Kindler syndrome

Bloom syndrome
Rothmund-Thomson syndrome
Oculocutaneous albinism
Epidermodysplasia verruciformis
Epidermolysis bullosa

Incontinentia pigmenti

FAMMM syndrome (familial atypical
multiple mole-melanoma syndrome)
Xeroderma pigmentosum

Melanoma

derma pigmentosum (to be discussed in a later
section), as shown in Table 5.2. In this section,
we will focus on familial atypical multiple mole-
melanoma syndrome, a condition associated with
atypical nevi and increased risk for melanoma.

Familial Atypical Multiple Mole-
Melanoma Syndrome

Familial atypical multiple mole-melanoma
(FAMMM) syndrome, also known as atypical
mole syndrome, is an autosomal dominantly
inherited genodermatosis that is most commonly
associated with a mutation in CDKN2A, which
encodes pl6. Typical skin findings include 50 or
more atypical nevi (larger in size, darker in color,
and/or having irregular borders compared to
banal nevi) that develop in childhood or early
adulthood, with nevus counts in some individuals
reaching several hundred [21]. These patients are
at significantly increased risk for development of
cutaneous melanoma beginning in their teenage
years, as well as ocular melanoma and other
internal malignancies, such as pancreatic cancer,
with particular CDKN2A mutations [2, 22].
Routine screening skin exams and consideration
of total body photography, in addition to sun pro-
tection, are integral management strategies to
allow for early detection of melanoma in these
patients and their families.
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Genodermatoses Associated
with Photosensitivity and
Increased Risk of Skin Cancer

Introduction

Key Points

e Xeroderma pigmentosum (XP) is a
genodermatosis associated with photo-
sensitivity secondary to defects in DNA
mismatch repair and increases the risk
for NMSC and melanoma.

* Bloom and Rothmund-Thomson are
genodermatoses associated with photo-
sensitivity secondary to defects in DNA
helicase genes and increase the risk for
NMSC.

e Kindler syndrome is associated with
photosensitivity due to cell matrix insta-
bility, and oculocutaneous albinism is
associated with photosensitivity due to a
defect in melanin biosynthesis. Both
increase the risk of NMSC.

Photosensitivity is an important feature of many
genodermatoses, some of which are associated
with an increased risk for skin cancer and other
malignancies. There are multiple underlying
mechanisms for the increased risk in skin cancer,
which include defects in DNA repair, cell matrix
instability, and melanin production, as detailed in
Table 5.3.
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DNA Repair

Table 5.3 lists genodermatoses with photosensi-
tivity with underlying defect in DNA repair.

Xeroderma Pigmentosum

Xeroderma pigmentosum (XP) is an autosomal
recessively inherited disease characterized by
exquisite sensitivity to ultraviolet (UV) radia-
tion. Mutations in eight genes (XPA to XPG and
XPV), which correspond to complementation
groups that assist in DNA repair, have been iden-
tified. The repair rate of damaged DNA depends
on the specific mutation, resulting in a range of
severity in disease presentations. The incidence
of disease ranges from 2.3 per million in Western
Europe to 1 per 20,000 in Japan and depends on
the demographic of the population [23].

There are two main clinical presentations of
XP, which include extreme photosensitivity with
secondary changes including vesicles, bullae,
and conjunctivitis, or disproportionate numbers
of lentigines that appear in sun-exposed areas.
The onset of these cutaneous manifestations is
typically at 1-2 years of age [24]. Chronic cuta-
neous changes include severe xerosis and prema-
ture aging of the skin, with telangiectasias,
atrophy, hypopigmentation, and hyperpigmenta-
tion. Furthermore, these patients have an
increased risk of both NMSCs and melanoma in
sun-exposed areas, especially in the head and
neck region. These cancers can have an aggres-
sive course, with a tendency to grow rapidly and
metastasize early [25]. The median age for
NMSC diagnosis is 8 years and median age for

Table 5.3 Genodermatoses with photosensitivity with underlying defect in DNA repair

Genodermatosis with photosensitivity
Xeroderma pigmentosum

Xeroderma pigmentosum/Cockayne overlap*

Cockayne syndrome*
Trichothiodystrophy*

Bloom syndrome
Rothmund-Thomson syndrome

no association with increased risk for cutaneous malignancy

DNA repair gene defect

Nucleotide excision repair: XPA-XPG, XPV
UV-irradiated DNA repair: XPV

Nucleotide excision repair: XPG, sometimes XPB
or XPD

Nucleotide excision repair: CSA, CSB
Nucleotide excision repair: TTDA, TTDN
Helicase: RECQL4

Helicase: RECQL2
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melanoma diagnosis is 19-22 years [26, 27]. The
overall risk of NMSC is 10,000x normal, and the
risk of melanoma is 2,000x normal in patients
with XP [27]. Ocular tissue involvement also
occurs in almost half of all these patients, result-
ing in changes like conjunctivitis, ectropion, cor-
neal opacities, and neoplasms [24]. Important
extracutaneous findings include progressive neu-
ronal deterioration, which occurs in 20-25% of
patients [24, 27]. In the past, diagnosis was made
on the basis of clinical features and observations
of defective DNA repair, but there is increased
utilization of genetic testing, including whole
exome sequencing [28].

Management of these patients requires rigor-
ous photoprotection, both when the patient is
indoors and outdoors. Measures like UV-resistant
films on all windows in a patient’s home and
school environments and protective headgear,
gloves, and clothing to cover all body surfaces
when going outdoors are imperative, given the
extraordinary risk of skin cancer in XP patients.
High-dose oral isotretinoin has a chemoprophy-
lactic effect and significantly reduces the rate of
skin cancer formation during treatment, but the
skin cancer formation rate increases again to the
pretreatment rate once the medication is stopped
[29]. Novel treatments, including a bacterial
DNA repair enzyme delivered in a liposomal
lotion and gene therapy, are currently under
investigation [30]. Regular visits to the derma-
tologist and ophthalmologist for cancer surveil-
lance are the standard of care. The most common
cause of death in XP patients is skin cancer, fol-
lowed by neurologic decline and internal
cancers.

Rothmund-Thomson

Rothmund-Thomson (RT) is another exceed-
ingly rare autosomal recessively inherited geno-
dermatosis. There are about 300 cases of RT
reported in the literature [31]. RT1 is a subset
without a known causative gene, while RT2 has
been linked to a mutation in RECQ4 and an
increased risk for malignancy [32]. Mutations in
the DNA helicase RecQ family of genes are
responsible for Bloom, Werner, and RT, which
have different clinical presentations, but share

similar mutations that cause gene instability,
resulting in a strong predisposition to malig-
nancy [14]. The cutaneous findings usually
manifest between 3 and 6 months of life and
almost always before the first year of life, with
erythema, edema, and blistering, on the cheeks
and face, before spreading to the extremities and
buttocks [33]. These skin changes can occur in
response to ultraviolet light, but can also occur
in the setting of minimal sun exposure [34].
This rash typically spares the trunk and abdo-
men. Chronic changes include atrophy, hyper-
pigmentation, hypopigmentation, and reticular
telangiectasias that can persist throughout the
patient’s lifetime. Other cutaneous findings that
would support the diagnosis of RT include dif-
fuse hypotrichosis on the scalp and eyebrows,
nail dystrophy, and palmoplantar keratosis.
Squamous cell carcinoma is the most common
cutaneous tumor and represents an important
manifestation of RT. Important extracutaneous
clues to the diagnosis include cataracts, short
stature, and skeletal abnormalities.

The diagnosis of RT is primarily based on
characteristic clinical findings, as well as
genetic testing for RECQL4 mutations, and
treatment for these patients is mainly support-
ive. In terms of long-term management, it is
important to know that patients with RT have
increased susceptibility for both osteosarcoma
(most common malignancy) and cutaneous
SCC. Given these associations, there should be
an emphasis on photoprotection and a low
threshold for work-up of musculoskeletal com-
plaints. NMSC, especially SCC, presents at a
mean age of 34 years, but surveillance with
complete skin examinations should begin in
adolescence [35].

Bloom Syndrome

Bloom syndrome is an autosomal recessive dis-
ease found frequently in the Ashkenazi Jewish
population and associated with a mutation in the
BLM gene at chromosome 15q26.1 that encodes
RECQLS3 helicase [36, 37]. The DNA in lym-
phocytes, which lack this important helicase in
affected patients, demonstrate an increase in sis-
ter chromatid exchanges and therefore DNA
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instability [38]. Several hundred cases have
been reported in the literature. Erythema of the
cheeks in a butterfly distribution after sun expo-
sure is often the earliest cutaneous manifesta-
tion appearing within the first few weeks of life.
The rash can spread over the face, but tends to
spare the extremities and trunk. Photosensitivity
resulting in blistering, erythema, and bleeding is
commonly seen in any region exposed to UV
radiation [36]. These cutaneous changes evolve
into chronic changes that include mottled hypo-
and hyperpigmentation, telangiectasias, atro-
phy, and scarring. Other important cutaneous
manifestations are café au lait macules and
hypopigmented macules, especially over the
dorsum of the hands and forearms [39]. The
most distinctive extracutaneous feature of
Bloom syndrome is proportionate small stature.
Other suggestive extracutaneous findings
include a characteristic birdlike appearance due
to lack of subcutaneous fat, recurrent bacterial
infections with associated hypogammaglobu-
linemia, and impaired fertility in men and
women. Diagnosis is ultimately made through
karyotype or genetic mutation analysis [40].

The range of malignancies associated with
Bloom syndrome is similar to the spectrum seen
in the general population, but affects patients
with an increased frequency and at a younger
age. In the first decade, rare cases of Wilms
tumor and osteosarcoma have been reported. In
the second decade, hematologic malignancies
and skin cancer become more common, and the
risk of all other carcinomas, especially colon
and breast cancer, increases thereafter [41]. Of
note, pulmonary complications like bronchiec-
tasis, while not malignant processes, contribute
significantly to the mortality rate and are the
second-leading cause of death after malignancy
in these patients [41]. Dermatologic care should
include photoprotection and frequent monitor-
ing to detect skin cancers. Management can be
very difficult because Bloom syndrome patients
are susceptible to such a wide spectrum of
malignancies, but avoidance of unnecessary
radiation and early screening for the common
malignancies like breast and colon cancer have
been recommended [42].

Cell Matrix Instability

Kindler Syndrome

Kindler syndrome, or congenital bullous poiki-
loderma, is a rare subtype of epidermolysis bul-
losa with an autosomal recessive inheritance
pattern. It is caused by a mutation in the
FERMT1 gene encoding kindlin-1, resulting in
dysfunctional actin cytoskeleton-extracellular
matrix interaction at multiple intra- and subepi-
dermal levels [43]. To date, there have only been
250 cases of this blistering disease reported
[44]. Patients typically present at birth with
severe skin fragility and new blisters forming
after exposure to trauma or sunlight. Chronic
changes including sclerosing features and dif-
fuse cutaneous atrophy affecting the dorsal
aspects of the hands (Fig. 5.3) increase with age
[45]. Other cutaneous findings include webbing
of hands and feet, hyperkeratosis of palms and
soles, nail dystrophy, ectropion, gingivitis, and
periodontitis leading to premature loss of teeth.
Furthermore, patients develop actinic keratoses
or SCCs in the third and fourth decade of life,
especially on the acral surfaces and oral mucosa,
most likely due to ultraviolet-induced DNA
damage and chronic inflammation [45].
Extracutaneous findings include esophageal,
urethral, and vaginal stenosis and colitis sec-
ondary to mucosal inflammation [46]. Given the
overlap with other blistering disorders, the gold

Fig. 5.3 Diffuse cutaneous atrophy of the dorsal aspect
of the right hand, consistent with chronic skin changes in
Kindler syndrome
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standard of diagnosis is molecular genetic muta-
tion testing for loss of function mutations in
FERMT1 and supportive histological and
immunofluorescence studies.

In terms of treatment, a multidisciplinary team
is essential to minimize complications from stric-
tures and scarring that can affect all mucosal sur-
faces. Regular dental care is necessary to monitor
for and treat the gingivitis. Patients with severe
dysphagia secondary to esophageal strictures
may require repeat dilatations of the esophagus.
Patients with severe colitis, urethral, or vaginal
strictures may require surgical intervention.
Photoprotection and proper wound care are the
mainstays of dermatologic care. Monitoring for
skin cancer with regular skin exams at least every
6—12 months, with careful attention to the oral
mucosa and areas of chronic ulceration or leuko-
plakia, should begin at the age of 20 years [47].

Oculocutaneous Albinism

Oculocutaneous albinism (OCA) is a disease
entity with autosomal recessive transmission that
is caused by a defect in melanin biosynthesis and
affects about 1 in 17,000 individuals in the United
States [48]. There are at least seven subtypes of
OCA, but OCA1 and OCA2 are the most com-
mon forms.

The clinical presentation of OCA includes
hypopigmentation of the skin, hair, and eyes
due to an absence or reduction in melanin bio-
synthesis, despite normal number of melano-
cytes. Reduced melanin biosynthesis results in
increased sensitivity to UV radiation and a pro-
pensity for cutaneous malignancies, especially
SCC and BCC. Patients develop signs of early
actinic damage, as well as amelanotic or pig-
mented melanocytic nevi. Cutaneous malig-
nancies develop as early as childhood and
present at a mean age of the third and fourth
decade of life [49]. The true incidence of mela-
noma in this population is controversial, but
appears to be low [50, 51]. The lack of ocular
pigmentation is associated with abnormal optic
projections of fibers from the retina to the optic
cortex. Patients present with translucency of
the iris, reduced visual acuity, photophobia,
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nystagmus, and strabismus. Treatment should
include sun avoidance and ophthalmologic
care.

Genodermatoses Associated
with Other Causes of Secondary
Cutaneous Malignancies

Introduction

In the next section, we will discuss a somewhat
heterogeneous group of genodermatoses that are
not associated with photosensitivity but predis-
pose to development of SCC, this time in the set-
ting of chronic inflammation and/or scarring.
While SCCs tend to occur slightly later in life in
this context, we will discuss several genoderma-
toses that are associated with development of
skin cancer during childhood, including epider-
molysis bullosa, incontinentia pigmenti, and epi-
dermodysplasia verruciformis.

Key Points

e In certain subtypes of epidermolysis
bullosa, chronic inflammation, ulcer-
ation, and scarring predispose to the
development of SCC that may behave
aggressively.

» Incontinentia pigmenti is characterized
by skin changes in a Blaschkoid distri-
bution and is associated with an
increased risk for SCC within affected
areas.

» Epidermodysplasia verruciformis repre-
sents an interplay between a genetic
mutation and HPV infection and is asso-
ciated with increased risk for SCC.

Epidermolysis Bullosa

Epidermolysis bullosa (EB) refers to a group of
genetic bullous disorders with onset in childhood
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with variable inheritance, presentation, severity,
and prognosis. Severe generalized recessive dys-
trophic epidermolysis bullosa (RDEB) is the sub-
type most commonly associated with SCC during
childhood, although patients with both Herlitz-
and non-Herlitz-type junctional epidermolysis
bullosa are also at increased risk, especially as
adults [52, 53]. In RDEB, which demonstrates
abnormal type VII collagen resulting in subepi-
dermal split, blisters and erosions may be seen
diffusely on the skin, favoring extremities and
other frequently traumatized areas, and mucous
membranes. Over time significant scarring devel-
ops, leading to joint deformities and disability.
Similar to the increased susceptibility of areas
with chronic inflammation to SCC in Kindler syn-
drome, areas with scars and active inflammation
in EB are predisposed to the development of inva-
sive SCC, which can be treated with excision if
diagnosed early. Importantly, SCCs arising within
scars may have a more aggressive course, result-
ing in local tissue destruction or metastasis. Cases
diagnosed late may require amputation or metas-
tasize, making SCC a leading cause of mortality
in patients with RDEB [2, 53].

Incontinentia Pigmenti

Incontinentia pigmenti (also known as Bloch-
Sulzberger syndrome) is an X-linked dominant
genodermatosis with mutations in NF-kappa-B
essential modulator (NEMO), also known as
inhibitor of nuclear factor kappa-B kinase sub-
unit gamma (IKK-y). This entity affects females
and is typically lethal in males. Characteristic
skin changes occur on the trunk or extremities in
a Blaschkoid distribution. There are classically
four distinct phases on the skin, beginning with
vesicles and bullae, followed by verrucous pap-
ules, then hyperpigmented macules, and finally
hypopigmented patches that may be atrophic,
though patients may not exhibit all phases and
the phases occur out of the classic order. Hair and
nails may also be affected. Patients may have
extracutaneous features including peg teeth, ocu-
lar abnormalities, and seizures [2]. There have

been at least two reports in the literature of
patients with incontinentia pigmenti who have
developed SCC during childhood [1, 54].
Management, as with other SCCs, centers on
treatment with local excision and routine screen-
ing skin exams with close assessment of scars to
detect primary skin cancer or recurrence.

Epidermodysplasia Verruciformis

Epidermodysplasia verruciformis, also known as
Lewandowsky-Lutz dysplasia, is a rare genoder-
matosis associated with a mutation in the
EVERI1/EVER?2 genes that predisposes to human
papilloma virus (HPV) infection of numerous
types including 5 and 8, which have been associ-
ated with increased risk for SCC in this popula-
tion, and is inherited in an autosomal recessive
manner [55]. Patients typically present with
numerous thin, slightly scaly plaques that can be
mistaken for flat warts or pityriasis versicolor
during childhood, which progress to verrucous
papules with increased risk for SCC [14]. While
SCC typically presents during adulthood with
this condition, cases have been described during
teenage years with a predilection for the head
and neck [56]. Treatment is often difficult given
the number and refractory nature of lesions. Sun
protection and interval screening skin exams are
recommended.

Genodermatoses Associated
with Extracutaneous Malignancies

Introduction

In this final section, we present a diverse group of
genodermatoses with characteristic cutaneous
findings that are suggestive of an underlying
genetic defect strongly associated with internal
tumor(s) in Table 5.4. The table includes the
underlying genetic defect, cutaneous and extra-
cutaneous findings, as well as the most common
extracutaneous malignancies associated with the
genodermatoses.
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5 Malignancy-Associated Genodermatoses

Key Points

e Neurofibromatosis (NF) 1, NF 2, tuber-
ous sclerosis (TS), multiple endocrine
neoplasia (MEN) 1, and MEN 2 are
genodermatoses  strongly associated
with brain tumors or neuroendocrine
tumors.

* Peutz-Jeghers, Gardner, and Turcot syn-
dromes are genodermatoses associated
with  GI polyps and malignant
adenocarcinomas.

e There are also genodermatoses, such as
Carney complex, dyskeratosis congenita,
Fanconi anemia, and ataxia-telangiectasia,
with underlying DNA repair defects that
are associated with a wide range of extra-
cutaneous malignancies, especially hema-
tologic malignancies.

* Cutaneous findings often present dur-
ing childhood, which can be helpful for
earlier diagnosis and screening for the
internal malignancies that may develop
later in life.

Summary

In summary, a careful examination for character-
istic cutaneous and extracutaneous features is
necessary for identification of genodermatoses
and related malignancies. Mainstays of manage-
ment for patients at risk for multiple skin cancers
include routine skin checks for early detection
and treatment, as well as sun protection.

References

1. Khosravi H, Schmidt B, Huang JT. Characteristics
and outcomes of nonmelanoma skin cancer (NMSC)
in children and young adults. J Am Acad Dermatol.
2015;73(5):785-90.

2. Paller A, Mancini AJ. Hurwitz clinical pediatric derma-
tology. 4th ed. New York: Elsevier/Saunders; 2011.

3. Kimonis VE, Goldstein AM, Pastakia B, Yang ML,
Kase R, DiGiovanna JJ, et al. Clinical manifestations
in 105 persons with nevoid basal cell carcinoma syn-
drome. Am J Med Genet. 1997;69(3):299-308.

10.

11.

12.

13.

14.

16.

17.

18.

20.

77

. Shanley S, Ratcliffe J, Hockey A, Haan E, Oley C,

Ravine D, et al. Nevoid basal cell carcinoma syn-
drome: review of 118 affected individuals. Am J Med
Genet. 1994;50(3):282-90.

. Epstein EH. Basal cell carcinomas: attack of the

hedgehog. Nat Rev Cancer. 2008;8(10):743-54.

. Spitz JL. Genodermatoses: A full-color clinical guide

to genetic skin disorders. New York: Williams &
Wilkins; 1996.

. Bree AF, Shah MR, BCNS Colloquium Group.

Consensus statement from the first international col-
loquium on basal cell nevus syndrome (BCNS). Am J
Med Genet A. 2011;155A(9):2091-7.

. John AM, Schwartz RA. Basal cell naevus syndrome:

an update on genetics and treatment. Br J Dermatol.
2016;174(1):68-76.

. Fife D, Laitinen MA, Myers DJ, Landsteiner

PB. Vismodegib therapy for basal cell carcinoma
in an 8-year-old Chinese boy with Xeroderma
Pigmentosum. Pediatr Dermatol. 2017;34(2):163-5.
Gajjar A, Stewart CF, Ellison DW, et al. Phase I study
of vismodegib in children with recurrent or refractory
medulloblastoma: a pediatric brain tumor consortium
study. Clin Cancer Res. 2013;19(22):6305-12.
Strong LC. Genetic and environmental interactions.
Cancer. 1977;40(4 Suppl):1861-6.

Stavrou T, Bromley CM, Nicholson HS, Byrne J,
Packer RJ, Goldstein AM, et al. Prognostic factors and
secondary malignancies in childhood medulloblas-
toma. J Pediatr Hematol Oncol. 2001;23(7):431-6.
Abuzahra F, Parren LIMT, Frank J. Multiple familial
and pigmented basal cell carcinomas in early child-
hood - Bazex-Dupré-Christol syndrome. J Eur Acad
Dermatol Venereol. 2012;26(1):117-21.

Jaju PD, Ransohoff KJ, Tang JY, Sarin KY. Familial
skin cancer syndromes: increased risk of nonmela-
notic skin cancers and extracutaneous tumors. J] Am
Acad Dermatol. 2016;74(3):437-51.

. Soyer HP, Rigel DS, Wurm EMT. Dermatology. In:

Dermatology. 3rd ed. New York: Elsevier Limited; 2012.
van Steensel MA, Jaspers NG, Steijlen PM. A
case of Rombo syndrome. Br J Dermatol.
2001;144(6):1215-8.

Goudie DR, D’Alessandro M, Merriman B, Lee H,
Szeverényi I, Avery S, et al. Multiple self-healing
squamous epithelioma is caused by a disease-specific
spectrum of mutations in TGFBR1. Nat Genet.
2011:43(4):365-9.

Akhtar S, Oza KK, Khan SA, Wright J. Muir-Torre
syndrome: case report of a patient with concurrent
jejunal and ureteral cancer and a review of the litera-
ture. J Am Acad Dermatol. 1999;41(5 Pt 1):681-6.

. Grandhi R, Deibert CP, Pirris SM, Lembersky B,

Mintz AH. Simultaneous Muir-Torre and Turcot’s
syndrome: a case report and review of the literature.
Surg Neurol Int. 2013;4:52.

Giardiello FM, Allen JI, Axilbund JE, Boland CR,
Burke CA, Burt RW, et al. Guidelines on genetic
evaluation and management of lynch syndrome: a
consensus statement by the US multi-society task



78

S.N. Robinson et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

force on colorectal cancer. Dis Colon Rectum.
2014;57(8):1025-48.

Somoano B, Tsao H. Genodermatoses with cutane-
ous tumors and internal malignancies. Dermatol Clin.
2008;26(1):69-87. viii

Goldstein AM, Fraser MC, Struewing JP, Hussussian
CJ, Ranade K, Zametkin DP, et al. Increased risk
of pancreatic cancer in melanoma-prone Kkin-
dreds with pl6INK4 mutations. N Engl J Med.
1995;333(15):970-4.

Lehmann AR, McGibbon D, Stefanini M. Xeroderma
pigmentosum. Orphanet J Rare Dis. 2011;6:70.
Kraemer KH, Lee MM, Scotto J. Xeroderma pig-
mentosum: cutaneous, ocular, and neurologic abnor-
malities in 830 published cases. Arch Dermatol.
1987;123(2):241-50.

Grampurohit VU, Dinesh US, Rao R. Multiple cuta-
neous malignancies in a patient of xeroderma pigmen-
tosum. J Cancer Res Ther. 2011;7(2):205-7.
Kraemer KH. The role of sunlight and DNA repair
in melanoma and nonmelanoma skin cancer: the
Xeroderma Pigmentosum paradigm. Arch Dermatol.
1994;130(8):1018.

Bradford PT, Goldstein AM, Tamura D, Khan SG,
Ueda T, Boyle J, et al. Cancer and neurologic degen-
eration in xeroderma pigmentosum: long term follow-
up characterises the role of DNA repair. ] Med Genet.
2011;48(3):168-76.

Ortega-Recalde O, Vergara JI, Fonseca DJ, Rios
X, Mosquera H, Bermidez OM, et al. Whole-
exome sequencing enables rapid determination of
Xeroderma Pigmentosum molecular etiology. PLoS
One. 2013;8(6):¢64692.

Kraemer KH, DiGiovanna JJ, Moshell AN, Tarone
RE, Peck GL. Prevention of skin cancer in xeroderma
pigmentosum with the use of oral isotretinoin. N Engl
J Med. 1988;318(25):1633-7.

Yarosh D, Klein J, O’Connor A, Hawk J, Rafal E, Wolf
P. Effect of topically applied T4 endonuclease V in
liposomes on skin cancer in xeroderma pigmentosum:
a randomised study. Lancet. 2001;357(9260):926-9.
Larizza L, Roversi G, Volpi L. Rothmund-Thomson
syndrome. Orphanet J Rare Dis. 2010;5:2.

Kitao S, Shimamoto A, Goto M, Miller RW, Smithson
WA, Lindor NM, et al. Mutations in RECQL4 cause
a subset of cases of Rothmund-Thomson syndrome.
Nat Genet. 1999;22(1):82-4.

Wang LL, Plon SE. Rothmund-Thomson syndrome.
In: Pagon RA, Adam MP, Ardinger HH, Wallace SE,
Amemiya A, Bean LJ, et al., editors. Gene Reviews.
Seattle (WA): University of Washington, Seattle;
1993.

Vennos EM, Collins M, James WD. Rothmund-
Thomson syndrome: review of the world literature. J
Am Acad Dermatol. 1992;27(5):750-62.

Stinco G, Governatori G, Mattighello P, Patrone
P. Multiple cutaneous neoplasms in a patient with
Rothmund-Thomson syndrome: case report and pub-
lished work review. J Dermatol. 2008;35(3):154-61.

36

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

. Arora H, Chacon AH, Choudhary S, McLeod MP,

Meshkov L, Nouri K, et al. Bloom syndrome. Int J
Dermatol. 2014;53(7):798-802.

German J, Roe AM, Leppert MF, Ellis NA. Bloom
syndrome: an analysis of consanguineous fami-
lies assigns the locus mutated to chromosome band
15q26.1. Proc Natl Acad Sci. 1994;91(14):6669-73.
Chaganti RS, Schonberg S, German J. A manyfold
increase in sister chromatid exchanges in Bloom’s
syndrome lymphocytes. Proc Natl Acad Sci U S A.
1974;71(11):4508-12.

Holman JD, Dyer JA. Genodermatoses with malig-
nant potential. Curr Opin Pediatr. 2007;19(4):446-54.
German J. Bloom’s syndrome. Dermatol Clin.
1995;13(1):7-18.

German J. Bloom’s syndrome. XX. The first 100 can-
cers. Cancer Genet Cytogenet. 1997;93(1):100-6.
Thomas ERA, Shanley S, Walker L, Eeles
R. Surveillance and treatment of malignancy in
bloom syndrome. Clin Oncol R Coll Radiol G B.
2008;20(5):375-9.

Siegel DH, Ashton GHS, Penagos HG, Lee JV, Feiler HS,
Wilhelmsen KC, et al. Loss of kindlin-1, a human homo-
log of the Caenorhabditis Elegans actin-extracellular-
matrix linker protein UNC-112, causes kindler
syndrome. Am J Hum Genet. 2003;73(1):174-87.
Youssefian L, Vahidnezhad H, Uitto J. Kindler
Syndrome. Seattle: University of Washington; 2016.
Has C, Castiglia D, del Rio M, Diez MG, Piccinni
E, Kiritsi D, et al. Kindler syndrome: extension of
FERMT1 mutational spectrum and natural history.
Hum Mutat. 2011;32(11):1204-12.

Lai-Cheong JE, McGrath JA. Kindler syndrome.
Dermatol Clin. 2010;28(1):119-24.

Mellerio JE, Robertson SJ, Bernardis C, Diem A,
Fine JD, George R, et al. Management of cutaneous
squamous cell carcinoma in patients with epider-
molysis bullosa: best clinical practice guidelines. Br
J Dermatol. 2016;174(1):56-67.

King RA, Summers CG. Albinism. Dermatol Clin.
1988;6(2):217-28.

Kiprono SK, Chaula BM, Beltraminelli
H. Histological review of skin cancers in African
albinos: a 10-year retrospective review. BMC Cancer.
2014;14:157.

Pehamberger H, Honigsmann H, Wolff K. Dysplastic
nevus syndrome with multiple primary amelanotic
melanomas in oculocutaneous albinism. J Am Acad
Dermatol. 1984;11(4):731-5.

Streutker CJ, McCready D, Jimbow K, From
L. Malignant melanoma in a patient with oculocuta-
neous albinism. J Cutan Med Surg. 2000;4(3):149-52.
Fine J-D, Johnson LB, Weiner M, Li K-P,
Suchindran C. Epidermolysis bullosa and the risk
of life-threatening cancers: the national EB regis-
try experience, 1986-2006. J Am Acad Dermatol.
2009:60(2):203-11.

Yuen WY, Jonkman MF. Risk of squamous cell carci-
noma in junctional epidermolysis bullosa, non-Herlitz



Malignancy-Associated Genodermatoses

79

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

type: report of 7 cases and a review of the literature. J
Am Acad Dermatol. 2011;65(4):780-9.

Jamnadas B, Agarwal R, Caddy CM. A rare case of
SCC in a young patient with incontinentia pigmenti. J
Plast Reconstr Aesthetic Surg. 2008;61(8):973—4.
Feltkamp MCW, Broer R, di Summa FM, Struijk L,
van der Meijden E, Verlaan BPJ, et al. Seroreactivity
to Epidermodysplasia Verruciformis-related human
papillomavirus types is associated with nonmelanoma
skin cancer. Cancer Res. 2003;63(10):2695-700.

Giil U, Kili¢ A, Goniill M, Cakmak SK, Bayis
SS. Clinical aspects of epidermodysplasia verruci-
formis and review of the literature. Int J Dermatol.
2007;46(10):1069-72.

Reynolds RM, Browning GGP, Nawroz I, Campbell
IW.  Von Recklinghausen’s  neurofibromatosis:
neurofibromatosis type 1. Lancet Lond Engl.
2003;361(9368):1552-4.

Rasmussen SA, Yang Q, Friedman JM. Mortality in
neurofibromatosis 1: an analysis using U.S. death cer-
tificates. Am J Hum Genet. 2001;68(5):1110-8.
Curatolo P, Bombardieri R, Jozwiak S. Tuberous scle-
rosis. Lancet Lond Engl. 2008;372(9639):657-68.
Carney JA. Familial multiple endocrine neoplasia: the
first 100 years. Am J Surg Pathol. 2005;29(2):254-74.
Marini F, Falchetti A, Del Monte F, Carbonell Sala S,
Tognarini I, Luzi E, et al. Multiple endocrine neopla-
sia type 2. Orphanet J Rare Dis. 2006;1:45.

Bisgaard ML, Fenger K, Biilow S, Niebuhr E, Mohr J.
Familial adenomatous polyposis (FAP): frequency, pen-
etrance, and mutation rate. Hum Mutat. 1994;3(2):121-5.
Siordia JA. Medical and surgical Management of
Carney Complex. J Card Surg. 2015;30(7):560-7.
Knight S, Vulliamy T, Copplestone A, Gluckman
E, Mason P, Dokal I. Dyskeratosis Congenita (DC)
registry: identification of new features of DC. Br J
Haematol. 1998;103(4):990-6.

Joenje H, Patel KJ. The emerging genetic and
molecular basis of Fanconi anaemia. Nat Rev Genet.
2001;2(6):446-57.

Nelen MR, Kremer H, Konings IB, Schoute F, van
Essen AJ, Koch R, et al. Novel PTEN mutations

in patients with Cowden disease: absence of clear
genotype-phenotype correlations. Eur J Hum Genet.
1999;7(3):267-73.

Starink TM, van der Veen JP, Arwert F, de Waal LP, de
Lange GG, Gille JJ, et al. The Cowden syndrome: a
clinical and genetic study in 21 patients. Clin Genet.
1986;29(3):222-33.

Menko FH, van Steensel MAM, Giraud S, Friis-
Hansen L, Richard S, Ungari S, et al. Birt-Hogg-Dubé
syndrome: diagnosis and management. Lancet Oncol.
2009;10(12):1199-206.

Alam NA, Barclay E, Rowan AJ, Tyrer JP, Calonje E,
Manek S, et al. Clinical features of multiple cutaneous
and uterine leiomyomatosis: an underdiagnosed tumor
syndrome. Arch Dermatol. 2005;141(2):199-206.

67.

68.

69.

Recommended Reading

Jaju PD, Ransohoff KJ, Tang JY, Sarin KY. Familial skin
cancer syndromes: increased risk of nonmelanotic
skin cancer and extracutaneous tumors. J] Am Acad
Dermatol. 2016;74(3):437-51.

Paller AS, Mancini AJ. Chapter 7: Disorders of hair
and nails. Chapter 9: Cutaneous tumors and tumor
syndromes. Chapter 11: Disorders of pigmentation.
Chapter 13: Bullous disorders of childhood. Chapter
19: Photosensitivity and photoreactions. In: Paller AS,
Mancini AJ, editors. Hurwitz clinical pediatric derma-
tology. 4th ed. New York: Elsevier/Saunders; 2011.

Somoano B, Tsao H. Genodermatoses with cutaneous
tumors and internal malignancies. Dermatol Clin.
2008;26(1):69-87. viii

Soyer HP, Rigel DS, Wurm EMT. Chapter 108: Actinic
keratosis, basal cell carcinoma and squamous cell car-
cinoma. In: Bolognia JL, Jorizzo JL, Schaffer JV, edi-
tors. Dermatology. 3rd ed. New York: Elsevier; 2012.

Spitz JL. Chapter 5: Disorders with malignant potential.
Genodermatoses: a full-color clinical guide to genetic
skin disorders. New York: Williams & Wilkins; 1996.
p. 149-67.



Malignant Soft Tissue Tumors

in Children

Christina L. Boull and Sheilagh M. Maguiness

Introduction

Malignant soft tissue tumors in children encom-
pass a broad and heterogeneous array of malig-
nancies of mesenchymal origin. They account for
7-10% of all pediatric malignant solid tumors [1,
2]. In the pediatric population, malignant soft
tissue tumors are primarily divided into
rhabdomyosarcomas (RMS) and non-rhabdo-
myosarcomas (NRMS). The former (RMS) most
commonly present in the neonatal and infantile
period, while NRMS more classically present in
adolescents and young adults.

This chapter will review the current classifica-
tion of malignant soft tissue tumors in both cate-
gories, with focus on clinical presentation,
histopathology, molecular classification, and
prognosis. Special consideration and descriptions
will be given to cutaneous manifestations of
malignant soft tissue tumors to guide pediatric
dermatologists with differential diagnoses, initial
workup, and management for these challenging
malignancies.
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Rhabdomyosarcomas

Key Points

e RMS accounts for 3.5% of all preado-
lescent cancers and may mimic vascular
anomalies, scars, or other infiltrative
neoplasms clinically. A biopsy is
required for diagnosis.

e Embryonal RMS is the most common
histopathologic subtype and most likely
to be associated with underlying cancer

predisposition syndromes such as
Beckwith-Wiedemann and several
RASopathy syndromes.

* Prognosis for RMS has improved over
the past decade and is best in children
ages 0-9 at 70-80% survival. Treatment
is generally multimodal including resec-
tion, chemotherapy, and radiation.

Epidemiology

Pediatric RMS comprise 3.5% of all pediatric
cancers in children 0-14 and 2% of cancers of
adolescents of 14—19 years [3]. The annual inci-
dence of RMS is approximately 4.5 cases per
million, but incidence depends on the
histopathologic subtype. Most cases occur in the
first decade of life.
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Clinical Presentation

RMS most commonly present on the head and
neck. Primary cutaneous RMS is rare; rather dermal
extension of the tumor results in nodules or plaques
in the skin. Differential diagnosis is broad and can
include dermoid cysts, scars, infantile hemangio-
mas and other vascular tumors, and other infiltrative
neoplasms such as leukemia, lymphoma, and other
non-RMS soft tissue tumors. A skin biopsy is
needed to confirm the diagnosis. RMS has histori-
cally been subdivided based on histopathology into
three categories: embryonal, alveolar, and undiffer-
entiated. The histopathologic subtype is somewhat
predictive of clinical behavior.

Risk Factors

Though most cases of RMS occur de novo, there
are several known associations including high
birth weight/large for gestational age and several
genetic syndromes. Genetic syndromes with
increased incidence of RMS include Li—Fraumeni
syndrome, Beckwith—Wiedemann syndrome, and
several of the RASopathies including neurofibro-
matosis type I, Costello, and Noonan syndrome
[4, 5] (see Table 6.1 for summary). There are also
reports of RMS arising within giant congenital
nevi [6]. As pediatric dermatologists, it is impor-
tant to be aware of these associations to ensure
close follow-up.

Table 6.1 Syndromes associated with rhabdomyosarcoma

Gene mutation and

RMS type and/or

Other associated

Syndrome inheritance Clinical features features malignancies
Li—Fraumeni | P53 AD Early onset malignancy, Anaplastic RMS * Breast cancer
familial presents in children | * Non-RMS tumors
<3 years old e Brain tumors
¢ Leukemia
* Colon cancer
* Others
Beckwith— (1) Mutation/deletion of | Pediatric overgrowth Embryonal RMS * Wilms’ tumor
Wiedemann imprinted genes syndrome with variable * Neuroblastoma
chromosome 11p15.5 | features: macroglossia, * Hepatoblastoma
(2) Heterozygous omphalocele, hypotonia,  Adrenal carcinoma
mutation in neonatal hypoglycemia,
CDKN21 AD prominent nevus simplex
NF type I NF1 AD Café au lait macules, Embryonal RMS * Optic glioma
axillary/inguinal freckling, | young age of » Malignant peripheral
lisch nodules, sphenoid presentation, nerve sheath tumors
wing dysplasia, genitourinary site | * Meningioma
pseudarthrosis, * Pheochromocytoma
neurofibromas, * Pilocytic astrocytoma
macrocephaly,
developmental delay
Noonan PTPNI11 AD Short stature, webbed Embryonal RMS * Malignant
neck, lymphatic schwannoma
malformations, low set
ears, VSD, pulmonic
stenosis
Costello HRAS AD and sporadic | Short stature, macrocephaly, Embryonal RMS, | Neuroblastoma

coarse facies, webbed short
neck, hypertelorism, thick
lips, sparse curly hair,
papillomas, loose skin,
acanthosis hypertrophic
cardiomyopathy, pulmonic
stenosis, mitral valve
prolapse

most common
malignancy in
Costello syndrome
patients

¢ Bladder carcinoma
e Vestibular
schwannoma
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Prognosis

Prognosis for patients with RMS has improved
significantly over the past decade due to multi-
modal chemotherapy regimens. Relapse-free
survival rates are reported in the 70-80% range
[7]. Children aged 1-9 have the best prognosis,
with infants less than age 1 and older children
showing significantly worse outcomes. The
Intergroup Rhabdomyosarcoma Study Group
(IRSG) recently reported that 5-year failure-free
survival (FFS) was 57% for patients less than
1 year, 81% for patients aged 1-9 years, and
68% for patients older than 10 years. Five-year
survival for these groups was 76%, 87%, and
76%, respectively [7].

Treatment

Treatment for RMS is multimodal and includes
surgical management, chemotherapy, and often
radiation. However, these chemotherapeutic regi-
mens are associated with significant toxicity.
Advances in the molecular classification of RMS
may be paving the way for more targeted thera-
pies and will be reviewed with each histopatho-
logic subtype below [8].

Embryonal RMS (Fusion Negative)

Embryonal RMS is the most common histopath-
ologic subtype, seen most frequently in children
ages 0—4 years. It is more common in males
(1.5:1) [9]. Embryonal RMS tends to occur on
the head and neck or genitourinary (GU) tract.
Characteristic genetic changes in embryonal
RMS include loss of heterozygosity of 11p15 and
gains in chromosome 8. Mutations in NRAS,
KRAS, HRAS, and NF1 are present in up to a
third of tumors, while mutations in other recog-
nized genes (FGFR4, PIK3CA, CTNNBI,
FBXW7, and BCOR) comprise less than 10% of
cases [8].

Alveolar RMS (Fusion Positive)

The alveolar subtype of RMS tends to occur in
older children/adolescents and comprises about
20% of all RMS cases [10]. It is most common on
the trunk and extremities and perianal regions
[10]. To be designated as alveolar, over 50% of
the tumor must have the alveolar histopathologic
features. The distinction between embryonal and
RMS can also be made based on genetic
classification. The key genetic footprint of classic
RMS is the fusion protein between PAX 3 or
PAX 7 and the FOXO1 gene [8].

Undifferentiated RMS (Pleomorphic,
Anaplastic)

Pleomorphic and anaplastic RMS account for
only 2% of all pediatric RMS, seen more com-
monly in the adult population. One important
exception is the anaplastic RMS subtype
(anRMS) which has recently been identified to
occur frequently in children with Li—Fraumeni
syndrome [11]. A diagnosis of anRMS in chil-
dren under age 36 months should prompt investi-
gation into underlying p53 mutations so that
surveillance for other associated secondary
malignancies can be undertaken [11].

Genetic Classification and Advances

Recently, extensive genomic analysis of numer-
ous RMS tumors supports that the molecular
classification is the most helpful way to catego-
rize these tumors [8]. In their landmark paper,
Shern and colleagues identified that the presence
or absence of the PAX3/7-FOXO1 gene fusion is
the most important prognostic indicator for any
RMS. Typically, there is emerging support for
molecular classification over histopathologic
classification as a more precise predictor of clini-
cal behavior. Fusion positive tumors behave clin-
ically like alveolar RMS, and fusion negative
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tumors behave as traditional embryonal RMS
[12]. Interestingly, the main genetic alterations in
all types of RMS seem to be within a common
receptor tyrosine kinase/RAS/PIK3CA signaling
pathway, either via rearrangement of the PAX
gene or by the occurrence of downstream muta-
tions [8]. Advances in this area will likely give
rise to more targeted, molecularly based
chemotherapies.

Primary Cutaneous RMS

Cutaneous presentations of RMS without another
distinct primary site have been rarely documented
in case reports with 75% occurring in the pediat-
ric population [13]. Lesions present as grouped
nodules usually less than 5 cm in size and may
mimic keloid scars, cysts, dermatofibromas, sar-
coidosis, basal cell carcinoma, and hematomas
[14]. In children, the embryonic and alveolar sub-
types predominate with a “small blue cell” pat-
tern by histopathology.

Non-rhabdomyosarcoma

Key Points

e Non-rhabdomyosarcoma soft tissue
sarcomas [NRMS] may mimic vascu-
lar tumors, morphea, or benign fibro-
histiocytic tumors on clinical and
radiologic exams. A biopsy is required
for diagnosis.

» Surgical resectability is a key factor in
overall prognosis.

* Most NRMS occurring early in life have
a favorable prognosis if recognized and
treated promptly.

The non-rhabdomyosarcoma soft tissue sarco-
mas represent 3—4% of all pediatric cancers [15,
16]. Classification is based on the International
Classification of Childhood Cancers. Prognostic
factors for all subtypes include extent of disease

C.L.Boull and S.M. Maguiness

(local vs. metastatic), degree of tumor resection,
maximal tumor diameter (<5 vs. >5 cm), and
tumor grade [1, 17-19].

In all cases, a tissue biopsy is required to
ascertain a definitive diagnosis. Tumors may be
located deeper in the tissue than clinical exam
suggests, so preoperative imaging is suggested.
Close collaboration with an oncologist is neces-
sary to facilitate proper cancer staging and treat-
ment. As the lungs are the most frequent site of
metastasis, chest imaging is an important compo-
nent of the evaluation. Additional imaging stud-
ies should be dictated by the tumor subtype and
exam findings [1].

Once the diagnosis and staging are confirmed,
tumor resection is a key component of treatment.
The role of neoadjuvant and adjuvant chemother-
apy and radiation varies based on patient age,
tumor characteristics, and the extent of resection
[1, 20-22] and therefore requires the input of an
oncologist who is well versed in the treatment of
pediatric soft tissue tumors.

Fibrous (Connective Tissue Tumors)

Key Points

» Fibrosarcomas present as firm, non-
mobile soft tissue masses. They have a
bimodal age distribution. Presentation
prior to age 2 years is associated with a
favorable prognosis.

e Dermatofibrosarcoma protuberans is a
fibrous tumor which is very rare in chil-
dren. Consider underlying severe com-
bined  immunodeficiency  (SCID)
syndrome especially in children with
multicentric lesions.

Fibrosarcoma

Epidemiology

Fibrosarcoma (FS) is the most common soft tis-
sue tumor occurring in infancy, representing
10% of the pediatric non-rhabdomyosarcoma
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soft tissue sarcomas [23]. The age distribution is
bimodal with the initial peak occurring in
infancy and the second in early adolescence.
Infantile fibrosarcomas may be congenital or
arise in the first few years of life. Most experts
suggest that tumors occurring prior to the age of
2 years are of the infantile subtype [24]. The
second peak in incidence occurs in the early
teens, between 10 and 15 years of age, with
tumor characteristics and prognosis similar to
those of adult FS [23].

Clinical Characteristics

FS present as rapidly growing superficial or deep
soft tissue masses. They have a predilection for
the distal extremities in younger children and
more axial locations in older patients [23]
(Fig. 6.1). Children rarely report associated pain.
The overlying skin appears glossy, tense, and
erythematous and may ulcerate [23].
Presentations mimicking vascular anomalies
including infantile hemangiomas and lymphatic
malformations have been reported [25-27].
Unlike infantile hemangiomas which are soft
and mobile, FS are infiltrative, fixed to the under-
lying tissue [26]. Associated hematologic abnor-
malities include low-level thrombocytopenia and

Fig.6.1 Firm, pink tumor on the palm of an infant: infantile
fibrosarcoma (Image courtesy of Jennifer T. Huang, MD)

coagulopathy mimicking Kasabach—Merritt
phenomenon [26-29].

Laboratory and Imaging

Characteristics

Tumor biopsy is required for diagnosis. The
cells of FS are spindled and densely packed with
frequent mitoses. Highly vascular areas are
common. Immunohistochemical staining is
variable but is usually positive for vimentin and
negative or focally positive for smooth muscle
actin, desmin, S-100 protein, or CD34 [26, 30].
When infantile hemangioma is considered in the
differential diagnosis, staining for GLUT-I,
positive in IH but negative in FS, may be help-
ful. Infantile and adult FS are histologically
identical [24] so molecular diagnostics may fur-
ther differentiate these entities. Aberrant copies
of chromosomes 8, 11, 17, and 20 are all more
common in infantile FS [26, 31-33]. Recently
the gene translocation t(12;15)(p13;q25) result-
ing in the fusion protein ETV6-NTRK3, and
expression of NTRK3 (TRKC), a tyrosine
kinase receptor, has been reported as a more
specific marker for infantile FS [26, 30,
32-36].

Prognosis and Treatment

Patient age is the most important prognostic fea-
ture. Infantile FS have a >80-90% survival rate
[23, 36], with survival falling to 50-60% in
older children [23, 37]. In a series of children
under the age of 2 years, the 5-year survival rate
was 89%, even though only 21% underwent
complete surgical resection [36]. For this rea-
son, aggressive or deforming surgeries are only
recommended when other treatment modalities
have failed [36, 38].

FS are chemoresponsive [36]. Neoadjuvant
chemotherapy may allow for a smaller excision
with less resultant functional or cosmetic com-
promise and may be curative [38]. As recurrences
of infantile FS tend to be local as opposed to
metastatic, some authors recommend careful
watchful waiting after chemotherapy as opposed
to a surgical intervention.

While there have been reports of spontaneous
resolution of infantile FS without treatment [39,



86

C.L.Boull and S.M. Maguiness

40], this is uncommon and should be reserved for
cases of infants <3 months old with poorly oper-
able tumors [36].

LOXO-101, an experimental drug targeting
a tropomyosin-related kinase inhibitor, is a
promising new treatment for infantile FS that
express the NTRK3 receptor. While only one
pediatric case report has been published, the
response was dramatic in an otherwise refrac-
tory tumor [41]. Additional data is needed to
determine the full potential of this
medication.

Non-infantile fibrosarcomas require more
aggressive therapy given their worse progno-
sis. Their predilection for axial sites makes
complete resection more difficult, increasing
the risk of metastasis [23]. In many cases, che-
motherapy and radiation are indicated, espe-
cially in the setting of incomplete surgical
resection [1, 23].

Dermatofibrosarcoma Protuberans

Epidemiology

Dermatofibrosarcoma Protuberans (DFSP) is an
uncommon mesenchymal tumor of intermediate
malignancy. Patients most commonly present in
middle age; less than 200 cases of pediatric DFSP
were reported in the literature [42]. A review of
pediatric cases revealed no gender predilection.
In this group, the mean age at diagnosis was
9 years, and the mean time to diagnosis was
4 years [42].

Clinical Presentation

In both adults and children, DFSP follow an
indolent course of slow growth with local inva-
sion and frequent recurrence [42]. Most tumors
arise on the trunk, with nearly all congenital
cases arising at this site [43]. The proximal lower
extremity is also a common location. Tumors of
the head and neck or upper extremities are less
common.

DFSP may begin as pink macules and may
appear vascular (Fig. 6.2). They slowly prog-
ress into indurated pale red-blue plaques and
then nodules. Additional nodules may develop

Fig. 6.2 Firm violaceous nodule in a 10-month-old:
DFSP (Image courtesy of Ingrid Polcari, MD)

at the periphery giving a multilobulated
appearance [42, 44, 45]. A plaque-like mor-
phology has been described more often in
pediatric cases [45]. Plaques are fixed to the
skin but are mobile over underlying tissues
[43, 45-47]. Tumors typically range between
1 and 5 cm in diameter but may grow signifi-
cantly larger [44, 46]. They are primarily
asymptomatic, but ulceration and pain can
occur [42, 46, 47].

Cases of DFSP arising in children with severe
combined immunodeficiency (SCID) syndrome,
Fanconi anemia, Shwachman-Diamond syn-
drome, and Cowden syndrome have been
described [48-51]. Of these potential syndromic
associations, adenosine deaminase-deficient
severe combined immunodeficiency (ADA-
SCID) syndrome is the most convincingly linked.
In a series of 12 ADA-SCID patients who
received skin checks, 8 were found to have DFSP,
and 7 had multicentric lesions [48]. Two addi-
tional case reports have been published [52, 53].
While the cause of the association is uncertain,
authors speculate that increased levels of adenos-
ine and deoxyadenosine produce profibrotic
effects and DNA strand breaks in the skin, creat-
ing a favorable environment for the development
of DFSP [48]. Single cases of DFSP arising in
children with Shwachman—Diamond, Fanconi
anemia, and Cowden syndrome have been
reported, but the associations are not well
established.
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Clinical mimickers of DFSP include benign
lesions such as dermatofibromas, vascular
malformations, pilomatricoma, morphea,
atrophoderma, anetoderma, scar, keloid,
infantile myofibroma, and neurofibroma [42,
54, 55]. The combination of benign appear-
ance, lack of symptoms, and slow growth
likely contributes to the often delayed
diagnosis.

Laboratory and Imaging Tests

The histopathology of DFSP is characterized
by a storiform collection of spindled cells
extending through the dermis and into the fat.
Immunohistochemical staining is positive for
CD-34 and negative for factor XIIIa. A recipro-
cal translocation T(17;22)(q 22, q 13) is the
most common gene rearrangement in pediatric
DFSP and may be detected by cytogenetic
testing [56].

Prognosis and Treatment

Primary treatment consists of surgical excision
with wide margins. Margins of 2-3 cm in chil-
dren >5 years and of 1-2 cm in younger children
are suggested [57, 58]. Multiple procedures are
often needed to obtain microscopically clear
margins [59].

Mohs excision has been reported as a suc-
cessful treatment with low risk of recurrence,
but anesthetic exposure may limit its use in
small children [60-62]. The recurrence rate in
adults is reported at 32-76% with most recur-
rences occurring in the first 3 years [63].
Preoperative imaging, particularly in larger
tumors, may help to delineate the tumor dimen-
sions improving successful surgical clearance
[64]. Sites of metastasis include the lungs and
the lymph nodes, but metastatic disease is rare
in children [45, 58, 59].

Imatinib mesylate is a tyrosine kinase inhibi-
tor which has been used to successfully treat
DFSP in adults. In children with unresectible or
recurrent tumors, it has been reported as a neoad-
juvant therapy, decreasing tumor size to allow for
complete resection [57].
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Borderline or Malignant Vascular
Tumors

Key Points

* Immune suppression is an essential trig-
ger for all Kaposi sarcoma subtypes.

e HIV-associated (epidemic) Kaposi sar-
coma has now become the most com-
mon KS variant in children.

e Kaposiform hemangioendothelioma is a
rare vascular tumor of infancy. It is an
important cause of Kasabach—Merritt
phenomenon which may be fatal even
when promptly identified and treated.

Kaposi Sarcoma

Epidemiology

Kaposi sarcoma (KS) is a malignancy of endo-
thelial cell origin occurring in the setting of
immunosuppression. It was originally described
in elderly males of Eastern European and
Mediterranean ancestry (classic KS) but was later
identified in an endemic form in portions of
Africa and in an epidemic form in patients
infected with HIV/AIDS. latrogenic cases are
attributed to immune suppression following solid
organ transplantation.

Pediatric KS is rare in most of the world but
comprises 25-50% of pediatric soft tissue sar-
comas and 2—-10% of all pediatric cancers in
portions of Eastern and Southern Africa [65—
68]. All subtypes of KS have been reported in
children [69-71]. Prior to the late 1980s,
endemic KS was the most common variant
seen in children, but now HIV-associated (epi-
demic) KS predominates [68]. Pediatric cases
of classic KS remain rare with less than 50
reported cases, all occurring within the
Mediterranean basin [68, 72].

Pediatric KS has a predilection for males. The
mean age of onset is reported at 6.6 and 8.8 years
for endemic and epidemic variants, respectively,
but early onset is not uncommon [73, 74]. The
timing of onset of iatrogenic KS is dependent
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upon the age at transplantation. Classic KS has
been described in children ranging from infancy
to the teen years [68].

Clinical Characteristics
The clinical presentation of pediatric KS varies
by subtype. Skin and mucosal lesions, when
present, begin as purple or brown-red patches
that grow into plaques and nodules. Lesions are
usually painless but may Koebnerize in areas of
past trauma or infection [74]. Classic KS favors
acral sites in children as it does in adults. Children
with endemic KS are more likely to present with
lymphadenopathy and less commonly with skin
or mucosal involvement, but data is limited [73].
Lymphoma, bacillary angiomatosis, and other
disseminated infections associated with lymph-
adenopathy are clinical mimics [75].

In a series of children with primarily epidemic
KS, three patterns of disease were described
(listed in order of frequency):

1. KS of the head and neck with localized or
generalized lymphadenopathy, 39% with skin
lesions

2. KS of the genital area with inguinal lymph-
adenopathy, 57% with skin lesions

3. Solitary tumors localized to the extremities or
the abdominal organs [74]

Laboratory and Imaging

The histopathology of KS is characterized by
collections of spindled cells with slit-like vascu-
lar spaces and erythrocyte extravasation. Cells
stain positive for the vascular endothelial mark-
ers CD31, CD 34, and factor VIII. The most
definitive marker is positive staining for human
herpesvirus 8 latency-associated nuclear antigen,
present in all cases of KS [76].

HHVS is a necessary factor in the pathogene-
sis of KS [66, 77]. Most individuals infected with
HHV8 do not develop KS, suggesting that an
acquired or inherited immunodeficiency which
increases susceptibility to the virus is a necessary
cofactor [68, 78].

Radiographic imaging is useful in determin-
ing disease extent. Based on sites of suspected
involvement, contrast-enhanced CT or MRI is

suggested. In both modalities, tumors show
strong post-contrast enhancement. Scintigraphy
(Iymphoscintigraphy) with sequential thallium
and gallium scanning may be employed to dif-
ferentiate KS from infectious mimics [75].

Treatment and Prognosis

There are no consensus guidelines on the treat-
ment of pediatric KS. In classic, epidemic, and
endemic forms, chemotherapy is indicated for
systemic involvement [68, 72, 79]. Intralesional
chemotherapy may be considered for localized
disease [68]. In children with epidemic KS, the
combination of HAART with chemotherapy
appears to be the most beneficial [80]. Notably,
children with epidemic KS who are treated with
HAART have an elevated risk of developing
immune reconstitution inflammatory syndrome
(IRIS) [68] and must be monitored for this
complication.

Children with iatrogenic KS have a better
overall prognosis than those with epidemic KS
[73]. Some cases of iatrogenic KS have resolved
with transition to sirolimus-based immunosup-
pression. Sirolimus, an mTOR inhibitor, may
exert its effect by inhibiting angiogenesis and
autocrine growth factor signaling within the
tumor [79]. Based on a mouse model, mTOR
inhibitors may be effective in all KS subtypes and
better tolerated than other systemic agents, but
further human trials are needed to make accurate
conclusions [79, 81].

Survival in KS is dependent on HIV/AIDS
status and stage of disease at presentation. Access
to care may be limited and likely contributes to
WOrse outcomes in resource-poor areas.

Kaposiform Hemangioendothelioma

Epidemiology

Kaposiform Hemangioendothelioma (KHE) is a
rare, borderline malignant, infiltrative vascular
tumor. KHE can cause life-threatening complica-
tions secondary to associated Kasabach—Merritt
phenomenon (KMP). The estimated prevalence
of KHE is 0.91 per 100,000 children with a slight
male predominance ~1.33:1 [82]. Over 90% of
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cases occur in infancy, usually in the first
3 months of life.

Clinical Presentation

KHE typically presents as a solitary lesion,
though multifocal presentations have been
described. KHE is infiltrative and may cross tis-
sue planes from the dermis to the underlying sub-
cutaneous tissue, muscle, and bone. The most
common locations include, in order of frequency,
the extremities, torso, and the head and neck.
Extension to the retroperineum is often observed
[82, 83]. Cutaneous features include a solitary,

indurated, violaceous, or erythematous to purpu-
ric plaque or tumor. Hypertrichosis and hyperhi-
drosis may also be appreciated (Fig. 6.3a).

KMP is a consumptive coagulopathy which is
specifically observed in the setting of KHE or
tufted angioma and is usually present at the time
of diagnosis. Tufted angioma (Fig. 6.3b) shares
similar clinical and histopathologic features with
KHE, and the two entities are considered to rep-
resent a spectrum of severity. KMP is a life-
threatening condition due to sequestration of
platelets within the tumor resulting in thrombo-
cytopenia. Though the exact etiology is not well

Fig. 6.3 (a) KHE in the perineum and lower abdomen
(Image courtesy of Kristen Hook, MD). (b and c¢)
Erythematous, indurated plaque of the upper extremity

and shoulder of a 9-year-old girl: large tufted angioma
previously treated with oral sirolimus
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understood, it is thought that turbulent blood flow
within the slit-like spaces of the KHE may lead to
consumption of platelets and, when severe, can
result in profound thrombocytopenia, elevated
D-dimer levels, and low fibrinogen.

Initial recommended workup includes a com-
plete blood count, coagulation studies, and base-
line MRI imaging (with and without contrast)
along with tissue biopsy to confirm the
diagnosis.

Prognosis

There is a lack of outcome data related to the man-
agement of KHE and KMP. Historically, mortality
rates in the 1980s were reported in the range of
30%, usually due to hemorrhage or other complica-
tions related to KMP [84]. However with earlier
diagnosis and improved medical management, out-
comes seem to have improved significantly.

Treatment

An interdisciplinary consensus statement on the
management of KHE was proposed in 2013 [85].
At that time, authors advocated for initial treat-
ment with vincristine and systemic steroids. More
recently, the use of oral sirolimus in the manage-
ment of KHE and KMP has been very promising
[86] and may be preferable as an initial treatment
due to the more favorable side effect profile and
ease of administration. Sirolimus has also been
reportedly successful in the late stage of KHE with
softening of the tumor and improvement in pain
and joint contracture [87]. A study comparing
sirolimus and vincristine in the management of
KHE is currently underway [86].

Neural

Key Points

e Malignant peripheral nerve sheath
tumors usually arise after puberty and
are strongly associated with neurofibro-
matosis 1.

e MPNST may be difficult to discern clin-
ically and radiographically from a grow-
ing plexiform neurofibroma.

C.L.Boull and S.M. Maguiness

Malignant Peripheral Nerve Sheath
Tumors (MPNSTSs) (Synonyms
Neurofibrosarcoma, Neurogenic
Sarcoma, Malignant Schwannoma)

Epidemiology

MPNSTs form from the nerve sheaths of larger
nerve trunks [21, 88, 89]. They represent 5-10%
of all soft tissue tumors [90]. Less than 20%,
however, present in children and usually arise
after puberty [21, 91].

Neurofibromatosis type 1 is a closely linked
risk factor. Even in the absence of NF-1, most
MPNSTs demonstrate a pathogenic truncating
mutationinthe NF-1 gene [92,93]. Approximately
10% of NF-1 patients will develop a MPNST,
usually within a plexiform neurofibroma (NF),
but incidence estimates vary widely [94, 95] The
mean age of MPNST onset in NF-1 positive
patients is 27 years, compared with 40 years in
patients who are NF-1 negative [96].

Clinical Presentation
MPNST presents as a rapidly growing, firm, and
sometimes painful mass. The trunk followed by
the extremities is the most common site for
MPNST in both patients with and without NF-1.
MPNSTs in NF-1 tend to be larger and deeper
[96]. When arising from a plexiform NF,
MPNSTs are associated with swelling and neuro-
logic deficits [97]. It may be difficult to clinically
distinguish a growing plexiform NF from a
MPNST, as plexiform NFs often grow rapidly
during adolescence [98].

Laboratory and Imaging Studies

A tissue diagnosis of MPNST requires a deep
biopsy. Histologic features include a mass, often
arising in a neurofibroma. Myxoid and cellular
areas are admixed with bundles of irregular inter-
lacing spindled cells and perivascular whirling.
Histologic features including cellular pleomor-
phism, necrosis, and mitotic activity help to dif-
ferentiate MPNST from its benign mimickers
[89]. Staining is often positive for nerve growth
factor receptor with partial or complete loss of
S-100 [89, 96, 99]. There is no definitive molecu-
lar staining. While NF1, CDKN2A, and EFGR
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alterations are suggestive of MPNST, they are not
diagnostic [89].

Imaging may assist in differentiating MPNST
from its clinical mimic of plexiform NF. MPNSTs
have significantly higher uptake by FDG PET
[95]. On MRI they are more likely to have an
irregular shape and unclear borders, intra-tumoral
lobulation, and higher signal intensity of
T1-weighted imaging compared to plexiform NF
[98, 100].

Prognosis and Treatment

MPNSTs may be difficult to detect and often
have early distant metastases [95]. MPNSTs have
a poor prognosis with a 5-year survival rate of
21% in the NF-1 population [94]. Median overall
survival in the pediatric population is 30 months
[21]. Negative prognostic factors include size of
the tumor and recurrent disease [96]. Truncal
location may also worsen prognosis [96]. While
patients with NF-1 often present with larger
tumors, NF-1 does not appear to be an indepen-
dent risk factor for worse prognosis [96], but data
is mixed [21].

Treatment options for MPNST are disappoint-
ing. Complete surgical resection has been shown
to be associated with increased overall survival
[21]. This is often not feasible as MPNST may be
large, infiltrative, and difficult to distinguish from
the plexiform NF in which they are arising. In the
setting of metastatic disease, chemotherapy has
been the most effective intervention but has a par-
tial response rate of only 25-30% [101].

Targeted therapies have become an exciting
new area of investigation for MPNST treatment.
Drugs targeting MAPK pathway, including BRAF
and MEK inhibitors, are currently under investiga-
tion for clinical use in this setting [102—104].

Lipomatous

Key Point

» Pediatric liposarcomas most commonly
present on the extremities. Surgical
excision is the treatment of choice.

Liposarcoma

Epidemiology

Liposarcoma is a rare malignant neoplasm of
mesenchymal origin with lipomatous differentia-
tion. While it is the most common non-RMS in
the adult population, it is much rarer in children,
comprising <3% of all pediatric non-RMS cases
[105]. Myxoid liposarcomas carry a typical
genetic translocation t(12; 16)(q13; p11), which
occurs in greater than 90% of cases and can aid in
diagnosis.

Clinical Presentation

One recent single institution review of pediatric
liposarcomas at Sloan Kettering reported on
information from 34 patients aged <22. Lesions
typically presented as enlarging masses and were
most commonly located in peripheral (extremity,
inguinal) areas. Liposarcomas presenting in cen-
tral locations (head and neck, paraspinal, retro-
peritoneum) were less common [106].

Prognosis

In pediatric cases of liposarcoma reviewed at one
institution, survival correlated highly with tumor
grade, location, and completeness of surgical
resection. Histologic subtype and tumor location
also significantly impact outcome, with highly
pleomorphic tumors in a central location carrying
the poorest prognosis. When comparing histo-
logic subtype and survival, patients with myxoid,
well-differentiated, and pleomorphic histologies
had 5-year estimated survival rates of 83%, 67%,
and 25%, respectively [106]. In 5.4 years of fol-
low-up, 8/34 patients died due to progression of
disease [106].

Treatment

The primary treatment for liposarcoma is surgi-
cal resection. In patients with low-grade tumors
in a peripheral location, complete surgical resec-
tion with clear margins may be the only treatment
required. The role of chemotherapy and radiation
therapy in the setting of liposarcoma is not well
delineated, but multimodal therapy is recom-
mended in central tumors, with incomplete resec-
tion or recurrence [106].
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Tumors of Unknown Origin

Key Points

e Malignant rhabdoid tumor is an aggres-
sive malignancy with a poor prognosis,
especially when arising from the
kidney.

e Synovial sarcoma arises near large
joints and may mimic an athletic injury.
Imaging characteristics may be misin-
terpreted as benign, leading to a delayed
diagnosis.

Malignant Rhabdoid Tumor (Atypical
Teratoid/Rhabdoid Tumor)

Epidemiology

Malignant rhabdoid tumor (MRT) is an
extremely rare, aggressive malignancy which
presents in children less than 3 years of age.
MRT is most commonly found in the kidney,
CNS, and subcutis. When present in the CNS,
the designation of atypical teratoid/rhabdoid
tumor (ATRT) is given. ATRT accounts for
1-2% of all pediatric CNS tumors but is the
most common pediatric CNS tumor presenting
before 6 months of age.

Rhabdoid tumor was originally described in
the late 1970s as a variant of Wilms’ tumor with
a rhabdomyosarcomatous component [107].
MRT can be challenging to diagnose based on
histopathology but share a common genotype,
the loss of expression of INI1I/SMARCB, which
aids in diagnosis. Germline mutations in INI1/
SMARCB account for most multifocal
presentations.

Risk Factors

Risk factors for MRT/ATRT are not well delin-
eated. Germline mutations in INI1/SMARC are
associated with earlier presentation and multifo-
cal or metasynchronous disease in a constellation
of findings known as rhabdoid tumor predisposi-
tion syndrome.

Fig. 6.4 Polypoid, vascular-appearing mass on the mid-
back of a 9-month-old: malignant rhabdoid tumor

Clinical Presentation

The most common location for MRT is renal, fol-
lowed by the CNS. Cutaneous and soft tissue pre-
sentations of MRT are extremely rare. Lesions
are heterogeneous and reported to present as pol-
ypoidal masses mimicking skin tags or hamarto-
mas (Fig. 6.4) or blue nodules mimicking
vascular lesions. Multifocal nodules are also
described.

Prognosis

MRT is a highly aggressive malignancy and
prognosis is extremely poor. When affecting
the kidney, diagnosis at age <6 months por-
tends a very poor prognosis with overall sur-
vival being 9% at 4 years [108]. There are no
long-term survival rates published for CNS
lesions. Initial studies estimated an average
survival of only 12 months following diagno-
sis. Survival is poor in the setting of subtotal
resection of the primary lesion.

Treatment

There is no current consensus in management;
however, surgical excision, radiation, and adju-
vant chemotherapy are often used. There is some
data to suggest that outcomes improve with mul-
timodal treatment [109].
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Synovial Sarcoma

Epidemiology

Synovial sarcoma (SS) is the most common of
the pediatric non-rhabdomyosarcoma soft tissue
tumors. Despite its name, SS does not arise from
synovial tissue but, rather, from mesenchymal
cells. It is a tumor of adolescents and young
adults with a median age at diagnosis of 30 years
and up to 1/3 of patients presenting prior to age
21 [110, 111].

Clinical Characteristics

SS favors periarticular areas near large joints.
The knee, followed by the ankle, elbow, and
shoulder are the most common sites. Tumors on
the trunk or head/neck have been described less
commonly [110, 112].

Tumors present as slowly growing tender,
deep masses, usually >5 cm. Numbness or pares-
thesias develop if the tumor compresses or infil-
trates around the nerves. In some cases, pain is
the only presenting sign [113-115]. SS is the
most commonly misdiagnosed soft tissue malig-
nancy [113]. Initially, the associated pain may be
mistakenly attributed to trauma or athletic injury.
Clinical mimics include bursitis, tendonitis, myo-
sitis, or hematoma. Imaging characteristics are
often reassuringly benign, further delaying
biopsy [113-116].

Laboratory and Imaging
SS show one of three histologic patterns: (1)
biphasic pattern with spindle cells and epithe-
lial cells, (2) monophasic pattern with only
spindle cells, and (3) poorly differentiated sub-
type of small round basophilic cells [117, 118].
Calcification and necrosis are characteristic
features [117]. The t(X;18)(pl1l;ql1) translo-
cation is present in more than 90% of cases
[110, 111].

Gadolinium-enhanced MRI is the imaging
study of choice, with early enhancement consis-

tently present. Tumors commonly appear well
circumscribed and non-infiltrative, arising near
the bone. Peripheral calcifications are often pres-
ent. Small, peripheral SS may be more superficial
and have smooth contours and homogenous tex-
ture, mimicking benign tumors. High uptake by
FDG PET is associated with a worse prognosis in
SS, with higher incidence of recurrence and
metastasis, likely due to higher mitotic activity
[118, 119].

Treatment and Prognosis

Treatment is dependent on surgical resection.
Chemotherapy and radiation are often recom-
mended in the setting of incomplete resection or
metastatic disease [120]. Adjuvant chemotherapy
may decrease the risk of metastasis, even when
resection is complete [111]. Long-term follow-up
is required given the high rate of late metastasis
at 5-10 years posttreatment.

A younger age at diagnosis is a favorable
prognostic factor. In a cohort of patients with SS,
the 5-year event-free survival for patients younger
than 17 years was 66% but dropped to 31% for
those older than 30 [111].

Summary

Malignant soft tissue tumors encompass a het-
erogeneous group of pediatric malignancies.
The main classification system divides these
entities based on tissue of origin with rhabdo-
myosarcoma being the most common subtype.
Limited information has been published
regarding the cutaneous manifestations of
these tumors. Often presenting as a subcutane-
ous mass or indurated plaque, they may mimic
vascular lesions or other benign entities clini-
cally. Biopsy is always indicated when the
diagnosis is uncertain. Please see Table 6.2 for
a clinical summary of some of the rarer non-
RMS tumors.
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Cutaneous Reactions
to Traditional Chemotherapy
and Radiation Therapy

Lucinda L. Kohn and Sonal D. Shah

Introduction

Local and systemic treatment for malignancies
including chemotherapy and radiation therapy
can have significant toxicities related to skin,
hair, nails, and mucous membranes. While many
of these have been well documented in the adult
literature, cutaneous toxicities related to chemo-
therapies in the pediatric population have been
mostly described in the form of case reports and
small case series. Recognition of these cutane-
ous side effects is important, particularly in this
complex population, and cutaneous manifesta-
tions of other underlying conditions (e.g., infec-
tion, graft-versus-host-disease, paraneoplastic
phenomenon) must be differentiated from treat-
ment effects.

This chapter describes some of the common as
well as less familiar cutaneous toxicities related
to traditional chemotherapeutic agents, organized
by agent, as well as acute adverse reactions to
radiation therapy. Newer targeted chemothera-
pies and associated skin reactions are discussed
in the next chapter (Chap. 8).
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Antimetabolite Chemotherapeutic
Agents

Key Points

e Antimetabolite agents are structural
analogues of cellular metabolites, which
interfere with protein, RNA, and DNA
synthesis.

e Three main types of antimetabolite
agents exist: (1) purine analogues, (2)
pyrimidine analogues, and (3) folate
antagonists.

* Common cutaneous side effects include
the development of toxic erythema of
chemotherapy; however many unique
cutaneous side effects occur with each
chemotherapeutic agent.

Antimetabolite chemotherapeutic agents are
structural analogues of normal cellular metabo-
lites that are required for cell function and repli-
cation. When incorporated into the cell, they
interfere directly with normal cellular metabo-
lism, which leads to either production of defec-
tive enzymes or end products that are necessary
for either protein, RNA, or DNA synthesis. This
prevents cell division, and thereby inhibits tumor
growth. As such, they are cell cycle specific and
exert their effect in the S phase of cell replication.
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Antimetabolite chemotherapeutic agents are
often divided into three categories:

1. Purine analogues
2. Pyrimidine analogues
3. Folate antagonists

Purine Analogues

Mercaptopurine

Mercaptopurine (6-MP) competes with purine
derivatives hypoxanthine and guanine for the
enzyme hypoxanthine-guanine phosphoribosyl-
transferase (HGPRT). Downstream effects lead
to decreased purine synthesis and metabolism. It
is commonly used to treat pediatric acute lym-
phoblastic leukemia (ALL) as well as non-
Hodgkin’s lymphoma (NHL). Many cutaneous
side effects have been noted. (Table 7.1 summa-
rizes all chemotherapeutic agents discussed in
this chapter and their cutaneous toxicities.) Toxic
erythema of chemotherapy (TEC) has been
described in patients taking 6-MP. TEC is an
umbrella term for a group of cutaneous eruptions
that can be seen during the course of chemother-
apy, usually appearing between 2 days and
3 weeks following administration of a wide vari-
ety of chemotherapeutic agents (Fig. 7.1). It is
characterized by erythematous patches or edema-
tous plaques of mostly the acral areas and inter-
triginous zones, accompanied by burning or
tenderness, followed by desquamation and spon-
taneous resolution [1]. Pathology tends to reveal
keratinocyte atypia and apoptosis, along with
eccrine squamous metaplasia. This may include
entities such as acral erythema, hand—foot syn-
drome (HFS), palmar-plantar erythrodysesthesia
(PPE), intertriginous eruption associated with
chemotherapy, and chemotherapy-associated
neutrophilic eccrine hidradenitis (NEH). In
patients receiving 6-MP, TEC tends to occur in
the form of HFS or acral erythema, and onset is
typically 2-4 weeks after initiation of therapy.
Clinical findings can include painful desquama-
tion and erosions, as well as tender erythema and
edema of the palmar and plantar surfaces
(Figs. 7.2 and 7.3) [2, 3]. In addition to occurring

near the beginning of therapy, TEC can also pres-
ent after up-titration of 6-MP therapy [4].

There may also be an increased risk of devel-
opment of non-melanoma skin cancer (NMSC)
in patients treated with thioguanines such as
6-MP or its prodrug allopurinol [5-8]. One study
looked at the incidence of NMSC in patients with
inflammatory bowel disease treated with thiogua-
nines, compared to those who were not treated
with similar medications, and found that devel-
opment of NMSC was associated with thiogua-
nine exposure (OR 5.0, 95% CI 1.1-22.8), mostly
in Caucasian populations [9].

In addition to development of NMSC, there is
an increased risk of the development of eruptive
nevi in patients taking thioguanines [10-16]. In
one case, a l7-year-old male with pre-B-cell
ALL underwent induction chemotherapy with
6-MP, as well as other concurrent chemothera-
peutic agents. Two months after completion of
maintenance chemotherapy, numerous pig-
mented lesions were noted to develop on his
trunk. Upon follow-up, numerous dysplastic nevi
as well as a melanoma in situ were identified
[17]. The development of eruptive pigmented
lesions in both children and adults following var-
ious types of chemotherapy has been well docu-
mented [18-20]. While the mechanism of action
is not clear, it may be related to immunosuppres-
sive effects related to chemotherapy.

Fludarabine

Fludarabine is a purine analogue that inhibits
DNA synthesis by inhibiting ribonucleotide
reductase, DNA polymerase, and DNA primase,
thereby interfering with DNA synthesis. It is
commonly used in the treatment of hematologic
malignancies as well as during conditioning
for allogeneic hematopoietic stem cell
transplantation.

Unusual cutaneous side effects can be noted
with fludarabine. There are few reports in adult
patients with chronic lymphocytic leukemia (CLL)
or Waldenstrom’s macroglobulinemia treated with
fludarabine who subsequently developed paraneo-
plastic pemphigus (PnP), characterized by tense
blistering over trunk and extremities as well as
ocular and oral mucosal involvement [21-25].
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Table 7.1 Summary of traditional chemotherapeutic agents, mechanisms of action, and common cutaneous reactions

Drug class

Mechanism of action

Cutaneous reaction

Antimetabolite agents

Structural analogues of cellular
metabolites, incorporate with
DNA and interfere with DNA,
RNA and protein synthesis

Purine analogues

Mercaptopurine Competes with purine TEC (HFS/acral erythema), increase in NMSC,
derivatives for HGPRT, leads increase in pigmented lesions, development of
to decreased purine synthesis melanoma

Fludarabine Inhibits ribonucleuotide Paraneoplastic pemphigus, TEC (intertriginous
reductase, DNA polymerase, eruption), TA-GVHD, increased growth of pre-
and DNA primase existing skin cancers

Cladribine Inhibits adenosine deaminase Pruritus, rash including papules, plaques, vesicles,

ulceration, TEN, TA-GVHD, extravasation injury

Pyrimidine analogues

5-Fluorouracil

Inhibits thymidylate synthase

TEC (HFS), hyperpigmentation (persistent serpentine
supravenous or erythematous eruption, acral,
interphalengeal, nails, oral mucosa, reticulated pattern)

Capecitabine

Prodrug of 5-fluorouracil

TEC (HFS), cutaneous and systemic lupus
erythematosus, loss of fingerprints, diffuse systemic
sclerosis, localized sclerosis of hands,
hyperpigmentation, longitudinal melanonychia,
onycholysis

Cytarabine

Interferes with DNA
polymerase

Morbilliform eruption, TEC (HFS, Ara-C ears,
intertriginous papular, purpuric, pruritic eruption),
TEN, neutrophilic eccrine hidradenitis

Gemcitabine

Cytosine analogue

Maculopapular rash, TEC (pseudocellulitis of lower
extremities), peripheral edema, radiation recall
dermatitis, drug-induced linear IgA, subacute
cutaneous lupus erythematosus, SJIS/TEN

Folate antagonists

Methotrexate Inhibits dihydrofolate Cutaneous ulceration, TEC (HFS, acral erythema)
reductase
Alkylating agents
Cyclophosphamide Attach alkyl group to guanine | Mucositis, hyperpigmentation of nail plate (diffuse,
base of DNA, which interferes | longitudinal or horizontal bands), hyperpigmentation
with DNA replication by (oral mucosa, palmar crease, dorsal hands/feet, under
forming intra-strand and areas of occlusion, reticulate pattern), TEC
inter-strand DNA crosslinks ntertriginous eruption), facial flushing, type I
hypersensitivity reaction
Ifostamide Isomer of cyclophosphamide Hyperpigmentation (hands, feet, under occlusion),
type I hypersensitivity reaction, oral mucositis,
intertriginous and genital erythema and subsequent
sloughing of skin
ThioTEPA Forms reactive ethylenimine HSR (including urticarial), hyperpigmentation
radical that crosslinks DNA (occluded and intertriginous areas), erythema (palms,
and disrupts synthesis soles), desquamation
Melphalan Alkylates DNA nucleotide Erythema, edema, blistering, compartment syndrome,
guanine loss of nails, hyperpigmentation of nail plate
Busulfan Creates intra-strand DNA Hyperpigmentation (diffuse bronze coloration: Neck,

crosslinks

trunk, palmar crease), HSR, pruritus, injection site
reaction, vasculitis

(continued)
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Table 7.1 (continued)

Drug class Mechanism of action

Cutaneous reaction

Hydroxyurea Inhibits M2 protein subunit of

ribonucleotide reductase

Xerosis, alopecia, tissue atrophy, palmoplantar
keratoderma, hyperpigmentation (nails), collagen
vascular disease (cutaneous and systemic lupus
erythematosus, dermatomyositis-like dermatitis),
cutaneous ulceration, development of NMSC

Platinum based Antineoplastics

Cisplatin and Crosslink DNA strands,
Carboplatin inhibits DNA repair and
synthesis

HSR (including urticaria), hyperpigmentation (dorsum
of extremities, elbows, knees, areas of trauma or
pressure, nails)

Antitumor antibiotics

Daunorubicin and Intercalate between DNA/RNA

Alopecia, mucositis, extravasation injury, TEC

Doxorubicin base strands, inhibit (HFS, PPE, intertrigo-like dermatitis), follicular rash,
topoisomerase II, generates radiation recall, formation of melanotic macules, HSR
oxygen free radicals (urticaria, flushing)

Dactinomycin Binds adjacent guanine- Lichenoid dermatitis, mucositis, cheilitis, acne,
cytosine base pairs in DNA, radiation recall dermatitis, alopecia
inhibits RNA polymerase

Bleomycin Complexes with iron and Flagellate dermatitis (erythema or hyperpigmentation),

oxygen to create free radicles
and DNA strand breakages

scleroderma-like fibrosis, Raynaud’s phenomenon,
acral gangrene, alopecia, nail changes, TEC (NEH)

Topoisomerase inhibitors

Topoisomerase I Inhibitors

Topotecan Binds topoisomerase I/DNA Mucositis, alopecia, rash, pruritus, HSR
complex to prevent resealing of | (soft tissue swelling/edema, urticaria)
DNA single strand breaks

Irinotecan Prodrug of topotecan Cholinergic syndrome (diaphoresis, flushing),

alopecia, mucositis

Topoisomerase Il Inhibitors

Etoposide Forms a complex with DNA HSR (soft tissue swelling), alopecia, rash, mucositis
and topoisomerase II and
prevents re-ligation of the
DNA strands and DNA
breakage
Tenotoposide Causes dose-dependent single | HSR (flushing, facial edema, urticaria), alopecia
and double-stranded breaks in
DNA and DNA-protein
crosslinks
Mitotic inhibitors
Taxanes
Paclitaxel Target microtubules to induce HSR, rash
cell cycle arrest
Docetaxel Binds the tubulin component TEC (HFS/PPE), nail changes (onychomadesis), HSR,

of microtubules to inhibit the
M phase of the cell cycle

fluid retention/edema, alopecia, blistering rash,
acneiform eruption, non-specific rash

Vinca alkaloids

Vincristine, Vinblastine,
Vindesine, &
Vinorelbine

Alopecia, rash, Raynaud’s phenomenon, mucositis,
urticaria, venous sclerosis
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Fig. 7.1 Toxic erythema of chemotherapy presenting
with edematous, erosive patches in a patient undergoing
conditioning (carboplatin, etoposide, melphalan) for
hematopoietic stem cell transplant (image courtesy of
Jennifer T. Huang, MD)

Fig. 7.2 Hand-foot syndrome characterized by ery-
thema, edema, and fissures on bilateral palms while
receiving 6-MP

While CLL is associated with PnP, in all of these
cases, development of blistering occurred follow-
ing fludarabine administration. Several cases
improved upon discontinuation of fludarabine.
The mechanism for this reaction is unknown. It
may represent the ability of fludarabine to induce
new autoantibodies to the skin or antitumor anti-
bodies that then cross-react with epidermal
epitopes.

A study looking at the use of intravenous
(IV) busulfan and fludarabine for conditioning
prior to peripheral blood stem cell transplant
(PBSCT) found that 57% of patients (33/58)
developed TEC, ranging from 10 to 35 days
following stem cell infusion [26]. In this study,
the most common areas affected included

Fig. 7.3 Acral erythema presenting with erythematous
patches in a patient on therapy with vincristine, doxorubi-
cin, cytoxan, etoposide, and ifosfamide (image courtesy
of Jennifer T. Huang, MD)

intertriginous sites (21/33 patients with multiple
areas of involvement), with spontaneous resolu-
tion in 2—4 weeks [26].

Transfusion-associated graft-versus-host dis-
ease (TA-GVHD) is rare, but has been noted with
fludarabine administration [27-31]. TA-GVHD
occurs when allogeneic lymphocytes present in
blood products engraft and create an immuno-
logic reaction against the host. Clinical findings
include fever, rash, and elevated transaminases.
Risk factors include severe immunodeficiency
due to malignancy, use of immunosuppressive
medications, congenital immunodeficiencies,
infants with hemolytic disease of the newborn, or
preterm birth [32]. This complication is fatal in
many cases.
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Fludarabine has also been associated with
increased exacerbation or accelerated growth of
preexisting skin cancers [33-35]. While no
reports have been noted in children, it is reason-
able to advocate for regular dermatologic evalua-
tion in patients being treated with fludarabine.

Cladribine

Cladribine is used in the treatment of pediatric
acute myeloid leukemia (AML) as well as histio-
cytic disorders like Langerhans cell histiocytosis
and systemic mastocytosis. It is a purine ana-
logue that inhibits adenosine deaminase, thereby
decreasing purine DNA synthesis. It selectively
targets lymphocytes and thus leads to immune
suppression.

More common cutaneous side effects noted
with cladribine include pruritus and erythema-
tous macules, papules, and plaques that can
ulcerate, crust, vesiculate, or become purpuric
[36-38]. There is a report of toxic epidermal
necrolysis (TEN) occurring after cladribine
administration [39]. Onset of side effects is
within 2 weeks to 2 months after initiation of
medication or after subsequent cycles. Pathology
reveals a perivascular dermatitis with lympho-
cytes, degranulated eosinophils (flame figures),
collagen necrobiosis, or intra/subepidermal vesi-
cle formation [38]. Peripheral eosinophilia may
occur as well [40—44]. Other less common cuta-
neous side effects of cladribine include one case
of TA-GVHD [45] as well as skin necrosis due to
extravasation injury [46].

Pyrimidine Analogues

5-Fluorouracil and Capecitabine

5-Fluorouracil (5-FU) is a pyrimidine analogue,
and acts by inhibiting thymidylate synthase,
thereby interfering with de novo DNA synthesis.
It is commonly used in the treatment of hepato-
blastoma and other hepatobiliary malignancies.
Capecitabine is an oral prodrug of 5-FU and is
converted into the active form in either the liver
or within the tumor itself. Therefore, the two
drugs share a similar side effect profile. 5-FU and
capecitabine are well known to cause TEC, in the

form of HFS [47-53]. The National Cancer
Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE, v4.0) grading
system for dermatologic toxicities is a commonly
used method of grading HFS or PPE (Table 7.2)
[54]. Patients taking capecitabine may experience
varying severity of HFS, with some experiencing
mild erythema and minimal dysesthesia (Grade I)
to blister formation, desquamation, pain, and
functional impairment (Grade 3). While mostly
symmetric, unilateral cases have been described
[47, 50]. Depending on severity, treatment can be
either supportive in nature or may require dose
adjustment or discontinuation of the medication.
Onset is typically noted within the first two cycles
of medication administration.

Capecitabine has a few distinct cutaneous
side effects.There are case reports of drug-
induced cutaneous and systemic lupus erythema-
tosus secondary to capecitabine administration
[55-65]. The onset is between 2 and 4 weeks of
starting therapy. The morphology can range
from erythematous annular scaling plaques on
sun-exposed areas to more discoid lesions.
Patients have shown positive antinuclear anti-
bodies (ANAs), as well as anti-histone, Ro, and
La antibodies. Other unique cutaneous side
effects include the deterioration or loss of finger-
prints, which can be independent of the develop-
ment of HFS [66-69]. The loss of fingerprint
quality can be reversible; however this may
prove to be problematic for patients given diffi-
culties with identification. There have also been
reports in adults of scleroderma-like changes of
the hands associated with HFS [70, 71] as well
as a case of diffuse systemic sclerosis attributed
to capecitabine therapy [72].

Both 5-FU and capecitabine have been associ-
ated with significant pigmentary changes. 5-FU
has been known to cause pigmentary abnormali-
ties in 2-5% of all patients [73]. Notable changes
include persistent serpentine supravenous hyper-
pigmentation (PSSH) or erythematous eruption
(PSEE), diffuse acral pigmentation and pig-
mented bands of the interphalangeal joints, as
well as pigmentation of the nails and oral mucosa
[74-77]. In PSSH and PSEE, hyperpigmentation
or erythema, respectively, is noted in a linear or
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Table 7.2 National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), Version 4.0 [54]

Skin and subcutaneous tissue disorders

Grade
Adverse event 1 2 3 4 5
Palmar-plantar Minimal skin Skin changes (e.g., Severe skin
Erythrodysesthesia | changes or peeling, blisters, changes (e.g.,
syndrome dermatitis (e.g., bleeding, edema, or peeling, blisters,
erythema, edema, or | hyperkeratosis) with | bleeding, edema
hyperkeratosis) pain; limiting or hyperkatosis)
without pain instrumental ADL with pain, limiting
self-care ADL
Alopecia Hair loss of <50% Hair loss of >50%
of normal for that normal for that
individual that is not | individual that is
obvious from a readily apparent to
distance but only on | others; a wig or hair
close inspection; a | piece is necessary if
different hair style | the patient desires to
may be required to | completely
cover the hair loss camouflage the hair
but it does not loss; associated with
require a wig or hair | psychological impact
piece to camouflage
Dermatitis reaction | Faint erythema or Moderate to brisk Moist Life-threatening Death
dry desquamation erythema; patchy desquamation in | consequences;
moist desquamation, | areas other than skin necrosis or
mostly confined to skin folds and ulceration of full
skin folds and crease; | creases; bleeding | thickness dermis;
moderate edema induced by minor | spontaneous
trauma or bleeding from
abrasion involved site; skin
graft indicated

Information is from the website of the National Cancer Institute (https://www.cancer.gov)

serpentine distribution overlying the superficial
venous network. A reticulated pattern of hyper-
pigmentation has also been noted with 5-FU [78—
80]. Longitudinal melanonychia and onycholysis
have also been associated with capecitabine
[81-86].

Cytarabine

Cytarabine (also known as cytosine arabinoside
or Ara-C) is commonly used in the treatment of
leukemias and lymphomas. It interferes with
DNA polymerase activity, which inhibits DNA
synthesis. It is specific for the S phase of the cell
cycle. Cutaneous reactions to this medication are
quite common. In a study of 172 patients receiv-
ing cytarabine, 53% developed a cutaneous reac-
tion, with a morbilliform eruption being the most
common [87]. Cytarabine can commonly cause

HES, both classical and a bullous variant, both of
which have been described in the pediatric litera-
ture [88, 89]. This reaction may resolve sponta-
neously or upon withdrawal of the medication.
Ear swelling or erythema (likely a form of TEC)
has been noted following cytarabine administra-
tion, leading to the term “Ara-C ears” [90].
A generalized papular, purpuric eruption or vio-
laceous erythema has also been described related
to cytarabine [91]. In a retrospective study look-
ing at 16 patients, intertriginous involvement was
common, as was pruritus. A majority of patients
developed these findings following completion of
therapy. No systemic symptoms were noted.
Previous cytarabine use was not a risk factor of
development of the eruption, or predictive of
recurrence with reexposure. Two pediatric
patients developed TEN following administration
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of intermediate [92] and high-dose cytarabine
[93], initially presenting with localized bullae
that quickly generalized. Cutaneous findings
were initially noted on the second and fifth days
of therapy, respectively. Both cases resulted in
death of the patients.

NEH has also been described with cytarabine
use [94, 95]. Clinically, patients can be febrile
and develop erythematous to violaceous or pur-
puric macules, plaques, vesicles, pustules, or
nodules. Face and extremities are commonly
involved. In some cases, NEH may mimic cellu-
litis [96]. Pathology reveals infiltration of the
eccrine glands and ducts with neutrophils, as well
as necrosis of the secretory epithelium [97].

Gemcitabine

Gemcitabine is a cytosine analogue that, when
activated, can be incorporated into replicating
DNA and lead to cell death. It is commonly used
in the treatment of pediatric cancers such as
Hodgkin’s lymphoma and NHL, germ cell
tumors, hepatocellular carcinoma, and other solid
tumors. Cutaneous side effects have been well
documented with gemcitabine, with the most
common being the development of a fine maculo-
papular eruption that occurs in up to 30% of
patients [98]. In a pediatric report, the eruption
itself was self-limiting, but did recur upon reex-
posure to gemcitabine [99].

Other cutaneous findings include pseudo-
cellulitis, mostly of the lower extremities [100—
106], likely another form of TEC. Similarly, an
erysipeloid-like erythema in areas of preexisting
lymphedema [107] or development of peripheral
edema has been noted. According to the package
insert of the medication, peripheral edema has
been noted in up to 20% of all patients receiving
the medication [108]. These findings tend to be
self-limited and rarely require discontinuation of
the medication [109-111].

Notably, gemcitabine can also induce
radiation-recall dermatitis. Radiation-recall der-
matitis is an inflammatory reaction that can occur
in a specific area of the skin or underlying tissues
that was targeted with previous radiation therapy
following administration of certain medications,
including cytotoxic agents such as gemcitabine.

Clinically, cutaneous findings can include ery-
thema, desquamation, edema, vesiculation, ulcer-
ation, or frank necrosis localized to the area that
was previously irradiated. Pain or pruritus is
often noted. It tends to self-resolve without spe-
cific therapy, but topical steroids and antihista-
mines may offer symptomatic relief.
Gemcitabine-induced radiation-recall dermatitis
is unusual compared to other medications, in that
it can also affect internal organs and tissues, as
described by Friedlander et al. [112]. Jeter et al.
looked at all reported cases of radiation-recall
and found that the majority were caused by
anthracyclines (41%) and taxanes (28%) [113].
In this study, 63% of radiation-recall reactions
due to anthracyclines and taxanes manifested as
dermatitis. The Friedlander et al. study in con-
trast reported only 31% of patients presented
with dermatitis or mucositis, and 70% were
found to have internal organ involvement [112].
In addition to internal organ involvement, myosi-
tis has also been noted to occur, including a
severe case in a 14-year-old female with a right
arm synovial sarcoma, treated initially with radi-
ation and subsequently with gemcitabine and
docetaxel, who developed myositis, resulting in
compartment syndrome [114].

In adults, there are a few reports of more seri-
ous cutaneous side effects. Drug-induced linear
IgA due to gemcitabine has been described [115].
Lesions resolved within 2 weeks of discontinua-
tion of gemcitabine. There are also rare reports of
drug-induced subacute cutaneous lupus erythe-
matosus occurring secondary to gemcitabine
[116, 117], as well as Stevens—Johnson syn-
drome/TEN [118-120].

Folic Acid Antagonists

Methotrexate

Methotrexate (MTX) is an inhibitor of dihydro-
folate reductase (DHFR), which is necessary in
tetrahydrofolate synthesis. By acting as a com-
petitive inhibitor, the end effect results in a
decrease in DNA and RNA synthesis. It is com-
monly used in the treatment of both hematologic
and solid-organ malignancies. Most common
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side effects include myelosuppression and gas-
trointestinal mucositis. Oral mucositis tends to
occur within 3-7 days following administration.
It is thought that intestinal mucosal cells are more
sensitive to the medication, and MTX tends to
accumulate and persist within the cells [121].
Cutaneous toxicities have been reported as well.
Perhaps the most documented is the development
of ulceration, oftentimes within plaques of pso-
riasis, which can be a presenting sign of metho-
trexate toxicity. It is postulated that ulcerations
preferentially occur within psoriatic plaques due
to the higher uptake of methotrexate by the
hyperproliferative keratinocytes within psoriasis
lesions [122, 123]. However ulceration of non-
psoriatic skin has also been reported [124]. Risk
factors for development of cutaneous ulcerations
may include infection, older age, and coadminis-
tration of nonsteroidal anti-inflammatory
medications [125]. There are no reported cases
occurring in the pediatric population.

Ultraviolet recall reactions, which are similar
to radiation-recall reactions, can be triggered by
MTX. They present with erythema and can be
erosive (Fig. 7.4) or vesiculobullous, akin to pho-
totoxic reactions.

Another well-documented, although relatively
uncommon, reaction to MTX is the development
of HFS, or acral erythema of chemotherapy. This
is characterized by the development of painful
inflamed plaques on both the palms and soles
oftentimes over pressure points, with even bul-
lous lesions noted. To date, there have been nine
cases of bullous acral erythema being reported in

Fig. 7.4 Ultraviolet recall reaction induced by metho-
trexate (image courtesy of Jennifer T. Huang, MD)

children with a variety of underlying malignan-
cies [126—134]. Treatment options include obser-
vation, systemic steroids, or use of intravenous
immunoglobulins. Other treatment options with
more variable results include saline soaks, topical
steroids, topical narcotics, and emollients.

Alkylating Agents

Key Points

» Alkylating agents attach an alkyl group
to the guanine base of DNA.

e Cyclophosphamide causes cutaneous
and nail pigmentation, along with toxic
erythema of chemotherapy.

e ThioTEPA can lead to the development
of a hyperpigmented intertriginous
eruption.

e Hydroxyurea can cause hyperpigmenta-
tion and cutaneous ulceration, and can
induce autoimmunity leading to the
development of collagen vascular
disease.

» Hypersensitivity reactions are common
with  platinum-based antineoplastic
agents.

Alkylating agents attach an alkyl group to the
guanine base of DNA. Through this action they
prevent breakage of DNA strands and lead to
death of individual cells. In addition, cells in all
phases of the cell cycle are susceptible to their
effects, making them useful in the treatment of
various malignancies.

Cyclophosphamide

Cyclophosphamide is commonly used to treat
several cancers. Notable cutaneous side effects
can include alopecia, mucositis, facial flushing as
well as type I hypersensitivity reactions (HSRs),
and hyperpigmentation (widespread or local-
ized). The most common location of hyperpig-
mentation noted with cyclophosphamide occurs
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in the nail plate. In a study looking at nail pig-
mentation related to chemotherapy in patients
with Fitzpatrick type V skin, ten women on
cyclophosphamide developed diffuse black pig-
mentation, slate grey to black longitudinal
streaks, or diffuse dark grey pigmentation proxi-
mally with overlying black transverse bands
[135]. The nail pigmentation starts proximally
and spreads distally, and tends to subside simi-
larly when the medication is discontinued.
Cutaneous and mucosal hyperpigmentation can
also be noted, including the oral mucosa, palmar
creases, and dorsal aspects of the hands and feet
[136, 137]. Localized forms of pigmentation,
particularly under areas of occlusion, have been
noted in both pediatric and adult patients [138].
One case report described a generalized reticulate
pattern of skin pigmentation, in the absence of
nail findings [139]. The skin pigmentation that
can occur with cyclophosphamide is usually
reversible in 6—12 months following discontinua-
tion of therapy [140].

Other cutaneous findings related to cyclo-
phosphamide include the development of
TEC. In a study describing the development of
an intertriginous distribution of TEC in 16 pedi-
atric patients, 7 patients were receiving cyclo-
phosphamide (in combination with other
chemotherapeutic agents) [141]. Cutaneous find-
ings included dusky red papules as the primary
lesions that became confluent in intertriginous
areas, particularly in the axillae and groin. The
onset of development was 1-25 days after receiv-
ing chemotherapy. This particular eruption was

strikingly asymptomatic for all patients, and
spontaneously  resolved  without  major
intervention.
Ifosfamide

Ifosfamide is an isomer of cyclophosphamide
and therefore there is overlap in their cutaneous
adverse reactions. Hyperpigmentation is known
to occur, usually on hands and feet [142, 143] or
in occluded areas [144]. Type I HSRs also occur
rarely [142]. In combination with other chemo-
therapeutic agents such as carboplatin and etopo-

side, a characteristic eruption has been noted
including oral mucositis, bright red erythema
accentuated in intertriginous and genital areas,
and subsequent sloughing and desquamation of
affected areas [145].

ThioTEPA

ThioTEPA is used as a conditioning agent in
patients undergoing hematopoietic stem cell
transplantation. It is a derivative of nitrogen mus-
tard and acts as an alkylating agent. Alkylation
occurs by the formation of a reactive ethyleni-
mine radical, which cross-links two strands of
DNA, thereby disrupting DNA, RNA, and pro-
tein synthesis. Common side effects are pruritus
as well as HSR including development of urti-
caria [140, 146]. Mucositis can be dose limiting
for many patients.

The most common cutaneous side effect with
high-dose thioTEPA, in both adults and pediatric
patients, is the development of hyperpigmenta-
tion and erythema [147-150]. Less frequently,
exfoliation and desquamation have also been
noted [150, 151]. Other findings include ery-
thema of the palms and soles [152] as well as
hyperpigmentation specific to occluded areas
[148]. Preferential areas of involvement include
intertriginous zones [148, 150, 151]. ThioTEPA
is thought to be excreted onto the skin by sweat,
and therefore elevated drug concentrations in
these areas may lead to increased risk of skin
toxicity.

In a study looking at 38 pediatric patients
receiving high-dose thioTEPA (in combination
with other chemotherapeutic agents) for a variety
of solid-organ malignancies, all developed skin
toxicities [153]. Seventy nine percent developed
a pattern of skin involvement, starting with mild
erythema, which then progressed to generalized
erythema, desquamation, and hyperpigmenta-
tion. In the other patients, features of erythema,
desquamation, and hyperpigmentation were
noted, although not following a specific sequence.
Intertriginous or occluded areas were most often
involved. Onset was on average 6.5 days follow-
ing administration of thioTEPA.
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Melphalan

Melphalan is an alkylating agent in the nitrogen
mustard family. It exerts its mechanism of action
by alkylation of DNA nucleotide guanine. This
leads to DNA strand linkages, which thereby
inhibits DNA and RNA synthesis, leading to
cytotoxicity. Melphalan is not cell cycle specific.
It is commonly used in conditioning regimens
prior to hematopoietic stem cell transplantation.
It is also used to treat malignancies such as mul-
tiple myeloma and retinoblastoma, as well as
skin and soft-tissue tumors such as malignant
melanoma or soft-tissue sarcomas.

Melphalan can be used in the treatment of
localized skin and soft-tissue tumors with the
technique of isolated limb infusion (ILI). In a
systematic review looking at ILI with use of mel-
phalan in combination with actinomycin D, out
of 576 included patients, 46% of patients devel-
oped mild erythema or edema, while 19% had
significant erythema, edema, or blistering.
Extensive skin blistering/sloughing or compart-
ment syndrome was noted in 2% of all patients
[154]. Temporary loss of nails in the perfused
limb can be noted. Hyperpigmentation has com-
monly been noted, particularly of the nails, pre-
senting as dark bands of the nail plate [155].

Busulfan

Busulfan is an alkylsulfonate type of alkylating
agent. It works by creating intra-strand DNA
cross-links, which prevents DNA replication. It is
commonly used in both pediatric and adult popu-
lations as a conditioning agent prior to bone mar-
row transplantation, as well as for treatment of
leukemias, lymphomas, and other myeloprolifer-
ative disorders.

The most notable cutaneous reaction to busul-
fan is the development of a diffuse hyperpigmen-
tation that can be similar in appearance to
Addison’s disease [156-161]. The bronze discol-
oration occurs more often on the neck, upper
trunk, and palmar creases. It is more common in
darker skinned individuals [162]. It is thought to
occur due to toxic effects of the medication on

melanocytes, leading to increased pigment depo-
sition in the basal layer of keratinocytes [163].

Hydroxyurea

Hydroxyurea (HU) exerts its effects by inhibiting
the M2 protein subunit of ribonucleotide reduc-
tase. This in turn inactivates the enzyme, leading
to inhibition of DNA synthesis and cell death in
the S phase of the cell cycle [164]. It is com-
monly used in the treatment of leukemias and
myeloproliferative disorders, as well as for chil-
dren and adults with sickle cell anemia. HU has a
wide range of cutaneous toxicities. Common
findings include xerosis, hyperpigmentation,
alopecia, tissue atrophy, and palmoplantar kera-
toderma [165, 166]. Pigmentary changes of the
nails have also been noted with three distinct pat-
terns of hyperpigmentation noted: transverse or
longitudinal bands of hyperpigmentation, or dif-
fuse hyperpigmentation of the entire nail plate
[167-169]. In a study looking at children on HU
therapy for sickle cell anemia, nail pigmentation
was noted to occur relatively quickly (mean
8—12 weeks) following initiation of HU, with
relatively low doses of the medication [170]. This
is in contrast to previous reports noting onset of
cutaneous side effects in adult patients after pro-
longed HU therapy (with one study noting an
average 5 years) in the treatment of myeloprolif-
erative disorders or leukemia [171]. As patients
with sickle cell anemia tend to have darker skin
tones, this may highlight a predisposition to
developing hyperpigmentation with HU for those
who have darker skin at baseline.

Another notable cutaneous effect of HU is the
development of collagen vascular disease. In a
study looking at HU in the use of psoriasis and
the development of autoimmune disease, patients
on HU therapy had a higher rate of elevated
dsDNA and anti-cardiolipin IgG antibodies,
compared to their matched controls (ages not
specified) [172]. Of those with positive serolo-
gies, only 14% developed cutaneous signs that
may be associated with collagen vascular dis-
ease. A case report describes a 14-year-old patient
with sickle cell anemia on HU therapy who
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developed discoid lesions on the face and upper
extremities [173]. Pathology confirmed findings
consistent with discoid lupus erythematosus and
laboratory evaluation revealed + ANA and anti-
histone antibodies. Upon discontinuation of HU,
the skin lesions rapidly improved and the anti-
body profile soon normalized. There is also a
report of development of systemic lupus erythe-
matosus due to HU in an adult, who also noted
rapid improvement in all of her symptoms fol-
lowing discontinuation of the medication [174].
There are many reports of HU-induced dermato-
myositis (DM), or DM-like changes on the skin
[175-184]. In a review of all reported drug-
induced DM cases in the literature, HU accounted
for 51% of all total cases [185]. In this group of
patients, the average time to onset of DM was
60 months after initiation of HU therapy. None of
the reported cases had associated myositis or
muscle weakness. 80.6% of patients had classic
pathognomonic cutaneous changes of DM on
exam, including Gottron’s papules, erythema of
dorsal hands, and heliotrope rash.

HU has also been known to cause cutaneous
ulcerations. According to manufacturer report-
ing, ulceration accounts for 30% of all dermato-
logic adverse events [186]. Common locations
include the lower extremity, in particular peri-
malleolar area, as well as feet (dorsal surface),
heel, and occasionally arms, hands, and face
[187]. Ulcerations tend to be small, well demar-
cated, and shallow with an adherent yellow,
fibrinous, necrotic base [188]. They can be bilat-
eral and almost universally tend to have signifi-
cant associated pain. Some studies suggest that
development or expansion of ulcerations is dose
dependent [186, 189]; however, other studies
suggest that even the minimum daily dose can
induce ulcer formation [190]. Pathophysiology is
thought to be due to a cumulative and direct
effect on basal keratinocytes, leading to atrophy
and delayed wound healing [164, 171].

HU has also been implicated in the develop-
ment of NMSC, predominantly in photo-
distributed areas and in individuals with
Fitzpatrick phototype I or II skin. As HU
impairs DNA repair mechanisms, it interferes
with correction of UV signature mutations

induced by sun exposure, which can lead to
development of squamous dysplasia and even-
tually neoplasia. Some authors recommend
using the term “HU-induced dermopathy” to
encompass the spectrum of skin changes result-
ing from sun exposure in combination with HU
therapy, ranging from sunburns to premalignant
actinic keratosis to metastatic squamous cell
carcinoma [191].

Platinum-Based Antineoplastic
Agents: Cisplatin and Carboplatin

Platinum-based antineoplastic agents are group
of chemotherapeutic drugs that are used to treat a
wide range of malignancies. Their mechanism of
action is to cause cross-linking of DNA strands,
which inhibits DNA repair and synthesis. They
are similar to alkylating agents in their end effect
on DNA, but do not technically contain an alkyl
group. The prototypic drug in this group of medi-
cations is cisplatin. Carboplatin is a second-
generation platinum agent, thought to have a
more favorable side effect profile.

A common side effect noted with platinum-
based chemotherapeutic agents is HSR. Most
HSRs due to platinum agents occur at the time of
infusion. It is considered to be a type I hypersen-
sitivity IgE-mediated response. In a study look-
ing at 50 pediatric patients with low-grade
gliomas receiving treatment with carboplatin and
vincristine, 40% developed a HSR [192]. Of
those, 45% of patients had a Grade I reaction,
characterized by transient flushing or rash, and
30% had a Grade 2 reaction resulting in develop-
ment of flushing, urticaria, mild bronchospasm,
and dyspnea. More severe reactions with true
anaphylaxis were noted in 25% of patients,
resulting in the death of one patient. The mean
number of carboplatin doses received at the time
of first HSR was 9, which is similar to another
study of pediatric brain tumor patients in which
42% of patients receiving carboplatin developed
HSR, after a mean of 10.5 infusions [192, 193].
This study revealed that the cumulative risk of
developing HSR increased with each subsequent
infusion, and did not plateau.
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In a study looking at pediatric patients receiv-
ing carboplatin for low-grade gliomas, who did
have HSR, 40/55 (73%) were able to receive
repeated infusions to complete therapy with
either use of precautionary measures (prolonged
infusion time, premedication with H1 and H2
receptor antagonists, and corticosteroids) or fol-
lowing desensitization therapy, allowing 34
patients to complete their planned treatment
course [194]. However, successful re-challenge
may be protocol specific, as other studies have
reported less efficacy with desensitization regi-
mens [195, 196].

Other cutaneous findings have been noted
with platinum agents. Cisplatin in particular can
cause hyperpigmentation in up to 70% of patients
[136]. The distribution can be localized or patchy
(corresponding to areas in close proximity to
intra-arterial infusion) [197, 198], and may affect
dorsal aspects of extremities, elbows, knees, sites
of trauma or pressure, and nails [199, 200].

Antitumor Antibiotics

Key Points

* Antitumor antibiotics are derived from
Streptomyces bacterium.

* Anthracycline antitumor antibiotics
include daunorubicin and doxorubicin.
Their major cutaneous side effects
include the development of hand—foot
syndrome and other forms of toxic ery-
thema of chemotherapy.

e Dactinomycin can cause a lichenoid
dermatitis in children.

* Bleomycin is known to cause a flagel-
late dermatitis, commonly on the upper
trunk and extremities. Other cutaneous
side effects include the development
of Raynaud’s phenomenon and a
scleroderma-like fibrosis of the skin.

Antitumor antibiotics are a group of chemo-
therapeutic agents that are derived from
Streptomyces  bacterium. They are both

antimicrobial and cytotoxic in nature. Most are
not cell cycle specific and they work by interfer-
ing with a variety of cellular processes, mainly
disrupting nucleic acid synthesis or inhibiting
DNA/RNA synthesis.

Anthracycline Antitumor Antibiotics

Anthracycline antibiotics have three mechanisms
of action:

1. Intercalating between DNA/RNA base strands
to prevent DNA/RNA synthesis in rapidly
growing cells

2. Inhibition of topoisomerase II, which thus
inhibits relaxation of DNA supercoils, thereby
blocking the function of DNA polymerase in
transcription

3. Generation of free oxygen radicals that lead to
DNA cellular damage
Common anthracycline antibiotics include
daunorubicin and doxorubicin.

Doxorubicin is commonly used in the treat-
ment of NHL and other lymphomas; lung, ovar-
ian, and breast carcinomas; sarcomas; and other
pediatric solid-organ tumors. Daunorubicin is
commonly used to treat leukemias, NHL, and
Ewing sarcoma. Their side effect profiles are
similar, though those of doxorubicin are better
described. Doxorubicin, while effective, has a
significant side effect profile, with use being lim-
ited by cardiac toxicity and nausea. Cutaneous
side effects include alopecia, mucositis, and
extravasation injury [201-203]. The develop-
ment of a polyethylene glycol-coated liposomal
form of doxorubicin (PLD) has allowed for over-
all better tolerability, with less myelosuppres-
sion and no cardiac toxicity. However, there are
some unique cutaneous adverse events that can
occur with PLD. One study looking at 22 pediat-
ric patients with refractory solid-organ tumors
showed that PLD-induced mucositis was dose
dependent, with development and worsening of
disease noted with subsequent increased doses
[204]. HES and PPE, entities within the broader
spectrum of TEC, are commonly noted with
PLD with pooled data showing an incidence of
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up to 45% [205]. In the previously mentioned
study of pediatric solid-organ tumor patients,
6/22 (27%) developed PPE [204]. Some studies
suggest that the incidence increases with higher
doses of PLD [206-208]. In addition to previ-
ously noted mucositis and PPE, other studies
looking at cutaneous effects due to doxorubicin
have noted an intertrigo-like dermatitis (again
likely part of the spectrum of TEC) [209-212],
diffuse follicular rash, radiation-recall, and new
formation of melanotic macules [210]. HSR,
characterized by urticaria, flushing, and chest
pain within minutes of infusion, has also been
noted [204, 209].

Dactinomycin

Dactinomycin is a polypeptide antitumor antibi-
otic, also isolated from Streptomyces species. It is
composed of two cyclic peptides, attached to a
phenoxazine derived from Streptomyces. It exerts
its mechanism of action by binding adjacent
guanine-cytosine base pairs in DNA and inhibit-
ing RNA and protein synthesis via RNA poly-
merase. It can also cause single-stranded breaks
in DNA, leading to further damage. It is cell cycle
nonspecific. It is commonly used in the treatment
of pediatric solid tumors, such as Wilms tumor,
Ewing sarcoma, gestational trophoblastic neopla-
sia, and rhabdomyosarcoma.

Dactinomycin can induce a lichenoid dermati-
tis in children undergoing chemotherapy [213—
216]. In these reports, onset occurred within
1-2 weeks of dactinomycin initiation. The
appearance was varied, with some reports
describing an erythematous maculopapular rash,
diffuse hyperpigmentation, or brawny erythema-
tous papules with either follicular accentuation or
overlying Wickham striae. The distribution was
either generalized [215, 216] or favored intertrig-
inous areas such as axillae and inguinal folds
[213, 214]. Two reports also described either oral
mucositis or cheilitis [214, 215]. In three of these
reports, skin biopsies revealed lichenoid dermati-
tis, some showing changes of syringometaplasia
as well [214, 215]. The eruption resolved sponta-
neously in most cases over several weeks with

residual hyperpigmentation. Few cases recurred
following reexposure to dactinomycin.

Another cutaneous toxicity of dactinomycin
is the development of severe acne, as reported in
an 8-year-old prepubertal female [217]. Onset
occurred 10 days into therapy and serial mea-
surements of hormones revealed spikes in andro-
gen levels temporally related to dactinomycin
administration. Radiation-recall dermatitis has
also been described related to dactinomycin
[218-221]. Alopecia has been reported, as
well [218].

Bleomycin

Bleomycin is a non-ribosomal glycopeptide
derived from Streptomyces verticillus. It exerts
its antitumor effect by complexing with iron and
oxygen, leading to free radical formation and
subsequent single- and double-stranded DNA
breaks. It is cell cycle specific, working within
the G2 and M phases. Common areas of toxicity
include the lungs as well as the skin, as these two
organs lack bleomycin hydrolase, an inactivating
enzyme, predisposing to accumulation of the
medication within the tissue. A commonly noted
side effect of the medication is the development
of flagellate erythema or hyperpigmentation.
Bleomycin-induced linear hyperpigmentation
was originally described in 1971 [222], and sev-
eral reports describing the reaction have fol-
lowed. In a study looking at 274 patients receiving
bleomycin, 1/3 of patients developed hyperpig-
mented streaks [223]. The typical areas of
involvement include upper trunk and extremities.
There is usually accompanying pruritus. In some
patients, areas initially appear to be more ery-
thematous, urticarial, or vesicular, which then
resolve leaving post-inflammatory hyperpigmen-
tation [224-226]. Originally, the reaction was
thought to be dose dependent, occurring in
patients receiving doses higher than 100-200 mg,
but there are reports of development of flagellate
dermatitis with doses as low as 15 mg [224, 226,
227]. In a report of four teenage patients with
nodular sclerosing Hodgkin’s lymphoma who
developed flagellate dermatitis during treatment
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with bleomycin, the cumulative doses ranged
from 60 to 150 mg [228]. Development of flagel-
late dermatitis has been reported with various
routes of administration including intravenous,
intramuscular, intrapleural, intraperitoneal, and
intracutaneous injections [225, 229-233]. The
eruption can occur between 1 day and 9 weeks
after administration of the drug, and usually
self-resolves, but can last up to 6 months after
discontinuation of medication.

Raynaud’s phenomenon (RP) is another
potential side effect of bleomycin therapy. In a
study looking at 32 men with testicular germ cell
tumors being treated with combination bleomy-
cin therapy, 44% developed RP [234]. Risk fac-
tors for development include higher cumulative
doses as well as bolus administration of the drug
(compared to continuous infusion) [235]. There
is a pediatric report of RP occurring following
intralesional bleomycin administration for treat-
ment of verruca vulgaris [236]. Few cases
describe the development of acral gangrene as a
result of RP induced by bleomycin [237-239].
Scleroderma-like changes in the skin have also
been reported with the use of bleomycin. Most
patients have limited involvement, but few
patients have developed diffuse disease [240].
Many cases develop concurrently with medica-
tion administration, but can be delayed by up to
2 years [241]. Some patients have resolution of
swelling and sclerosis following discontinuation
of therapy, but sclerodactyly tends to be persis-
tent. There is a case report of a 10-year-old
female receiving bleomycin for an ovarian germ
cell tumor, who developed both flagellate derma-
titis and morphea-like plaques over much of her
trunk [242]. Other cutaneous findings include
alopecia, NEH, and nail changes [243].

Topoisomerase Inhibitors

Key Points

» Topoisomerase I inhibitors most com-
monly cause diarrhea and myelosup-
pression.Cutaneous adverse effects

include mucositis, alopecia, rash, and
cholinergic syndrome.

» Topoisomerase II inhibitors may cause
secondary leukemia in a minority of
patients, which is dose related.
Cutaneous adverse effects include alo-
pecia, rash, hypersensitivity reaction,
and mucositis.

e The hypersensitivity reaction caused by
etoposide is thought to be due to the
chemicals in its base, whereas for teni-
poside it is thought to be due to the
active drug.

Topoisomerase inhibitors inhibit DNA synthe-
sis by binding to topoisomerase enzymes, which
function to relieve helical strain during DNA rep-
lication. There are two classes of topoisomerase
inhibitors: those that act on topoisomerase I and
those that act on topoisomerase II.

Topoisomerase | Inhibitors:
Topotecan and Irinotecan

Topotecan and irinotecan are water-soluble deriv-
atives of the plant alkaloid camptothecin, from
the Chinese tree Camptotheca acuminate. They
are camptothecin analogues that target the intra-
nuclear enzyme topoisomerase I. Topoisomerase
I binds to double-stranded DNA and creates a
transient single-strand break to relieve torsional
strain during DNA replication. It then binds
covalently to the cleaved DNA, allowing the
unbroken strand to pass through, and reseals the
break resulting in a newly relaxed DNA double
helix. The camptothecin analogues bind and sta-
bilize the topoisomerase I and DNA complex,
preventing resealing of the single-stranded break.
However, this is not sufficient for cell death. The
replication fork must advance to the topoisomer-
ase I-DNA complex, which causes a lethal
double-stranded break in the DNA. This induces
apoptosis in the S phase. Irinotecan is a prodrug
that undergoes enzymatic hydrolysis by carboxy-
lesterase in the liver, gut, and certain tumors to
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form its active metabolite, which is over 100x
more effective as an antitumor agent.

Currently, both topotecan and irinotecan are
only FDA approved for treatment of adult malig-
nancies. Topotecan is approved as a second-line
therapy for ovarian cancer, small-cell lung can-
cer, and in combination with cisplatin for cervical
cancer. Irinotecan is approved for the treatment
of refractory colorectal carcinoma or as initial
therapy in combination with 5-fluorouracil for
metastatic colorectal cancer.

Clinical trials of topotecan and irinotecan in
children were initiated in the 1990s. Topotecan,
despite having good blood-brain barrier penetra-
tion, has not been effective in the treatment of
CNS tumors [244]. Topotecan has been shown to
have complete and partial responses when used
in the treatment of neuroblastoma, Ewing sar-
coma, and retinoblastoma, and long-lasting
minor responses or stable disease were seen in
hepatoblastoma and rhabdomyosarcoma [245].

In single-agent trials with topotecan for pedi-
atric solid tumors, myelosuppression, specifi-
cally neutropenia, was the most common
dose-limiting toxicity. For pediatric leukemia tri-
als, the dose-limiting toxicity for topotecan was
mucositis [246]. In pediatric clinical trials,
1-10% of patients developed moderate-to-severe
mucositis [244, 246-249]. Cutaneous adverse
reactions for topotecan included alopecia, rash,
and pruritus. Three to 12% of patients may
develop a pruritic, recurrent, generalized ery-
thematous maculopapular rash that can be symp-
tomatically treated with diphenhydramine and
topical corticosteroids [246, 250-253]. Alopecia
is an infrequently reported side effect [247, 254].

Of note, topotecan can also be injected intra-
ocularly into the sub-Tenon’s space for the treat-
ment of intraocular retinoblastomas. One group
reported hypersensitivity reactions in 2 of 25
patients during their third intraocular injections
of topotecan in a fibrin sealant [255]. The first
patient developed upper lid swelling after the first
two injections, and then upper lid swelling with
urticaria and laryngeal edema requiring ICU
admission with the third injection. Improvement

was noted with administration of IV diphenhydr-
amine and epinephrine. The second patient devel-
oped periocular edema, pruritus, and increased
tearing 2 days after the third dose of intraocular
topotecan, which resolved with diphenhydr-
amine. There was no reaction noted after the
fourth dose, which was compounded in the
patient’s own blood.

Cutaneous adverse effects of irinotecan
include cholinergic syndrome, which includes
diaphoresis with flushing during administration,
alopecia, and mucositis. In one clinical trial, 2 of
18 children who received irinotecan experienced
grade 2 mucositis [256]. In another clinical trial
of children on concurrent oral irinotecan and
gefitinib, 28% of patients developed grade 1/2
rash [257]. Between 6 and 50% of children have
been reported to develop alopecia [256, 258].

Other systemic adverse effects include myelo-
suppression and diarrhea, which can be dose lim-
iting with large, infrequent dosages [256, 259]. In
protracted lower dose schedules, diarrhea and
abdominal pain remained prominent [258].

Topoisomerase Il Inhibitors

Etoposide and teniposide, which are epipodo-
phyllotoxin derivatives, act on the enzyme topoi-
somerase II.This enzyme, like topoisomerase I,
relieves helical strain during DNA replication.
However, unlike topoisomerase I, topoisomerase
II cleaves both strands of DNA simultaneously. It
then forms a covalent linkage with each free
DNA strand terminus. All topoisomerase II
inhibitors stabilize the enzyme-DNA covalent
complex so that the DNA strand breaks persist
and cannot be resealed.

Topoisomerase II inhibitors are known for
inducing rearrangements of the mixed-lineage
leukemia gene (MLL) and causing secondary leu-
kemias. The secondary leukemia that occurs with
etoposide and teniposide can be differentiated
from one occurring after treatment with alkylat-
ing agents by a shorter latency period, predomi-
nance of myelomonocytic or monoblastic
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subtypes, and frequent cytogenetic abnormalities
involving 11q23 (over 50%) [260]. Data suggests
that higher cumulative doses of epipodophyllo-
toxin derivatives increase the risk of developing
a secondary AML or myelodysplastic
syndrome [261].

Single-agent therapies are uncommon in mod-
ern oncology treatment protocols, and epipodo-
phyllotoxins are almost exclusively used in
combination with other agents. They are gener-
ally used as part of alkylating or cisplatin-based
regimens for solid tumors, and with cytarabine
for leukemias [262].

Etoposide

Etoposide is a semisynthetic derivative of podo-
phyllotoxin, which is a derivative of podophyllin.
Podophyllin is an alcoholic extract of the
Mayapple or mandrake plant (Podophyllum
peltatum).

Cancers historically treated with single-agent
etoposide therapy in children include Langerhans
cell histiocytosis, Ewing sarcoma, Hodgkin lym-
phoma, neuroblastoma, rhabdomyosarcoma, tes-
ticular tumor, small-cell carcinoma of the lung,
malignant histiocytosis, and leukemia.

There are case reports of HSR to etoposide.
One study reported that 3.8% of administrations
lead to and 34% of patients developed HSR,
whereas another study reported that 2% of
patients developed grade 1 or 2 allergic reactions
to etoposide [263—-265]. This has been postulated
to occur due to its base of benzyl alcohol and
polysorbate 80. Etoposide phosphate does not
include these vehicles, but does contain dextran
40. There is a report of HSR to etoposide phos-
phate; a 5-year-old female developed edema of
the upper lip and face at the end of her first 1-h
infusion, followed by fever. The patient was
switched to etoposide and premedicated with
ondansetron, methylprednisolone, and dexchlor-
pheniramine without further reactions [265].

Etoposide may also result in alopecia, rash,
and mucositis. Between 6 and 40% of patients

may develop mild alopecia [264, 266, 267]. The
rash that has been reported with etoposide is non-
specific, erythematous, and pruritic [264, 266,
268]. Mucositis is uncommon, with 2 studies
reporting 1 out of 20 and 28 patients developing
mild mucositis [269, 270].

Teniposide

Teniposide is FDA approved for refractory child-
hood lymphoblastic leukemia. Like etoposide,
teniposide is a semisynthetic epipodophyllotoxin
derivative. Teniposide has mainly been used for
pediatric ALL, but also in the treatment of pediat-
ric solid tumors and lung cancer in adults.

HSR with teniposide administration can
occur in 2-11% of patients [263]. The onset is
immediate with administration and thought to be
a type I reaction. It most often occurs during the
second infusion, though it may even occur with
the first dose. The vehicle of teniposide contains
benzyl alcohol, N,N-dimethylacetamide, maleic
acid, dehydrated alcohol, and cremophor EL
(polyoxyethylated castor oil). These agents,
especially cremophor EL, have been known to
cause hypersensitivity, although the mechanism
through which teniposide causes hypersensitiv-
ity is thought to occur mainly through direct
mast cell degranulation by teniposide and not by
IgE-dependent histamine release, or by action
through its vehicles [263]. The reaction is usu-
ally immediate, although delayed reactions can
occur [271]. In children, there are a handful of
case series and retrospective studies that report
the frequency of HSR. Between 2 and 11% of
patients treated with teniposide may experience
HSR. Of note, patients with neuroblastoma may
have a higher incidence of HSR [272]. One study
reports that 2 of 82 children with leukemia and
lymphoma developed HSR, whereas 14 of 105
children with neuroblastoma developed the type
I reaction [273].

Other side effects of teniposide reported in
adults include myelosuppression, alopecia, and
nausea/vomiting.
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Mitotic Inhibitors

Key Points

e Taxanes most commonly cause myelo-
suppression and neuropathies.
Cutaneous adverse effects include
hand—foot syndrome, nail changes,
hypersensitivity, alopecia, mucositis,
and rash.

e The main dose-limiting toxicities for
vinca alkaloids differ per agent: vincris-
tine is neurotoxic, vinblastine is myelo-
suppressive, vindesine is both, and
vinorelbine is myelosuppressive with
mild/reversible neurotoxicity.

e Cutaneous adverse effects associated
with vinca alkaloids include alopecia,
rash, vein sclerosis, mucositis, and
hypersensitivity reaction.

Mitotic inhibitors inhibit cell division during
the G2/M phase of the cell cycle. They disrupt
microtubule polymerization, which is needed to
pull cells apart when they divide. There are two
major subclasses of mitotic inhibitors used for
chemotherapy: taxanes and vinca alkaloids. Both
are originally derived from plant sources.

Taxanes: Paclitaxel and Docetaxel

Taxanes are originally derived from the Pacific
yew tree (genus 7axus). They are among the most
commonly used anticancer drugs and are used in
many multidrug-based chemotherapy regimens.
Paclitaxel was the first taxane known, identified
in 1971 [274].

Currently, there are two taxanes available for
clinical use: paclitaxel and docetaxel. Both target
microtubules by binding to the beta subunit of
tubulin dimers, stabilizing microtubules, which
induces microtubule bundling, abnormal mitosis,
and cell cycle arrest [275, 276]. This induces
apoptosis, although the exact mechanism is
debated [277-279]. Paclitaxel has additional
mechanisms of action, including triggering
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kinase activation and binding to Bcl-2 and mito-
chondrial tubulin.

Taxanes are regarded as one of the most pow-
erful anticancer medication classes in adult
oncology. They are used as part of first-line mul-
tidrug chemotherapy regimens to treat breast,
ovarian, lung, and head and neck cancers in
adults. They also have successfully treated adult
malignancies that are refractory to conventional
chemotherapy, including lymphoma and small-
cell lung cancers, as well as esophageal, gastric,
endometrial, bladder, and germ cell tumors.
However, taxanes have had limited success in
treating pediatric malignancies.

In 1991, the Children’s Cancer Group (CCG)
and Pediatric Oncology Group (POG) began
phase I studies of paclitaxel and docetaxel for
children with refractory solid tumors and leuke-
mia. In pediatric patients with refractory and
recurrent solid tumors, there was an overall poor
response rate in phase I and phase II studies from
1994 to 2006 [280-283]. More recent studies
have focused on the combination of gemcitabine
and docetaxel for recurrent sarcomas. Docetaxel
combined with gemcitabine as rescue therapy for
relapsed/refractory pediatric sarcoma has shown
a more promising response rate of 50% [284].
There are case reports and case series of patients
with neuroblastoma, Wilms tumors, multifocal
juvenile granulosa cell tumor of the ovary, and
non-Hodgkin’s intestinal lymphoma who have
improved on taxane-based therapy [283].

The most common side effects from taxanes
are neutropenia and peripheral neuropathy.
Reported cutaneous side effects to taxanes
include HFS and nail changes. In the adult litera-
ture, it is reported that approximately 10% and
5% of patients who receive paclitaxel and
docetaxel, respectively, develop erythematous
plaques on their hand dorsa, Achilles tendon, and
malleoli. In adults, nail toxicity manifesting as
onycholysis, Beau’s lines, onychomelanosis, sub-
ungual hemorrhage, and paronychia has been
reported in relation to taxanes. In the pediatric
literature, there are reports of children develop-
ing PPE, desquamation of the fingers and toes,
and papules on the arms and legs with docetaxel
[285-287]. In studies of docetaxel, between
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2 and 18% of children have been reported
to develop HFS [288-290]. Nail changes have
also been reported in children on docetaxel
[280, 284].

Other cutaneous reactions from taxanes
include hypersensitivity, peripheral sensory neu-
ropathy, fluid retention/edema, mucositis, and
alopecia. Both docetaxel and paclitaxel have pro-
voked HSR in children [281, 289, 291-293].
Peripheral neuropathy can be found in 1-11% of
patients who take either paclitaxel or docetaxel,
and the incidence increases in a dose-dependent
manner [280-282, 294-297]. Fluid retention is
more common in those who take docetaxel and is
more likely to occur after three treatments. It can
be treated with diuretics, and usually resolves
after stopping the medication [280, 282, 284,
288, 298]. Alopecia also was only noted in those
on docetaxel, and was more prevalent in those
who were postpubertal [284].

Docetaxel may also cause a variety of rashes
in children. Several reports describe blistering
and desquamating dermatoses [282, 287, 293].
There are two reports of acneiform eruptions of
the face and torso [280, 299], and several other
reports of a painful, erythematous rash that may
be found in the folds, periorbitally, under tape
occlusion, and on the palms and soles [280, 287].
Paclitaxel has been reported to cause a transient,
asymptomatic, papular eruption [300]. In adults,
taxanes have been associated with radiation-
recall dermatitis, photosensitivity, subacute cuta-
neous lupus erythematosus, and scleroderma;
however, these entities have not been reported in
children.

Vinca Alkaloids

Vinca alkaloids were originally extracted from
the leaves of the Madagascar periwinkle
(Catharanthus roseus, previously known as
Vinca rosea). Vincristine sulfate was first
approved for use by the FDA in 1963. Three
vinca alkaloids have been approved for intrave-
nous use in the United States (vincristine, vin-
blastine, vinorelbine) and two are used in Europe
(vindesine and vinflunine).

The mechanism of action of vinca alkaloids is
through binding of the tubulin component of
microtubules to inhibit the M phase of the cell
cycle. Their high-affinity binding with tubulin
interferes with microtubule assembly, axonal
transport, and secretory functions causing axonal
degeneration, which contributes to neurotoxicity.
In fact, one study has shown that the conduction
along sensory nerves in children as measured by
somatosensory-evoked potentials was prolonged
after vincristine administration [301].

The main dose-limiting toxicities for vinca
alkaloids differ per agent: vincristine is neuro-
toxic, vinblastine is myelosuppressive, vindesine
is both, and vinorelbine is myelosuppressive and
results in mild/reversible neurotoxicity [302].
Vinorelbine is a semisynthetic vinca alkaloid that
is a more selective inhibitor of microtubules
involved in mitosis than of those involved in neu-
ronal axonal transport, which leads to less neuro-
toxicity. Of the vinca alkaloids, vincristine is the
most neurotoxic, and there may be a genetic pre-
disposition to susceptibility to neurotoxicity
caused by vincristine. Caucasians are more likely
to experience neurotoxicity and more severe neu-
rotoxicity from vincristine than African-
Americans [303], and those with low CYP3AS5
expression (which may be more common
in Caucasians), or a specific polymorphism
of the promoter region of CEP72, are more
likely to have vincristine-related neurotoxicity
[304-306].

Vinblastine is FDA approved for use in adults
to treat Hodgkin and NHL, testicular cancer,
breast cancer refractory to other treatments,
Kaposi sarcoma, mycosis fungoides, and chorio-
carcinoma refractory to other treatments. In chil-
dren, it has been used as monotherapy to treat
low-grade gliomas, refractory immune thrombo-
cytopenia, and Langerhans cell histiocytosis
[307]. In dermatology, additionally, vinblastine
has been used for infantile hemangiomas [308].
Vincristine was primarily used to treat ALL and
lymphoma; however it has shown success in
treating multiple myeloma, CLL, lymphoblastic
crisis of chronic myelogenous leukemia, neuro-
blastoma, sarcomas like rhabdomyosarcoma,
small-cell lung cancer with distant metastases,



120

and Wilms tumor. In dermatology, vincristine has
been used to treat vascular tumors such as infan-
tile hemangiomas (especially prior to the discov-
ery of propranolol’s efficacy in treating these
vascular tumors), kaposiform hemangioendothe-
lioma, tufted angioma, and Kasabach-Merritt
phenomenon [309-316]. Vinorelbine is FDA
approved to treat unresectable non-small-cell
lung cancer; it is also used to treat advanced
breast cancer, and Hodgkin’s lymphoma [302]. In
children, vinorelbine has been successful in treat-
ing childhood sarcomas. Vinca alkaloids gener-
ally are combined with other chemotherapeutics
in multidrug regimens.

In adults, reported cutaneous side effects for
vinca alkaloids include sensory neuropathies,
alopecia, maculopapular rash, mucositis, ery-
thema multiforme-like lesions, HFS, and local
irritation and ulceration. In children, the reported
cutaneous side effects are mostly the same,
although there have been no reports of erythema
multiforme-like lesions nor HES, but there have
been reports of vein sclerosis, HSR, and one case
of RP (see below). Alopecia is a common adverse
effect seen in those who receive vinca alkaloids
and has been reported in association with vincris-
tine and vinblastine. Between 11 and 100% of
patients on vincristine developed alopecia rang-
ing from mild to total alopecia [317-319]. Scalp
tourniquets and every other week dosing can
decrease the occurrence of alopecia [318].
Although alopecia is also seen in those on vin-
blastine therapy, it is seen to a lesser degree than
those treated with vincristine [319-321].
Additionally, two patients who initially had alo-
pecia when starting vinblastine therapy had sig-
nificant hair regrowth while still receiving the
medication [322]. There have been a handful of
cases of rash reported in correlation with vincris-
tine and vinblastine [317, 320, 323]. Mucositis
has been reported in 3-9% of patients in associa-
tion with vincristine, vindesine, and vinorelbine
[317, 319, 324-327]. Hives and bronchospasm
have been reported in three pediatric patients
from vinorelbine and were adequately treated
with subsequent premedication [325, 328]. There
has been only one report of a child who devel-
oped RP with vincristine, which recurred with
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each vincristine infusion. It was treated with nife-
dipine [329].

Venous sclerosis, including one case of skin
necrosis with vindesine, has been reported with
vindesine and vinorelbine administration. It
occurs mostly at the injection site, and is more
likely if the agent is injected into a peripheral
vein [324, 325, 327]. The vinca alkaloids are
vesicants and extravasation of vincristine or vin-
blastine is associated with local skin irritation
and ulceration. If a local reaction occurs, heat
and injection of hyaluronidase may disperse the
drug and minimize local irritation and inflamma-
tion. Folinic acid may rescue vincristine
overdose [330].

Radiation Therapy

Key Points

e Acute radiation dermatitis has a sepa-
rate pathogenesis from chronic radiation
dermatitis.

e Radiation therapy most commonly
causes acute radiation dermatitis, which
consists of erythema, dry skin, occa-
sional desquamation and ulceration, and
alopecia.

* Gentle washing, emollients, and avoid-
ing unnecessary friction to the skin are
first-line treatments for acute radiation
dermatitis.

Radiation therapy plays a crucial element in
many multidisciplinary treatment regimens for a
variety of cancers. Pediatric cancers commonly
treated with radiation therapy include brain
tumors, sarcomas of bone and soft tissues, neuro-
blastoma, Wilms tumor, and Hodgkin’s lym-
phoma. Since the 1970s, the use of radiation
therapy for pediatric cancers has declined,
although it is still used to treat over half of children
with Wilms tumor, and Hodgkin’s lymphoma, and
over one-quarter of children with brain cancer,
soft-tissue cancer, and neuroblastoma [331].



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy 121

Historically in dermatology, radiation therapy
was used for the treatment of acne, eczema, and
tinea capitis. However, given the advent of more
successful therapies without the long-term
sequelae of radiation, rarely, if ever, do
dermatologists today resort to radiation for the
treatment of these benign skin conditions [332].

Mechanism of Action

Radiation therapy acts by inducing DNA damage
through single- and double-stranded breaks and
inducing free radical damage. Tumor cells are
thought to be more sensitive to the damaging
effects of radiation because they are rapidly
dividing and have a decreased capacity for DNA
damage repair. This also means that non-cancer
cells that rapidly divide, such as cells of the skin
and mucosa, are more sensitive to the effects of
radiation.

In skin, radiotherapy damages germinative
cells of the epidermis, sebaceous glands, and hair
matrix, as well as endothelial cells and
Langerhans cells [333-335]. Tissue damage
occurs immediately and is mediated by free radi-
cals damaging DNA, proteins, lipids, and carbo-
hydrates. Acutely, this direct tissue injury recruits
inflammatory cells and may result in epidermal
cell apoptosis and necrosis [336]. The tissue
damage, in conjunction with inflammation, con-
tributes to impaired barrier function, propensity
for bacterial colonization, and superantigen pro-
duction. Endothelial damage, in turn, activates
the coagulation system, which promotes inflam-
mation, cytokine production, and thrombi forma-
tion. This communicates with TGF-beta, a
fundamental component of wound healing and
fibrosis, which is involved with chronic radiation
dermatitis.

Radiation most commonly causes atrophy in
epithelial tissue, followed by necrosis, atypia of
nuclei and/or cytoplasm, and dysplasia (a late
finding that usually occurs several years after
exposure), ending in neoplasia. Stromal tissue,
on the other hand, most commonly presents
with fibrosis after radiation exposure, which is
a delayed finding [337].

Types of lonizing Radiation Therapy

Ionizing radiation is the type of radiation used for
cancer therapy. It has the ability to form ions and
free radicals in the tissues it passes through, caus-
ing cell death and genetic alteration. There are
two major types of ionizing radiation: photoradi-
ation (consisting of X-rays and gamma rays) and
particle radiation (consisting of electrons, pro-
tons, neutrons, carbon ions, alpha particles, and
beta particles). Each type of ionizing radiation
has different levels of energy, which allows dif-
ferent depth of penetration into tissue.

Photon radiation is the most common form of
radiation to be used in radiation oncology. It con-
sists of a high-energy photon beam from a radio-
active source, such as cobalt, cesium, or a linear
accelerator machine. When delivered by a linear
accelerator, it is referred to as external beam radi-
ation therapy. Photon beams affect all cells in
their path.

Electron or particle beams are also produced
by linear accelerators. They have low energy and
do not penetrate tissue well. This type of radia-
tion is mostly used for skin- and lymph-node-
directed therapy, such as in treatment of mycosis
fungoides.

Proton beams release most of their energy
only after traveling a certain distance, thus caus-
ing little damage to the tissues they pass through.
They are thought to deliver more radiation to the
cancer (their target) while doing less damage to
the nearby normal tissues. This occurs because
protons emit little energy early in their course,
and then rapidly release energy in the last few
millimeters of their path (as they reach their tar-
get). This results in a sharply localized peak of
energy emission known as the Bragg peak. The
penetration depth of the Bragg peak is propor-
tional to the amount of energy initially in the pro-
ton [338]. Several studies of proton beam therapy
have shown that it is equivalent to photoradiation
for the treatment of childhood malignancies.
Some studies have suggested that side effects are
less, but the significance has yet to be fully delin-
eated [338]. Proton beam therapy is not widely
available, as the equipment required is quite
specialized, which limits its use currently. Proton
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beam treatment can also result in incidental neu-
tron exposure. Neutrons are more damaging to
DNA and thus may have more potential for
inducing carcinogenesis. Neutron beams and car-
bon ion radiation have been used for adult malig-
nancies, but their safety has not been established
in children [339]. Alpha and beta particles are
less commonly used in cancer treatment, and are
rarely, if ever, used in children.

Methods of Delivery for Radiation
Therapy

In addition to the type of radiation beam, there
are also several methods in which the radiation
can be delivered to the target tissue with the goal
of decreasing radiation exposure to surrounding
tissues.  Conventional  radiation  therapy
approaches a target from one to two sides,
whereas conformal radiation therapy techniques
(e.g., 3-D conformal radiation therapy and
intensity-modulated radiation therapy (IMRT))
approach a target from several directions, lower-
ing the total dose of radiation that passes through
normal tissue, but also expanding the volume of
normal tissue exposed [340]. The guiding princi-
ple of conformal radiation therapy is to minimize
the dose to normal tissues to “as low as reason-
ably achievable” (ALARA) [340]. Currently,
IMRT is mainly used to treat prostate cancers,
cancers of the head and neck, and central nervous
system cancers.

For treatment of solid tumors, it is imperative
that the patient remain perfectly still and in
exactly the same position during each and every
treatment. This is achieved through immobiliza-
tion devices, including masks, body molds, and
reference points, as well as anesthesia for young
children.

Uses

Ionizing radiation may be used to treat primary
solid tumors, as total-body irradiation for malig-
nancies without the goal of bone marrow trans-
plantation, as total-body irradiation used in

preparation for marrow transplantation of patients
with malignant or nonmalignant diseases, and to
palliate metastatic disease.

Adverse Effects

The side effects that occur from radiation therapy
occur from the radiation beams passing through
nearby normal tissues. Radiation-induced
changes can be divided into two groups: acute
effects that are noted during or shortly after treat-
ment (usually within 90 days, discussed here)
and late side effects that develop months to years
after the end of radiation therapy (discussed in
Chap. 11). Tissues that have rapid turnover are
often most acutely affected by radiation. Thus,
bone marrow, skin, mucous membranes, and hair
follicles manifest the earliest effects of radiation
damage. The most common systemic side effect
is fatigue, followed by myelosuppression if the
radiation treatment area is large enough. In one
retrospective study of 48 children treated with
proton beam radiation for CNS malignancies,
77% of patients developed grade I or II fatigue,
which peaked between the middle to end of radi-
ation therapy, week 3, and beyond [341].

In terms of skin, acute radiation dermatitis is
the most common adverse effect. Generalized
erythema, sometimes very mild, may occur hours
after radiation and fade within hours to days. A
second phase of erythema that is more sustained
may be seen 10-14 days after irradiation, with
pink, blanchable patches. This change is thought
to be mediated by cytokines. In the NCI-CTCAE,
v4.0, radiation dermatitis is graded on a scale
from O to 4 [54]. Grade 1 changes as defined by
the NCI include faint erythema or dry desquama-
tion [54]. The erythema can be generalized or fol-
licular, and usually occurs within hours to days
with radiation doses of 2-20 Gy [342]. The dry-
ness is secondary to injury to sebaceous glands,
and occurs with radiation doses of 20-25 Gy
[342]. Patients may complain of pruritus, and
their skin may also appear scaly, dyspigmented,
and epilated. Grade 2 changes include more per-
sistent, tender erythema and/or edema, which
may progress to focal denudation of the epidermis
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producing moist desquamation confined to skin
folds. This occurs after 4-5 weeks of therapy
with radiation doses of 40 Gy or greater. Grade 3
dermatitis is defined as moist desquamation out-
side of skin folds. The moist desquamation is
caused by epidermal necrosis with fibrinous exu-
dates and can cause significant pain.
Histologically, the arterioles are obstructed by
fibrin thrombi and edema is prominent. Radiation
dermatitis usually peaks 1-2 weeks after the last
treatment, epidermal regeneration occurs
3-5 weeks after radiation has concluded, and
complete healing occurs 1-3 months after the last
radiation session.

Rarely, the acute dermatitis never completely
heals. When acute changes do not resolve, they
may result in chronic skin ulceration, fibrosis, or
necrosis of underlying structures, termed “conse-
quential” late effects [336]. Separately, chronic
radiation dermatitis may develop despite mini-
mal acute radiation dermatitis.

The skin may easily become secondarily
infected. It is important to rule out superinfection
by pathogens that make superantigens like
Staphylococcus aureus, as the superantigens may
stimulate cytokine production, inflammation, and
subsequent skin damage [343].

Radiation to the brain may result in alopecia.
With conventional radiation, alopecia usually
begins within 3-4 weeks of radiation at 180—
200 cGy/day and affects the areas of the scalp
where the radiation beams enter and exit the
body. Hair loss may be permanent with total
doses greater than 4000 cGy. Usually there is hair
growth 4-6 months after treatment completion;
however the color and texture of the hair may be
changed, often with a lighter color (due to
destruction of melanocytes) and finer texture
[344]. In the NCI-CTCAE, v4.0, alopecia is
graded on a scale of 0 to 2 (Table 7.2) [54].

Radiation to the head and neck area may
acutely cause mucositis, eyelid dermatitis, and
epilation [345, 346]. Mucositis presents as ery-
thema, mucosal atrophy, and ulceration with or
without pseudomembranes, and results in a
decreased ability to eat and speak. The loss of
integrity of the mucosal barrier predisposes the
patient to infections with bacteria, yeast, and

viruses. Therapy for mucositis is mostly pallia-
tive, including oral hygiene, dietary modifica-
tions, and mucosal protectants. Antiplaque rinses
of isotonic saline or sodium bicarbonate solution
and nystatin and/or amphotericin B rinses may be
used to decrease pathogenic flora and maintain
oral moistness. Analgesic rinses with 2% viscous
lidocaine can be used to relieve pain [346].

Another reaction to radiation that may occur
acutely or in a delayed fashion is radiation-recall
dermatitis. It is an inflammatory rash that devel-
ops days after a systemic medication has been
introduced in patients who were treated with
radiation. The offending medication is usually a
cytotoxic agent that was introduced shortly after
the cessation of radiation therapy, especially tax-
anes and anthracyclines, and rarely antibiotics. It
has been reported to occur 7 days to 2 years after
radiation, and most patients have not had a reac-
tion while receiving radiation. Like radiation der-
matitis, radiation-recall dermatitis ranges from
dry desquamation and faint erythema to edema,
more diffuse desquamation, and necrosis or
ulceration. In 1/3 of cases, internal involvement
with corresponding mucositis, colitis, pneumoni-
tis, and optic neuritis has been seen. Anecdotally,
treatments showing success include withdrawal
of the offending medication, NSAIDs, antihista-
mines, mast cell inhibitors, and topical or sys-
temic corticosteroids [221].

In adults, a “comedo reaction” of open and
closed comedones after head and neck radiation
has been reported. Additionally, lesions called
“pseudorecidives” that appear as keratotic pap-
ules and may spontaneously resolve have been
reported in the immediate postradiation period
[336, 347-349]. Neither of these reactions has
been reported in children.

Other side effects are specific to the location
that is treated with radiation therapy. For exam-
ple, radiation to the head and neck may cause dif-
ficulty swallowing and dry mouth, whereas
radiation to the abdomen may cause abdominal
discomfort and cramping.

One retrospective study of pediatric cancer
patients who were treated with either proton or par-
ticle beam therapy showed that myelosuppression,
radiation dermatitis, and mucositis may persist at
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2 months posttreatment, but usually resolve by
6 months posttreatment [350]. Acute problems
related to total-body irradiation include gastroin-
testinal symptoms, rash, mucositis, alopecia,
decreased salivation and tears, and veno-occlusive
disease of the liver [351].

In studies of adult patients, factors that may
worsen acute radiation dermatitis include poor
nutritional status, smoking, problems with skin
integrity, and obesity [352, 353]. Children who
have an impaired ability to repair DNA, such as
those with ataxia telangiectasia, or those with
chromosomal breakage syndromes, such as
Fanconi anemia and Bloom syndrome, are known
to develop more severe radiation dermatitis and
other late sequelae of radiation therapy, such as
secondary malignancies or debilitating fibrosis
[336, 354-356]. Interestingly, patients with xero-
derma pigmentosum (XP), a syndrome with
defective DNA repair, may not be hypersensitive
to radiation therapy. DNA damage from ionizing
radiation is usually repaired by base excision
repair and nonhomologous end joining, which
are intact in XP, and not by nucleotide excision
repair, which is defective in XP [357]. Lastly, in
the adult literature, several case reports and case
series suggest that patients with collagen vascu-
lar disease may be more predisposed to develop
severe radiation dermatitis. Thus far, more com-
prehensive analyses have failed to report a sig-
nificant association [358-360].

Treatment of Acute Radiation
Dermatitis

The first-line therapy for grade 1 radiation der-
matitis is gentle skin care. Patients may gently
wash their skin with plain water or a mild, low-
pH cleanser. Washing is thought to decrease
bacterial burden and washing with soap lowers
the incidence of desquamation and erythema
[361]. Patients may moisturize with a bland,
petrolatum-based emollient. They should wear
non-chafing, loose clothing and avoid adhesives
on their skin as much as possible. Some physi-
cians and reports have suggested that patients
should avoid aluminum or magnesium salts

found in antiperspirants and talcs when they are
actively undergoing therapy, because these met-
als can increase the radiation dose to the super-
ficial skin; however, meta-analysis data shows
that wearing antiperspirant does not influence the
development of acute radiation dermatitis [361].
Lastly, patients should engage in strict photo pro-
tection with sun avoidance, wide-brimmed
hats, long-sleeved clothing, and sunscreen as
tolerated.

Further recommendations for the prevention
and treatment of radiation dermatitis are largely
anecdotal and few comparison trials have been
performed with varying and conflicting results.
In terms of acute radiation dermatitis prevention,
one meta-analysis from 2014 showed that oral
proteolytic enzymes containing papain, trypsin,
and chymotrypsin may decrease the incidence of
acute radiation dermatitis, as well as the severity.
Oral pentoxifylline, washing practices, deodor-
ant or antiperspirant use, and nonsteroidal topi-
cals did not show any significant benefits to
preventing acute radiation dermatitis [361].
Topical corticosteroids have been controversial
for the treatment of radiation dermatitis, as some
studies show no significant difference between
steroid and placebo, and some studies show
decreased severity and incidence of acute radia-
tion dermatitis with their use [336, 361]. Other
topical treatments that have been reported as suc-
cessful in small clinical trials include radioemul-
sions containing trolamine, hyaluronic acid,
RadiCare Gel, Aquaphor ointment, aloe vera gel,
dexpanthenol, hydrophobic and hydrophilic oint-
ments, chamomile, almond ointment, gentian
violet dressings, and hydrogel dressings
[336, 361].

Summary

In summary, recognizing cutaneous reactions to
traditional chemotherapeutic agents and radia-
tion therapy is important for both dermatologists
and oncologists who are involved in the care of
critically ill oncology patients. Determining
which reactions are self-limited or reversible vs.
life threatening can help to direct care.



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

125

References

10.

11.

. Schmiegelow K, Al-Modhwahi I,

. Bolognia JL, Cooper DL, Glusac EJ. Toxic erythema

of chemotherapy: a useful clinical term. J] Am Acad
Dermatol. 2008;59(3):524-9.

. Wanat KA, Bandow GD, Klekotka PA. Palmar-

plantar  erythrodysesthesia
captopurine and mesalamine.
2008;144(8):1079-81.

caused by mer-
Arch Dermatol.

. Cox GJ, Robertson DB. Toxic erythema of

palms and soles associated with high-dose mer-
captopurine  chemotherapy. Arch Dermatol.
1986;122(12):1413-4.

. Giacchero D, Monpoux F, Chiaverini C, Lacour

JP. Syndrome mains-pieds secondaire a la prise
de 6-mercaptopurine chez un enfant de quatre ans
[6-mercaptopurine-related  hand-foot  syndrome
in a four-year-old child]. Ann Dermatol Venereol.
2008;135(8-9):580-3 (in French).

. Bouhnik Y, Lemann M, Mary JY, Scemama G,

Tai R, Matuchansky C, et al. Long-term fol-
low-up of patients with Crohn’s disease treated
with azathioprine or 6-mercaptopurine. Lancet.
1996;347(8996):215-9.

. Disanti W, Rajapakse RO, Korelitz BI, Panagopoulos

G, Bratcher J. Incidence of neoplasms in patients
who develop sustained leukopenia during or after
treatment with 6-mercaptopurine for inflamma-
tory bowel disease. Clin Gastroenterol Hepatol.
2006:4(8):1025-9.

Andersen
MK, Behrendtz M, Forestier E, Hasle H, et al.
Methotrexate/6-mercaptopurine maintenance
therapy influences the risk of a second malignant
neoplasm after childhood acute lymphoblastic leu-
kemia: results from the NOPHO ALL-92 study.
Blood. 2009;113(24):6077-84.

. Setshedi M, Epstein D, Winter TA, Myer L,

Watermeyer G, Hift R. Use of thiopurines in the
treatment of inflammatory bowel disease is associ-
ated with an increased risk of non-melanoma skin
cancer in an at-risk population: a cohort study. J
Gastroenterol Hepatol. 2012;27(2):385-9. Epub
2011/07/29 (in English)

. Subramaniam K, Pavli P. Risk of non-melanoma skin

cancer with thiopurine use in inflammatory bowel
disease. J Gastroenterol Hepatol. 2012;27(2):193-4.
Binder B, Ahlgrimm-Siess V, Hofmann-Wellenhof
R. Eruptive melanozytare Navi palmoplantar bei
einer Patientin mit M.Crohn [Eruptive melanocytic
nevi of the palms and soles in a patient with Crohn
disease]. J Dtsch Dermatol Ges. 2006;4(6):486-8.
PubMed PMID: 16734838. Epub 2006/06/01 (in
German).

Bovenschen HJ, Tjioe M, Vermaat H, de Hoop D,
Witteman BM, Janssens RW, et al. Induction of erup-
tive benign melanocytic naevi by immune suppres-
sive agents, including biologicals. Br J Dermatol.
2006;154(5):880-4.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Braun SA, Helbig D, Frank J, Hanneken S. Eruptive
melanozytare Navi unter Behandlung einer
Myasthenia gravis mit Azathioprin [Eruptive mela-
nocytic nevi during azathioprine therapy in myas-
thenia gravis]. Hautarzt. 2012;63(10):756-9. Epub
2012/09/26 (in German).

de Boer NK, Kuyvenhoven JP. Eruptive benign
melanocytic naevi during immunosuppressive ther-
apy in a Crohn’s disease patient. Inflamm Bowel Dis
2011;17(6):E26.

. Perry BM, Nguyen A, Desmond BL, Blattner CM,

Thomas RS, Young RJ. Eruptive nevi associated
with medications (ENAMs). J] Am Acad Dermatol.
2016;75(5):1045-52.

Wonders J, De Boer NK, Van Weyenberg SJ. Spot
diagnosis: eruptive melanocytic naevi during azathi-
oprine therapy in Crohn’s disease. J Crohns Colitis.
2012;6(5):636.

Woodhouse J, Maytin EV. Eruptive nevi of the palms
and soles. J] Am Acad Dermatol. 2005;52(5 Suppl
1):S96-S100.

Reutter JC, Long EM, Morrell DS, Thomas NE,
Groben PA. Eruptive post-chemotherapy in situ
melanomas and dysplastic nevi. Pediatr Dermatol.
2007;24(2):135-7.

Baird EA, McHenry PM, MacKie RM. Effect
of  maintenance  chemotherapy in  child-
hood on numbers of melanocytic naevi. BMJ.
1992;305(6857):799-801.

de Wit PE, de Vaan GA, de Boo TM, Lemmens WA,
Rampen FH. Prevalence of naevocytic naevi after
chemotherapy for childhood cancer. Med Pediatr
Oncol. 1990;18(4):336-8.

Hughes BR, Cunliffe WJ, Bailey CC. Excess benign
melanocytic naevi after chemotherapy for malig-
nancy in childhood. BMJ. 1989;299(6691):88-91.
Bazarbachi A, Bachelez H, Dehen L, Delmer A,
Zittoun R, Dubertret L. Lethal paraneoplastic
pemphigus following treatment of chronic lym-
phocytic leukaemia with fludarabine. Ann Oncol.
1995;6(7):730-1.

Gooptu C, Littlewood TJ, Frith P, Lyon CC,
Carmichael AJ, Oliwiecki S, et al. Paraneoplastic
pemphigus: an association with fludarabine? Br J
Dermatol. 2001;144(6):1255-61.

Powell AM, Albert S, Oyama N, Sakuma-Oyama
Y, Bhogal B, Black MM. Paraneoplastic pemphigus
secondary to fludarabine evolving into unusual oral
pemphigus vegetans. J Eur Acad Dermatol Venereol.
2004;18(3):360-4.

Yildiz O, Ozguroglu M, Yanmaz MT, Turna H,
Kursunoglu SG, Antonov M, et al. Paraneoplastic
pemphigus associated with fludarabine use. Med
Oncol. 2007;24(1):115-8.

Perera GK, Devereux S, Mufti G, Salisbury J,
Creamer D. PNP with Waldenstrom’s macroglobu-
linaemia. Clin Exp Dermatol. 2005;30(1):27-9.

. Parker TL, Cooper DL, Seropian SE, Bolognia

JL. Toxic erythema of chemotherapy following i.v.



126

L.L. Kohn and S.D. Shah

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

BU plus fludarabine for allogeneic PBSC transplant.
Bone Marrow Transplant. 2013;48(5):646-50.

. Briones J, Pereira A, Alcorta I. Transfusion-

associated graft-versus-host disease (TA-GVHD)
in fludarabine-treated patients: is it time to irradiate
blood component? Br J Haematol. 1996;93(3):739—
41. Epub 1996/06/01 (in English)

Briz M, Cabrera R, Sanjuan I, Fores R, Diez
JL, Herrero M, et al. Diagnosis of transfusion-
associated graft-versus-host disease by poly-
merase chain reaction in fludarabine-treated
B-chronic lymphocytic leukaemia. Br J Haematol.
1995;91(2):409-11.

Leitman SF, Tisdale JF, Bolan CD, Popovsky MA,
Klippel JH, Balow JE, et al. Transfusion-associated
GVHD after fludarabine therapy in a patient with
systemic lupus erythematosus. Transfusion (Paris).
2003;43(12):1667-71.

Maung ZT, Wood AC, Jackson GH, Turner GE,
Appleton AL, Hamilton PJ. Transfusion-associated
graft-versus-host disease in fludarabine-treated
B-chronic lymphocytic leukaemia. Br J Haematol.
1994;88(3):649-52.

Williamson LM, Wimperis JZ, Wood ME,
Woodcock B. Fludarabine treatment and transfusion-

associated  graft-versus-host  disease. Lancet.
1996;348(9025):472-3.
Anderson KC, Weinstein HJ. Transfusion-

associated graft-versus-host disease. N Engl J Med.
1990;323:315-21.

Rashid K, Ng R, Mastan A, Sager D, Hirschman
R. Accelerated growth of skin carcinoma following
fludarabine therapy for chronic lymphocytic leuke-
mia. Leuk Lymphoma. 2005;46(7):1051-5.
Davidovitz Y, Ballin A, Meytes D. Flare-up of squa-
mous cell carcinoma of the skin following fludara-
bine therapy for chronic lymphocytic leukemia. Acta
Haematol. 1997;98(1):44-6.

Herr D, Borelli S, Kempf W, Trojan A. Fludarabine:
risk factor for aggressive behaviour of squa-
mous cell carcinoma of the skin? Ann Oncol.
2005;16(3):515-6.

Grey MR, Flanagan NG, Kelsey PR. Severe skin
rash in two consecutive patients treated with
2-chlorodeoxyadenosine for hairy cell leukae-
mia at a single institution. Clin Lab Haematol.
2000;22(2):111-3.

Hendrick A. Purpuric rash following treatment
with 2-chlorodeoxyadenosine. Clin Lab Haematol.
2001;23(1):67-8.

Rossini MS, de Souza EM, Cintra ML, Pagnano
KB, Chiari AC, Lorand-Metze 1. Cutaneous adverse
reaction to 2-chlorodeoxyadenosine with histologi-
cal flame figures in patients with chronic lympho-
cytic leukaemia. J Eur Acad Dermatol Venereol.
2004;18(5):538-42.

Meunier P, Castaigne S, Bastie JN, Chosidow O,
Aractingi S. Cutaneous reactions after treatment
with 2-chlorodeoxyadenosine. Acta Derm Venereol.
1996;76(5):385-6.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Larfars G, Uden-Blohme AM, Samuelsson
J. Fludarabine, as well as 2-chlorodeoxyadenosine,
can induce eosinophilia during treatment of lymphoid
malignancies. Br J Haematol. 1996;94(4):709-12.
Robak T, Blasinska-Morawiec M, Krykowski
E. Transient eosinophilia in a patient with hairy-cell
leukaemia treated with 2-chlorodeoxyadenosine.
Acta Haematol Pol. 1992;23(4):285-90.

Robak T, Blasinska-Morawiec M, Krykowski E,
Hellmann A, Lewandowski K, Dmoszynska A,
et al. 2-Chlorodeoxyadenosine (cladribine)-related
eosinophilia in patients with lymphoproliferative
diseases. Eur ] Haematol. 1997;59(4):216-20.
Robak T, Sysa-Jedrzejowska A,  Robak
E, Dabkowski J, Blasinska-Morawiec M.
2-Chlorodeoxyadenosine  (cladribine)  induced
allergic cutaneous reactions with eosinophilia in a
patient with B-cell chronic lymphocytic leukemia. J
Med. 1997;28(3-4):199-209.

Rutella S, Sica S, Rumi C, Martucci R, Etuk B,
De Stefano V, et al. Hypereosinophilia during
2-chlorodeoxyadenosine treatment for hairy cell leu-
kaemia. Br J Haematol. 1996;92(2):426-8.

Zulian GB, Roux E, Tiercy JM, Extermann M,
Diebold-Berger S, Reymond JM, et al. Transfusion-
associated graft-versus-host disease in a patient
treated with Cladribine (2-chlorodeoxyadenosine):
demonstration of exogenous DNA in various tis-
sue extracts by PCR analysis. Br J Haematol.
1995;89(1):83-9.

Zevin S, Hershko C, Rosenmann E. Halogenoderma
of the forearm caused by 2-chlorodeoxyadenosine
treatment. Am J Hematol. 1996;53(3):209-10.
Disel U, Gurkut O, Abali H, Kaleagasi H, Mertsoylu
H, Ozyilkan O, et al. Unilateral hand-foot syndrome:
an extraordinary side effect of capecitabine. Cutan
Ocul Toxicol. 2010;29(2):140-2.

Kigen G, Busakhala N, Njiru E, Chite F, Loehrer
P. Palmar-plantar erythrodysesthesia associated with
capecitabine chemotherapy: a case report. Pan Afr
Med J. 2015;21:228.

Lal HS. Hand and foot syndrome secondary to
capecitabine. Indian J Dermatol Venereol Leprol.
2014;80(5):427-30.

Matsuda S, Koketsu H, Hayakawa M, Nagata
N. Unilateral capecitabine-related hand-foot syn-
drome. Intern Med. 2015;54(21):2779.

Surjushe A, Vasani R, Medhekar S, Thakre M,
Saple DG. Hand-foot syndrome due to capecitabine.
Indian J Dermatol. 2009;54(3):301-2.

Matsuyama T, Uetake H, Aoyagi H, Kobayashi
H, Ishikawa T, lida S, et al. A case report of a
patient with hand-foot syndrome induced by bolus
S-fluorouracil therapy. Gan To Kagaku Ryoho.
2008;35(12):2147-9.

Chiara S, Nobile MT, Barzacchi C, Sanguineti O,
Vincenti M, Di Somma C, et al. Hand-foot syn-
drome induced by high-dose, short-term, con-
tinuous S-fluorouracil infusion. Eur J Cancer.
1997;33(6):967-9.



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

127

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

NCI Common Terminology Criteria for Adverse
Events (CTCAE) v4. National Cancer Institute,
National Institutes of Health, U.S. Department of
Health and Human Services, Bethesda, MD.
Fernandes NF, Rosenbach M, Elenitsas R, Kist
JM. Subacute cutaneous lupus erythematosus associ-
ated with capecitabine monotherapy. Arch Dermatol.
2009;145(3):340-1.

Floristan U, Feltes RA, Sendagorta E, Feito-
Rodriguez M, Ramirez-Marin P, Vidaurrazaga
C, et al. Subacute cutaneous lupus erythemato-
sus induced by capecitabine. Clin Exp Dermatol.
2009;34(7):e328-9.

Fongue J, Meunier B, Lardet D, Dicostanzo MP,
Rouby F, Terrier JP, et al. Capecitabine-induced sub-
acute cutaneous lupus: a case report. Ann Dermatol
Venereol. 2014;141(10):593-7.

Kim WI, Kim JM, Kim GW, Mun JH, Song M,
Kim HS, et al. Subacute cutaneous lupus ery-
thematosus induced by capecitabine: 5-FU
was innocent. J Eur Acad Dermatol Venereol.
2016:;30(11):e163—e4.

Kindem S, Llombart B, Requena C, Ruiz A, Traves
V, Guillen C, et al. Subacute cutaneous lupus ery-
thematosus after treatment with capecitabine. J
Dermatol. 2013;40(1):75-6.

Ko JH, Hsieh CI, Chou CY, Wang KH. Capecitabine-
induced subacute cutaneous lupus erythematosus:
report of a case with positive rechallenge test. J
Dermatol. 2013;40(11):939-40.

Li Z, Jiang N, Xu Y. The concurrence of subacute
cutaneous lupus erythematosus and hand-foot syn-
drome in a patient undergoing capecitabine chemo-
therapy. Australas J Dermatol. 2016;57(1):e14-6.
Merlin F, Prochilo T, Kildani B, Lombardi C,
Pasolini G, Bonetti F, et al. Discoid lupus erythema-
tosus (DLE)-like lesions induced by capecitabine.
Int J Colorectal Dis. 2008;23(7):715-6.

Ozaslan E, Eroglu E, Gok K, Senel S, Baldane S,
Akyol L, et al. Drug induced lupus erythematosus
due to capecitabine and bevacizumab treatment pre-
senting with prolonged thrombocytopenia. Rom J
Intern Med. 2015;53(3):282-5.

Weger W, Kranke B, Gerger A, Salmhofer W,
Aberer E. Occurrence of subacute cutaneous lupus
erythematosus after treatment with fluorouracil
and capecitabine. J] Am Acad Dermatol. 2008;59(2
Suppl 1):S4-6.

Wiesenthal A, Matherne R, Gibson B. Capecitabine-
induced systemic lupus erythematosus and pal-
moplantar erythrodysesthesia. J Drugs Dermatol.
2012;11(6):769-71.

Al-Ahwal MS. Chemotherapy and fingerprint loss:
beyond cosmetic. Oncologist. 2012;17(2):291-3.
Chavarri-Guerra Y, Soto-Perez-de-Celis E. Images
in clinical medicine. Loss of fingerprints. N Engl J
Med. 2015;372(16):e22.

van Doorn L, Veelenturf S, Binkhorst L, Bins S,
Mathijssen R. Capecitabine and the risk of finger-
print loss. JAMA Oncol. 2017;3(1):122-3.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Wong M, Choo SP, Tan EH. Travel warning with
capecitabine. Ann Oncol. 2009;20(7):1281.

Lee SD, Kim HJ, Hwang SJ, Kim YJ, Nam SH,
Kim BS. Hand-foot syndrome with scleroderma-
like change induced by the oral capecitabine: a case
report. Korean J Intern Med. 2007;22(2):109-12.
Trindade F, Haro R, Farina MC, Requena L. Hand-
foot syndrome with sclerodactyly-like changes
in a patient treated with capecitabine. Am J
Dermatopathol. 2008;30(2):172-3.

Saif MW, Agarwal A, Hellinger J, Park DJ, Volkmann
E. Scleroderma in a Patient on Capecitabine: Is
this a Variant of Hand-Foot Syndrome? Cureus.
2016:8(6):e663.

O’Doherty CS. Letter: Hyperpigmentation after can-
cer chemotherapy. Lancet. 1975;2(7930):365-6.
Hrushesky =~ WJ.  Letter:  Serpentine  supra-
venous fluorouracil hyperpigmentation. JAMA.
1976;236(2):138.

Pujol RM, Rocamora V, Lopez-Pousa A, Taberner
R, Alomar A. Persistent supravenous erythema-
tous eruption: a rare local complication of intrave-
nous 5-fluorouracil therapy. J Am Acad Dermatol.
1998;39(5 Pt 2):839-42.

Vukelja SJ, Bonner MW, McCollough M, Cobb PW,
Gaule DA, Fanucchi PJ, et al. Unusual serpentine
hyperpigmentation associated with 5-fluorouracil.
Case report and review of cutaneous manifestations
associated with systemic 5-fluorouracil. ] Am Acad
Dermatol. 1991;25(5 Pt 2):905-8.

Suvirya S, Agrawal A, Parihar A. 5-Fluorouracil-
induced bilateral persistent serpentine supravenous
hyperpigmented eruption, bilateral mottling of
palms and diffuse hyperpigmentation of soles. BMJ
Case Rep. 2014;2014.

Allen BJ, Parker D, Wright AL. Reticulate pig-
mentation due to 5-fluorouracil. Int J Dermatol.
1995;34(3):219-20.

Jogi R, Garman M, Pielop J, Orengo I, Hsu
S. Reticulate Hyperpigmentation secondary to
S-fluorouracil and idarubicin. J Drugs Dermatol.
2005;4(5):652-6.

Masson Regnault M, Gadaud N, Boulinguez
S, Tournier E, Lamant L, Gladieff L, et al.
Chemotherapy-related  reticulate  hyperpigmen-
tation: a case series and review of the literature.
Dermatology. 2015;231(4):312-8.

Paravar T, Hymes SR. Longitudinal melanonychia
induced by capecitabine. Dermatol Online J.
2009;15(10):11.

Hogeling M, Howard J, Kanigsberg N, Finkelstein
H. Onycholysis associated with capecitabine in
patients with breast cancer. J Cutan Med Surg.
2008;12(2):93-5.

Tejera A, Bosch RJ, Lopez N, Herrera E. Onicolisis
con exudado del hiponiquio secundaria a quimiote-
rapia con paclitaxel y capecitabina [Onycholysis
with hyponychium exudate secondary to chemo-
therapy with paclitaxel and capecitabine]. Actas
Dermosifiliogr. 2006;97(8):536-8.



128

L.L. Kohn and S.D. Shah

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Maino KL, Norwood C, Stashower ME. Onycholysis
with the appearance of a “sunset” secondary to
capecitabine. Cutis. 2003;72(3):234-6.

Munoz A, Barcelo R, Rubio I, Mane JM, Ferreiro
J, Lopez-Vivanco G. Onycholysis associated with
capecitabine in combination with irinotecan in two
patients with colorectal cancer. J Natl Cancer Inst.
2003;95(16):1252-3.

Chen GY, Chen YH, Hsu MM, Tsao CJ, Chen
WC. Onychomadesis and onycholysis associated with
capecitabine. Br J Dermatol. 2001;145(3):521-2.
Cetkovska P, Pizinger K, Cetkovsky P. High-dose
cytosine arabinoside-induced cutaneous reactions. J
Eur Acad Dermatol Venereol. 2002;16(5):481-5.
Aytac S, Gumruk F, Cetin M, Tuncer M, Yetgin
S. Acral erythema with bullous formation: a side
effect of chemotherapy in a child with acute lympho-
blastic leukemia. Turk J Pediatr. 2010;52(2):211-4.
Ozmen S, Dogru M, Bozkurt C, Kocaoglu
AC. Probable cytarabine-induced acral erythema:
report of 2 pediatric cases. J Pediatr Hematol Oncol.
2013;35(1):el1-3.

Anesi GL, Levine D, Attar EC, Fathi AT. Bilateral
ear swelling and erythema after chemotherapy: a
case of ara-C ears. J Clin Oncol. 2012;30(16):e146.
Ruben BS, Yu WY, Liu F, Truong SV, Wang KC, Fox
LP. Generalized benign cutaneous reaction to cytara-
bine. J Am Acad Dermatol. 2015;73(5):821-8.
Figueiredo MS, Yamamoto M, Kerbauy J. Necrolise
epidermica toxica secundaria ao uso da citosina-
arabinosideo em dose intermediaria [Toxic epider-
mal necrolysis after the use of intermediate dose of
cytosine arabinoside]. Rev Assoc Med Bras (1992).
1998:44(1):53-5.

Ozkan A, Apak H, Celkan T, Yuksel L, Yildiz
1. Toxic epidermal necrolysis after the use of
high-dose cytosine arabinoside. Pediatr Dermatol.
2001;18(1):38-40.

Bailey DL, Barron D, Lucky AW. Neutrophilic
eccrine hidradenitis: a case report and review of the
literature. Pediatr Dermatol. 1989;6(1):33-8.
Kanzaki H, Oono T, Makino E, Arata J, Oda M,
Akazai A. Neutrophilic eccrine hidradenitis: report
of two cases. J Dermatol. 1995;22(2):137-42.
Srivastava M, Scharf S, Meehan SA, Polsky
D. Neutrophilic eccrine hidradenitis masquer-
ading as facial cellulitis. J Am Acad Dermatol.
2007;56(4):693-6.

Fitzpatrick JE, Bennion SD, Reed OM, Wilson T,
Reddy VV, Golitz L. Neutrophilic eccrine hidradeni-
tis associated with induction chemotherapy. J Cutan
Pathol. 1987;14(5):272-8.

Chen YM, Liu JM, Tsai CM, Whang-Peng J, Perng
RP. Maculopapular rashes secondary to gemcitabine
injection for non-small-cell lung cancer. J Clin
Oncol. 1996;14(5):1743-4.

Dua V, Goyal H. Gemcitabine induced skin rash.
Indian Pediatr. 2013;50(4):430.

Li J, Ko CJ, Saif MW. Recurrent cutaneous toxic
erythema induced by gemcitabine in a patient

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

with pancreatic cancer. Cutan Ocul Toxicol.
2009;28(3):144-8.

Asemota E, Reid E, Kovarik C. Gemcitabine-
induced pseudocellulitis in a patient with non-
small cell lung carcinoma. JAAD Case Rep.
2015;1(4):178-81.

Curtis S, Hong S, Gucalp R, Calvo M. Gemcitabine-
induced pseudocellulitis in a patient with recurrent
lymphedema: a case report and review of the current
literature. Am J Ther. 2016;23(1):e321-3.

Dasanu CA, Bockorny B. Recurrent pseudocellulitis
due to gemcitabine: underrecognized and underre-
ported? J Oncol Pharm Pract. 2015;21(5):377-9.
Obeid KM, Venugopal AA. Gemcitabine-associated
“pseudocellulitis” and “pseudosepsis™ a case
report and review of the literature. Am J Ther.
2013;20(1):118-20.

Strouse C, Epperla N. A rash diagnosis: Gemcitabine-
associated pseudocellulitis. J Oncol Pharm Pract.
2017;23(2):157-60. Epub 2016 Jun 23.

Tan DH, Bunce PE, Liles WC, Gold
WL. Gemcitabine-related “pseudocellulitis”: report
of 2 cases and review of the literature. Clin Infect
Dis. 2007;45(5):e72-6.

Brandes A, Reichmann U, Plasswilm L, Bamberg
M. Time- and dose-limiting erysipeloid rash con-
fined to areas of lymphedema following treat-
ment with gemcitabine—a report of three cases.
Anticancer Drugs. 2000;11(1):15-7.
GEMZAR® (GEMCITABINE
INJECTION.

Azzoli CG, Miller VA, Ng KK, Krug LM, Hensley
ML, O’Reilly EM, et al. Gemcitabine-induced
peripheral edema: report on 15 cases and review of
the literature. Am J Clin Oncol. 2003;26(3):247-51.
Geffen DB, Horowitz J. Gemcitabine-induced severe
extremity edema with muscle contractures and sub-
sequent prevention with prednisone. Isr Med Assoc
J.2000;2(7):552-3.

Katsenos S, Nikolopoulou M. Gemcitabine-induced
severe peripheral edema in a patient with lung can-
cer. J Pharm Pract. 2012;25(3):393-5.

Friedlander PA, Bansal R, Schwartz L, Wagman R,
Posner J, Kemeny N. Gemcitabine-related radia-
tion recall preferentially involves internal tissue and
organs. Cancer. 2004;100(9):1793-9.

Jeter MD, Janne PA, Brooks S, Burstein HIJ,
Wen P, Fuchs CS, et al. Gemcitabine-induced
radiation recall. Int J Radiat Oncol Biol Phys.
2002;53(2):394-400.

Eckardt MA, Bean A, Selch MT, Federman N. A
child with gemcitabine-induced severe radiation
recall myositis resulting in a compartment syndrome.
J Pediatr Hematol Oncol. 2013;35(2):156-61.

del Pozo J, Martinez W, Yebra-Pimentel MT, Almagro
M, Pena-Penabad C, Fonseca E. Linear immuno-
globulin A bullous dermatosis induced by gem-
citabine. Ann Pharmacother. 2001;35(7-8):891-3.
Ben Zvi M, Vaknine H, Menczer J, Peled O, Ben
Shem E, Schreiber L, et al. Gemcitabine-induced

HCL) FOR



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

129

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

subacute cutaneous lupus erythematosus: a case
report. Chemotherapy. 2016;61(5):236-9.

Wiznia LE, Subtil A, Choi JN. Subacute cutane-
ous lupus erythematosus induced by chemotherapy:
gemcitabine as a causative agent. JAMA Dermatol.
2013;149(9):1071-5.

Aznab M, Khazaei M. Stevens-Johnson syndrome
patient received combination chemotherapy gem-
citabine, cisplatin, and 5-FU for biliary tract cancer.
Iran J Cancer Prev. 2016;9(3):e4211.

Mermershtain W, Cohen AD, Lazarev I, Grunwald
M, Ariad S. Toxic epidermal necrolysis associated
with gemcitabine therapy in a patient with meta-
static transitional cell carcinoma of the bladder. J
Chemother. 2003;15(5):510-1.

Sommers KR, Kong KM, Bui DT, Fruehauf JP,
Holcombe RF. Stevens-Johnson syndrome/toxic
epidermal necrolysis in a patient receiving concur-
rent radiation and gemcitabine. Anticancer Drugs.
2003;14(8):659-62.

Agarwal KK, Nath AK, Thappa DM. Methotrexate
toxicity presenting as ulceration of psoriatic plaques:
a report of two cases. Indian J Dermatol Venereol
Leprol. 2008;74(5):481-4.

Kaplan DL, Olsen EA. Erosion of psoriatic plaques
after chronic methotrexate administration. Int J
Dermatol. 1988;27(1):59-62.

Pearce HP, Wilson BB. Erosion of psoriatic plaques:
an early sign of methotrexate toxicity. ] Am Acad
Dermatol. 1996;35(5 Pt 2):835-8.

Kazlow DW, Federgrun D, Kurtin S, Lebwohl
MG. Cutaneous ulceration caused by methotrex-
ate. ] Am Acad Dermatol. 2003;49(2 Suppl Case
Reports):S197-8.

Del Pozo J, Martinez W, Garcia-Silva J, Almagro M,
Pena-Penabad C, Fonseca E. Cutaneous ulceration
as a sign of methotrexate toxicity. Eur J Dermatol.
2001;11(5):450-2.

Feizy V, Namazi MR, Barikbin B, Ehsani
A. Methotrexate-induced acral erythema with bul-
lous reaction. Dermatol Online J. 2003;9(1):14.
Hellier I, Bessis D, Sotto A, Margueritte G,
Guilhou JJ. High-dose methotrexate-induced bul-
lous variant of acral erythema. Arch Dermatol.
1996;132(5):590-1.

Millot F, Auriol F, Brecheteau P, Guilhot F. Acral
erythema in children receiving high-dose methotrex-
ate. Pediatr Dermatol. 1999;16(5):398—400.

Morrell DS, Challgren E, Eapen M, Esterly
NB. Bullous acral erythema secondary to high-
dose methotrexate. J Pediatr Hematol Oncol.
2002;24(3):240.

Postovsky S, Ben Arush MW. Acral erythema caused
by high-dose methotrexate therapy in patients
with osteogenic sarcoma. Pediatr Hematol Oncol.
2005;22(2):167-73.

Tezer H, Kuskonmaz B, Kara A, Devrim I, Tuncer M,
Cengiz AB, et al. Intravenous immunoglobulin in the
treatment of severe methotrexate-induced acral ery-
thema. J Pediatr Hematol Oncol. 2008;30(5):391-3.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Varela CR, McNamara J, Antaya RJ. Acral erythema
with oral methotrexate in a child. Pediatr Dermatol.
2007;24(5):541-6.

Werchniak AE, Chaffee S, Dinulos JG. Methotrexate-
induced bullous acral erythema in a child. J Am Acad
Dermatol. 2005;52(5 Suppl 1):S93-5.

Zils K, Wilhelm M, Reeh T, Bielack S. Bullous vari-
ant of acral erythema in a child after high-dose meth-
otrexate. Pediatr Hematol Oncol. 2012;29(4):378-9.
Ranawaka RR. Patterns of chromonychia during
chemotherapy in patients with skin type V and out-
come after 1 year of follow-up. Clin Exp Dermatol.
2009;34(8):920-6.

Susser WS, Whitaker-Worth DL, Grant-Kels
JM. Mucocutaneous reactions to chemotherapy.
J Am Acad Dermatol. 1999;40(3):367-98; quiz
99-400.

Chittari K, Tagboto S, Tan BB. Cyclophosphamide-
induced nail discoloration and skin hyperpigmen-
tation: a rare presentation. Clin Exp Dermatol.
2009;34(3):405-6.

Singal R, Tunnessen WW Jr, Wiley JM, Hood
AF. Discrete pigmentation after chemotherapy.
Pediatr Dermatol. 1991;8(3):231-5.

Youssef M, Mokni S, Belhadjali H, Aouem K,
Moussa A, Laatiri A, et al. Cyclophosphamide-
induced generalised reticulated skin pigmenta-
tion: a rare presentation. Int J Clin Pharmacol.
2013;35(3):309-12.

Koppel RA, Boh EE. Cutaneous reactions
to chemotherapeutic agents. Am J Med Sci.
2001;321(5):327-35.

Webber KA, Kos L, Holland KE, Margolis DA,
Drolet BA. Intertriginous eruption associated with
chemotherapy in pediatric patients. Arch Dermatol.
2007;143(1):67-71.

Alley E, Green R, Schuchter L. Cutaneous tox-
icities of cancer therapy. Curr Opin Oncol.
2002;14(2):212-6.

Teresi ME, Murry DJ, Cornelius AS. Ifosfamide-
induced hyperpigmentation. Cancer.
1993;71(9):2873-5.

Burgin S. New drugs, new rashes: update on cutane-
ous drug reactions. Adv Dermatol. 2005;21:279-302.
Prussick R, Horn TD, Wilson WH, Turner MC. A
characteristic eruption associated with ifosfamide,
carboplatin, and etoposide chemotherapy after pre-
treatment with recombinant interleukin-1 alpha. J
Am Acad Dermatol. 1996;35(5 Pt 1):705-9.
Greenspan EM, Jaffrey I, Bruckner H. Thiotepa,
cutaneous reactions, and efficacy. JAMA.
1977;237(21):2288.

Finlay JL, Goldman S, Wong MC, Cairo M, Garvin
J, August C, et al. Pilot study of high-dose thiotepa
and etoposide with autologous bone marrow rescue
in children and young adults with recurrent CNS
tumors. The Children’s Cancer Group. J Clin Oncol.
1996;14(9):2495-503.

Horn TD, Beveridge RA, Egorin MJ, Abeloff MD,
Hood AF. Observations and proposed mechanism of



130

L.L. Kohn and S.D. Shah

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

N,N’,N”-triethylenethiophosphoramide (thiotepa)-
induced hyperpigmentation. Arch  Dermatol.
1989;125(4):524-17.

Lucidarme N, Valteau-Couanet D, Oberlin O,
Couanet D, Kalifa C, Beaujean F, et al. Phase II
study of high-dose thiotepa and hematopoietic stem
cell transplantation in children with solid tumors.
Bone Marrow Transplant. 1998;22(6):535—40.
Saarinen UM, Hovi L, Makipernaa A, Riikonen
P. High-dose thiotepa with autologous bone mar-
row rescue in pediatric solid tumors. Bone Marrow
Transplant. 1991;8(5):369-76.

Przepiorka D, Dimopoulos M, Smith T, Ippoliti
C, Diener K, Luna M, et al. Thiotepa, busulfan,
and cyclophosphamide as a preparative regi-
men for marrow transplantation: risk factors for
early regimen-related toxicity. Ann Hematol.
1994;68(4):183-8.

Wolff SN, Herzig RH, Fay JW, LeMaistre CF,
Brown RA, Frei-Lahr D, et al. High-dose N,N’,N"-
triethylenethiophosphoramide (thiotepa) with autol-
ogous bone marrow transplantation: phase I studies.
Semin Oncol. 1990;17(1 Suppl 3):2-6.

Rosman IS, Lloyd BM, Hayashi RJ, Bayliss
SJ. Cutaneous effects of thiotepa in pediatric patients
receiving high-dose chemotherapy with autologous
stem cell transplantation. J Am Acad Dermatol.
2008;58(4):575-8.

Kroon HM, Huismans AM, Kam PC, Thompson
JE. Isolated limb infusion with melphalan and acti-
nomycin D for melanoma: a systematic review. J
Surg Oncol. 2014;109(4):348-51.

Malacarne P, Zavagli G. Melphalan-induced
melanonychia  striata. Arch Dermatol Res.
1977;258(1):81-3.

Adam BA, Ismail R, Sivanesan S. Busulfan hyper-
pigmentation: light and electron microscopic stud-
ies. J Dermatol. 1980;7(6):405-11.

Bandini G, Belardinelli A, Rosti G, Calori E, Motta
MR, Rizzi S, et al. Toxicity of high-dose busulphan
and cyclophosphamide as conditioning therapy for
allogeneic bone marrow transplantation in adults
with haematological malignancies. Bone Marrow
Transplant. 1994;13(5):577-81.

Feingold ML, Koss LG. Effects of long-term
administration of busulfan. Report of a patient with
generalized nuclear abnormalities, carcinoma of
vulva, and pulmonary fibrosis. Arch Intern Med.
1969;124(1):66-71.

Haut A, Abbott WS, Wintrobe MM, Cartwright
GE. Busulfan in the treatment of chronic myelocytic
leukemia. The effect of long term intermittent ther-
apy. Blood. 1961;17:1-19.

Simonart T, Decaux G, Gourdin JM, Peny MO, Noel
JC, Leclercq-Smekens M, et al. Hyperpigmentation
induite par le busulfan: une observation avec etude
ultrastructurale [Hyperpigmentation induced by
busulfan: a case with ultrastructure examination].
Ann Dermatol Venereol. 1999;126(5):439-40 (in
French).

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Harrold BP. Syndrome resembling Addison’s dis-
ease following prolonged treatment with busulphan.
Br Med J. 1966;1(5485):463—4.

Burns WA, McFarland W, Matthews MIJ. Toxic
manifestations of busulfan therapy. Med Ann Dist
Columbia. 1971;40(9):567-72.

Das S, Kourosh AS. Pigment changes and drug reac-
tions. In: Hall JC, Hall BJ, editors. Cutaneous drug
eruptions: diagnosis, histopathology and therapy.
London: Springer; 2015. p. 95.

Yarbro JW. Mechanism of action of hydroxyurea.
Semin Oncol. 1992;19(3 Suppl 9):1-10.

Kennedy BJ, Smith LR, Goltz RW. Skin changes
secondary to hydroxyurea therapy. Arch Dermatol.
1975;111(2):183-7.

Burns DA, Sarkany I, Gaylarde P. Effects of
hydroxyurea therapy on normal skin: a case report.
Clin Exp Dermatol. 1980;5(4):447-9.

Gropper CA, Don PC, Sadjadi MM. Nail and skin
hyperpigmentation associated with hydroxyurea
therapy for polycythemia vera. Int J Dermatol.
1993;32(10):731-3.

Kelsey PR. Multiple longitudinal pigmented
nail bands during hydroxyurea therapy. Clin Lab
Haematol. 1992;14(4):337-8.

Vomvouras S, Pakula AS, Shaw JM. Multiple pig-
mented nail bands during hydroxyurea therapy: an
uncommon finding. J Am Acad Dermatol. 1991;24(6
Pt 1):1016-7.

O’Branski EE, Ware RE, Prose NS, Kinney TR. Skin
and nail changes in children with sickle cell ane-
mia receiving hydroxyurea therapy. J Am Acad
Dermatol. 2001;44(5):859-61.

Daoud MS, Gibson LE, Pittelkow MR. Hydroxyurea
dermopathy: a unique lichenoid eruption complicat-
ing long-term therapy with hydroxyurea. ] Am Acad
Dermatol. 1997;36(2 Pt 1):178-82.

Layton AM, Cotterill JA. Immunological changes
in hydroxyurea-induced collagen disease. Br J
Dermatol. 1994;131(4):581-2.

Yanes DA, Mosser-Goldfarb JL. A cutaneous
lupus erythematosus-like eruption induced by
hydroxyurea. Pediatr Dermatol. 2017;34(1):e30-1.
Epub 2016 Nov 4

Layton AM, Cotterill JA, Tomlinson
IW. Hydroxyurea-induced lupus erythematosus. Br
J Dermatol. 1994;130(5):687-8.

Ito E, Muro Y, Shibata A, Sugiura K, Akiyama
M. Hydroxyurea-induced amyopathic dermatomyo-
sitis presenting with heliotrope erythema. Dermatol
Online J. 2014;20(8).

de Unamuno-Bustos B, Ballester-Sanchez R,
Sabater Marco V, Vilata-Corell JJ. Dermatomyositis-
like eruption associated with hydroxyurea therapy:
a premalignant condition? Actas Dermosifiliogr.
2014;105(9):876-8.

Nofal A, El-Din ES. Hydroxyurea-induced der-
matomyositis: true amyopathic dermatomyositis
or dermatomyositis-like eruption? Int J Dermatol.
2012:51(5):535-41.



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

131

178. Janerowicz D, Czarnecka-Operacz M, Stawny

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

M, Silny W. Dermatomyositis-like erup-
tion induced by hydroxyurea: a case report.
Acta Dermatovenerol Alp Pannonica Adriat.
2009;18(3):131-4.

Elliott R, Davies M, Harmse D. Dermatomyositis-
like eruption with long-term hydroxyurea. J
Dermatolog Treat. 2006;17(1):59-60.

Dacey MIJ, Callen JP. Hydroxyurea-induced
dermatomyositis-like eruption. J Am Acad Dermatol.
2003:48(3):439-41.

Marie I, Joly P, Levesque H, Heron F, Courville
P, Cailleux N, et al. Pseudo-dermatomyositis as
a complication of hydroxyurea therapy. Clin Exp
Rheumatol. 2000;18(4):536-7.

Bahadoran P, Castanet J, Lacour JP, Perrin
C, Del Giudice P, Mannocci N, et al. Pseudo-
dermatomyositis induced by long-term hydroxy-
urea therapy: report of two cases. Br J Dermatol.
1996;134(6):1161-3.

Senet P, Aractingi S, Porneuf M, Perrin P, Duterque
M. Hydroxyurea-induced dermatomyositis-like
eruption. Br J Dermatol. 1995;133(3):455-9.
Richard M, Truchetet F, Friedel J, Leclech C, Heid
E. Skin lesions simulating chronic dermatomyositis
during long-term hydroxyurea therapy. J] Am Acad
Dermatol. 1989;21(4 Pt 1):797-9.

Seidler AM, Gottlieb AB. Dermatomyositis induced
by drug therapy: a review of case reports. J Am Acad
Dermatol. 2008;59(5):872-80.

Bader U, Banyai M, Boni R, Burg G, Hafner J. Leg
ulcers in patients with myeloproliferative disor-
ders: disease- or treatment-related? Dermatology.
2000;200(1):45-8.

Antonioli E, Guglielmelli P, Pieri L, Finazzi M,
Rumi E, Martinelli V, et al. Hydroxyurea-related tox-
icity in 3411 patients with Ph’-negative MPN. Am J
Hematol. 2012;87(5):552—4.

Kikuchi K, Arita K, Tateishi Y, Onozawa M, Akiyama
M, Shimizu H. Recurrence of hydroxyurea-induced
leg ulcer after discontinuation of treatment. Acta
Derm Venereol. 2011;91(3):373-4.

Best PJ, Daoud MS, Pittelkow MR, Petitt
RM. Hydroxyurea-induced leg ulceration in 14
patients. Ann Intern Med. 1998;128(1):29-32.
Quattrone F, Dini V, Barbanera S, Zerbinati
N, Romanelli M. Cutaneous ulcers associated
with hydroxyurea therapy. J Tissue Viability.
2013;22(4):112-21.

Turner ML. Sun, drugs, and skin cancer: a continu-
ing saga. Arch Dermatol. 2010;146(3):329-31.
Genc DB, Canpolat C, Berrak SG. Clinical features
and management of carboplatin-related hypersen-
sitivity reactions in pediatric low-grade glioma.
Support Care Cancer. 2012;20(2):385-93.
Lafay-Cousin L, Sung L, Carret AS, Hukin J, Wilson
B, Johnston DL, et al. Carboplatin hypersensitivity
reaction in pediatric patients with low-grade glioma:
a Canadian Pediatric Brain Tumor Consortium expe-
rience. Cancer. 2008;112(4):892-9.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Shah AC, Minturn JE, Li Y, Belasco JB, Phillips
PC, Kang TI, et al. Carboplatin rechallenge after
hypersensitivity reactions in pediatric patients
with low-grade glioma. Pediatr Blood Cancer.
2016;63(1):21-6.

Dodgshun AJ, Hansford JR, Cole T, Choo S, Sullivan
MIJ. Carboplatin hypersensitivity reactions in pediat-
ric low grade glioma are protocol specific and desen-
sitization shows poor efficacy. Pediatr Blood Cancer.
2016;63(1):17-20.

Genc DB, Berrak SG, Canpolat C. Comment on:
Carboplatin hypersensitivity reactions in pediatric
low-grade glioma are protocol specific and desensi-
tization shows poor efficacy. Pediatr Blood Cancer.
2016;63(1):174.

Yanagi T, Akiyama M, Aoyagi S, Shibaki A, Homma
A, Shimizu H. Marked and restricted cutaneous pig-
mentation induced by selective intra-arterial cisplatin
infusion. J Am Acad Dermatol. 2006;54(2):362-3.
Jaffe N. Pediatric osteosarcoma: treatment
of the primary tumor with intraarterial cis-
diamminedichloroplatinum-II (CDP)—advantages,
disadvantages, and controversial issues. Cancer
Treat Res. 1993;62:75-84.

Al-Lamki Z, Pearson P, Jaffe N. Localized cispla-
tin hyperpigmentation induced by pressure. A case
report. Cancer. 1996;77(8):1578-81.

Kim KIJ, Chang SE, Choi JH, Sung KJ, Moon KC,
Koh JK. Periungal hyperpigmentation induced by
cisplatin. Clin Exp Dermatol. 2002;27(2):118-9.
Hortobagyi GN, Buzdar AU, Marcus CE, Smith
TL. Immediate and long-term toxicity of adjuvant
chemotherapy regimens containing doxorubicin
in trials at M.D. Anderson Hospital and Tumor
Institute. NCI Monogr. 1986;(1):105-9.

Samuels BL, Vogelzang NJ, Ruane M, Simon
MA. Continuous venous infusion of doxorubi-
cin in advanced sarcomas. Cancer Treat Rep.
1987;71(10):971-2.

Schrijvers DL. Extravasation: a dreaded complica-
tion of chemotherapy. Ann Oncol. 2003;14(Suppl
3):11i26-30.

Marina NM, Cochrane D, Harney E, Zomorodi
K, Blaney S, Winick N, et al. Dose escalation and
pharmacokinetics of pegylated liposomal doxo-
rubicin (Doxil) in children with solid tumors: a
pediatric oncology group study. Clin Cancer Res.
2002;8(2):413-8.

von Moos R, Thuerlimann BJ, Aapro M, Rayson
D, Harrold K, Sehouli J, et al. Pegylated liposomal
doxorubicin-associated hand-foot syndrome: recom-
mendations of an international panel of experts. Eur
J Cancer. 2008;44(6):781-90.

Tanyi JL, Smith JA, Ramos L, Parker CL, Munsell
MEF, Wolf JK. Predisposing risk factors for palmar-
plantar erythrodysesthesia when using liposo-
mal doxorubicin to treat recurrent ovarian cancer.
Gynecol Oncol. 2009;114(2):219-24.

Coleman RE, Biganzoli L, Canney P, Dirix L,
Mauriac L, Chollet P, et al. A randomised phase



132

L.L. Kohn and S.D. Shah

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

II study of two different schedules of pegylated
liposomal doxorubicin in metastatic breast cancer
(EORTC-10993). Eur J Cancer. 2006;42(7):882-7.
Al-Batran SE, Meerpohl HG, von Minckwitz G,
Atmaca A, Kleeberg U, Harbeck N, et al. Reduced
incidence of severe palmar-plantar erythrodyses-
thesia and mucositis in a prospective multicenter
phase II trial with pegylated liposomal doxorubicin
at 40 mg/m? every 4 weeks in previously treated
patients with metastatic breast cancer. Oncology.
2006;70(2):141-6.

Ranson MR, Carmichael J, O’'Byrne K, Stewart S,
Smith D, Howell A. Treatment of advanced breast
cancer with sterically stabilized liposomal doxoru-
bicin: results of a multicenter phase II trial. J Clin
Oncol. 1997;15(10):3185-91.

Lotem M, Hubert A, Lyass O, Goldenhersh MA,
Ingber A, Peretz T, et al. Skin toxic effects of poly-
ethylene glycol-coated liposomal doxorubicin. Arch
Dermatol. 2000;136(12):1475-80.

Sanchez Henarejos P, Ros Martinez S, Marin
Zafra GR, Alonso Romero JL, Navarrete
MA. Intertrigo-like eruption caused by pegylated
liposomal doxorubicin (PLD). Clin Transl Oncol.
2009;11(7):486-7.

Korver GE, Ronald H, Petersen MJ. An intertrigo-
like eruption from pegylated liposomal doxorubicin.
J Drugs Dermatol. 2006;5(9):901-2.

Coppes MJ, Jorgenson K, Arlette JP. Cutaneous tox-
icity following the administration of dactinomycin.
Med Pediatr Oncol. 1997;29(3):226-7.

Kanwar VS, Gajjar A, Ribeiro RC, Bowman L,
Parham DM, Jenkins JJ 3rd. Unusual cutane-
ous toxicity following treatment with dactino-
mycin: a report of two cases. Med Pediatr Oncol.
1995;24(5):329-33.

Ridola V, Mahe E, Fawaz O, Galmiche L,
Patte C, Grill J. Dactinomycin-induced, severe
lichenoid eruption in a child. Pediatr Dermatol.
2006;23(5):503-6.

Van Gool SW, van den Oord J, Uyttebroeck A, Brock
P. Cutaneous toxicity following administration of
dactinomycin. Med Pediatr Oncol. 1998;31(2):128.
Blatt J, Lee PA. Severe acne and hyperandrogen-
emia following dactinomycin. Med Pediatr Oncol.
1993;21(5):373-4.

Tan CT, Dargeon HW, Burchenal JH. The effect of
actinomycin D on cancer in childhood. Pediatrics.
1959;24:544-61.

Stein RS. Radiation-recall enteritis after actino-
mycin-D and adriamycin therapy. South Med J.
1978;71(8):960-1.

Burris HA 3rd, Hurtig J. Radiation recall with anti-
cancer agents. Oncologist. 2010;15(11):1227-37.
Prindaville B, Horii KA, Canty KM. Radiation
Recall Dermatitis Secondary to Dactinomycin.
Pediatr Dermatol. 2016;33(5):e278-9. Epub 2016
Jul 5.

Moulin G, Fiere B, Beyvin A. Pigmentation cutanee
par la bleomycine [Cutaneous pigmentation caused

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

by bleomycin]. Bull Soc Fr Dermatol Syphiligr.
1970;77(2):293-6.

Yagoda A, Mukherji B, Young C, Etcubanas E,
Lamonte C, Smith JR, et al. Bleomycin, an antitu-
mor antibiotic. Clinical experience in 274 patients.
Ann Intern Med. 1972;77(6):861-70.

Cortina P, Garrido JA, Tomas JF, Unamuno P,
Armijo M. ‘Flagellate’ erythema from bleomy-
cin. With histopathological findings sugges-
tive of inflammatory oncotaxis. Dermatologica.
1990;180(2):106-9.

Duhra P, Ilchyshyn A, Das RN. Bleomycin-
induced flagellate erythema. Clin Exp Dermatol.
1991;16(3):216-7.

Mowad CM, Nguyen TV, Elenitsas R, Leyden
JJ. Bleomycin-induced flagellate dermatitis: a clini-
cal and histopathological review. Br J Dermatol.
1994;131(5):700-2.

Vignini M, Miori L, Brusamolino E, Pelfini C. Linear
streaking after bleomycin administration. Clin Exp
Dermatol. 1989;14(3):261.

Brazzelli V, Barruscotti S, Calafiore L, Zecca M,
Borroni G. Bleomycin-induced flagellate dermatitis:
report of four paediatric cases. J Eur Acad Dermatol
Venereol. 2014;28(5):670-1.

Fernandez-Obregon AC, Hogan KP, Bibro
MK. Flagellate pigmentation from intrapleural bleo-
mycin. A light microscopy and electron microscopy
study. J Am Acad Dermatol. 1985;13(3):464-8.
Polla BS, Merot Y, Saurat JH, Slosman D. Flagellate
pigmentation from bleomycin. ] Am Acad Dermatol.
1986;14(4):690.

vonHilsheimer GE, Norton SA. Delayed bleomycin-
induced hyperpigmentation and pressure on the skin.
J Am Acad Dermatol. 2002;46(4):642-3.

Zaki I, Haslam P, Scerri L. Flagellate erythema
after intraperitoneal bleomycin. Clin Exp Dermatol.
1994;19(4):366.

Abess A, Keel DM, Graham BS. Flagellate hyper-
pigmentation following intralesional bleomycin
treatment of verruca plantaris. Arch Dermatol.
2003;139(3):337-9.

Hansen SW, Olsen N. Raynaud’s phenomenon
in patients treated with cisplatin, vinblastine, and
bleomycin for germ cell cancer: measurement of
vasoconstrictor response to cold. J Clin Oncol.
1989;7(7):940-2.

Berger CC, Bokemeyer C, Schneider M, Kuczyk
MA, Schmoll HJ. Secondary Raynaud’s phenom-
enon and other late vascular complications follow-
ing chemotherapy for testicular cancer. Eur J Cancer.
1995;31A(13-14):2229-38.

Vanhooteghem O, Richert B, de la Brassinne
M. Raynaud phenomenon after treatment of
verruca vulgaris of the sole with intralesional
injection of bleomycin. Pediatr Dermatol.
2001;18(3):249-51.

Correia O, Ribas F, Azevedo R, Rodrigues H,
Delgado L. Gangrene of the fingertips after bleomy-
cin and methotrexate. Cutis. 2000;66.(4(4):271-2.



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

133

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

Surville-Barland J, Caumes E, Ankri A, Frances C,
Katlama C, Chosidow O. Bleomycin-induced digital
gangrene. Eur J Dermatol. 1998;8(3):221.

Elomaa I, Pajunen M, Virkkunen P. Raynaud’s
phenomenon progressing to gangrene after vin-
cristine and bleomycin therapy. Acta Med Scand.
1984;216(3):323-6.

Inaoki M, Kawabata C, Nishijima C, Yoshio N,
Kita T. Case of bleomycin-induced scleroderma. J
Dermatol. 2012;39(5):482—4.

Sharma SK, Handa R, Sood R, Aggarwal P, Biswas
A, Kumar U, et al. Bleomycin-induced scleroderma.
J Assoc Physicians India. 2004;52:76-7.

Kumar R, Pai V. Bleomycin induced flagellate pig-
mentation. Indian Pediatr. 2006;43(1):74-5.
Yamamoto T. Bleomycin and the skin. BrJ Dermatol.
2006;155(5):869-75.

Kadota RP, Stewart CF, Horn M, Kuttesch JF Jr,
Burger PC, Kepner JL, et al. Topotecan for the treat-
ment of recurrent or progressive central nervous
system tumors - a pediatric oncology group phase II
study. J Neurooncol. 1999;43(1):43-7.

Nitschke R, Parkhurst J, Sullivan J, Harris MB,
Bernstein M, Pratt C. Topotecan in pediatric patients
with recurrent and progressive solid tumors: a
Pediatric Oncology Group phase II study. J Pediatr
Hematol Oncol. 1998;20(4):315-8.

Furman WL, Stewart CF, Kirstein M, Kepner JL,
Bernstein ML, Kung F, et al. Protracted intermittent
schedule of topotecan in children with refractory
acute leukemia: a pediatric oncology group study. J
Clin Oncol. 2002;20(6):1617-24.

Blaney SM, Needle MN, Gillespie A, Sato JK,
Reaman GH, Berg SL, et al. Phase II trial of topo-
tecan administered as 72-hour continuous infusion
in children with refractory solid tumors: a collabora-
tive Pediatric Branch, National Cancer Institute, and
Children’s Cancer Group Study. Clin Cancer Res.
1998;4(2):357-60.

Kushner BH, Kramer K, Meyers PA, Wollner N,
Cheung NK. Pilot study of topotecan and high-
dose cyclophosphamide for resistant pediatric solid
tumors. Med Pediatr Oncol. 2000;35(5):468-74.
Pratt CB, Stewart C, Santana VM, Bowman L,
Furman W, Ochs J, et al. Phase I study of topotecan
for pediatric patients with malignant solid tumors. J
Clin Oncol. 1994;12(3):539-43.

Minturn JE, Janss AJ, Fisher PG, Allen JC, Patti R,
Phillips PC, et al. A phase II study of metronomic
oral topotecan for recurrent childhood brain tumors.
Pediatr Blood Cancer. 2011;56(1):39-44.

Stewart CF, lacono LC, Chintagumpala M, Kellie
SJ, Ashley D, Zamboni WC, et al. Results of a phase
II upfront window of pharmacokinetically guided
topotecan in high-risk medulloblastoma and supra-
tentorial primitive neuroectodermal tumor. J Clin
Oncol. 2004;22(16):3357-65.

Tubergen DG, Stewart CF, Pratt CB, Zamboni
WC, Winick N, Santana VM, et al. Phase I trial
and pharmacokinetic (PK) and pharmacodynamics

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

(PD) study of topotecan using a five-day course in
children with refractory solid tumors: a pediatric
oncology group study. J Pediatr Hematol Oncol.
1996;18(4):352-61.

Wagner S, Erdlenbruch B, Langler A, Gnekow
A, Kuhl J, Albani M, et al. Oral topotecan in chil-
dren with recurrent or progressive high-grade
glioma: a Phase I/Il study by the German Society
for Pediatric Oncology and Hematology. Cancer.
2004;100(8):1750-7.

Blaney SM, Phillips PC, Packer RJ, Heideman RL,
Berg SL, Adamson PC, et al. Phase II evaluation
of topotecan for pediatric central nervous system
tumors. Cancer. 1996;78(3):527-31.

Astudillo PP, Durairaj P, Chan HS, Heon E, Gallie
BL. Hypersensitivity to sub-Tenon’s topotecan in
fibrin adhesive in patients with retinoblastoma. J
AAPOS. 2015;19(1):86-7.

Bomgaars L, Kerr J, Berg S, Kuttesch J, Klenke R,
Blaney SM. A phase I study of irinotecan admin-
istered on a weekly schedule in pediatric patients.
Pediatr Blood Cancer. 2006;46(1):50-5.

Furman WL, Navid F, Daw NC, McCarville MB,
McGregor LM, Spunt SL, et al. Tyrosine kinase
inhibitor enhances the bioavailability of oral irinote-
can in pediatric patients with refractory solid tumors.
J Clin Oncol. 2009;27(27):4599-604.

Vassal G, Doz F, Frappaz D, Imadalou K, Sicard
E, Santos A, et al. A phase I study of irinotecan
as a 3-week schedule in children with refrac-
tory or recurrent solid tumors. J Clin Oncol.
2003;21(20):3844-52.

Mugishima H, Matsunaga T, Yagi K, Asami K,
Mimaya J, Suita S, et al. Phase I study of irinotecan
in pediatric patients with malignant solid tumors. J
Pediatr Hematol Oncol. 2002;24(2):94—-100.
Whitlock JA, Greer JP, Lukens
JN. Epipodophyllotoxin-related leukemia.
Identification of a new subset of secondary leuke-
mia. Cancer. 1991;68(3):600-4.

Smith MA, Rubinstein L, Ungerleider RS. Therapy-
related acute myeloid leukemia following treatment
with epipodophyllotoxins: estimating the risks. Med
Pediatr Oncol. 1994;23(2):86-98.

Ezoe S. Secondary leukemia associated with the anti-
cancer agent, etoposide, a topoisomerase II inhibitor.
Int J Environ Res Public Health. 2012;9(7):2444-53.
Kellie SJ, Crist WM, Pui CH, Crone ME, Fairclough
DL, Rodman JH, et al. Hypersensitivity reactions to
epipodophyllotoxins in children with acute lympho-
blastic leukemia. Cancer. 1991;67(4):1070-5.

Kung F, Hayes FA, Krischer J, Mahoney D Ir,
Leventhal B, Brodeur G, et al. Clinical trial of
etoposide (VP-16) in children with recurrent
malignant solid tumors. A phase II study from the
Pediatric Oncology Group. Invest New Drugs.
1988;6(1):31-6.

Leguay Z, Bourneau-Martin D, Pellier I, Le Louet
H, Drablier G, Lagarce L, et al. Successful treatment
with etoposide base after an acute hypersensitivity



134

L.L. Kohn and S.D. Shah

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

reaction to etoposide phosphate. Pediatr Blood
Cancer. 2016;63(3):571.

Ceci A, de Terlizzi M, Colella R, Balducci D, Toma
MG, Zurlo MG, et al. Etoposide in recurrent child-
hood Langerhans’ cell histiocytosis: an Italian coop-
erative study. Cancer. 1988;62(12):2528-31.
Kushner BH, Kramer K, Cheung NK. Oral etoposide
for refractory and relapsed neuroblastoma. J Clin
Oncol. 1999;17(10):3221-5.

Steuber CP, Holbrook T, Camitta B, Land VJ, Sexauer
C, Krischer J. Toxicity trials of amsacrine (AMSA)
and etoposide +/— azacitidine (AZ) in childhood
acute non-lymphocytic leukemia (ANLL): a pilot
study. Invest New Drugs. 1991;9(2):181-4.

Mathew P, Ribeiro RC, Sonnichsen D, Relling M,
Pratt C, Mahmoud H, et al. Phase I study of oral
etoposide in children with refractory solid tumors. J
Clin Oncol. 1994;12(7):1452-7.

Needle MN, Molloy PT, Geyer JR, Herman-Liu A,
Belasco JB, Goldwein JW, et al. Phase II study of
daily oral etoposide in children with recurrent brain
tumors and other solid tumors. Med Pediatr Oncol.
1997;29(1):28-32.

Nolte H, Carstensen H, Hertz H. VM-26 (teniposide)-
induced hypersensitivity and degranulation of baso-
phils in children. Am J Pediatr Hematol Oncol.
1988;10(4):308-12.

O’Dwyer PJ, King SA, Fortner CL, Leyland-Jones
B. Hypersensitivity reactions to teniposide (VM-26):
an analysis. J Clin Oncol. 1986;4(8):1262-9.

Hayes FA, Abromowitch M, Green AA. Allergic
reactions to teniposide in patients with neuroblas-
toma and lymphoid malignancies. Cancer Treat Rep.
1985;69(4):439-41.

Wani MC, Taylor HL, Wall ME, Coggon P, McPhail
AT. Plant antitumor agents. VI. The isolation and
structure of taxol, a novel antileukemic and antitu-
mor agent from Taxus brevifolia. ] Am Chem Soc.
1971;93(9):2325-7.

Jordan MA, Wilson L. Microtubules as a tar-
get for anticancer drugs. Nat Rev Cancer.
2004;4(4):253-65.

Schiff PB, Horwitz SB. Taxol stabilizes microtu-
bules in mouse fibroblast cells. Proc Natl Acad Sci
U S A. 1980;77(3):1561-5.

Bhalla K, Ibrado AM, Tourkina E, Tang C, Mahoney
ME, Huang Y. Taxol induces internucleosomal DNA
fragmentation associated with programmed cell
death in human myeloid leukemia cells. Leukemia.
1993;7(4):563-8.

Wang TH, Wang HS, Soong YK. Paclitaxel-induced
cell death: where the cell cycle and apoptosis come
together. Cancer. 2000;88(11):2619-28.

Bhalla KN. Microtubule-targeted anticancer agents
and apoptosis. Oncogene. 2003;22(56):9075-86.
Blaney SM, Seibel NL, O’Brien M, Reaman
GH, Berg SL, Adamson PC, et al. Phase I trial of
docetaxel administered as a 1-hour infusion in
children with refractory solid tumors: a collab-
orative pediatric branch, National Cancer Institute

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

and Children’s Cancer Group trial. J Clin Oncol.
1997;15(4):1538-43.

Hurwitz CA, Relling MV, Weitman SD,
Ravindranath Y, Vietti TJ, Strother DR, et al. Phase
I trial of paclitaxel in children with refractory solid
tumors: a Pediatric Oncology Group Study. J Clin
Oncol. 1993;11(12):2324-9.

Zwerdling T, Krailo M, Monteleone P, Byrd R,
Sato J, Dunaway R, et al. Phase II investigation of
docetaxel in pediatric patients with recurrent solid
tumors: a report from the Children’s Oncology
Group. Cancer. 2006;106(8):1821-8.

Andre N, Meille C. Taxanes in paediatric oncology:
and now? Cancer Treat Rev. 2006;32(2):65-73.
MoraJ, Cruz CO, Parareda A, de Torres C. Treatment
of relapsed/refractory pediatric sarcomas with gem-
citabine and docetaxel. J Pediatr Hematol Oncol.
2009;31(10):723-9.

Lee JA, Paik EK, Seo J, Kim DH, Lim JS, Yoo JY,
et al. Radiotherapy and gemcitabine-docetaxel che-
motherapy in children and adolescents with unre-
sectable recurrent or refractory osteosarcoma. Jpn J
Clin Oncol. 2016;46(2):138-43.

Reynolds CP, Kang MH, Maris JM, Kolb EA,
Gorlick R, Wu J, et al. Initial testing (stage 1) of the
anti-microtubule agents cabazitaxel and docetaxel,
by the pediatric preclinical testing program. Pediatr
Blood Cancer. 2015;62(11):1897-905.

Seibel NL, Blaney SM, O’Brien M, Krailo M,
Hutchinson R, Mosher RB, et al. Phase I trial
of docetaxel with filgrastim support in pediatric
patients with refractory solid tumors: a collabora-
tive Pediatric Oncology Branch, National Cancer
Institute and Children’s Cancer Group trial. Clin
Cancer Res. 1999;5(4):733-7.

Navid F, Willert JR, McCarville MB, Furman W,
Watkins A, Roberts W, et al. Combination of gem-
citabine and docetaxel in the treatment of children
and young adults with refractory bone sarcoma.
Cancer. 2008;113(2):419-25.

Palmerini E, Jones RL, Marchesi E, Paioli A, Cesari
M, Longhi A, et al. Gemcitabine and docetaxel in
relapsed and unresectable high-grade osteosarcoma
and spindle cell sarcoma of bone. BMC Cancer.
2016;16:280.

Song BS, Seo J, Kim DH, Lim JS, Yoo JY, Lee
JA. Gemcitabine and docetaxel for the treatment of
children and adolescents with recurrent or refractory
osteosarcoma: Korea Cancer Center Hospital experi-
ence. Pediatr Blood Cancer. 2014;61(8):1376-81.
Hurwitz CA, Strauss LC, Kepner J, Kretschmar C,
Harris MB, Friedman H, et al. Paclitaxel for the
treatment of progressive or recurrent childhood brain
tumors: a pediatric oncology phase II study. J Pediatr
Hematol Oncol. 2001;23(5):277-81.

Kretschmar CS, Kletzel M, Murray K, Thorner P,
Joshi V, Marcus R, et al. Response to paclitaxel,
topotecan, and topotecan-cyclophosphamide in
children with untreated disseminated neuroblas-
toma treated in an upfront phase II investigational



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

135

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

window: a pediatric oncology group study. J Clin
Oncol. 2004:22(20):4119-26.

Rapkin L, Qayed M, Brill P, Martin M, Clark
D, George BA, et al. Gemcitabine and docetaxel
(GEMDOX) for the treatment of relapsed and
refractory pediatric sarcomas. Pediatr Blood Cancer.
2012;59(5):854-8.

Geller JI, Wall D, Perentesis J, Blaney SM, Bernstein
M. Pediatric Oncology Group s. Phase I study of
paclitaxel with standard dose ifosfamide in children
with refractory solid tumors: a Pediatric Oncology
Group study (POG 9376). Pediatr Blood Cancer.
2009;52(3):346-50.

Horton TM, Ames MM, Reid JM, Krailo MD,
Pendergrass T, Mosher R, et al. A Phase 1 and phar-
macokinetic clinical trial of paclitaxel for the treat-
ment of refractory leukemia in children: a Children’s
Oncology Group study. Pediatr Blood Cancer.
2008;50(4):788-92.

Yoon JH, Kwon MM, Park HJ, Park SY, Lim KY,
Joo J, et al. A study of docetaxel and irinotecan in
children and young adults with recurrent or refrac-
tory Ewing sarcoma family of tumors. BMC Cancer.
2014;14:622.

Hayashi RJ, Blaney S, Sullivan J, Weitman S, Vietti
T, Bernstein ML, et al. Phase 1 study of Paclitaxel
administered twice weekly to children with refrac-
tory solid tumors: a pediatric oncology group study.
J Pediatr Hematol Oncol. 2003;25(7):539-42.
Gosiengfiao Y, Reichek J, Woodman J, Ben-Ami
T, Walterhouse D. Gemcitabine with or without
docetaxel and resection for recurrent osteosarcoma:
the experience at Children’s Memorial Hospital. J
Pediatr Hematol Oncol. 2012;34(2):e63-5.

Mora J, Cruz O, Parareda A, Sola T, de Torres
C. Treatment of disseminated paraganglioma with
gemcitabine and docetaxel. Pediatr Blood Cancer.
2009;53(4):663-5.

Surico G, Muggeo P, De Leonardis F, Rigillo
N. New paclitaxel-cisplatin based chemotherapy
regimen for advanced stage, recurrent, or refrac-
tory neuroblastoma-preliminary report. Med Pediatr
Oncol. 2003;40(2):130-2.

Vainionpaa L, Kovala T, Tolonen U, Lanning
M. Vincristine therapy for children with acute lym-
phoblastic leukemia impairs conduction in the entire
peripheral nerve. Pediatr Neurol. 1995;13(4):314-8.
Bates D, Eastman A. Microtubule destabilising
agents: far more than just antimitotic anticancer
drugs. Br J Clin Pharmacol. 2017;83(2):255-68.
Renbarger JL, McCammack KC, Rouse CE,
Hall SD. Effect of race on vincristine-associated
neurotoxicity in pediatric acute lymphoblas-
tic leukemia patients. Pediatr Blood Cancer.
2008;50(4):769-71.

Diouf B, Crews KR, Lew G, Pei D, Cheng C, Bao
J, et al. Association of an inherited genetic variant
with vincristine-related peripheral neuropathy in
children with acute lymphoblastic leukemia. JAMA.
2015;313(8):815-23.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

Egbelakin A, Ferguson MJ, MacGill EA, Lehmann
AS, Topletz AR, Quinney SK, et al. Increased risk
of vincristine neurotoxicity associated with low
CYP3AS expression genotype in children with acute
lymphoblastic leukemia. Pediatr Blood Cancer.
2011;56(3):361-7.

Sims RP. The effect of race on the CYP3A-mediated
metabolism of vincristine in pediatric patients with
acute lymphoblastic leukemia. J Oncol Pharm Pract.
2016;22(1):76-81.

Ceci A, de Terlizzi M, Colella R, Loiacono G,
Balducci D, Surico G, et al. Langerhans cell his-
tiocytosis in childhood: results from the Italian
Cooperative  AIEOP-CNR-H.X ’83 study. Med
Pediatr Oncol. 1993;21(4):259-64.

Glade RS, Vinson K, Becton D, Bhutta S, Buckmiller
LM. Management of complicated hemangiomas
with vincristine/vinblastine: Quantitative response to
therapy using MRI. Int J Pediatr Otorhinolaryngol.
2010;74(11):1221-5.

Perez J, Pardo J, Gomez C. Vincristine—an
effective treatment of corticoid-resistant life-
threatening infantile hemangiomas. Acta Oncol.
2002;41(2):197-9.

Moore J, Lee M, Garzon M, Soffer S, Kim E,
Saouaf R, et al. Effective therapy of a vascular
tumor of infancy with vincristine. J Pediatr Surg.
2001;36(8):1273-6.

Taki M, Ohi C, Yamashita A, Kobayashi M,
Kobayashi N, Yoda T, et al. Successful treatment with
vincristine of an infant with intractable Kasabach-
Merritt syndrome. Pediatr Int. 2006;48(1):82—4.
Herrero Hernandez A, Escobosa Sanchez O,
Acha GT. Successful treatment with vincris-
tine in PHACES syndrome. Clin Transl Oncol.
2007;9(4):262-3.

Abass K, Saad H, Kherala M, Abd-Elsayed
AA. Successful treatment of kasabach-merritt syn-
drome with vincristine and surgery: a case report and
review of literature. Cases J. 2008;1(1):9.

Fahrtash F, McCahon E, Arbuckle S. Successful
treatment of kaposiform hemangioendothelioma and
tufted angioma with vincristine. J Pediatr Hematol
Oncol. 2010;32(6):506-10.

Wang Z, Li K, Yao W, Dong K, Xiao X, Zheng
S. Steroid-resistant kaposiform hemangioendotheli-
oma: a retrospective study of 37 patients treated with
vincristine and long-term follow-up. Pediatr Blood
Cancer. 2015;62(4):577-80.

Wasserman JD, Mahant S, Carcao M, Perlman
K, Pope E. Vincristine for successful treatment
of steroid-dependent infantile hemangiomas.
Pediatrics. 2015;135(6):e1501-5.

Heyn RM, Beatty EC Jr, Hammond D, Louis J,
Pierce M, Murphy ML, et al. Vincristine in the
treatment of acute leukemia in children. Pediatrics.
1966;38(1):82-91.

Rosenstock JG, Evans AE, Schut L. Response to
vincristine of recurrent brain tumors in children. J
Neurosurg. 1976;45(2):135-40.



136 L.L. Kohn and S.D. Shah

319. Skapek SX, Hawk BJ, Hoffer FA, Dahl GV, 330.Barna P. Vincristine poisoning. Pediatrics.
Granowetter L, Gebhardt MC, et al. Combination 1980;66(1):150.
chemotherapy using vinblastine and methotrexate ~ 331. Jairam V, Roberts KB, Yu JB. Historical trends
for the treatment of progressive desmoid tumor in in the use of radiation therapy for pediatric can-
children. J Clin Oncol. 1998;16(9):3021-7. cers: 1973-2008. Int J Radiat Oncol Biol Phys.

320. Bouffet E, Jakacki R, Goldman S, Hargrave D, 2013;85(3):e151-5.

Hawkins C, Shroff M, et al. Phase II study of weekly ~ 332. McKeown SR, Hatfield P, Prestwich RJ, Shaffer RE,
vinblastine in recurrent or refractory pediatric low- Taylor RE. Radiotherapy for benign disease; assess-
grade glioma. J Clin Oncol. 2012;30(12):1358-63. ing the risk of radiation-induced cancer following

321. Fresneau B, Petit A, Courcoux MF, Tabone MD, exposure to intermediate dose radiation. Br J Radiol.
Auvrignon A, Landman-Parker J, et al. Vinblastine 2015:88(1056):20150405.
in the treatment of children and adolescents with ~ 333. Bernstein EF, Harisiadis L, Salomon GD, Harrington
refractory immune thrombocytopenia. Am J F, Mitchell JB, Uitto J, et al. Healing impairment of
Hematol. 2011;86(9):785-7. open wounds by skin irradiation. J Dermatol Surg

322. Lafay-Cousin L, Holm S, Qaddoumi I, Nicolin G, Oncol. 1994;20(11):757-60.

Bartels U, Tabori U, et al. Weekly vinblastine in ~ 334. Gajdusek C, Onoda K, London S, Johnson M,
pediatric low-grade glioma patients with carboplatin Morrison R, Mayberg M. Early molecular changes
allergic reaction. Cancer. 2005;103(12):2636-42. in irradiated aortic endothelium. J Cell Physiol.

323. Sullivan MP, Nora AH, Kulapongs P, Lane DM, 2001;188(1):8-23.

Windmiller J, Thurman WG. Evaluation of vin-  335. Edwards EK Jr, Edwards EK Sr. The effect of super-
cristine sulfate and cyclophosphamide chemo- ficial x-radiation on epidermal Langerhans cells in
therapy for metastatic neuroblastoma. Pediatrics. human skin. Int J Dermatol. 1990;29(10):731-2.

1969;44(5):685-94. 336. Hymes SR, Strom EA, Fife C. Radiation dermatitis:

324. Casanova M, Ferrari A, Spreafico F, Terenziani M, clinical presentation, pathophysiology, and treat-
Massimino M, Luksch R, et al. Vinorelbine in pre- ment 2006. J Am Acad Dermatol. 2006;54(1):28-46.
viously treated advanced childhood sarcomas: evi-  337. Fajardo LF. The pathology of ionizing radiation
dence of activity in rhabdomyosarcoma. Cancer. as defined by morphologic patterns. Acta Oncol.
2002;94(12):3263-8. 2005;44(1):13-22.

325. Johansen M, Kuttesch J, Bleyer WA, Krailo M, 338. Levin WP, Kooy H, Loeffler JS, DeLaney TF. Proton
Ames M, Madden T. Phase I evaluation of oral and beam therapy. Br J Cancer. 2005;93(8):849-54.
intravenous vinorelbine in pediatric cancer patients: ~ 339. Bindra RS, Wolden SL. Advances in radiation ther-
a report from the Children’s Oncology Group. Clin apy in pediatric neuro-oncology. J Child Neurol.
Cancer Res. 2006;12(2):516-22. 2016;31(4):506-16.

326. Minard-Colin V, Ichante JL, Nguyen L, Paci A, 340. Kun LE, Beltran C. Radiation therapy for children:
Orbach D, Bergeron C, et al. Phase II study of evolving technologies in the era of ALARA. Pediatr
vinorelbine and continuous low doses cyclophospha- Radiol. 2009;39(Suppl 1):S65-70.
mide in children and young adults with a relapsed or ~ 341. Suneja G, Poorvu PD, Hill-Kayser C, Lustig
refractory malignant solid tumour: good tolerance RA. Acute toxicity of proton beam radiation for
profile and efficacy in rhabdomyosarcoma—a report pediatric central nervous system malignancies.
from the Societe Francaise des Cancers et leucemies Pediatr Blood Cancer. 2013;60(9):1431-6.
de ’Enfant et de I’adolescent (SFCE). Eur J Cancer. ~ 342. Ryan JL. Ionizing radiation: the good, the bad,
2012:48(15):2409-16. and the ugly. J Invest Dermatol. 2012;132(3 Pt

327. Vats T, Buchanan G, Mehta P, Ragab A, Hvizdale E, 2):985-93.

Nitschke R, et al. A study of toxicity and compara-  343. Hill A, Hanson M, Bogle MA, Duvic M. Severe radi-
tive therapeutic efficacy of vindesine-prednisone vs. ation dermatitis is related to Staphylococcus aureus.
vincristine-prednisone in children with acute lym- Am J Clin Oncol. 2004;27(4):361-3.

phoblastic leukemia in relapse. A Pediatric Oncology ~ 344. Donahue B. Short- and long-term complications of
Group study. Invest New Drugs. 1992;10(3):231-4. radiation therapy for pediatric brain tumors. Pediatr

328. Casanova M, Ferrari A, Bisogno G, Merks JH, Neurosurg. 1992;18(4):207-17.

De Salvo GL, Meazza C, et al. Vinorelbine and  345. Servodidio CA, Abramson DH. Acute and long-term
low-dose cyclophosphamide in the treatment of effects of radiation therapy to the eye in children.
pediatric sarcomas: pilot study for the upcoming Cancer Nurs. 1993;16(5):371-81.

European Rhabdomyosarcoma Protocol. Cancer. 346. Otmani N. Oral and maxillofacial side effects of
2004;101(7):1664-71. radiation therapy on children. J Can Dent Assoc.

329. Gottschling S, Meyer S, Reinhard H, Krenn T, 2007;73(3):257-61.

Graf N. First report of a vincristine dose-related  347. Herold WCNL. Pseudoepitheliomatous reac-

Raynaud’s phenomenon in an adolescent with
malignant brain tumor. J Pediatr Hematol Oncol.
2004;26(11):768-9.

tion (pseudo recidive) following radiation therapy
of epitheliomata. Acta Derm Venereol (Stockh).
1957;2:426-9.



7 Cutaneous Reactions to Traditional Chemotherapy and Radiation Therapy

137

348. Walter J. Epithelioma and papilloma arising on
recently irradiated skin, report of three cases. Br
Med J. 1950;1(4648):273, illust, pl.

Nelson LM. Self-healing pseudocancers of the skin.
Calif Med. 1959;90(1):49-54.

Rieber JG, Kessel KA, Witt O, Behnisch W,
Kulozik AE, Debus J, et al. Treatment tolerance of
particle therapy in pediatric patients. Acta Oncol.
2015;54(7):1049-55.

Chou RH, Wong GB, Kramer JH, Wara DW, Matthay
KK, Crittenden MR, et al. Toxicities of total-body irra-
diation for pediatric bone marrow transplantation. Int J
Radiat Oncol Biol Phys. 1996;34(4):843-51.
Twardella D, Popanda O, Helmbold I, Ebbeler R,
Benner A, von Fournier D, et al. Personal charac-
teristics, therapy modalities and individual DNA
repair capacity as predictive factors of acute skin
toxicity in an unselected cohort of breast cancer
patients receiving radiotherapy. Radiother Oncol.
2003:69(2):145-53.

Porock D, Kristjanson L, Nikoletti S, Cameron F,
Pedler P. Predicting the severity of radiation skin
reactions in women with breast cancer. Oncol Nurs
Forum. 1998;25(6):1019-29.

Kutler DI, Patel KR, Auerbach AD, Kennedy J, Lach
FP, Sanborn E, et al. Natural history and manage-
ment of Fanconi anemia patients with head and
neck cancer: A 10-year follow-up. Laryngoscope.
2016;126(4):870-9.

Thomas ER, Shanley S, Walker L, Eeles
R. Surveillance and treatment of malignancy in
Bloom syndrome. Clin Oncol (R Coll Radiol).
2008;20(5):375-9.

Pritchard J, Sandland MR, Breatnach FB, Pincott JR,
Cox R, Husband P. The effects of radiation therapy
for Hodgkin’s disease in a child with ataxia telangi-
ectasia: a clinical, biological and pathologic study.
Cancer. 1982;50(5):877-86.

Schaffer JV, Orlow SJ. Radiation therapy for high-
risk squamous cell carcinomas in patients with xero-
derma pigmentosum: report of two cases and review
of the literature. Dermatology. 2011;223(2):97-103.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358. Morris MM, Powell SN. Irradiation in the setting of
collagen vascular disease: acute and late complica-
tions. J Clin Oncol. 1997;15(7):2728-35.

De Naeyer B, De Meerleer G, Braems S, Vakaet L,
Huys J. Collagen vascular diseases and radiation
therapy: a critical review. Int J Radiat Oncol Biol
Phys. 1999;44(5):975-80.

Ross JG, Hussey DH, Mayr NA, Davis CS. Acute
and late reactions to radiation therapy in
patients with collagen vascular diseases. Cancer.
1993;71(11):3744-52.

Chan RJ, Webster J, Chung B, Marquart L, Ahmed
M, Garantziotis S. Prevention and treatment of
acute radiation-induced skin reactions: a systematic
review and meta-analysis of randomized controlled
trials. BMC Cancer. 2014;14:53.

359.

360.

361.

Recommended Reading

Andre N, Meille C. Taxanes in paediatric oncology: and
now? Cancer Treatment Rev. 2006;32:65-73.

Bolognia JL, Cooper DL, Glusac EJ. Toxic erythema
of chemotherapy: a useful clinical term. J Am Acad
Dermatol. 2008;59(3):524-9.

Hymes SR, Strom EA, Fife C. Radiation dermatitis:
clinical presentation, pathophysiology, and treatment
2006. J Am Acad Dermatol. 2006;54(1):28-46.

Reyes-Habito CM, Roh EK. Cutaneous reactions to che-
motherapeutic drugs and targeted therapies for cancer:
part I. Conventional chemotherapeutic drugs. J Am
Acad Dermatol. 2014;71(2):203e1-e12.

Ryan JL. ITonizing radiation: the good, the bad, and the
ugly. J Invest Dermatol. 2012;132(3 Pt 2):985-93.
Shepherd GM. Hypersensitivity reactions to chemo-
therapeutic drugs. Clin Rev Allergy Immunol.

2003;24(3):253-6.

Webber KA, Kos L, Holland KE, Margolis DA, Drolet
BA. Intertriginous eruption associated with che-
motherapy in pediatric patients. Arch Dermatol.
2007;143(1):67-71.



Cutaneous Reactions to Targeted
Anticancer Agents

Sophie Vadeboncoeur and Nicole R. LeBoeuf

Introduction: The Era of Targeted
Anticancer Therapy

Significant advances in understanding onco-
genic pathways have led to the development of
many molecularly targeted therapies. While tar-
geted therapies have improved responses, pro-
longed survival, and reduced bone marrow and
mucosal toxicity, they are associated with unan-
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ticipated characteristic and common dermato-
logic adverse events (dAEs) [1]. The utilization
of these therapies has been rapidly increasing in
the adult population, with ongoing trials across
targets, malignancies, and in combination regi-
mens. With precision medicine and tumor-spe-
cific mutation analyses driving personalized
cancer care, investigators and clinicians have
begun to explore the efficacy and safety of these
agents in the pediatric population. Although
these studies remain limited in number, it has
been speculated that AEs may be different in
children and adolescents due to overlap between
developmental and oncogenic pathways and the
propensity for long-term effects in childhood
cancer survivors [2]. Thus, until there is a
greater understanding of mechanisms of toxic-
ity, pediatric oncologists must remain cautious
when considering targeted therapies for their
patients.

As targeted therapies are increasingly used,
it is imperative, particularly in the pediatric
population, that research on mechanisms of
toxicity continues in parallel. Side effect pro-
files from targeted therapies are thought to be
related to the underlying mechanism of action
of the drug, with on-target bystander binding in
non-tumor tissues. Further study is required to
confirm this hypothesis, and determine the
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Table 8.1 Targeted anticancer agents currently used or in active trials in the pediatric population: cutaneous adverse

effects and management options

Targeted anticancer agent

Cutaneous adverse effects

Treatment options

EGFR inhibitors — Papulopustular eruption

— Xerosis

— Nail changes (paronychia, pyogenic

— TCS, oral TCNs
— Emollients
— TCS or topical antibiotic,

granulomas) silver nitrate
— Hair changes (trichomegaly, — Regular trimming, laser hair
hirsutism) reduction
BRAF and MEK inhibitors — Rash — TCS, antihistamines
— Photosensitivity — Photoprotection
— Xerosis — Sensitive skin care,
emollients
— Squamoproliferative — Routine skin examinations,
lesions surgical excision, oral
retinoids
— Melanocytic nevi and — Routine skin examinations,
melanoma photoprotection
mTOR inhibitors — Edema — Compression garments
— Stomatitis — TCS, topical analgesics

— Delayed wound healing — Dressing
Tyrosine kinase inhibitors — Hypo > hyperpigmentation — Self-resolution upon
discontinuation
— Rash — TCS, antihistamines
Antiangiogenesis agents — Mucosal bleeding
— Stomatitis — TCS, topical analgesics

— Thromboembolism
— Delayed wound healing
— Ulcerations in striae

— Dressing

TCNs tetracyclines, TCS topical corticosteroids

specificity of binding in non-target tissues and
the consequences of this during development.
For example, common adverse effect patterns
may in fact be due to binding of a common non-
target kinase expressed in a keratinocyte or der-
mal vasculature. In this chapter, cutaneous AEs
of targeted anticancer therapies are discussed,
focusing on agents currently used or in active
trials in the pediatric population (Table 8.1).
While data on adverse effects in children is lim-
ited, to date the largest study analyzing the
dAEs has found that there is considerable over-
lap between findings in children and adults [3].
As such, management data generated from the
adult population is included, with special con-
sideration paid to pediatric specific challenges.

Special Implications in Children

Key Points

e Few targeted anticancer agents have
been approved in children.

e Side effects from these agents in chil-
dren appear to mirror their adult
counterparts.

e Malignant cells often hijack key path-
ways that also control normal develop-
ment; thus targeted anticancer therapies
may have unique adverse effect profiles
and long-term implications in develop-
ing children.
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While more than 60 agents have been approved in
adults, very few have been approved for use in chil-
dren. The mTOR inhibitors (e.g., everolimus) used
in tuberous sclerosis complex for subependymal
giant cell astrocytoma (SEGA) and c-KIT inhibitors
(e.g., imatinib) used for Ph+ chronic myeloid leuke-
mia (CML)/acute lymphoblastic leukemia (ALL)
have been recently approved for pediatric use [2].
Currently, the most frequently studied targeted mol-
ecules in pediatric oncology trials are inhibitors of
EGFR, BRAF, MEK, mTOR, BCR-ABL/KIT, and
multikinase and antiangiogenesis agents. Multiple
clinical trials with other combinations of these tar-
geted agents are also ongoing in pediatric patients.
While data on dAEs in children is limited, their
ubiquitous use in adults is helpful in predicting and
developing management strategies in children. In
fact, a thorough review of the literature and avail-
able clinical trial data on dAEs from targeted thera-
pies in pediatric patients found that to date the side
effects in children appear to mirror their adult
counterparts [3]. The authors further found that
rash was the most common AE encountered during
treatment (19%), usually appears in a dose-depen-
dent fashion, tends to vary by tumor type, and may
be dose limiting [3]. Like in adults, patients on
EGFR inhibitors (EGFRi) appeared to be at highest
risk. Interestingly, the incidence and severity of the
typical acneiform rash seen with this family of
medication have been correlated with a better pro-
gression-free survival and overall survival in adults
[4]. This has yet to be studied in children.
Importantly, malignant cells often hijack key
pathways and the same molecular networks that
control normal development. Thus, targeted antican-
cer therapeutics may have unique adverse effect pro-
files and long-term implications in developing
children [2]. For example, an unanticipated observa-
tion in children treated with tyrosine kinase inhibi-
tors (TKIs) for BCR-ABLI1+ leukemias is that of
growth suppression or growth failure. This is
hypothesized to be due to concomitant inhibition of
platelet-derived growth factor receptor (PDGFR) in
chondrocytes, thus impairing proliferation and linear
bone growth [5-7]. Spermatogenesis is also depen-
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dent upon PDGFR and c-KIT, and may be affected
by exposure to this family of drugs; the long-term
effects on fertility remain to be seen [8, 9]. The
developing immune system and the potential for
immunosuppressive effects of targeted agents should
also be considered. Everolimus is associated with an
increased risk of infection, and although the degree
of immunosuppression is generally manageable, the
extent to which immunosuppression persists and the
potential for secondary malignancy may ultimately
limit its chronic use [10].

EGFR Inhibitors

Key Points

* EGFRI are associated with specific and
predictable cutaneous toxicity in 50-90%
of cases.

e The most common dAE consists of a
papulopustular eruption in a seborrheic
distribution. Xerosis, hair changes,
mucositis, and paronychia are other com-
monly reported cutaneous side effects.

e Management is dependent upon severity
of involvement, and usually enables
continuation of therapy.

EGFRi were among the first targeted therapies
and are used in the treatment of several malignan-
cies in adults, including non-small-cell lung,
colorectal, head and neck, and breast cancers
[11]. EGFRIi include monoclonal antibodies that
target the extracellular ligand-binding domain of
EGFR (cetuximab, panitumumab), small-
molecule TKIs that target EGFR intracellularly
(erlotinib and gefitinib), dual-kinase inhibitors of
EGFR and human EGFR-2 (HER 2) (lapatinib),
inhibitors of erbB (canertinib, afatinib), and other
less specific multikinase inhibitors such as van-
detanib [12]. Given the distribution of EGFR in
the epidermis and pilosebaceous unit, it is not
surprising that modulation of this receptor evokes
skin and hair adverse effects. Interestingly, EGFR
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has also been shown to play a putative role in
restraining interleukin-1 (IL-1)-dependent
inflammatory reactions at the hair follicle level,
shedding light on the follicular and papulopustu-
lar eruptions seen in conjunction with EGFR
blockade [13].

Cutaneous AEs from EGFRi range in inci-
dence from 50 to 90%, and include a spectrum of
predictable and specific toxicities. Among these,
papulopustular eruptions, xerosis, hair changes,
mucositis, and paronychia are the most com-
monly reported. Data from pediatric patients
treated with EGFR inhibitors (erlotinib, vande-
tanib) were reviewed by Belum et al. and rash
was noted in 42/57 (73.7%) patients [3]. More
specifically, an “acneiform rash” was noted with
vandetanib (3/15) and erlotinib (3/13) [14, 15].

The most common eruption reported in the
adult literature (over 80% of patients on cetux-
imab) consists of follicular papules that evolve
into pustules (Fig. 8.1) and that may coalesce into
lakes of pus in a seborrheic distribution (scalp,
face, and upper torso). This papulopustular erup-

tion typically presents within 2 weeks of initiation,
is dose dependent, may improve in some patients
with continuation of therapy, and typically resolves
after therapy is discontinued [16, 17]. While com-
monly described as acneiform, the eruption lacks
comedones and cystic nodules and is inflamma-
tory in nature. Significant pruritus is also reported
in association with this dAE. Sun exposure may
exacerbate this specific skin toxicity without nec-
essarily inducing classic sunburn erythema [18].
Grade of severity is based on the body surface area
involved and degree of limitation in performing
activities of daily living [19].

In general, management of toxicities is depen-
dent upon severity of involvement. However, in
adults treated with panitumumab, the use of a
preventative regimen reduced the incidence of
grade 2 or greater toxicity and resulted in less
quality-of-life (QOL) impairment than reactive
treatment alone [20]. This regimen consisted of
an oral tetracycline (TCN) antibiotic, topical cor-
ticosteroids (TCS), sun protection, and emol-
lients. It has not been studied in children, where

Fig. 8.1 (a—c) Papulopustular eruption secondary to EGFR inhibition
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TCNs require additional considerations. When
taking a reactive approach to grade 1 eruptions,
low-potency TCS or topical antibiotics may be
sufficient [21]. Given the inflammatory nature of
this eruption, TCS are generally indicated. Grade
2 and 3 eruptions are best managed with systemic
TCNs, which are considered first-line agents
given their anti-inflammatory properties, in addi-
tion to TCS [22]. All patients should be coun-
seled on sun protection and emollients.
Calcineurin inhibitors, gel-based topical antibiot-
ics, and benzoyl peroxide are avoided due to irri-
tant potential and inability of most patients to
tolerate them, supporting the finding that this is
not simply drug-induced acne vulgaris.

Xerosis is also reported in 1/3 of patients
receiving EGFRi, has a significant impact on
QOL, and commonly leads to asteatotic dermati-
tis (Fig. 8.2) [23]. It is characterized by dry and
scaly skin reminiscent of atopic dermatitis, and is
thought to be due to loss of the water-retaining
function of the epidermis, developing as a result
of disturbed keratinization and sebaceous gland
function [24]. In addition, effects on the innate
immune system lead to reduced defense and
overgrowth of Staphylococcus aureus [25]. As in
atopic dermatitis, gentle skin care, emollients,
dilute bleach baths, and antihistamines may be of
benefit [26].

Nail and/or nail fold toxicity occurs in approx-
imately 17% of patients, with the first digit being
most commonly affected [27]. Nail changes usu-
ally appear after 2 months of treatment and can
manifest as onycholysis, nail fragility with brit-
tleness, and paronychia, or pyogenic granuloma-
like lesions which may first occur after many
months of therapy (Fig. 8.3). Culture is recom-
mended in cases of inflammatory paronychia to
rule out secondary infection, given disrupted epi-
dermal defense. In addition to antimicrobial
soaks (including dilute bleach or dilute vinegar,
with explicit reminders to never combine these)
and topical antimicrobials depending on the
suspected or cultured organism, warm com-
presses, TCS, and systemic TCNs can be used for
management [26]. Silver nitrate-based chemical
cautery is helpful when granulation tissue is
evident.

Fig.8.2 Severe xerosis with asteatotic changes on EGFRi

Fig. 8.3 Nail changes associated with EGFR inhibition
include paronychia

Changes in hair texture and growth pattern can
be seen after 2-3 months of treatment and can be
quite significant, particularly if patients have
chemotherapy-induced alopecia immediately
prior to or at the time of initiating EGFRi. Hair
typically grows more slowly, and becomes more
fine, brittle, and kinky [28]. Trichomegaly of the
eyelashes is also characteristic (Fig. 8.4), and has
been reported in 17% of pediatric patients [3, 29].
Management of this dAE is critical, as lashes
may curl inward and lead to corneal scarring if
they are not trimmed. Mild diffuse alopecia, in a
pattern similar to androgenic hair loss, and polio-
sis have also been reported [30].

Mucositis may develop, manifesting with aph-
thae, xerostomia, or geographic tongue [31].
Genital involvement is less common. Other reac-
tions to EGFRI include anaphylaxis (1.2-3.5% of
patients taking cetuximab), enhancement of radi-
ation dermatitis, ocular complications from
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Fig. 8.4 Trichomegaly associated with EGFR inhibition

dryness or trichomegaly as above, vasculitis,
necrolytic migratory erythema, and transient
acantholytic dermatosis [26, 32-34].

BRAF and MEK Inhibitors

Key Points

e Activating BRAF mutations are found
in over 50% of melanomas, but also in
other cancers such as hairy cell leuke-
mia and Langerhans cell histiocytosis.

* Dermatologic adverse effects second-
ary to BRAF inhibitors affect up to 95%
of patients, manifesting as nonspecific/
morbilliform rash, evolving over
time to become more folliculocentric.
Photosensitivity, alopecia, pruritus,
superficially desquamative hand-foot
syndrome, and proliferative lesions of
the epidermis have also been reported.

e Dermatologic adverse effects secondary
to MEK inhibitors are similar to EGFRi
and include papulopustular eruptions
favoring the scalp, face, chest, and back
as well as xerosis, pruritus, and
photosensitivity.

e The combination of BRAF and MEK
inhibitors improves survival in meta-
static melanoma and induces fewer
cutaneous side effects.

The MAP kinase, or RAS-RAF-MEK-ERK,
pathway is a sequential enzyme cascade that
leads to a multitude of effects on cellular prolif-
eration, differentiation, migration, and apoptosis
[35]. BRAF is a serine-threonine protein kinase
in this signaling cascade. Activating BRAF muta-
tions are found in more than 50% of malignant
melanomas and the majority of these mutations
affect a specific amino acid residue (V600) in
BRAF. These mutations also occur at lower fre-
quencies in other types of proliferative lesions,
including benign nevi, and a subset of head and
neck squamous cell, colon, lung, and thyroid can-
cers as well as hairy cell leukemia and malignant
histiocytoses [36]. Vemurafenib and dabrafenib
are selective inhibitors that target these kinases
and are FDA approved for advanced melanoma
(2011, 2013, respectively). They have demon-
strated favorable clinical responses in melanoma
patients carrying the mutation BRAF V60OE and
to date are most commonly used in combination
with MEK inhibitors (MEKi) in an attempt to
overcome BRAF resistance. BRAF inhibitors
(BRAFi) present unique and predictable dAEs
that are due, at least in part, to molecular events
linked to the mechanism of action of these drugs,
paradoxical activation of MAPK. The dAEs
appear proportional to dose and duration of drug
exposure [37].

As with EGFRi, dAEs are the most common
adverse effects in patients treated with BRAFi,
affecting up to 95% of patients; a nonspecific
rash occurs in up to 75% of patients [38]. Patients
often present with a mild, transient morbilliform
eruption within the first few weeks of therapy
that is asymptomatic or mildly pruritic and
resolves with time or TCS. Failure to respond
should raise suspicion for a delayed-type hyper-
sensitivity reaction. The persistent “rashes” asso-
ciated with BRAFi are better classified as
folliculocentric or papulopustular, sometimes
with a keratosis pilaris-like appearance, and
occur primarily on the face (Fig. 8.5) and upper
torso and arms (Fig. 8.6).

Photosensitivity is common affecting
30-57% of patients (Fig. 8.7); this is UVA
induced and patients are advised to wear sun-
screen daily to avoid toxicity from incidental
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Fig. 8.5 Milia-like folliculocentric papules on the face
secondary to BRAF inhibition

Fig. 8.6 Keratosis pilaris-like papules on the arm sec-
ondary to BRAF inhibition

indoor exposure through windows [39].
Alopecia, pruritus, superficially desquamative
hand-foot syndrome, and proliferative lesions of
the epidermis have also been reported.
Proliferative lesions classically develop within

Fig. 8.7 Severe sunburn after minimal sun exposure
while on BRAF inhibitor

8—12 weeks of treatment. These lesions repre-
sent a continuum and encompass benign papil-
lomas, verrucae, verrucous keratoses, seborrheic
keratoses, warty dyskeratomas, palmar/plantar
hyperkeratosis, actinic keratoses, and keratiniz-
ing skin tumors such as keratoacanthomas and
cutaneous squamous cell carcinomas (SCC)
[40]. These are treated with skin-directed thera-
pies, reserving surgery for invasive SCC. An
additional and occasionally challenging effect
of BRAFi is the occurrence of melanocytic
changes. Darkening of existing nevi, regression
of nevi, eruptive nevi (Fig. 8.8), and develop-
ment of atypical melanocytic proliferations
have all been described [40]. Second primary
melanomas have also been reported [41].
Paradoxical MAP kinase pathway activation by
wild-type BRAF or RAS mutant cells provides a
plausible mechanism for SCC and, potentially,
melanocytic tumor development as well [42].
Understanding this paradoxical MEK/MAPK
activation in normal cells and tissues contributed
to the hypothesis that MEKi may reduce cutane-
ous tumor formation induced by BRAFi [43].
MEK inhibitors, such as trametinib, target the
MAPK pathway further downstream, and in stud-
ies combining a MEKi with a BRAFi in patients
with metastatic melanoma, there was not only an
extension of progression-free survival but also a
reduced incidence of treatment-associated SCCs
from 19 to 7% [44]. While patients treated with
MEKi monotherapy suffer from an array of
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Fig. 8.8 Eruptive dark nevi with a background of kerato-
sis pilaris-like papules secondary to BRAF inhibition

Fig. 8.9 Tiny monomorphic papules and pustules sec-
ondary to MEK inhibition

dAEs, patients treated with BRAF/MEK combi-
nation therapy have few skin side effects.

While often described as similar to EGFRi
toxicities, dAEs seen with MEKi have some mor-
phologic distinctions. Eruptions include an

inflammatory papulopustular morphology favor-
ing the scalp, face, chest, and back (52-93% of
patients) as well as xerosis, and pruritus [45]. In
many patients, the papulopustular eruption dif-
fers from that induced by EGFRI in that patients
present with tiny, monomorphic follicular pap-
ules (Fig. 8.9) and eroded pustules that may
extend to the lower trunk and extremities.
Additional common AEs from MEKi that can
confound the presentation include edema (with
resultant erythema and dermatitis), fevers, and
photosensitivity.

mTOR Inhibitors

Key Points

* mTOR inhibitors are used increasingly
in children, and currently approved for
patients with SEGA in the setting of
tuberous sclerosis complex.

* Most common adverse effects involve
the oral mucosa, manifesting as painful
stomatitis and oral ulcers.

e “Rash” is less commonly seen and
described as nonspecific in nature.

The phosphatidylinositol 3-kinase (PI3K)/AKT
signaling pathway is critical to cell growth and
survival and has been shown to govern normal
vascular development and angiogenesis [46].
Sirolimus, a mammalian target of rapamycin
(mTOR) inhibitor, integrates signals from the
PI3K/AKT pathway to coordinate proper cell
growth and proliferation by regulating ribosomal
biogenesis and protein synthesis [47]. Everolimus
is similar to sirolimus in that it is an effective
antiproliferative and immunosuppressive agent,
developed to improve upon the pharmacokinetics
of sirolimus [48]. Tuberous sclerosis and
lymphangio leiomyomatosis are caused by inac-
tivating mutations in the tuberous sclerosis com-
plex tumor-suppressor proteins TSC1 and TSC2,
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leading to increased activation of mTOR [49].
Disorders that lead to inappropriate activation of
the PI3K/AKT/mTOR pathway have also been
shown to result in tissue overgrowth in associa-
tion with vascular anomalies. Sirolimus is now
approved in children with tuberous sclerosis
complex, and increasingly studied in patients
with vascular anomalies such as kaposiform
hemangioendothelioma with Kasabach-Merritt
phenomenon and lymphatic malformations [50].
As mTOR inhibitors (mTORi) have significant
antitumor activity, they are increasingly being
studied in pediatric cancers, including rhabdo-
myosarcoma, osteosarcoma, medulloblastoma,
and neuroblastoma, alone and in combination
with chemotherapy.

Dermatologic AEs seen in pediatric patients
treated with mTORI usually consist of a macular
or papular exanthema, or papulopustular eruption
thought to be due to the inhibition of PI3K-AKT-
mTOR signaling, which is one of the downstream
effector pathways of the EGFR [51]. However,
the most common AEs involve the oral mucosa,
with painful stomatitis causing significant QOL
impairment in adults and children. A phase 3 trial
of everolimus in children with SEGA in the set-
ting of tuberous sclerosis found that most AEs
were grade 1 and 2, with mouth ulcers (32%) and
stomatitis (31%) being the most frequently
reported [52]. Rash was reported in 12% of
patients, and one patient developed zoster during
treatment. A trial studying the safety of everoli-
mus in patients under 3 years of age found a simi-
lar AE profile, with the most common adverse
effectbeing stomatitis (66.7%) [53]. Temsirolimus
is a potent and highly specific inhibitor of mTOR,
the ester form of sirolimus, and was the first
mTORi approved by the US Food and Drug
Administration for use in oncology in advanced
renal cell carcinoma in the adult population. A
study in pediatric patients with recurrent and
refractory solid tumors showed similar AEs,
including rash (32%) and mucositis (32%) [54].
Cutaneous AEs from PI3K isoform inhibitors are
poorly described to date, but have been observed
to include eczematous, psoriasiform, and pityria-
siform eruptions.

147

Tyrosine Kinase Inhibitors

Key Points

e TKIs that target BCR-ABL and c-kit
such as imatinib have been approved in
children with leukemias (CML/ALL).

e Edema, mainly periorbital, is a distinct
and specific side effect of imatinib.

e A dose-dependent papular rash can also
occur, and is generally follicular or
finely keratotic in nature. Reversible
pigmentary changes have also been
reported in 33—41% of patients.

The development of BCR-ABL/KIT TKIs has
greatly improved the outcome of patients with
CML and gastrointestinal stromal tumors.
Imatinib was the first molecule developed to
inhibit the tyrosine kinase BCR-ABL; it also
inhibits c-kit and PDGFRs. Because it acts on
multiple targets, this class of drug is used and
studied in other malignancies [55, 56]. Cutaneous
AEs have been reported to occur in 7-88.9% of
patients taking imatinib [56, 57]. Edema, mainly
periorbital, is a distinct and specific side effect. It
can also occur in the extremities and occasionally
as central fluid retention. It has been speculated
that inhibition of PDGFR leads to an increase in
dermal interstitial fluid, as it has a central role in
regulating interstitial fluid homeostasis [56]. A
dose-dependent papular rash can also occur that
is generally follicular or finely keratotic in nature.
Reversible pigmentary changes manifesting as
localized, patchy, or diffuse hypopigmentation
and depigmentation have been reported in
33-41% of patients [58, 59]. These changes are
caused by the inhibition of c-kit, which regulates
melanocyte development, migration, and sur-
vival. Interestingly, hyperpigmentation has been
reported in 3.6% of patients, usually occurring in
hair, nails, and oral mucosa [57]. Dyspigmentation
has been less commonly noted in pediatric
patients (13%) [3].
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Other uncommon reactions include urticarial,
lichenoid, pityriasiform, and psoriasiform erup-
tions, Stevens-Johnson syndrome, acute and gen-
eralized exanthematous pustulosis, Sweet’s
syndrome, neutrophilic eccrine hidradenitis, and
neutrophilic panniculitis. Rarely reported effects
include mycosis fungoides-like reactions, follic-
ular mucinosis, Epstein-Barr virus positive B cell
lymphoproliferative tumors, hyaline cell syrin-
goma, malpighian epithelioma, porphyria cuta-
nea tarda, and pseudoporphyria [56].

Fewer cutaneous AEs have been reported with
second-generation BCR-ABL- and c-kit-
inhibiting TKIs, such as nilotinib and dasatinib.
These agents were developed to treat resistant
CML with acquired BCR-ABL mutations.
Dasatinib was initially associated with 15% risk
of dAE:s in clinical trials [60]. Follow-up reviews
report dAEs in up to 35% of treated patients [56].
Skin reactions that commonly occur include pru-
ritus, acneiform papules, xerosis, hyperhidrosis,
urticaria, and eczematous dermatitis. Other rare
side effects that have been reported are pigmen-
tary changes, skin ulcers, bullous disorders, pho-
tosensitivity, nail changes, acute febrile
neutrophilic dermatosis, panniculitis, and hand-
foot skin reaction (Fig. 8.10) [56]. Rates vary for
nilotinib with dAEs affecting between 10 and
28% of patients [56, 61]. The reported cutaneous

Fig. 8.10 Hand-foot
dasatinib

skin reaction secondary to

AEs include xerosis and pruritus. Other less fre-
quent reactions include scalp alopecia, body hair
loss, and bullous Sweet’s syndrome. Third-
generation inhibitors in this class have been
reported to induce similar follicular, xerotic, and
pityriasiform eruptions [62].

Antiangiogenesis Agents

Key Points

e The most common adverse effects of
vascular endothelial growth factor
receptor (VEGFR) inhibitors are muco-
sal bleeding, stomatitis, thromboembo-
lism, and disturbed wound healing. Oral
mucositis and rash are the main dAEs
reported in children.

e Multikinase inhibitors, such as sorafenib
and sunitinib, inhibit angiogenesis and
proliferation ~ via ~ VEGFR  and
PDGFR. Hand-foot skin reaction and
stomatitis are the most frequently
encountered side effects.

The physiologic process of angiogenesis is
tightly regulated at the molecular level and
depends on a balance between growth-promoting
and -inhibiting factors. Angiogenesis is dysregu-
lated in many pathological conditions including
cancer; tumor growth and metastatic potential is
highly dependent on competing factors [63].
Vascular endothelial growth factor (VEGF) is a
major driver of tumor angiogenesis and is there-
fore the target of many angiogenesis inhibitors.
Bevacizumab is a recombinant humanized mono-
clonal antibody directed against VEGF. By bind-
ing to VEGF, bevacizumab leads to a decrease in
endothelial cells and the quantity of micro-
capillaries in tumor tissue. It can also reduce vas-
cular permeability, and thus inhibit tumor
progression or migration [64]. It has been
approved in adults for the treatment of advanced
non-small-cell lung, breast, colorectal, and renal
cell carcinoma.
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In comparison to other targeted anticancer
therapies, bevacizumab causes less frequent and
less severe dAEs. VEGFR inhibitors (VEGFR1)
are most commonly used in combination with
other systemic agents; therefore assessments of
dAEs specifically attributable to this class are
limited. The most well-documented AEs include
mucosal bleeding and hemorrhage, stomatitis,
thromboembolism, and disturbed wound healing
[65]. As expected given the importance of neo-
vascularization in wound healing, studies have
identified treatment with bevacizumab proxi-
mate to the time of surgery as leading to a signifi-
cant risk of postoperative wound healing
complications [66]. A few cases of ulcerated
striae have also been reported in patients receiv-
ing both bevacizumab and corticosteroids [67].

In pediatric patients, oral mucositis has
been reported in more than 10% of patients

treated with VEGFRIi [68]. Rash has also been
reported in 46% of treated patients, described
as mild and papular [69]. A phase 1 trial of
bevacizumab in pediatric patients with refrac-
tory solid tumors reported non-dose-limiting
grade 1-2 cutaneous toxicities manifesting as
rash in 3/19 patients and mucositis in 2/19
patients [68]. No thromboses or hemorrhages
were reported.

Sorafenib, sunitinib, and regorafenib are mul-
tikinase inhibitors (MKIs) that target VEGFR
and PDGFR, among other kinases [70]. They are
used and studied alone and in combination across
multiple malignancies. Cutaneous reactions are
common in adults, occurring in up to 74% of
patients taking sorafenib and 81% taking suni-
tinib [71]. Hand-foot skin reaction (HFSR) and
stomatitis are the most frequently encountered
side effects (Fig. 8.11). HFSR presents as painful

Fig. 8.11 (a) Hand-foot skin reaction secondary to multikinase inhibition. (b) Hand-foot skin reaction with evident
inflammation at the border of the callosities on the heels from multikinase inhibition
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localized inflamed callosities that develop on
friction and trauma-prone areas, such as the heel,
lateral aspects of the soles, beneath the metatarsal
heads, and in web spaces. This toxicity first
appears after 2—4 weeks of treatment in 10-62%
of patients, is often dose limiting, and has a pro-
found impact on QOL [72].

Similar to adults, children with solid tumors
and leukemias treated with MKIs as monother-
apy also experienced rash, and to a lesser extent
HFSR. However when used in combination with
other agents, these children experienced grade 2
and 3 HFSR and rashes with much greater inci-
dence (8/12 children with leukemia, 5/19 chil-
dren with solid tumors) [73]. Patients initiating
MKIs are advised to avoid activities involving
prolonged heat and friction and to use preventive
measures when these are unavoidable. Examples
include wearing well-fitting shoes and lubricat-
ing the feet with an ointment prior to prolonged
walking. In addition, prophylactic urea-based
keratolytics can help reduce painful callous for-
mation and topical steroids and nonsteroidal
drugs can help when inflammation develops.
Local wound care is necessary if bullae or skin
breakdown occurs, and dose reduction may be
required.

After HFSR, stomatitis is the second most
common cutaneous side effect from this drug
class (26-36%) and can generally be managed
with oral hygiene and use of topical steroids and
anesthetics [74]. Other dAEs include alopecia,
which may occur 2-28 weeks after the onset of
therapy, and manifests as hair loss with eventual
hair regrowth. With sorafenib, regrowth is often
brittle and curly, while sunitinib induces revers-
ible depigmentation in some patients [70, 75].
Seborrheic dermatitis-like facial erythema has
been noted in 63% of patients on sorafenib, and
to a lesser extent sunitinib [70, 71]. Scalp dyses-
thesia has also been observed in half of patients,
with spontaneous resolution upon discontinuation
of treatment [76]. Subungual splinter hemor-
rhages develop in more than half of patients on
sorafenib. Other cutaneous reactions include yel-
low skin pigmentation, SCCs, and inflammation
of preexisting actinic keratoses, generalized kera-
tosis pilaris-like eruption (21%), body alopecia

(19%), nipple hyperkeratosis or pain (19%), and
epidermal inclusion cysts (5%) [70, 71, 76]. There
have also been single reports of an erythema mul-
tiforme-like eruption [77], ultraviolet radiation
recall [78], and localized dyskeratotic plaque with
milia [79]. Single cases of benign eruptive mela-
nocytic nevi [80] and drug-induced lentigines [70,
71] have been reported secondary to sorafenib
and may be related to its inhibition of BRAF.

Summary

Targeted anticancer therapies are now part of the
therapeutic arsenal for pediatric oncologic care
and are being studied at increasing frequencies
across malignancies. The effect of these novel
agents on developmental pathways in the tissues
and organs of growing children remains unknown.
To date, cutaneous AEs seem to mirror those of
the adult population; however nuances are likely
to emerge as the numbers of patients treated
increases. Classification of dAEs beyond “rash”
will be required to better understand the targets
and population-specific side effects. A better
understanding of the pathogenesis, classification,
management, and prognostic significance of
these toxicities is imperative. Dermatologists can
have a significant impact on the care of these
patients by recognizing and managing cutaneous
reactions, thereby improving patient QOL and
allowing for continuation of potentially lifesav-
ing anticancer regimens whenever possible.
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Introduction to GVHD

Graft-versus-host disease (GVHD) is an impor-
tant cause of morbidity and mortality in children
receiving hematopoietic stem cell transplantation
(HSCT). While children are less likely to develop
GVHD than adults, recognizing the pathophysi-
ology, incidence, clinical features, classification,
and treatment of acute and chronic variants of
this condition is key to optimizing the manage-
ment of cutaneous and extracutaneous sequelae.
Further understanding of pediatric GVHD is
needed to improve outcomes for pediatric HSCT
recipients.
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Pathophysiology and Risk Factors
for GVHD

Key Points

e Acute GVHD is an alloimmune reaction
in which donor T cells become activated
against host antigens and pro-
inflammatory cytokines are released,
resulting in damage to host tissues [1, 2].

e Chronic GVHD is characterized by non-
specific and persistent inflammation,
loss of immune tolerance, and aberrant
tissue repair leading to fibrosis and irre-
versible damage.

e The degree of HLA mismatch between
donor and recipient is the most signifi-
cant risk factor for both acute and
chronic GVHD.

Understanding the pathophysiology of and risk
factors for acute and chronic GVHD is the first
step in preventing, diagnosing, and treating these
adverse sequelae.

As the name implies, acute GVHD is charac-
terized by an immune reaction in which trans-
planted donor T cells (the graft) recognize the
patient receiving the transplant (the host) as for-
eign and mount a response against the patient. In
1966, Billingham proposed three requirements
for the development of GVHD: histocompatibility
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differences between donor and recipient, the
presence of immunocompetent cells in the graft,
and the inability of the host to mount an effective
immunologic reaction against the graft [3].
Additional studies led to our current understand-
ing of a three-phase model for acute GVHD as
illustrated by Ferrara et al. (Fig. 9.1) [2]. In the
first phase, pretransplant damage (from chemo-
therapy, radiation, infection, etc.) to recipient tis-
sues results in activation of local dendritic cells
and release of cytokines, yielding a proinflamma-
tory state. In the second phase, donor T cells pro-
liferate in response to the cytokine storm.
Additionally, these donor T cells become acti-
vated by circulating host dendritic cells. In the

third and final stage, the activated donor T cells
proliferate into cytotoxic T cells that target the
originally inflamed host tissues and further prop-
agate tissue damage [1, 4]. The host gastrointesti-
nal system is particularly important in the
development of acute GVHD, given its vulnera-
bility to trauma from conditioning treatments,
infection, and additional external stimuli as well
as the high concentration of dendritic cells and
increased antigenicity of the gut [1].

While the pathophysiology of chronic GVHD
is not fully understood, the diversity of clinical
phenotypes and the discovery of autoantibodies
and genetic polymorphisms similar to patients
with classic autoimmune disorders suggest a

Conditioning: tissue damage

(1) Host APC Host
activation tissues

(2) Donor T-cell
activation

{ / Small
/ intestine

Target cell
apoptosis

(3) Cellular and
inflammatory
effectors

Pathophysiology of acute GVHD

IL 1=interleukin 1. IFN y=interferon y. LPS=lipopolysaccharide. Treg=regulatory T cell. Th1=T-helper 1 cell. CTL=cytotoxic T lymphocyte.

Fig.9.1 Pathophysiology of acute GVHD. IL I interleu-
kin 1, IFN y interferon y, LPS lipopolysaccharide, Treg
regulatory T cell, Thi T-helper cell, CTL cytotoxic T lym-
phocyte [2]. Reprinted from The Lancet, Vol. 373, number

9674, Ferrara JLM, Levine JE, Reddy P, Holler E, Graft-
versus-host disease, pages 1550-1561, © 2009, with
permission from Elsevier
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more complex immune reaction than that seen in
acute GVHD [4]. Chronic GVHD typically
follows acute GVHD, yet it may also occur de
novo. In the Task Force Report from the National
Institutes of Health Consensus Development
Project on Criteria for Clinical Trials in Chronic
Graft-Versus-Host Disease, Cooke et al. propose
another three-phase model [5]. Similar to acute
GVHD, the first phase is characterized by tissue
injury, inflammation, and activation of donor T
cells. The second phase involves diffuse, nonspe-
cific inflammation as donor T cells migrate
through inflamed, leaky vasculature and lym-
phatics. Activation of the adaptive immune sys-
tem also takes place; however, maturation of T
cells in a dysfunctional thymus—one that is
aging or has been damaged by conditioning or
acute GVHD rendering it incapable of negative
selection—leads to loss of central tolerance.
Peripheral tolerance is also diminished due to an
imbalance between regulatory T cells (Tregs) and
alloreactive T cells. In the final phase, aberrant
tissue repair and fibrosis may occur, leading to
irreversible organ damage [5].

Overall, risk profiles for acute and chronic
GVHD are similar [6]. GVHD occurs most com-
monly after allogeneic HSCT, due to inherent
HLA disparity between the recipient and donor.
Though less common, GVHD may also arise fol-
lowing autologous HSCT (the recipient and
donor are the same patient) [7] and also after
solid-organ transplant (most commonly in small
bowel or liver transplantation) [8—11]. GVHD
following autologous HSCT is hypothesized to
result from sensitization of the harvested cells
during processing and storage prior to reintro-
duction to the patient. In solid-organ transplant,
co-transplantation of alloreactive immune cells
residing in the donor tissues initiates the GVHD
cascade [9]. In allogeneic HSCT and solid-organ
transplants, the most significant risk factor is
HLA mismatch between donor and recipient.
Risk for GVHD may be higher with HLA mis-
match at the HLA-A or -B locus. It is also impor-
tant to note that acute GVHD increases the risk of
chronic GVHD by 11-fold [12]. Additional clini-
cal, genetic, and biomarker-based risk factors are
listed in Table 9.1 [13-22].

Table 9.1 Risk factors for acute and chronic GVHD

Host variables

e Recipient age <1 or >10 years [13, 19]

* Malignancy as indication for transplant, as well as
features of more advanced disease (WBC
>50 x 10°/L and cytogenetic abnormalities t(4;11),
t(9;22), and hypodiploidy) [13-16, 22]

e Prior damage to gut (viral illness, prolonged
fasting, chemotherapy) [15]

Donor or graft variables

¢  HLA mismatch [14]

¢ Unrelated donor [14]

e ABO blood group mismatch [14]

* Older donor age (>8) [17-19]

* Female multiparous donor to male recipient [17, 19, 22]

e Graft source: allogenic HSCT
(PBSC > BM > UCB) > autologous HSCT > solid
organ transplant [19, 21, 22]

e Graft with high CD34+ cell dose or low regulatory
T-cell content [15]

Other variables

* Conditioning with total body irradiation [14-16, 19, 22]

» Single-agent GVHD prophylaxis [15, 18]

¢ Genetic polymorphisms within genes encoding for
innate immunity, or inflammatory/immunoregulatory
proteins in either donor or host [15]

¢ Prior acute GVHD (increases the risk for chronic
GVHD) [20]

BM bone marrow, GVHD graft-versus-host disease, HLA
human leukocyte antigen, PBSC peripheral blood stem
cell, UCB unrelated cord blood, WBC white blood cell

Incidence of GVHD

Key Points

e The lowest rates of acute and chronic
GVHD are among recipients of HSCT
from related donors and from umbilical
cord donors.

e The incidence of acute and chronic
GVHD in children is approximately half
that of adults.

In the United States, over 1500 allogeneic HSCTs
are reported annually in patients less than 20 years
old [23]. The incidence of GVHD within this pop-
ulation ranges widely depending on risk factors,
most notably HLA compatibility and stem cell
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graft source (e.g., bone marrow, peripheral blood,
or umbilical cord blood). About two-thirds of allo-
geneic HSCT in children are from unrelated
donors and the majority of children receive HSCT
derived from the bone marrow or cord blood [23].

In those receiving unrelated donor HSCT,
Grade II-1V acute GVHD has been reported in
40% of cord blood and 85% of bone marrow
HSCT [12, 16, 21, 24]. There is greater immune
tolerance, and thus lower incidence of acute
GVHD, associated with cord blood HSCT com-
pared to bone marrow HSCT for similar levels of
HLA mismatch. In those receiving related donor
HSCT, the incidence of grade II-IV acute GVHD
is significantly lower, reported in about 25% of
those receiving grafts from HLA-identical sib-
lings, with equivalent rates between bone marrow
and peripheral blood cell sources [21].

The incidence of chronic GVHD varies by
these same factors. Chronic GVHD has been
reported in as few as 6% of recipients of sibling-
related umbilical cord blood HSCT and up to
65% of recipients of mismatched peripheral
blood stem cell HSCT [19, 25-27]. The onset of
chronic GVHD in relation to acute GVHD is pro-
gressive in 30—40%, quiescent (e.g., acute GVHD
occurred but resolved prior to chronic GVHD
onset) in 30-40%, and de novo in 20-30% [28].

In general, the incidence of GVHD in children
is about one-half that of adult populations [20,
29, 30]. Decreased incidence may be attributed to
more frequent use of cord blood as a stem cell
source in children, nonmalignant indications for
HSCT, limited history of prior infections, and
overall improved state of health in children [14].

Clinical Features of GVHD

Key Points

e Acute GVHD most often occurs within
months after HSCT, but may occur at any
point and can overlap with chronic GVHD.

e Acute GVHD primarily involves the
skin, liver, and gastrointestinal tract.

e Chronic GVHD may have more diffuse,
often irreversible, organ involvement.

Although acute GVHD most often occurs within
1-2 months after HSCT [2, 16], the diagnosis
can be made at any point after HSCT. Because
time-based criteria are currently less empha-
sized, there is a greater emphasis on clinical fea-
tures in making the diagnosis of acute GVHD
[2, 6, 13].

Acute GVHD most commonly targets the
skin, liver, and gastrointestinal tract [4, 31]. The
skin is the most frequently affected organ and is
often the first involved [2]. The classic rash is
pruritic, may be painful, and is characterized by
erythematous macules and papules coalescing on
the trunk and extremities (often sparing the
scalp), resembling the morbilliform rash of mea-
sles (Fig. 9.2). Acral involvement is common
(Fig. 9.3). In severe GVHD, bullae and desqua-
mation may develop, and with extensive involve-
ment may resemble toxic epidermal necrolysis
(Fig. 9.4). Gastrointestinal symptoms include
nausea, vomiting, anorexia, abdominal pain, and
diarrhea [2].

Children tend to develop symptoms of chronic
GVHD at a median of 6 months after HSCT [30].
About 40% of these patients manifest extensive
disease; the remainder experience limited
involvement of the skin, liver, or both [19]. Again,
the skin is the most commonly affected organ,
with cutaneous features in 65-80% of children
with chronic GVHD, followed by oral lesions in
half, liver disease in a third, and gastrointestinal

Fig.9.2 Acute GVHD presenting as a morbilliform skin
eruption
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Fig.9.3 Acral involvement in acute GVHD

Fig.9.4 Toxic epidermal necrolysis-like acute GVHD

involvement in 25-60% [19, 32]. Involvement of
the lungs, eyes, and/or musculoskeletal system is
not uncommon [6, 19, 33].

Cutaneous chronic GVHD (particularly scle-
rotic forms) is often preceded by peripheral
edema in children (Fig. 9.5) [34]. Chronic GVHD
has a propensity to affect the mouth, nails, and
areas of friction such as the waistband, while the
face and digits are rarely involved. Affected limbs
can become bound-down and restricted in width.
Dyspigmentation is almost universal and vitiligo
is a known, but less common, presentation
(Fig. 9.6) [30, 34]. The depth of sclerotic disease
ranges from superficial lichen sclerosus-like
lesions to dermal fibrosis and myofascial involve-
ment (Figs. 9.7 and 9.8) [34]. Of note, fasciitis
and myositis can arise independent of skin
involvement and predispose to permanent con-

Fig.9.5 Acral edema as an early sign of sclerotic chronic
GVHD

Fig. 9.6 Dyspigmentation (both hyperpigmentation and
hypopigmentation) in a child with chronic GVHD

tractures [6]. Eczematous and ichthyosiform fea-
tures can be found in sclerotic and nonsclerotic
disease and may be more common in children
than adults (Fig. 9.9) [34]. The reported inci-
dence of lichenoid lesions varies widely; they
may be more common in steroid-refractory
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Fig.9.7 Morpheaform sclerotic chronic GVHD

Fig. 9.8 Sclerotic chronic GVHD with myofascial
involvement

chronic GVHD [33-35]. It is important to recog-
nize that multiple morphologies may be present
in an individual patient, and thus a thorough skin
examination is imperative.

Mucosal, hair, and nail findings may also be
appreciated during dermatologic examination.
The eyes may be less commonly affected by
chronic GVHD in children than other organs,
though one study reports involvement in 50% of
patients [19, 33]. In these patients, lacrimal
dysfunction leads to conjunctivitis [5, 6]. Oral
lesions may be erythematous, reticular, or ulcer-
ative; they are infrequently painful, leading to
underreporting [32]. Involvement of the oral

Fig. 9.9 Eczematous or ichthyosiform presentation of
chronic GVHD

Fig. 9.10 Alopecia is common in children with chronic
GVHD

mucosa often corresponds to genital findings
including lichen planus-like features, lichen
sclerosus-like features, clitoral and vaginal scar-
ring in females, and phimosis and urethral stric-
ture in males [6]. Focal or diffuse alopecia may
occur in up to 50% of children and can be scar-
ring or nonscarring (Fig. 9.10) [30]. Nails are
affected in up to 45% of children, with
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Fig.9.11 Pterygium nail deformity may be a harbinger
of severe lung involvement in children with chronic
GVHD

periungual erythema and/or dystrophy [30, 34].
Pterygium inversum unguis, in which the distal
nail bed adheres to the nail plate, is common in
severe chronic GVHD and is associated with a
higher risk of lung involvement in children
(Fig. 9.11) [34].

Though outside of the spectrum of dermato-
logic care, physicians should be aware of other
organ systems involved in chronic GVHD. Chronic
pulmonary inflammation can lead to bronchiolitis
obliterans syndrome [6]. Multifactorial gastroin-
testinal changes (e.g., scarring, altered motility)
can result in decreased intake, poor absorption,
and failure to thrive. As in acute GVHD, nonspe-
cific hyperbilirubinemia and transaminitis may
also manifest in chronic GVHD [6].

Differential Diagnosis for GVHD

Given the comorbidities of patients at risk for
GVHD and the various morphologies of GVHD
in its acute and chronic forms, the differential
diagnosis for GVHD is broad and includes infec-
tious and inflammatory etiologies.

Bacterial and viral exanthems occur more
commonly in children, and solid-organ transplant
and HSCT recipients are at increased risk for
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HHV6 and HHV7 reactivation [36], making
infectious etiologies important to consider in
patients with acute GVHD. Signs and symptoms
of infection typically accompany the classic
childhood exanthems and the distribution and
evolution of the rash may be helpful in differenti-
ating these from acute GVHD. The viral exan-
them of HHV®6 is characterized by erythematous
macules and papules surrounded by white halos,
which begin on the trunk and spread to neck and
proximal extremities [36]. It is accompanied by
high fever (101-106 °F) and resolves over several
days. Atopic dermatitis and allergic contact der-
matitis may present with similar pruritic, papular
eruptions, though typically without associated
systemic signs and symptoms.

Engraftment syndrome is an early complica-
tion of HSCT, occurring within 96 h of granulo-
cyte recovery (absolute neutrophil count of
>500pL for 2 consecutive days) and character-
ized by fever >38.3 °C without source of infec-
tion, rash >25% body surface area (BSA) that is
not attributable to medication, weight gain of
>2.5% of baseline and albumin drop to 90% of
pretransplant levels, and non-cardiogenic pulmo-
nary edema [37, 38]. Additional features such as
hepatic dysfunction with total bilirubin >2 mg/dL
or transaminase >2 times normal, renal insuffi-
ciency with serum creatinine >2 times baseline,
and transient idiopathic encephalopathy have also
been described in adults, though these are less
common in children [38]. Given that granulocyte
recovery typically takes place 8-27 days follow-
ing HSCT [39], it can be difficult to distinguish
engraftment syndrome from hyperacute GVHD if
distinguishing features are not present.

Clinical features of acute GVHD may mimic
the range of drug reactions, including morbilli-
form drug eruptions, drug reaction with eosino-
philia and systemic symptoms, radiation-recall
dermatitis, toxic erythema of chemotherapy
(TEC), and Stevens-Johnson syndrome/toxic epi-
dermal necrolysis [4, 14]. TEC is a spectrum of
cutaneous reactions to chemotherapeutic agents
most commonly presenting with erythema and
tenderness of the palms, soles, and flexural
regions including the axillae and groin [40].
There may be an increased incidence of TEC
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with conditioning regimens including busulfan
and fludarabine, with a median onset of 22 days
after dose administration [41]. See Chap. 7 for a
more detailed discussion of TEC. Drug hypersen-
sitivity reactions to non-chemotherapeutic agents
should also be considered, yet they tend to occur
more in adults. Drug reactions typically occur
between 1 and 14 days of initiating a drug,
manifesting as a morbilliform rash on the trunk,
which spreads to the extremities, and less com-
monly involves the face, palms, or soles.
Comparatively, GVHD is more likely to have
acral and facial involvement, follicular promi-
nence, and concurrent diarrhea and hyperbiliru-
binemia. Radiation-recall dermatitis should also
be considered in the setting of total-body irradia-
tion or prior sunburn followed by methotrexate
for GVHD prophylaxis.

Lichenoid papules of chronic GVHD may
appear similar to lichen planus or lichenoid drug
eruption. Voriconazole-induced phototoxicity
may present as a macular erythematous rash sug-
gestive of chronic GVHD (Fig. 9.12) [42].
Morphea, scleroderma, lichen sclerosus, eosino-
philic fasciitis, atrophoderma of Pasini and
Pierini, discoid lupus erythematosus, and vitiligo
are all within the differential for sclerotic or dys-
pigmented GVHD lesions. Alopecia areata, telo-
gen effluvium, and anagen effluvium may
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Fig. 9.12 Erythematous, scaly papules in photodistrib-
uted locations as a result of voriconazole phototoxicity

produce hair loss in patients also at risk for
GVHD.

Histopathology and Laboratory
Evaluation of GVHD

Key Points

» Histopathologic features of acute and
chronic GVHD are nonspecific.

* Biopsy may be helpful for children with
distinctive but not clinically diagnostic
features of chronic GVHD.

Biopsy is often not necessary to diagnose
GHVD. Though skin biopsies may confirm a
diagnosis of acute GVHD if clinical suspicion is
high, the histologic findings are nonspecific and
many of the differential diagnoses show similar
features. Histologic findings include sparse
lymphocytic interface and perivascular inflam-
mation with variable degrees of adnexal exten-
sion. Dyskeratosis, spongiosis, lymphocytic
exocytosis, and satellitosis may also be present.
In addition to lymphocytic infiltration, eosino-
phils may be noted, making it difficult to distin-
guish acute GVHD from drug hypersensitivity
reaction. In more severe acute GVHD, subepi-
dermal clefting and full-thickness epidermal
necrosis may be seen, mimicking toxic epider-
mal necrolysis [43, 44]. Thus, biopsy can be
unhelpful or misleading if wrongly interpreted
and clinical observation with close attention to
time course, evolution of disease, and response
to withdrawal of a potential offending agent is
key in making an accurate diagnosis [45-50].
Histopathology of chronic GVHD is only
required for diagnosis of chronic GVHD if fea-
tures are distinctive but not diagnostic [6].
Features of chronic GVHD vary by clinical
manifestation, including epidermal orthohyper-
keratosis, hypergranulosis, and acanthosis for
lichen-planus-like disease; thickening and
homogenization of collagen bundles or pander-
mal sclerosis with overlying interface changes
for morphea-like disease; and homogenization
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with overlying interface changes for lichen
sclerosis-like disease [51].

Additional lab testing is nonspecific for
GVHD. Patients with acute GHVD may have
hyperbilirubinemia and/or transaminitis [2].
Peripheral eosinophilia has been noted in about
half of children with chronic GVHD prior to dis-
ease onset [52]. Eosinophilia can be present in
patients without chronic GVHD, however, par-
ticularly in association with eczema or drug
hypersensitivity [35].

Classification of GVHD

Key Points

e Staging of acute GVHD relies on the
extent of skin, liver, and gut
involvement.

* The global severity score for chronic
GVHD includes the evaluation of eight
organ systems.

* Proper staging is necessary for progno-
sis and therapeutic decision making.

Proper classification of acute GVHD is impor-
tant, as this largely directs therapy. In 1974,
Glucksberg devised the original staging system
for acute GVHD, which was later modified dur-
ing the Keystone Conference in 1994 [53]. The
Keystone staging attempted to classify acute
GVHD based upon the extent of skin, liver, and
gut involvement, but the staging of pediatric gut
GVHD was not discussed during the Keystone
Conference, and stool output varies considerably
between children and adults. The current pro-
posal set forth by the University of Michigan and
now utilized by the Mount Sinai Acute GVHD
International Consortium redefines the Keystone
criteria based on volume of diarrhea per kilogram
of body weight, rather than absolute volume
(Table 9.2) [54]. An additional consideration
when staging pediatric acute GVHD is the differ-
ence in the distribution of body surface area
between adults and children, as children have
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relatively larger heads and smaller extremities
than adults.

Scoring the severity of chronic GVHD is chal-
lenging due to the diversity of phenotypes and
current lack of biomarkers [6]. Originally pro-
posed in 2005 and revised in 2014, the NIH
Consensus Conference outlined organ-specific
criteria for diagnosing and scoring the severity of
chronic GVHD [6]. The skin, mouth, eyes, gas-
trointestinal system, liver, lungs, joints, and geni-
talia are independently evaluated. A global
severity score (mild, moderate, or severe) is then
assigned [6]. While still complex, this system
more accurately describes the burden of disease
and may aid our understanding of the pathophysi-
ology of chronic GVHD.

Treatment of GVHD

Key Points

e Immunosuppressive agents are often
used for GVHD prophylaxis.

» Topical steroids and/or topical calcineu-
rin inhibitors are recommended for mild
skin-limited acute and chronic GVHD,
or as adjuvant therapy for more exten-
sive disease.

e Systemic corticosteroids are the first-
line treatment for moderate-to-severe
(grade II-IV) acute GVHD and exten-
sive cutaneous chronic GVHD; how-
ever, many cases are refractory to these
agents.

e There is no consensus for treatment of
steroid-refractory acute or chronic
GVHD.

Because of the difficulty in treating acute
GVHD, there is a significant emphasis on pre-
vention. Prophylactic regimens typically con-
sist of one or a combination of the following
agents: prednisone, cyclosporine, tacrolimus,
sirolimus, methotrexate (MTX), mycopheno-
late mofetil (MMF), antithymocyte globulin, or
alemtuzumab [14].
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Table 9.2 Staging and grading of acute GVHD in children [54]

Stage | Skin Liver (bilirubin) | Upper GI Lower GI (stool output per day)
0 No GVHD rash <2 mg/dL No or intermittent nausea, | <10 mL/kg/day
vomiting, or anorexia or < 4 episodes/day
1 Rash <25% BSA 2-3 mg/dL Persistent nausea, 10-19.9 mL/kg/day
vomiting, or anorexia or 4-6 episodes/day
2 Rash 25-50% BSA 3.1-6 mg/dL 20-30 mL/kg/day
or 7-10 episodes/day
3 Rash >50% BSA 6.1-15 mg/dL >30 mL/kg/day
or >10 episodes/day
4 Generalized erythroderma + | >15 mg/dL Severe abdominal pain + ileus
bullae or grossly bloody stool
(regardless of stool volume)
Grade®
0 None None None None
I Stages 1-2 None None None
11 Stage 3 Stage 1 Stage 1 Stage 1
1 Stage 0-3 Stage 2-3 Stage 0-1 Stages 2-3
v Stage 4 Stage 4 Stage 0-1 Stage 4

BSA body surface area, GI gastrointestinal

3Grade is based on most severe target organ, regardless of presence/absence of other organ involvement

Reprinted and adapted from Biology of Blood and Marrow Transplantation, Vol. 22, Number 1, Harris AC, Young R,
Devine S, Hogan WJ, Ayuk F, Bunworasate U, et al., International, Multicenter Standardization of Acute Graft-versus-
Host Disease Clinical Data Collection: A Report from the Mount Sinai Acute GVHD International Consortium,

pp. 4-10, © 2016, with permission from Elsevier

Once acute GVHD occurs, the prophylactic
regimen can be adjusted and additional treatment
may be considered, based on the grade of disease.
Grade I acute GVHD, which is limited to the
skin, usually has a favorable course and can be
treated with topical corticosteroids and calcineu-
rin inhibitors or narrow-band ultraviolet B photo-
therapy (nbUVB). For moderate-to-severe (grade
II-IV) acute GVHD, high-dose systemic cortico-
steroids are employed as the first-line treatment
[14, 55-57]. Unfortunately, only about half of
patients are responsive to systemic corticoste-
roids [2, 58]. If there is no response to systemic
corticosteroids after 2—7 days, or if there is rapid
progression within 4872 h, second-line thera-
pies should be considered. Treatment agents
which have been trialed in children include anti-
thymocyte globulin (ATG), daclizumab, extra-
corporeal photopheresis (ECP), etanercept,
infliximab, mesenchymal stem cells (MSC),
MME, MTX, and pentostatin [58—71]. Additional
agents, such as cyclophosphamide and thalido-

mide, have been discussed in case reports and
small case series [72, 73], but their efficacy and
safety have yet to be demonstrated in larger
studies.

First-line therapy for chronic GVHD in chil-
dren, based on data from adults, consists of topi-
cal immunosuppressive agents (corticosteroids,
calcineurin inhibitors) for limited cutaneous
chronic GVHD and systemic corticosteroids for
extensive cutaneous (>20% BSA or sclerotic fea-
tures) or visceral involvement in children, which
can be used in conjunction with other systemic
immunosuppressants and/or topical calcineurin
inhibitors [6, 74]. Photoprotection and topical
moisturizers are also important aspects of care.
Limited data is available on treatment practices,
such as duration of therapy and frequency of first-
line versus other agents, among pediatric patients.

There is no consensus of treatment for steroid-
refractory chronic GVHD. A wide range of thera-
pies have been investigated for chronic GVHD in
children with cutaneous features, including ECP,
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nbUVB, imatinib, pentostatin, MMF, thalidomide,
and hydroxychloroquine. Unfortunately, these
treatments have demonstrated inconsistent or
inconclusive outcomes [33, 35, 75-83]. ECP may
be promising, with over half of patients experi-
encing improvement in cutaneous features in a
retrospective study [62, 63]. However, ECP units
are designed for adult blood volumes, resulting in
higher risk for fluid and electrolyte complications
in children. Long-term central access and long
duration of ECP sessions can also be difficult for
small children [75].

Outcomes of GVHD
Key Points
e GVHD correlates with increased
engraftment and graft-versus-tumor

effect, but is associated with increased
mortality in pediatric HSCT recipients.

e Mortality from acute GVHD ranges
from <10% for mild disease to slightly
>50% for severe disease.

e Children can experience numerous
long-term sequelae of GVHD due to
persistent skin and fascial involvement.

GVHD is the most common cause of non-relapse
mortality in HSCT recipients. While presence of
acute GVHD correlates with increased engraft-
ment and graft-versus-tumor effect, it is associated
with increased mortality in pediatric HSCT recipi-
ents, particularly in those with steroid-refractory
disease [12]. Mortality from acute GVHD ranges
from 8% for mild acute GVHD to 55% for severe
acute GVHD, and is usually due to infection,
hepatic failure, or malnutrition [15, 36, 84]. No
therapies have been shown to decrease mortality
or prevent progression to chronic GVHD [15].
Chronic GVHD may follow acute GVHD or
may occur independently. As in acute GVHD,
chronic GVHD has also been shown to be protec-
tive against relapse, with the strongest protective
effect observed in acute lymphoblastic leukemia
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[19, 21, 85]. However, severe chronic GHVD is
associated with a lower chance of remission com-
pared to mild or moderate disease (20% versus
65% remission by 10-15 years after HSCT,
respectively), as well as longer disease course
and lower likelihood of responding to systemic
corticosteroids [85]. In at least one cohort, 70%
of survivors had resolution of chronic GVHD at a
median duration of 5 months with treatment [19].
Other studies show that chronic GVHD is associ-
ated with an overall 5-year mortality rate of
30-50%, with higher mortality for severe com-
pared to mild or moderate chronic GVHD [19,
85, 86]. Causes of death in patients with chronic
GVHD are most often HSCT related (typically
infection), but they also include respiratory fail-
ure directly attributable to GVHD and/or relapse.

Long-term sequelae of GVHD include lower
Karnofsky performance scores due to persisting
skin, eye, and fascial involvement, as well as gen-
eralized sicca, mucositis, malabsorption, and
generalized wasting [29, 85]. Many children will
have other coexisting long-term sequelae associ-
ated with HSCT, such as osteopenia, hypothy-
roidism, cataracts, hypogonadism, growth
hormone deficiency, chronic renal insufficiency,
academic difficulty, and attention-deficit hyper-
activity disorder (ADHD) [87].

Summary

GVHD contributes significantly to the morbidity
and mortality associated with HSCT in children.
However, much existing research on GVHD has
focused on adult patients. Compared to adults,
children may present with unique considerations
when managing this condition. Given the great
strides that have been made in treating childhood
malignancies, immunodeficiencies, and other
conditions with HSCT, future research is greatly
needed to improve our care of GVHD in pediatric
HSCT recipients in order to improve outcomes in
this special population.
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Opportunistic Skin Infections
in Inmunosuppressed Children
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Introduction

Immunosuppressed children are at high risk of
infection. There are many described primary
immunodeficiencies involving production and
signaling of the various parts of the immune sys-
tem. Anti-inflammatory and antineoplastic medi-
cations function by inhibiting components of the
immune system and thus can cause secondary
immunodeficiency. Neonates who are extremely
premature should also be considered immuno-
suppressed, because their immune systems are
not fully functional [1]. Infections that do not
typically present in the absence of an immunode-
ficiency or that present differently in immunode-
ficient patients are termed “opportunistic.” These
infections can either originate in the skin or can
appear in the skin after hematogenous spread.
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For instance, 5-10% of infections in neutropenic
patients start in the skin [2]. Therefore, it is vital
to recognize cutaneous manifestations of oppor-
tunistic infections.

In addition to the underlying immunosuppres-
sion, children who are treated with chronic antibi-
otics can have altered gut microbiomes [3]. The
cutaneous microbiota is also likely altered by
antibiotics [4]. The skin is normally colonized
with bacteria such as Staphylococcus epidermidis
and diphtheroids such as Corynebacterium spe-
cies that are nonpathogenic in the normal host.
These normal flora can help outcompete more
pathogenic bacteria and other harmful microor-
ganisms. When children are immunosuppressed,
normal skin flora can cause infection and patho-
genic bacteria can lead to more severe infections.

Some infections are more prevalent in certain
types of immunodeficiency, but since there can
be significant overlap, clinicians must consider a
broad infectious differential diagnosis in immu-
nosuppressed patients. For instance, patients with
secondary immunodeficiency due to induction
chemotherapy prior to bone marrow transplanta-
tion typically have more severe immunosuppres-
sion and can present with nearly any type of
opportunistic infection. Meanwhile, children
with specific primary immunodeficiencies may
have more specific types of opportunistic infec-
tions. For instance, children with Papillon-
Lefevre syndrome (PLS) are missing a serine
protease that is necessary to make the innate
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immunity molecule LL-37 [5]. LL-37 helps to
kill specific mouth flora that cause gingivitis;
consequently, PLS patients often have severe gin-
givitis due to these bacteria [5].

Recognizing cutaneous signs and symptoms
of opportunistic infections can facilitate early
diagnosis and therapy and thus be lifesaving.
This chapter discusses bacterial, viral, fungal,
and mycobacterial infections, and then organizes
them based on clinical presentation. Clinical pre-
sentation will often dictate the most effective and
expedient way to diagnose and treat infectious
pathogens. Therapy is often driven by local resis-
tant patterns and practices. Given the potential
severity of infections in immunocompromised
hosts, strong consideration of involving an infec-
tious disease expert in therapeutic decisions is
recommended. As such, this chapter concentrates
on the clinical manifestations and diagnosis of
opportunistic infections, as well as unusual pre-
sentations of typical infectious agents seen in
immunosuppressed patients.

Bacterial Infections

Key Points

* Immunosuppressed patients can present
with deeper and more exuberant bacte-
rial infections.

e Cutaneous Pseudomonas aeruginosa
infection can be an initial presentation
of immunodeficiency.

e Anaerobic bacteria can be pathogenic in
immunosuppressed patients.

Many bacteria can infect the skin of immunosup-
pressed patients and these can be divided into
those bacteria that normally cause infection but
are more exuberant (such as Staphylococcus
aureus) and those that typically do not cause skin
infection unless the patient is immunosuppressed
(such as Corynebacterium). Infections in immu-
nosuppressed patients may also be polymicrobial
or caused by rare bacteria. Treatment can be chal-
lenging, due to the potential for increased

antimicrobial resistance as a result of patients’
frequent exposures to systemic and topical
antibiotics.

Aerobic Gram-Positive Bacteria

Staphylococcus aureus, a gram-positive rod, is
a common cause of cutaneous infections in
children. Widespread use of antibiotics has led
to resistant strains of S. aureus [6]. S. aureus
infection has been associated with certain pri-
mary immunodeficiencies such as defects in
ILIR and TLR pathways due to defects in
MYDS88 or IRAK4 signaling [7]. In addition,
defects in the TH17 pathway associated with
hyper-IgE syndrome can result in severe S.
aureus infections [8, 9].

S. aureus can present with more invasive and
more widespread disease in immunosuppressed
hosts (Fig. 10.1) [10]. For example, the incidence
of S. aureus sepsis has been reported to be higher

‘N
R4

Fig. 10.1 Widespread cutaneous methicillin-sensitive
Staphylococcus aureus infection in a renal transplant
recipient (image courtesy of Carrie C. Coughlin, MD)
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in patients with acute lymphoblastic leukemia
[11]. Scheduled chlorhexidine gluconate (CHG)
washes have been used in some pediatric centers
for prevention of infection from indwelling lines
[12]. This has led to a higher prevalence of CHG-
resistant strains of S. aureus in pediatric oncol-
ogy patients, showing the complexity of
managing these infections [10].

Cellulitis is a superficial infection of the der-
mis and/or subcutaneous tissue typically from a
bacterial infection. Necrotizing fasciitis and mus-
cle infection (myonecrosis) are deeper infections
that can be especially severe in immunosup-
pressed patients. Although S. aureus and group A
Streptococcus (GAS) are more common causes of
these deep bacterial infections, necrotizing fasci-
itis and myonecrosis in immunosuppressed
patients are often polymicrobial, including gastro-
intestinal flora and anaerobic causes [13]. Due to
the lack of a typical immune response in immuno-
suppressed patients, the clinical findings of ery-
thema and induration may be missing or subtle in
these deeper infections, thus complicating diag-
nosis [13]. Severe neutropenia after induction
chemotherapy is a significant risk factor for these
bacterial infections [14]. Therapy is similar to
treating immunocompetent hosts except that the
initial empiric antibiotic therapy should be broad
and include gram-positive, gram-negative, and
anaerobic bacterial coverage.

Coagulase-negative staphylococci such as
Staphylococcus epidermidis are part of the nor-
mal bacterial microbiome of the skin and not
typically pathogens. In fact, S. epidermidis plays
an important role in cutaneous immunity by
secreting antimicrobial peptides, in addition to
activating Toll-like receptor 2, helping augment
the innate immune system [15]. S. epidermidis is
an important cause of bloodstream infections in
very low-birth-weight neonates and immunosup-
pressed patients, though it does not usually cause
primary cutaneous infection [16].

Aerobic Gram-Negative Bacteria

Ecthyma is a necrotic infection of the skin and soft
tissue due to vascular compromise in the infected

area. The term “ecthyma gangrenosum” is typi-
cally reserved for ecthyma caused by the oxidase-
positive, gram-negative rod Pseudomonas
aeruginosa. In immunosuppressed patients, the
clinician should have a broad differential diagno-
sis for a purple eschar including infection by bac-
teria such as Escherichia coli, Aeromonas, GAS
and Serratia, as well as invasive molds such as
Aspergillus and Zygomycetes [17]. Lesions of
ecthyma gangrenosum can occur due to direct
inoculation of bacteria into the skin or from
hematogenous spread. P. aeruginosa often colo-
nizes stool; therefore, especially in diapered
infants, primary lesions may be in the perineum
[18, 19]. The primary lesion is a purple macule or
patch that upon palpation often has underlying
induration. The initial lesion rapidly progresses
to a hemorrhagic bulla or ulcer with an indurated
margin. If the cutaneous infection was caused by
hematogenous spread to the skin, the child will
typically have fever. However, if the lesion was
inoculated into the skin from an outside source,
the patient may initially be afebrile. Pseudomonas
rarely infects normal hosts, so the presence of
ecthyma gangrenosum should alert a clinician to
evaluate for immunodeficiency such as neutrope-
nia or a newly presenting hematopoietic malig-
nancy [20]. A biopsy with frozen section (if
possible) as well as culture can help rapidly
determine if the cause is bacterial (gram negative
or positive) or fungal, helping to guide empiric
therapy. Choosing empiric coverage for
Pseudomonas is challenging due to geographi-
cally different resistance patterns [21]. Some
experts advocate for initial empiric therapy with
two antipseudomonal antibiotics that have differ-
ent mechanisms to increase the likelihood of suc-
cessful treatment for this life-threatening
infection until susceptibility testing can help nar-
row the coverage [18, 21, 22].

Anaerobic Infections

Corynebacterium and other diphtheroids are
common colonizers of the skin that are difficult
to differentiate from contaminant in cultures.
Anaerobic bacteria can cause coinfection of
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surgical sites [23]. They can also be present as a
coinfection in abscesses and deeper infections
such as myonecrosis and necrotizing fasciitis
[13]. Culturing anaerobes is more challenging
because the collection requires anaerobic condi-
tions and the laboratory must be aware to con-
sider any growth, and not assume that anaerobes
are contaminants.

Viral Infections

Key Points

e Herpesviruses establish latency follow-
ing primary infection, allowing for
recurrence in select hosts.

e HSV may present at multiple or atypical
sites, or manifest as hyperkeratotic or
verrucous lesions.

e VZV infection may result in chronic or
disseminated disease.

* EBV may cause lymphoproliferative dis-
ease with rare cutaneous manifestations.

e Kaposi sarcoma can be confused with
benign vascular tumors, and may have
additional systemic signs.

e HPV and molluscum contagiosum
lesions can be extensive, atypical
appearing, and refractory to treatment.

Herpesviridae

The herpesvirus family, consisting of HSV1/2,
VZV/HHV-3, EBV/HHV-4, CMV/HHV-5,
HHV-6, HHV-7, and KSHV/HHV-8, are rela-
tively ubiquitous, double-stranded DNA viruses.
They are further divided into subfamilies (alpha-,
beta-, and gamma-herpesviruses) based primarily
on the length of their reproductive cycles and the
cell types in which they establish latency. While
herpesvirus infection in the immunocompetent
host is rarely severe, these viruses can cause
atypical or disseminated infections in immuno-
compromised patients, leading to significant
morbidity and mortality.

J. Treat and E. Heller
Herpes Simplex Virus (HSV)

HSV-1 and HSV-2 are alpha herpesviruses.
Primary infection and replication occur within
mucocutaneous sites, followed by retrograde
axonal flow extending to the dorsal root ganglion.
The virus can remain latent for long periods
within the dorsal root ganglia, thus avoiding
detection by the host immune system. HSV-1 is
the dominant serotype among young children
[24]. Tt is typically acquired between the ages of
2 and 10 through contact with contaminated oral
secretions [24]. In contrast, primary infection
with HSV-2 more commonly occurs after puberty
through anogenital contact, and remains the lead-
ing serotype associated with genital herpes
worldwide [24]. Many factors can trigger reacti-
vation, including immunosuppression. Viral cul-
ture, Tzanck smear, and direct fluorescence
antibodies (DFA) have classically been used as
initial diagnostic tests; however polymerase
chain reaction (PCR) is now the gold standard for
diagnosis due to its high sensitivity and specific-
ity, in addition to its rapid turnaround time [25].

HSV classically presents as tender, grouped,
erythematous vesicles that can become infiltrated
with inflammatory cells leading to a pustular
appearance. Tingling or burning may precede
lesions in both primary and recurrent infections.
In immunosuppressed children, the immune sys-
tem may have difficulty clearing the virus from
the skin. Reactivation occurs more frequently
when there is impaired cell-mediated immunity,
and exhibits both more prolonged symptom dura-
tion and viral shedding [24].

In immunosuppressed patients, lesions are
more likely to affect multiple sites. Large, hyper-
keratotic, verrucous, ulcerated, and exophytic
plaques have been reported in adults, but can
present in children as well [26]. Lesion location
also differs in immunosuppressed hosts; there is
more frequent intraoral involvement, most nota-
bly affecting the gingiva, palate, or buccal mucosa
[27]. Deep, linear fissuring (“knife-cut sign”) can
occur in intertriginous areas, as well as on the
tongue dorsum (herpetic geometric glossitis)
[28]. HSV can disseminate to the lungs, liver, GI
tract, and central nervous system, although this is
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rare. Lesions may be preceded by fever, lymph-
adenopathy, and malaise. In primary HSV gingi-
vostomatitis of an immunosuppressed host, there
can be severe involvement of the oral cavity.
Pharyngitis is more common in older children
and adolescents.

Intravenous (IV) acyclovir is the mainstay of
treatment for severe and disseminated infections,
as well as for patients with systemic complica-
tions [29]. Unlike in immunocompetent hosts,
oral and IV antivirals should be continued until
lesions are completely healed. Acyclovir-resistant
strains of HSV may occur, particularly among
immunosuppressed patients. Degree of immuno-
suppression and prolonged or erratic acyclovir
use are risk factors in developing resistant strains
[30]. Persistent lesions without appreciable
decrease in size after more than 1 week of treat-
ment, development of atypical lesions, or appear-
ance of new satellite lesions after 3—4 days of
therapy suggest resistance, and treatment
with foscarnet or systemic cidofovir may be
considered [29].

Varicella Zoster Virus (VZV)

VZV is the third member of the alpha-herpesvirus
subfamily. It is transmissible through contact
with respiratory secretions or fluid from skin
lesions. The incubation period lasts from 14 to
20 days, and an individual is infectious from 1 to
2 days prior to development of skin lesions until
all lesions have crusted [31]. As with HSV, VZV
can be diagnosed via multiple tests, but PCR
from a swab of a lesion is now commonly used.
Primary infection with VZV manifests as vari-
cella (chickenpox), which presents with scattered
vesicles on an erythematous base, resembling
“dewdrops on rose petals.” Fever and influenza-
like symptoms may occur. The cutaneous erup-
tion and any systemic symptoms typically will
self-resolve  in  immunocompetent  hosts.
Reactivation of the virus causes herpes zoster
(shingles), presenting as a tender vesicular erup-
tion in a dermatomal distribution (localized dis-
ease) (Fig. 10.2). A prodrome of itching, tingling,
or burning is frequently reported in the involved

Fig. 10.2 Herpes zoster in a hematopoietic stem
cell transplant recipient (image courtesy of Marissa
J. Perman, MD)

dermatome. If the initial dermatomal VZV then
disseminates, a workup for immunosuppression
should be initiated, as intact immune systems
generally contain the infection to one dermatome
[26]. VZV is considered disseminated if cutane-
ous lesions cross three contiguous dermatomes, or
20 or more vesicles appear beyond the affected
dermatome. Systemic involvement, including
pneumonitis, meningoencephalitis, and hepatitis,
as well as gastrointestinal tract and ocular involve-
ment, can also develop following the cutaneous
eruption. Recurrent primary varicella, defined as
one or more episodes of disseminated VZV with-
out an initial zosteriform distribution, has been
reported in patients with HIV, leukemia, and lym-
phoma [32]. VZV may present atypically as
hyperkeratotic, pustular, purpuric, or even ulcer-
ated and necrotic lesions in immunosuppressed
patients. Finally, chronic herpes zoster, lasting
longer than 1 month, has been reported with
advanced HIV, but less frequently in patients
undergoing cancer chemotherapy or in posttrans-
plant patients on immunosuppressive therapy
[33]. These forms of zoster cause significant mor-
bidity and even mortality in these populations.
Parenteral antiviral therapy should be initiated
in immunosuppressed patients diagnosed with
VZV infection. First-line treatment is IV acyclo-
vir, with the goal of preventing progression to
disseminated disease. Acyclovir resistance is less
common in VZV than in HSV; however foscarnet
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can be used as a second-line agent when resis-
tance is suspected [34].

Epstein-Barr Virus (EBV/HHV-4)

EBV is transmissible via contact with infected
body fluid, including saliva, breast milk, and gen-
ital secretions. Incidence of primary EBV infec-
tion peaks from 1-6 to 14-20 years of age, and
reactivation can occur with immunosuppression.
EBYV may be causative in multiple malignancies,
including B-cell lymphoma and nasopharyngeal
carcinoma. Natural Kkiller/T-cell lymphoma
(NKTL) is an aggressive lymphoma linked to
EBYV that classically presents with ulceration and
necrosis involving the nose. It is more common
in East Asian and Latin American patients.
Immunosuppression is rarely reported to be an
associated risk factor, and can result in atypical
or severe disease [35].

EBV is also implicated in lymphoproliferative
disorders such as posttransplant lymphoprolifer-
ative disorder (PTLD). PTLD typically occurs
1-2 years following organ transplant with inci-
dence varying based on organ type and immuno-
suppressive regimen [36]. Approximately 5% of
cases will have cutaneous manifestations [36].
The cutaneous presentation of PTLD classically
is that of indurated, violaceous papules and
plaques; however, its appearance can range from
a localized erythematous eruption to diffuse sub-
cutaneous plaques, nodules, or masses [37]. See
Chap. 11 for further discussion of PTLD.

EBYV can also present as chronic ulceration of
the cutaneous or mucous surfaces in immunosup-
pressed patients (mostly described in adults).
PCR from an active lesion can demonstrate the
virus, and withdrawal of immunosuppression can
lead to spontaneous regression [38, 39]. Chronic
ulcerations can be caused by many agents, but
when considering EBV as an etiology, CMV
should be in the differential diagnosis.

Human Herpesvirus 8

HHV-8, a DNA gamma-herpesvirus, is caus-
ative in Kaposi sarcoma (KS), as well as

lymphoproliferative disorders like multicentric
Castleman’s disease and hemophagocytic lym-
phohistiocytosis (HLH). The virus can infect
several different cell types, including mono-
cytes, B lymphocytes, and oral epithelial cells
[40]. It is important to note that the incidence of
KS rose dramatically with the HIV epidemic,
suggesting that the retrovirus may provide a
cofactor necessary for the progression of HHV-8
to KS. This association remains even among
individuals with well-controlled HIV on retrovi-
ral therapy [40].

The diagnosis of KS should be histologically
confirmed; thus skin biopsy is the gold standard
when this virally mediated disease is suspected;
serology for HHV-8 is not required.

KS is classified into one of four types, based
primarily on host characteristics and disease
course. The classical and endemic (African)
types largely occur in immunocompetent hosts.
The remaining categories occur in special popu-
lations: iatrogenic/transplant patients and indi-
viduals with HIV/AIDS (epidemic KS).

The clinical presentation of HHV-8 varies
depending on the immunologic status of the
host at the time of infection. Primary infection
may be mild and nonspecific, or even asymp-
tomatic, in immunocompetent children. On
the other hand, severe disease characterized by
fever, bone marrow failure with plasmacyto-
sis, and rapid dissemination has been reported
in children with HIV and posttransplant
patients [41].

In children, epidemic KS is an aggressive
disease with significant lymphatic involve-
ment, as well as classic pink-purple cutaneous
papules and plaques. Lesions can be painful or
pruritic and may koebnerize. They may ini-
tially be mistaken for hematoma, purpura, bac-
illary angiomatosis, or even hemangioma when
localized. Extracutaneous spread is common,
with involvement of the oral mucosa, gastroin-
testinal tract, and lungs. Gastrointestinal
involvement may present as melena, hemateme-
sis, or hematochezia, while dyspnea, nonpro-
ductive cough, or hemoptysis signals
pulmonary disease.

The clinical spectrum of KS in the transplant
population is not well elucidated; both primary



10 Opportunistic Skin Infections in Immunosuppressed Children

177

infection from HHV-8-infected donor grafts and
viral reactivation may occur. Cases have been
reported in both solid-organ- and bone marrow-
transplant patients. Manifestations are similar to
that of epidemic KS, although prognosis may be
poorer; severity is likely related to baseline
HHV-8 immunity, degree of immunosuppression,
and, in solid-organ-transplant patients, organ
type [42].

No established guidelines exist for the treat-
ment of KS and therapy should be guided by an
infectious disease expert, especially someone
with experience treating children. For primary
HHV-8 infection, supportive care is recom-
mended in immunocompetent patients, while
antivirals such as ganciclovir or valganciclovir
are recommended for immunosuppressed popu-
lations [40]. In localized epidemic KS, treatment
typically consists of therapy for underlying HIV,
intralesional vincristine, or topical alitretinoin.
For patients with systemic or refractory disease,
systemic chemotherapy protocols are considered
[43]. In immunosuppressed patients, including
transplant patients, a typical treatment approach
includes reduction and modification of the immu-
nosuppressive regimen, such as including tacroli-
mus or sirolimus, agents with antitumorigenic
properties [40].

Human Papilloma Virus (HPV)

HPV is the most common viral skin infection,
and is the etiologic agent of both common and
genital verrucae (warts) [44]. There are more
than 120 subtypes of HPV, many of which
carry an anatomic predilection. Transmission
occurs through skin-to-skin contact or via con-
taminated surfaces or objects. HPV infections
occur in both immunocompetent and immuno-
compromised patients; however prevalence is
increased in patients with impaired cell-medi-
ated immunity [45]. Diagnosis is typically
made clinically, or histologically with an HPV
immunostain.

HPV lesions can be chronic, extensive, or
atypical in appearance in immunosuppressed
patients. Additionally, they may be refractory
to multiple treatment modalities in this popu-

lation [46]. Predisposition to HPV infection
has also been associated with several syn-
dromes. Epidermodysplasia verruciformis, a
genetic disease due to mutations in EVER1/
EVER?2, predisposes to HPV 5 and 8. The typ-
ical lesions are flat-topped verrucae that are
skin colored or tan brown and are recalcitrant
to therapy. These lesions must be closely
monitored over time due to risk of develop-
ment of squamous cell carcinoma in the field.
Other genetic syndromes presenting with ver-
rucae include warts, hypogammaglobu-
linemia, infections and myelokathexis
syndrome (WHIM), warts, immunodeficiency,
lymphedema, dysplasia (WILD) syndrome,
and GATA-2 mutations [47].

In immunocompetent patients, lesions can
self-resolve over years, but therapy can be
much more challenging in the setting of immu-
nodeficiency. Many therapies work in whole or
part via immunomodulatory mechanisms (i.e.,
cryotherapy, salicylic acid, podophyllin,
imiquimod) and so may not be successful in
the immunocompromised host. Additional
options for recalcitrant warts include topical
cidofovir or 5-flurouracil, systemic agents such
as oral cimetidine or retinoids, and photody-
namic therapy [48, 49].

Molluscum Contagiosum

Molluscum contagiosum virus is a DNA poxvi-
rus. Infection occurs commonly via skin-to-
skin contact or through contact with
contaminated surfaces or objects in children
and as a sexually transmitted infection in
adults. It has increased prevalence in immuno-
compromised patients, particularly those with
HIV/AIDS [50]. Diagnosis is made clinically
or histopathologically.

Clinically, molluscum contagiosum lesions
appear as firm, skin-colored, pearly papules with
central umbilication. In children, they have a predi-
lection for the trunk, thighs, buttock, and face.
Similar to HPV, molluscum can cause significant
morbidity in immunocompromised hosts as lesions
can become widespread and extensive, and can be
refractory to treatment. In immunocompromised
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hosts, the differential diagnosis of molluscoid
lesions includes cryptococcal infection, histoplas-
mosis, and penicilliosis [51]. Options for therapy
include manual expression (such as curettage or
extraction), cryotherapy, and topical agents includ-
ing cantharidin and cidofovir, in addition to photo-
dynamic therapy [49, 52].

Human Polyomavirus

The human polyomaviruses include six small
DNA viruses that appear to be ubiquitous in the
environment; however these only cause signifi-
cant disease in immunocompromised hosts;
other identified human polyoma viruses have
not been identified in human disease to date. JC
and BK are polyoma viruses that can cause rap-
idly progressive neurologic decline and
nephropathy in immunosuppressed patients,
such as those treated with TNF alpha-blocking
agents [53, 54].

Two polyomaviruses have been associated with
cutaneous tumors. Merkel cell polyomavirus is
implicated in some Merkel cell carcinomas
(MCCQ), arare but aggressive tumor most common
in white males over the age of 50. This classically
presents as a rapidly expanding pink to violaceous
papule or nodule on sun-exposed skin. HIV, organ
transplant, and CLL have been identified as major
risk factors [55, 56]. There are rare reports of this
malignancy in the pediatric population [57].

The trichodysplasia-spinulosa polyomavirus
(TSPyV) has recently been identified as the cause
of trichodysplasia spinulosa [58—60]. This rare
eruption appears as numerous folliculocentric
papules and keratin spines referred to as spicules,
most prominently over the nose, eyebrows, and
ears, but can be found on other areas of the body
as well. There may be associated thickening of
the skin and alopecia of the eyebrows and scalp,
resulting in leonine facies [61]. This appears to
occur exclusively among immunocompromised
hosts, and can become of significant cosmetic
concern. Topical cidofovir has been shown to be
an effective therapy [62].

J. Treat and E. Heller

Fungal Infections

Key Points

* Invasive mold infections can start in the
skin and spread rapidly.

e Disseminated yeast infections may first
present in the skin with widespread
papules.

Fungal spores are ubiquitous in our environment.
Some fungi colonize the skin (such as Malassezia
yeasts), some are pathogens in normal hosts (der-
matophytes and Candida species), and some are
opportunistic fungi that are not typically patho-
gens in normal hosts. Cutaneous fungal infections
can occur due to primary inoculation, dissemina-
tion, or infection of a preexisting wound.

Dermatophyte Infections

Dermatophyte infections such as those caused by
Trichophyton and Microsporum may be more
common in immunosuppressed patients such as
those with AIDS [63]. They do not typically
cause invasive, life-threatening disease, but can
invade into the dermis leading to more exuberant
papulopustular eruptions. Therapy is typically
with systemic agents such as azole or allyl amine
antifungals or griseofulvin [64].

Opportunistic Yeast Infections

Malassezia yeasts are colonizers of normal
skin, but in immunosuppressed patients they
can lead to cutaneous infections. Overgrowth
of Malassezia can cause severe seborrheic der-
matitis and folliculitis, especially in immuno-
suppressed patients. More rarely, Malassezia
infections of indwelling catheters, especially
in neonates and those receiving parenteral
nutrition, can lead to septicemia [65, 66].
Diagnosis can be challenging, as the yeast
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needs to be grown on lipid-containing media
[67]. Therapy can be initiated with amphoteri-
cin or systemic azole antifungals. Interestingly,
the fungemia has been shown to spontaneously
resolve with removal of the catheter and dis-
continuation of the lipid-containing nutrition
in adults [68].

Colonization with Candida species is com-
mon in the gastrointestinal tract, as well as the
perineum and oral cavity, and overgrowth can
lead to infection [67]. Localized candidal
infection in the mouth (thrush) can be a pre-
senting sign for immunosuppression in
children [69].

Candidemia is a very important cause of
sepsis in immunosuppressed patients. Many
different Candida species, including Candida
albicans and C. glabrata, can cause infection
in immunosuppressed patients [67, 70].
Cutaneous candidal infections usually mani-
fest as red patches with scaling and periph-
eral pustules, especially in moist areas such
as neck, axillary, and inguinal folds. Topical
therapy with an azole antifungal or nystatin is
usually sufficient for localized disease.
Disseminated candidiasis in an immunocom-
promised host requires systemic treatment.
Fever is common; disseminated candidiasis
can also be associated with muscle pain, pre-
sumably due to yeast infection into the
muscles [71].

Disseminated yeast infections also can occur
due to Aspergillus, Trichosporon, Fusarium, and
other yeasts [67]. These typically present in the
skin with widespread, red-purple macules, and
papules [72]. In addition, they can lead to pul-
monary, renal, and hepatic disease [67]. While
blood cultures may grow the fungus, a biopsy
with direct histopathologic visualization, as well
as culture, may yield a faster result. A frozen
section performed on a biopsy of a suspicious
site aids in even more rapid diagnosis. Tissue
stains such as periodic acid-Schiff (PAS) and
Grocott methenamine-silver (GMS) can help
visualize the fungi on histopathologic slide
preparations.

Invasive Mold Disease

Mold will not typically live in the skin unless a
patient is immunosuppressed. Mold infections
can be rapidly fatal in immunosuppressed
patients. The skin is a common portal of entry for
fungal spores. Spores of fungi such as Aspergillus
and Zygomyces are frequently in the air and take
advantage of breaks in the skin or occlusion with
tape or bandages. If an opportunistic fungal
infection appears first in the skin and is recog-
nized early, it may be cured before it dissemi-
nates. Disseminated disease that starts elsewhere
in the body, such as in the lungs, may also appear
in the skin early in its course. Proper evaluation
of skin lesions can again lead to early diagnosis.

Aspergillus infection is a common cause of seri-
ous morbidity and mortality in immunosuppressed
patients [73]. After the lungs, the skin is the second
most common site for Aspergillus infection [73].
Aspergillus can present with papules, eschars, ulcer-
ations (especially at sites of trauma), or pustules and
plaques due to infiltration of the hair follicles. In
one study, over half of patients’ skin disease was
localized [74]. In addition to patients undergoing
chemotherapy or bone marrow transplantation,
extremely low-birth-weight infants are at risk for
Aspergillus infection [75]. Tape or other occlusion
can cause the fungus to proliferate (Fig. 10.3).
Diagnosis of invasive Aspergillosis can be aided by
the galactomannan blood test [76].

Presentation with individual papules and nod-
ules raises the suspicion for direct inoculation of
opportunistic mold infections. Many different
types of mold can infect the skin of severely
immunosuppressed patients through direct
inoculation, including Zygomyectes (Rhizopus
and Mucormycosis), Alternaria, Aspergillus,
Curvilaria, and Fusarium (Fig. 10.4), among
others [77]. Risk factors for primary cutaneous
fungal infections include long-standing immu-
nosuppression, tape or dressing occlusion of the
skin, and breaks in the skin (such as a peripheral
IV, a central line, or other laceration or abra-
sion). Diagnosis is based on culture and tissue
culture is the gold standard. A surface swab is
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Fig. 10.3 Aspergillus on the forearm at a site of occlu-
sion by tape for a peripheral IV (image couresy of Marissa
J. Perman, MD)

Fig. 10.4 Disseminated Fusarium infection (image
courtesy of Jennifer T. Huang, MD)

insufficient, as it may grow a contaminant sitting
on top of the skin, and not the cause of the tissue
infection.

Therapy for fungal infections is targeted
toward the most likely pathogen. While await-
ing cultures, empiric therapy should be started
in immunosuppressed patients. Amphotericin
is often a first-line agent due to its broader
fungal coverage. Azoles such as voriconazole
and posaconazole are often used for Fusarium

infections, but the choice of antifungals
should be guided by an infectious disease
expert [78].

Some practitioners advocate surgical exci-
sion of primary cutaneous mold disease [79]. If
there is a single lesion that occurs due to pri-
mary inoculation into the skin, it is possible
that early debridement may mitigate the risk of
hematogenous spread. Frozen-section examina-
tion of a specimen can help determine the mar-
gins and ensure that the entire lesion is removed.
In the setting of immunosuppression and thus
paucity of inflammatory reaction, the actual
size of the infected tissue may be much larger
than what is seen clinically. In addition, since
growth within the tissue can be rapid, a frozen-
section biopsy of the skin can help make the
initial diagnosis as soon as possible to allow for
rapid therapy. There are no large studies to
demonstrate  the efficacy of surgical
intervention.

Cryptococcus is a fungus that is commonly
found in soil and pigeon stool. Cryptococcus is a
very rare cause of cutaneous lesions.
Immunosuppression, especially from HIV infec-
tion, can cause cryptococcal infection that mani-
fests as umbilicated papules resembling
molluscum lesions. The virus can also infect the
central nervous system, lungs, and other tissues
[80]. Workup of a new infection should include
evaluation for the cause of immunosuppression
(such as HIV testing) and consideration for sys-
temic workup of disseminated cryptococcal dis-
ease. Therapy should be directed by an infectious
disease specialist.

Mycobacterial Infections

Key Points

e Latent mycobacterial infections can
reactivate in immunosuppressed patients.

* Non-tuberculosis mycobacterial infec-
tions can occur in various specific
immunodeficiencies.
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Tuberculosis (TB) can cause primary infection in
immunosuppressed patients, but latent TB can also
reactivate when patients are iatrogenically immuno-
suppressed. Non-tuberculosis mycobacterial (NTM)
infections can also cause primary inoculation dis-
ease and spread more rapidly in immunosuppressed
patients. In adults, cutaneous NTM infections
account for 70% of NTM infection in hematopoi-
etic stem cell transplant patients, 35% in solid-
organ-transplant patients, and patients treated with
immunosuppressing therapy for inflammatory dis-
eases [81]. Although data is limited in children,
Mycobacterium abscessus, M. fortuitum, and
M. chelonae may more commonly cause cutane-
ous disease [81]. Children with hypohidrotic ecto-
dermal dysplasia with immunodeficiency caused
by mutations in the IKBKG gene that encodes the
NF Kappa-B essential modulator NEMO protein
are at especially high risk for mycobacterial infec-
tions such as Mycobacterium avium complex
(MAC). In these patients, the papules, plaques,
and nodules of MAC infection can be widespread
[82]. An eruption of cutaneous MAC has also been
reported presenting with a purulent ulcer during
immune reconstitution syndrome in a patient with
AIDS starting antiviral therapy [83]. Interestingly,
multiple types of immunodeficiency such as carti-
lage hair hypoplasia and ataxia telangiectasia can
be associated with granulomatous plaques that can
be mistaken for mycobacterial infections [84, 85].
Cultures are important to help diagnose these
granulomatous reactive phenomenon and rule out
infection.

Bacillus Calmette-Guerin (BCG) is a myco-
bacterium that, in its live attenuated form, is used
as a vaccination against TB in many countries
[86]. Disseminated cutaneous infection from
latent BCG that reactivates with immunosuppres-
sion can be the presenting sign of primary immu-
nodeficiency or liquid malignancy [87]. Live
vaccines are contraindicated in immunosup-
pressed patients. In addition to dissemination of
the attenuated pathogen used in the vaccine, there
are reports of chronic granulomatous lesions that
have vaccine strain rubella in them potentially
caused by the inability to create a productive
immune response [88].

Clinical Presentation

Clinical presentation of cutaneous infections
can overlap, especially in immunosuppressed
children. The immune response (or lack thereof)
to an infection often helps determine how it
presents clinically. For instance, the true infec-
tious borders of an invasive mold infection may
not be clinically apparent if the immune system
does not recognize the infection and thus does
not create erythema. Recognizing opportunistic
infections based on their clinical presentation
(Table 10.1) is helpful so that the clinician can
favor a certain type of infection and choose
empiric therapy appropriately. A cutaneous
infection can go through multiple stages of evo-
lution, so the same infection may be listed below
in multiple categories. Some non-opportunistic
infections are listed in the differential diagnosis
for completeness.

Vesicles and Bullae

The vesicles of HSV and VZV tend to be a few
millimeters and clustered (Fig. 10.2). Group A
Streptococcus can also cause relatively small
vesicles. Staphylococcus aureus causes bullae
that are larger (bullous impetigo). The initial
stage of ecthyma gangrenosum or other severe
deep bacterial infection such as myonecrosis or
necrotizing fasciitis can present with vesiculation
of the epidermis due to edema and devasculariza-
tion. Swabs for bacterial culture and viral PCR
can diagnose superficial infections, but a biopsy
with tissue culture is necessary for deeper
infections.

Pustular Eruptions

A pustule is typically caused by a collection of
neutrophils within the epidermis and/or dermis.
There are many noninfectious causes of pustules
including pustular psoriasis, neutrophilic derma-
toses, miliaria, erythema toxicum, neonatal pus-
tular melanosis, and more. When infection is
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Table 10.1. Morphology of infections in immunosuppressed hosts and suggested diagnostic workup

Cutaneous lesion Infectious differential diagnosis Workup

Vesicle HSV PCR for HSV, VZV, enterovirus
VZV Bacterial swab
Enteroviral infection
Staphylococcus aureus
Group A Streptococcus

Pustule Staphylococcus aureus PCR for HSV, VZV, enterovirus
Group A Streptococcus Bacterial swab
Molluscum (the shiny appearance Biopsy or extraction for exam under a light
can simulate a pustule) microscope if molluscum is suspected
Cryptococcus Biopsy (and tissue culture) if Cryptococcus is
Pseudomonas suspected
Candida Fungal swab for dermatophyte
Invasive fungi If invasive disease is suspected, biopsy for
Dermatophyte histopathology and tissue culture

Umbilicated papule | Molluscum Biopsy for histopathology and tissue culture
Cryptococcus If molluscum is high on the differential, consider
Penicillium marneffei extraction to view under light microscopy
Histoplasma

Verrucous papule HPV If considering more than HPV on the differential,
HSV biopsy for histopathology and tissue culture
Cryptococcus
Mycobacteria

Nodule Bacterial abscess Biopsy for histopathology and tissue culture
Invasive mold

Eschar/ulcer Ecthyma Biopsy for histopathology and tissue culture
Ecthyma gangrenosum Consider a surface swab for bacteria
Invasive fungus PCR for HSV and VZV, as well as EBV and CMV if
Mycobacteria possible
EBV/CMV
HSV
VZV

PCR polymerase chain reaction, HSV herpes simplex virus, VZV varicella zoster virus, HPV human papillomavirus,

CMYV, cytomegalovirus, EBV Epstein-Barr virus

suspected, the most common cause of a pustular
eruption is a pyogenic bacteria such as S. aureus
and Group A Streptococcus.

Vesicular infections such as HSV and VZV
infections can also become pustular if neutrophils
collect in the sterile fluid. Clinically, the vesicles
or pustules of HSV are grouped or clustered.
When the top of the vesicle or pustule comes off,
it will leave an erosion, so grouped erosions or
cribriform ulcers are also suggestive of HSV.

Fungal infections can be pustular, as well. In
immunosuppressed patients, spores from the
environment can be occluded under tape and pro-
liferate. This often yields a pustular look when
the tape is removed. Candida is also classically
pustular with areas of erythema and peeling.
Mycobacterial infections can also look purulent.

Pustular eruptions may be unroofed and swabbed
for bacterial culture, viral PCR, and fungal culture.
A tissue culture with histopathology is beneficial to
detect cutaneous mold as a surface culture positive
for mold could be interpreted as a contaminant.

Eschars and Ulcerations

An eschar or crust is caused when the epidermis
or epidermis and dermis are damaged leading to
a layer of devitalized skin. An eschar is the end
stage of a bulla/vesicle and thus the differential
diagnosis includes all of the infections under the
vesicles/bullae category. An ulceration is the
result of necrosis of the epidermis into the dermis
or subcutaneous tissue (Fig. 10.4). Identifying
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the original lesion that then ulcerated (such as a
vesicle, bulla, pustule, or primary ulceration) can
guide presumptive diagnosis.

While swab culture of an ulcer will likely
yield the pathogens growing on top of the open
wound, the surface swab may not detect an
underlying pathogen. HSV can reliably be
detected from swabbing the base of the ulcer.
Therefore, biopsy with tissue culture and histopa-
thology is warranted.

Papules and Nodules

A papule or nodule is caused by the buildup of
some material in the dermis or subcutaneous tissue.
Bacterial abscesses, molluscum, Cryptococcus,
deep invasive fungal infections (Fig. 10.2), and
mycobacterial infections are infectious causes of
papules and nodules. Therefore, a tissue biopsy
sent for both culture and histopathologic evaluation
is necessary.

Summary

Recognizing and treating opportunistic infec-
tions is extremely important to the care of immu-
nosuppressed patients. While many cutaneous
infections can be detected with swabs, histopath-
ologic evaluation should also be highly consid-
ered in these patients. A direct look at sectioned
tissue with appropriate stains can rapidly identify
a pathogen or category of infection (fungal,
mycobacterial, etc.) prior to microbiologic detec-
tion. Understanding how opportunistic infections
present in the skin can guide rapid workup and
empiric therapy, thus improving treatment.
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Skin Cancer and Other Late Effects
of Cancer Therapy

Carrie C. Coughlin

Introduction

Skin cancer is rare in children, but it is more
common in certain groups of children than oth-
ers. Survivors of childhood cancers, certain
immunosuppressed patients, and patients with
genetic predispositions are at increased risk to
develop skin cancer at a younger age than the
general population. Non-melanoma skin cancer,
posttransplant lymphoproliferative disease, and
Kaposi’s sarcoma are addressed in this chapter;
melanoma (Chap. 1) and other lymphoprolifera-
tive disorders (Chap. 3) are addressed elsewhere
in the book. There are several nonmalignant,
long-term side effects of cancer therapy, as well.
Development of nevi, lentigines, and hyperpig-
mentation is discussed in Chaps. 7 and 8 as
sequelae of traditional and targeted therapies.
Their development after voriconazole is reviewed
in this chapter. Permanent alopecia, cutaneous
autoimmune disorders, scarring, and long-term
care recommendations are covered in this chap-
ter, showing the range of potential cutaneous late
effects of cancer therapies.

Much of the work on late effects and long-term
risks in survivors of childhood cancer in the United
States centers on the Childhood Cancer Survivor
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Study (CCSS). This cohort study includes patients
diagnosed with pediatric cancer and initially
treated between 1970 and 1986 (approximately
14,000), and the original methods are described by
Robison et al. [1]. The dates of diagnosis and treat-
ment of this cohort thus do not include those
treated with newer agents and evolved regimens,
so an “expansion cohort” of patients treated from
1987 to 1999 (approximately 10,000 patients) is
now included. Given the rapidly changing land-
scape of treatment, targeted therapies that are
being used more currently are not yet represented
substantially in the CCSS.

Skin Cancer

Key Points

* Basal cell and squamous cell skin can-
cers are rare in children, but more com-
mon in immunosuppressed populations
and can appear at an earlier age than in
patients without immunosuppression.

e Voriconazole can cause marked sun sen-
sitivity, leading to pigmented lesions
and predisposing to development of
squamous cell cancer.

* Posttransplant lymphoproliferative dis-
ease is common as visceral disease after
solid organ transplant, but less com-
monly appears in the skin.
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Non-Melanoma Skin Cancer

Skin cancer incidence is low in children, but risk
is higher in survivors of childhood cancer, as
well as other groups: solid organ transplant
recipients, hematopoietic stem cell-transplant
(HSCT) recipients (including indications other
than cancer for transplant), patients with genetic
cancer predisposition syndromes (see Chap. 5),
children with genetic disorders with photosensi-
tivity (see Chap. 5), indoor tanning users, and
patients with increased risk due to medication
side effects (see below).

Childhood cancer survivors have several risk
factors for skin cancer development, including
radiation exposure, chemotherapy, and antifungal
therapy, in addition to the typical risk factors of
fair skin, sun exposure, and family history (when
applicable). In a study comparing 10,397 adult
survivors of childhood cancer with sibling con-
trols from the original CCSS cohort, 1.3% of sur-
vivors had basal cell carcinoma (BCC), whereas
only 0.1% of control patients were diagnosed
with BCC [2]. Of this group, 3.78% of patients
with a history of Hodgkin’s disease developed
BCC; radiation therapy may be a large contribu-
tor to this risk. In a 2012 analysis of original
cohort CCSS participants, radiation therapy with
or without chemotherapy increased patients’ risk
for BCC, with an excess odds ratio of 1.09 with
each Gray (Gy) of radiation exposure [3]. In a
2002 study, significant risk factors for non-
melanoma skin cancer (NMSC) identified on
multivariate analysis included Hodgkin’s disease,
white race, older age at diagnosis, longer time
since diagnosis, radiation therapy, and positive
family history of skin cancer [4]. Chemotherapy
history was not related to skin cancer risk.

Childhood cancer survivors with NMSC are
likely to have multiple skin cancer diagnoses in
their lifetime. They are also likely to present at a
younger age than those without a history of child-
hood cancer. In the CCSS cohort, NMSC was
seen in 213 of 13,132 survivors, with 46.5%
(99/213) patients having multiple NMSC [4]. In
these patients, skin cancer was found to occur
among childhood cancer survivors at a mean age
of 31 years (range 7-46 years), a much younger

age than that seen in adults without a history of
childhood cancer [4]. This study found a median
of 15 years from original cancer to skin cancer
diagnosis.

Pediatric solid organ transplant recipients
(POTRs) also are at risk for developing NMSC.
In non-renal pediatric transplant patients,
NMSC is the most frequent posttransplant
malignancy (Fig. 11.1) [5]. The lip is a common
site, and the tumors can be aggressive [5, 6].
Additionally, POTRs are at risk for anogenital
carcinomas. Posttransplant NMSC can occur in
childhood, but often occurs 10-20 years after
transplant [5].

Voriconazole, a triazole antifungal, is effective
at treating several infections, often those caused
by Aspergillus spp., but it is also active against
Scedosporium, Fusarium, and Candida spp. [7,
8]. The Food and Drug Administration approved
voriconazole in 2002, and since then many
reports of photosensitivity and phototoxic reac-
tions have surfaced. In 2010, a review of eight
patients with 51 SCC after initiation of voricon-
azole therapy included two pediatric patients
who each had a history of cord blood hematopoi-
etic cell transplant and developed AK, SCC in
situ, and SCC [9]. Voriconazole phototoxicity has
several clinical appearances. The acute phase can
include erythema (Fig. 11.2), blistering, erosions,
scaling/desquamation, cheilitis, hyperpigmenta-
tion, and lentigines [9-12]. Long-term sequelae
include lentigines, ephelides, atrophy, actinic
keratoses (Fig. 11.3), and skin cancers, most
often SCC [13]. Additionally, voriconazole

Fig. 11.1 Basal cell carcinoma on the nose of a teenage
heart transplant recipient (image courtesy of Susan
J. Bayliss, MD)
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Fig. 11.2 Erythema and scale of the hand with voricon-
azole phototoxicity

Fig.11.3 Solar lentigines and actinic keratoses in a child
after long-term use of voriconazole (image courtesy of
Jennifer T. Huang, MD)

phototoxicity can mimic a flare of GvHD [10].
SCC has been reported in pediatric cancer
patients and HSCT recipients [9, 13—15], POTRs
[13, 16], and immunosuppressed pediatric

patients [13, 17]. The mechanism leading to
voriconazole-associated SCC is unclear. Recent
work proposes an increased risk for voricon-
azole-associated SCC in patients with ultrarapid

metabolism of the drug, seen in the
CYP2C19*#17/*17 genotype [18].
Posttransplant Lymphoproliferative
Disorder

Posttransplant ~ lymphoproliferative  disorder

(PTLD) is the most common malignancy follow-
ing renal transplant in children [5]. Its presenta-
tion in the skin, however, is rare. In a review
including 16,130 patients with solid organ trans-
plants from 1987 to 2008 who were <20 years
old, the risk for both T- and B-cell lymphomas
was elevated posttransplant [19]. The number of
skin lymphomas in children captured in this
study was very small, but cases of primary cuta-
neous anaplastic large-cell lymphoma (ALCL)
and mycosis fungoides/Sezary syndrome were
reported. With <3 cases of each, it is difficult to
interpret significance, but given the rarity of pri-
mary cutaneous ALCL in children (see Chap. 3),
the reports are notable. The B-cell diseases of
Burkitt lymphoma/leukemia (24 cases; standard-
ized incidence ratio [SIR] 123) and diffuse large
B-cell lymphoma (138 cases; SIR 379) were
much more common. This study did not com-
ment on the frequency of cutaneous presenta-
tions of the diffuse large B-cell lymphomas, but
skin involvement in this lymphoma has been
reported in an infant (two reports of the same
case) [20, 21]. Follicular mucinosis was reported
in a 17-year-old patient with a history of acute
myeloid leukemia, HSCT, and quiescent cutane-
ous GVHD [22]. At the time of the report there
was no transformation to PTLD. The folliculo-
tropic subtype of mycosis fungoides as PTLD
has been seen [23]. Time from transplant to pre-
sentation varies, but many cases of PTLD
(regardless of subtype) occur in the first year
after transplant [19, 24]. Posttransplant B-cell
disorders are often related to Epstein-Barr virus
infection, which many attribute to the high inci-
dence in children.
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Kaposi's Sarcoma

In children, Kaposi’s sarcoma (KS) typically
presents in those who are immunocompromised,
including POTRs and patients infected with the
human immunodeficiency virus (HIV). It is asso-
ciated with human herpesvirus-8 infection
(HHVS; also known as Kaposi sarcoma herpesvi-
rus), but HHVS infection alone does not cause
disease. Impaired T-cell immunity in HHV8-
infected individuals has been implicated in the
disease pathogenesis [25]. Its incidence is mark-
edly elevated in patients in or from sub-Saharan
Africa infected with HIV [26]. Cutaneous
involvement (such as patches, plaques, and nod-
ules) is variable, but can occur in all types (epi-
demic, endemic, iatrogenic, and classic) of KS
[25]. Classic KS in pediatric patients is uncom-
mon [27]. POTRs may develop KS, but it is not
common [5, 28]. See Chap. 9 for more details on
HHVS.

Permanent Alopecia

Key Points

e Permanent alopecia is common after
cancer therapy.

e Patients with higher cranial radiation
doses are at increased risk to develop
permanent alopecia.

e Both traditional and targeted medical
cancer therapies can predispose to the
development of long-term alopecia.

Permanent alopecia can be a distressing long-
term side effect of cancer therapy, occurring sec-
ondary to radiation or medical therapies. Alopecia
is considered permanent in this setting if it lasts
for more than 6 months following the completion
of therapy (Fig. 11.4). It can be diffuse or patchy.
It is a commonly reported long-term side effect,
though Casagranda et al. note that alopecia, along
with other late effects, may be underreported by
patients [29].

Fig.11.4 Permanent alopecia present more than 20 years
after radiation therapy as a child (image courtesy of
Jennifer T. Huang, MD)

Radiation with traditional photon beam treat-
ment, as well as proton beam, can cause perma-
nent alopecia. In a study of adult patients,
increasing mean follicle dose (dose calculated to
contact the hair follicles) was associated with
higher risk for permanent alopecia [30]. In this
population (26 patients) treated with traditional
photon beam cranial irradiation, the dose at
which 50% of patients developed permanent alo-
pecia was 43 Gy, and was not affected by chemo-
therapy agents the patients also received. In a
Dutch cohort, childhood cancer survivors who
received cranial radiation therapy more com-
monly experienced alopecia than those who did
not [31]. Other work has shown alopecia inci-
dence to be related both to radiation and chemo-
therapy. Specifically, in a group of 12 pediatric
patients treated with proton beam radiation,
patients who received standard-dose chemother-
apy and 30 Gy of proton beam craniospinal radia-
tion were at risk for permanent alopecia, while
patients who received high-dose chemotherapy
were at risk after receiving 21 Gy of proton beam
therapy [32].

Traditional chemotherapy, especially high-
dose regimens followed by HSCT, can cause per-
manent alopecia. In adults, busulfan-containing
regimens have long been implicated [33, 34],
though regimens without busulfan can also
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trigger alopecia [35, 36]. Busulfan has also been
identified as a risk factor for permanent alopecia
in pediatric patients [37-39]. ThioTEPA has been
associated with permanent alopecia in some
reports, both in children [40] and in adults [36]
undergoing HSCT. In HSCT patients, GVHD is
another significant risk factor for permanent alo-
pecia [38].

Permanent alopecia, generally scarring, as a
consequence of a pustular eruption with EGFR
inhibitors has been reported in adults, particu-
larly women [41]. Data about permanent alopecia
in children taking EGFR inhibitors is lacking.

Alopecia is an unwanted and stress-inducing
side effect for many patients and parents [38, 42].
Permanent alopecia has been associated with
depressive  symptoms in females [43].
Interestingly, it was associated with impairments
in physical function, bodily pain, and general
health, in addition to social function, vitality, role
function, and emotional health on Short-Form 36
(SF-36) subscales [43]. Further work is needed to
more completely describe the effects of perma-
nent alopecia on cancer survivors’ long-term
physical and emotional health.

Unfortunately, treatment options for patients
with permanent alopecia are limited. Surgical
procedures are complicated and invasive, but
can provide some patients with good results
[44]. Preventing alopecia would be a more ideal
solution. Recent investigations into preventing
acute alopecia in adults undergoing chemother-
apy have utilized scalp-cooling devices, as well
as pharmacologic agents [45, 46]. Long-term
data, and data in children, has not been pub-
lished yet.

Autoimmune Disorders

Key Points

* Vitiligo and alopecia areata are the more
commonly reported cutaneous autoim-
mune diseases following HSCT.

e Many patients with autoimmune
sequelae after HSCT also have GvHD.
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Autoimmune sequelae of cancer therapies are not
well described. Recently there have been several
reports of cutaneous autoimmune disorders after
HSCT. These can occur with or without a known
donor history of the autoimmune disorder. This
section focuses on vitiligo and alopecia areata
after transplantation.

Vitiligo after HSCT occurs in both children
and adults, presenting months to years after
transplant. Both pediatric [47] and adult [48-50]
patients have developed vitiligo after transplant
from donors with a known history of vitiligo, but
many reports of vitiligo after HSCT do not
include this history. Children with history of can-
cer, primary immunodeficiency, and hemoglo-
binopathy have developed vitiligo, both after
manifesting GvHD and without GvHD [51-55].
Interestingly, in a series of pediatric and adult
patients with vitiligo and GvHD, three patients
had disease after an autograft [54]; other series
report patients with allografts. Some adult
patients have had donor lymphocyte infusions
prior to onset of vitiligo [56]. The convergence of
total leukoderma and leukotrichia in patients
with a history of HSCT is striking, and several
cases of affected children have been reported
[57-59].

Alopecia areata is less commonly reported as
a consequence of cancer therapy. It has been seen
as adoptive from the HSCT donor in adult cancer
survivors [60, 61]. It has also been reported de
novo in a handful of patients with GvHD, includ-
ing in a 19-year-old male with history of HSCT
for chronic myelogenous leukemia [62].

Patients with both vitiligo and alopecia areata
in the setting of HSCT have also been reported
[63]. In a series by Zuo et al. of patients with
chronic GvHD and vitiligo and/or alopecia
areata, 3/15 were under 18 years of age.
Interestingly, though all had GvHD, not all had
cutaneous GvHD [64]. Ceovié¢ et al. reported
10/50 patients with GvHD also developing vitil-
igo or alopecia areata, but did not specify which
patients were children [65].

Several authors have debated the mechanism
for autoimmune sequelae after HSCT, outside of
adoptive transfer from donors, including donor
recipient ~ mismatch in  female-to-male
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transplants, effect of conditioning regimens,
genetic predisposition, and environment [64,
66]. More studies are needed to investigate these
theories.

Scars

Key Points

e Scarring is very common in childhood
cancer survivors.

e Scarring can affect mental health and
quality of life in cancer survivors.

e Treatment of scars in pediatric derma-
tology is evolving.

In the course of cancer treatment, patients have
many exposures that can lead to the development
of scars. Intravenous access can lead to scarring;
peripheral and central lines, as well as ports, have
associated scars. Additionally, complications of
these access points, such as extravasation injury,
can predispose to further scarring. Procedures
such as biopsies (particularly skin and bone mar-
row) and resections are more obvious causes.
Also, radiation therapy is a risk factor for scar-
ring. In a review of 14,358 survivors of childhood
cancer through the CCSS, scarring or disfigure-
ment was reported by 25% of patients on the
head or neck, 18% on the arms or legs, and 38%
on the chest or abdomen [43]. On follow-up
questionnaires, patients were queried on quality-
of-life measures. Increased depressive symptoms
were reported by patients with head or neck and
arm or leg scarring or disfigurement. These
patients also reported impairment in SF-36 sub-
scales of general health and vitality, with mental
health being affected in patients with head or
neck scarring or disfigurement. Patients with arm
or leg changes also reported impaired physical
function, bodily pain, and social function. Thus,
scarring is present long-term, and is associated
with impairment of quality of life.

This data shows an opportunity for providers
to be thoughtful in approaches to care and pre-
vent or hide scars when possible. To this end,

Braam et al. investigated prophylactic use of sili-
cone sheeting for patients after removal of venous
access devices (ports) [67]. The investigators
showed nonsignificant improvement in patients’
scars after 2 months of use, but wider scars after
6 months of use. Thus, longer term use of the
sheets cannot be recommended at this point,
though short-term use could potentially be help-
ful. Scar treatment in pediatric patients has been
evolving. In addition to the traditional options of
surgical scar revision and, for thick scars, intral-
esional steroid injections, laser treatment with
full ablative, fractional ablative, and pulsed-dye
technology has been advancing. Laser-assisted
delivery of medications to augment scar treat-
ments is also progressing [68]. Thus, patients will
have more options going forward for scar revi-
sion/treatment. Currently there are multiple vali-
dated instruments for patient-reported scar
outcomes, developed through work with different
patient populations such as dermatology, burn,
and postsurgical patients, though each has draw-
backs [69, 70].

Education and Anticipatory
Guidance

Education about skin cancer risk and photopro-
tection is important for pediatric cancer survivors
and other patients at risk for photosensitivity and
skin cancers. There are several tools and websites
that can help with this education (see Table 11.1).
Of note, given the increased risk for skin cancer
in users of indoor tanning beds [71-73], these
devices should be strictly avoided in children [74,
75], especially in cancer survivors and other chil-
dren more at risk for developing skin cancer.
Childhood cancer survivors have incomplete
adherence to photoprotection [76, 77] and skin
surveillance [78] recommendations. Both chil-
dren and their caregivers must be educated about
skin cancer risk and photoprotection. Studies in
both childhood cancer survivors and POTRs have
shown improvement in short-term (1-6 months)
photoprotection behaviors after education inter-
ventions [79, 80]. Importantly, education about
these topics often needs to be repeated for patients
and parents. In a study of POTRs and their
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Table 11.1 Resources for pediatric photoprotection and skin cancer information and handouts for patient education

Organizations Tool Description Source

AAD: American General skin cancer Information about skin cancer | https://www.aad.org/public/
Academy of education and its prevention, as well as spot-skin-cancer/learn-
Dermatology consequences of tanning bed about-skin-cancer/

use

types-of-skin-cancer

CDC: Centers for
Disease Control and
Prevention

Skin cancer and sun
education

General skin cancer and sun
education, with a link to
handouts for families and
students

https://www.cdc.gov/
cancer/skin/basic_info/
sun-safety.htm

COG: Children’s
Oncology Group

Long-Term Follow-Up
Guidelines for Survivors
of Childhood, Adolescent,
and Young Adult Cancers

General guidelines for
pediatric cancer survivors, with
a section dedicated to skin

http://www.
survivorshipguidelines.org

PeDRA: Pediatric
Dermatology
Research Alliance

SPD: Society for

Pediatric skin cancer
handout

2-page handout detailing risk,
detection, prevention, and
treatment of pediatric skin
cancer

https://pedsderm.net/
for-patients-families/
patient-handouts/#Pediatric
SkinCancer

Pediatric
Dermatology
AAP: American
Academy of
Pediatrics

US EPA: United
States
Environmental
Protection Agency

Pediatric sun safety
handouts

Activities, fact sheets,
handouts reviewing sun safety

https://www.epa.gov/
sunsafety/
sun-safety-fact-sheets-and-
handouts

parents, more than half of participants desired at
least yearly reminders [81].

The Children’s Oncology Group (COG) pub-
lishes guidelines for long-term follow-up in sur-
vivors of childhood cancer. These are updated
periodically, and the COG Long-Term Follow-Up
Guidelines  for Survivors of Childhood,
Adolescent, and Young Adult Cancers can be
accessed at http://www.survivorshipguidelines.
org. Separately, COG has published an update of
late effects monitoring guidelines for patients
with a history of HSCT [82]. In these late effects
guidelines, annual (at least) skin examinations
are recommended for all patients with a history
of total-body irradiation and chronic GVHD.

To improve prompt recognition and treatment
(when possible) of late cutaneous side effects of can-
cer therapies, it is helpful to educate patients and par-
ents about presenting signs and symptoms. For
example, discussing the time course of acute versus
permanent alopecia and reviewing risk factors patients
have accrued during their therapy can inform patients’
and parents’ expectations for outcomes. Moreover,
given the distress and negative effects on quality of

life associated with some of these sequelae [43], antic-
ipatory guidance could improve screening and man-
agement of psychological late effects, as well.

As care for these complicated patients is often
provided in teams, education of team members is
also helpful. Transplant nurses and coordinators,
oncologists, pharmacists, infectious disease spe-
cialists, and primary care physicians, in addition
to dermatologists, all interact with oncology
patients and can contribute to photoprotection
messaging, as long as they are informed of
patients’ risks and know the contributions to risk
of their portions of the patients’ treatments.

Summary

In sum, many patients experience cutaneous late
effects of their cancer therapies. By working with
patients and their caregivers, we can improve
late-effect monitoring and treatment.

Acknowledgements Thank you to Elizabeth Nieman,
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Non-melanoma skin cancer (NMSC), 65, 67, 69, 70, 102,

103, 112

basal cell carcinoma, 188

CCSS cohort, 188

childhood cancer, 188

POTRs, 188

risk factors, 188

voriconazole, 188—-189
Non-rhabdomyosarcomas (NRMS), 84
Non-tuberculosis mycobacterial (NTM) infections, 181
Noonan syndrome, 82
NRAS/BRAF mutations, 18
NTRK3 receptor, 85, 86
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Oculocutaneous albinism (OCA), 72
Opportunistic skin infections
bacterial infections
aerobic gram-negative bacteria, 173
aerobic gram-positive bacteria, 172-173
anaerobic infections, 173
polymicrobial, 172
clinical presentation, 172
fungal infections
dermatophyte infections, 178
invasive mold disease, 179180
yeasts, 178
mycobacterial infections
bullae, 181
clinical presentation, 181, 182
eschar, 182
nodule, 183
papule, 183
pustular eruptions, 181
TB, 181
ulceration, 182
vesicles, 181
PLS, 171
viral infections
EBYV, 176
herpesviridae, 174
HHV-8, 176
HPV, 177
HSV, 174-175
human polyomavirus, 178
molluscum contagiosum virus, 177
VZV, 175
Opportunistic yeast infections, 178-179
Otitis externa, 60
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P Pityriasis lichenoides et varioliformis acuta (PLEVA),
P16 expression, 5, 6, 8, 68 37-39

P53 mutations, 83 Platelet-derived growth factor receptor (PDGFR), 141,
Paclitaxel, 118, 119 147-149

Palmar-plantar erythrodysesthesia (PPE), 102, 104, 106,
113,114,118
Palmar/plantar pits, 66
Papillon-Lefevre syndrome (PLS), 171
Papules, 183
Papulopustular eruption, 140-142, 144, 146, 147
Paraneoplastic pemphigus (PnP), 102
PCBCL. See Primary cutaneous B-cell lymphoma
(PCBCL)
PCFCL. See Primary cutaneous follicle center lymphoma
(PCFCL)
PCMZL. See Primary cutaneous marginal zone
lymphoma (PCMZL)
PDGFR. See Platelet-derived growth factor receptor
(PDGFR)
Pediatric cutaneous mastocytosis, 53-55
Pediatric GVHD. See Graft-versus-host disease
(GVHD)
Pediatric mastocytosis, 54, 55
Pediatric melanoma, 8—10
AJCC
anatomic staging categories, 10
TNM staging categories, 9
clinical presentation, 7
genetics, 8
incidence, 7
management, 8—10
prognosis, 10, 11
risk factors
BAPI, 8
CMN, 8
FAMMM syndrome, 8
XP, 8
Pediatric Oncology Group (POG), 118
Pediatric solid-organ-transplant recipients (POTRs),
188-190, 192
Periodic acid-Schiff (PAS), 179
Peripheral blood stem cell transplant (PBSCT), 105
Peripheral eosinophilia, 163
Permanent alopecia, 190
cranial radiation therapy, 190
depressive symptoms in females, 191
high-dose chemotherapy, 190
HSCT, 190
long-term side effect, 190
pustular eruption, 191
radiation with traditional photon beam treatment, 190
surgical procedures, 191
ThioTEPA, 191
Persistent agminated LyP (PALP), 40
Peutz-Jeghers syndrome, 75
Pharyngitis, 175
Phosphatidylinositol 3-kinase (PI3K)/AKT signaling
pathway, 146
Photodynamic therapy (PDT), 66
Photoprotection, 164
Pityriasis lichenoides chronica (PLC), 37-39, 44

Platinum-based antineoplastic agents, 112, 113
Pleomorphic rhabdomyosarcomas, 83
PLF. See Pseudolymphomatous folliculitis (PLF)
Podophyllin, 117
Posttransplant lymphoproliferative disorder (PTLD), 176
B-cell diseases, 189
Epstein-Barr virus infection, 189
follicular mucinosis, 189
KS, 190
myecosis fungoides/Sezary syndrome, 189
primary cutaneous ALCL, 189
skin lymphomas, 189
Precursor B-cell lymphoblastic lymphomas (B-LBL), 47,
48
Primary cutaneous B-cell lymphoma (PCBCL)
DLBCL, 46
DLBCL-L, 46
PCFCL, 46
PCMZL, 46, 47
Primary cutaneous follicle center lymphoma (PCFCL),
46
Primary cutaneous marginal zone lymphoma (PCMZL),
46, 47
Primary cutaneous rhabdomyosarcomas, 84
Proliferative nodules, 21
Proton beam therapy, 121
Pseudolymphoma. See Cutaneous lymphoid hyperplasia
(CLH)
Pseudolymphomatous folliculitis (PLF), 36
Pseudomonas aeruginosa, 173
Pseudorecidives, 123
Psoralen with ultraviolet A (PUVA) phototherapy, 39
PTEN mutation, 8
PTLD. See Posttransplant lymphoproliferative disorder
(PTLD)
Pustular eruptions, 181-182

Q
Quality-of-life (QOL), 142

R
Radiation therapy

adverse effects, 122—-124

delivery methods, 122

ionizing radiation, 121

mechanism of action, 121

particle radiation, 121

photon radiation, 121

proton beams, 121

treatment, 124

uses, 122
RAS mutations, 18
Rash, 141, 142, 144, 147-150
Raynaud’s phenomenon, 104, 113, 115
Recessive dystrophic epidermolysis bullosa (RDEB), 73



206

Index

RECQL4 mutations, 70
Regorafenib, 149
Rhabdomyosarcoma, 22
Rhabdomyosarcomas (RMS)
alveolar, 83
anaplastic, 83
clinical presentation, 82
embryonal, 83
epidemiology, 81
pleomorphic, 83
primary cutaneous, 84
prognosis, 83
risk factors, 82
treatment, 83
Rombo syndrome, 67
Rothmund-Thomson (RT) syndrome, 70

S
Scalp dysesthesia, 150
Scars
acute vs.permanent alopecia, 193
biopsies, 192
guidelines, 193
intravenous access, 192
patient education, 192, 193
radiation therapy, 192
resections, 192
silicone sheeting, 192
treatment, 192
SCORing MAstocytosis (SCORMA) index, 57
Seborrheic dermatitis, 60, 150
Sentinel lymph node (SLN) biopsy, 7, 9
Sentinel lymph node biopsy, 26
Serratia, 173
Severe combined immunodeficiency (SCID) syndrome,
86
Shwachman—Diamond syndrome, 86
Single-system (SS-LCH), 58, 59
Sirolimus, 88-90, 146
Skin cancer
hyperpigmentation, 187
Kaposi’s sarcoma, 187
lentigines, 187
long-term side effects, 187
lymphoproliferative disorders, 187
melanoma, 187
nevi development, 187
non-melanoma skin cancer, 187-189
PTLD, 187, 189
risk, 188
risk and photoprotection education, 192, 193
Small blue cell pattern, 84
Smoldering systemic mastocytosis, 53
Solitary congenital lesions, 59
Solitary mastocytoma (SM), 55-58
Sorafenib, 148—-150
Spindle and epithelioid cell nevus. See Spitz nevus

Spitz nevus

appearence, 2

dermoscopy patterns, 2, 3

genetics, 3

histology, 2—4

management, 3, 4
Spitzoid tumors of uncertain malignant potential

(STUMP). See Atypical spitz tumors (AST)
Squamous cell carcinoma (SCC), 67, 68
SS. See Synovial sarcoma (SS)
Staphylococcus aureus, 123, 143, 172, 173, 181
Staphylococcus epidermidis, 171, 173
Steroid-refractory chronic GVHD, 164
Stevens-Johnson syndrome (SJS), 39, 108, 148, 161
Storiform collection, 87
Streptomyces, 113, 114
STUMP. See Spitzoid tumors of uncertain malignant
potential (STUMP)

Subependymal giant cell astrocytoma (SEGA), 141
Sun protection, 142, 143
Sunitinib, 149, 150
Sweet’s syndrome, 148
Synovial sarcoma (SS)

clinical presentation, 93

epidemiology, 93

histopathology, 93

imaging, 93

prognosis, 93

treatment, 93
Systemic mastocytosis, 53-57

T
Tardive congenital nevi, 21
Targeted anticancer agents, 140
Taxanes, 118-119
Telangiectasia macularis eruptiva perstans (TMEP),
53-56

Teniposide, 117
TERT mutations, 8
Tetracycline (TCN) antibiotic, 142
TGFBR1 mutations, 68
ThioTEPA, 110
Three-phase model

acute GVHD, 156

chronic GVHD, 157
Topical corticosteroids (TCS), 142
Topical moisturizers, 164
Topotecan, 115, 116
Toxic epidermal necrolysis, 161
Toxic erythema of chemotherapy (TEC), 102, 161, 162
Transaminitis, 163
Transfusion-associated graft-versus-host disease

(TA-GVHD), 105

Triazole antifungal, 188
Trichodysplasia-spinulosa polyomavirus (TSPyV), 178
Trichomegaly, 140, 143, 144
Trichophyton, 178
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Trichosporon, 179

Tropomyosin-related kinase inhibitor, 86
Tuberculosis (TB), 181

Tuberous sclerosis, 74, 77

Tufted angioma, 89

Turcot syndrome, 75, 77

Tyrosine kinase inhibitors (TKIs), 141, 147, 148
Tyrosine kinase/RAS/PIK3CA signaling pathway, 84
Tzanck smear, 174

U

Ulceration, 182

Urticaria pigmentosa (UP). See Maculopapular cutaneous
mastocytosis

\%

Varicella zoster virus (VZV), 175-176

Vascular endothelial growth factor receptor inhibitors
(VEGFRI), 148, 149

Venous sclerosis, 120

Vesicles, 181

Vinblastine, 118—-120

Vinca alkaloids, 119-120

Vinca rosea, 119

Vincristine, 90, 105, 112, 118-120

Vindesine, 120
Vinorelbine, 120
Viral culture, 174
Vitiligo, 22, 191
Voriconazole
Aspergillus infections, 188
erythema, 188, 189
GvHD, 189
induced phototoxicity, 162
photosensitivity and phototoxic reactions, 188
SCC, 188-189
solar lentigines and actinic keratoses, 188, 189

W
Waldenstrom’s macroglobulinemia, 102
Wilms’ tumor, 92

X

Xanthelasmoid mastocytosis, 55
Xeroderma pigmentosum (XP), 8, 68—70
Xerosis, 143, 148

zZ
Zygomycetes, 173, 179
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