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Dr. Frank Netter at work

The single-volume “blue book” that paved the way
for the multi-volume Netter Collection of Medical
Illustrations series affectionately known as the “green
books”

r. Frank H. Netter exemplified the

distinct vocations of doctor, artist,
and teacher. Even more importantly—
he unified them. Netter’s illustrations
always began with meticulous research
into the forms of the body, a philosophy
that steered his broad and deep medical
understanding. He once said, “Clarifi-
cation is the goal. No matter how beau-
tifully itis painted, a medical illustration
has little value if it does not make clear
a medical point.” His greatest challenge
and greatest success was charting a
middle course between artistic clarity
and instructional complexity. That suc-
cess is captured in this series, beginning
in 1948, when the first comprehensive
collection of Netter’s work, a single
volume, was published by CIBA Phar-
maceuticals. It met with such success that over the
following 40 years the collection was expanded into
an eight-volume series—each devoted to a single body
system.

In this second edition of the legendary series, we are
delighted to offer Netter’s timeless work, now arranged
and informed by modern text and radiologic imaging
contributed by field-leading doctors and teachers from
world-renowned medical institutions, and supple-
mented with new illustrations created by artists working
in the Netter tradition. Inside the classic green covers,
students and practitioners will find hundreds of original
works of art—the human body in pictures—paired with
the latest in expert medical knowledge and innovation
and anchored in the sublime style of Frank Netter.

Noted artist-physician, Carlos Machado, MD, the
primary successor responsible for continuing the Netter
tradition, has particular appreciation for the Green
Book series. “The Reproductive System is of special signifi-
cance for those who, like me, deeply admire Dr. Netter’s
work. In this volume, he masters the representation of
textures of different surfaces, which I like to call ‘the
rhythm of the brush,’ since it is the dimension, the direc-
tion of the strokes, and the interval separating them that
create the illusion of given textures: organs have their
external surfaces, the surfaces of their cavities, and
texture of their parenchyma realistically represented. It
set the style for the subsequent volumes of Netter’s
Collection—each an amazing combination of painting
masterpieces and precise scientific information.”

Though the science and teaching of medicine endures
changes in terminology, practice, and discovery, some
things remain the same. A patient is a patient. A teacher
is a teacher. And the pictures of Dr. Netter—he called
them pictures, never paintings—remain the same blend
of beautiful and instructional resources that have guided
physicians’ hands and nurtured their imaginations for
more than half a century.

The original series could not exist without the dedi-
cation of all those who edited, authored, or in other
ways contributed, nor, of course, without the excellence
of Dr. Netter. For this exciting second edition, we also
owe our gratitude to the authors, editors, advisors, and
artists whose relentless efforts were instrumental in
adapting these timeless works into reliable references
for today’s clinicians in training and in practice. From
all of us with the Netter Publishing Team at Elsevier,
we thank you.

ABOUT THE SERIES

CUSHING'S SYNDROME IN A PATIENT WiTH THE CARNEY COMPLEX

Carney complex is characterized
by spotty skin pigmentation.
Pigmented lentigines and blue
nevi can be seen on the face—
including the eyelids, vermillion
borders of the lips, the
conjunctivae, the sclera-and the
labia and scrotum.

Additional features of the
Carney complex can include:

P Myxomas: cardiac atrium,
cutaneous (e.g., eyelid),
and mammary

» Testicular large-cell
calcifying Sertoli cell tumors

» Growth-hormone
secereting pituitary adenomas

» Psammomatous
melanotic schwannomas

PPNAD adrenal glands are usually of normal size and most are
studded with black, brown, or red nodules. Most of the pigmented
nodules are less than 4 mm in diameter and interspersed in the
adjacent atrophic cortex.

A brand new illustrated plate painted by Carlos Machado,
MD, for The Endocrine System, vol. 2, 2nd ed.

Dr. Carlos Machado at work

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS



ABOUT THE AUTHOR

ryan E. Anderson, MD, is Associate Professor of

Dermatology at the Pennsylvania State University
College of Medicine. He is proud to have received both
his undergraduate and medical degrees from The Ohio
State University. He completed his internship and
Dermatology residency at the Pennsylvania State Uni-
versity College of Medicine in Hershey, Pennsylvania,
where, upon completion thereof, he joined the faculty
in the Department of Dermatology in 2002. There
he works as a clinician, educator, and researcher. Dr.
Anderson is currently the Dermatology Residency
Program Director and Director of a multidisciplinary
outpatient specialty clinic. He is also a part of the
Hershey Medical Centers Cancer Institute’s Multidis-
ciplinary Skin Oncology Clinic. His areas of interest
and research include resident education and cutaneous
malignancies, with an emphasis on melanoma. He is
an active member in his state medical society, the
American Academy of Dermatology, and the American
Contact Dermatitis Society. He has written numerous
journal articles and book chapters and is coeditor of a
large online dermatology resource. He currently lives
in Hershey with his wife, Susan, and two daughters,
Rachel and Sarah. In his leisure time he enjoys wood-
working, cheering on his alma mater, and spending time
with this family.

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS



t has been both an honor and a challenge to serve

as the author of The Netter Collection: Integumentary
Systern. 1 am honored to have contributed to the legacy
that The Netter Collection so deserves with its timeless
quality and continued contribution to medical educa-
tion. Of course, the challenge was in determining that
which would and should be included in the volume, in
keeping with the tradition of relevance of the series. My
hope is that this volume is appreciated by those with
vast experience as well as those individuals just begin-
ning their journey of lifelong learning, which I feel so
accurately describes the medical world.

My sincerest gratitude is extended to people behind
the scenes at Elsevier, specifically Marybeth Thiel, as
well as the artists who were able to bring the slightest
nuance to life for the benefit of clinician and patient
alike. Although no volume exclusively dedicated to the
integumentary system existed, I attempted to incorpo-
rate as many of Frank Netter’s depictions as possible.
In several instances however, this simply was not pos-
sible, and I therefore had the pleasure and privilege of
working with Carlos Machado, MD, and Tiffany S.
DaVanzo, MA, CMI, whose talent deserves to be
formally recognized. Their artwork captures the sub-
tleties of the integumentary system. For that I am
forever grateful.

I would like to thank all those who have positively
influenced, taught, and mentored me, specifically,

PREFACE

Jeffrey Miller, MD, Warren Heymann, MD, the late
John Stang, MD, and James Marks, MD—your impact
on my career has been immeasurable. Certainly, this list
is not exhaustive. I have had the pleasure of crossing
paths with so many fine people—sadly, too many to list.
A special thank you goes to Ruth Howe and Cheryl
Hermanson, whose help was simply incredible; I truly
appreciate all you did. Additionally, I would like to
thank my colleagues at the Milton S. Hershey Medical
Center, whose encouragement and support have always
been a part of our culture.

Finally, I would like to recognize and express appre-
ciation for my family: my parents, sisters, Uncle Lou,
and my loving Grandmother Ermandina. Your encour-
agement and support is the foundation from which I
draw my confidence to tackle a project such as this. At
the time of this writing, my wife, Susan, is in a select
group of people who have read, literally, every word of
text in this volume. I cannot thank Susan enough for
her supportive nature, patience, and love; you are the
gem of my life. Lastly, I need to acknowledge my
daughters, Rachel and Sarah, of whom I am so proud.
The sacrifice of your evenings for more than a year so
that I could work in an environment that was produc-
tive and conducive to concentration will forever be
appreciated.

Bryan E. Anderson, MD
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ABOUT THE ARTIST

——

Frank H. Netter, MD
(1906-1991)
“The Medical Michelangelo”

elebrated as the foremost medical illustrator of
the human body and how it works, Dr. Frank H.
Netter began his career as a medical illustrator in
the 1930s when the CIBA Pharmaceutical Company
commissioned him to prepare illustrations of the major
organs and their pathology. Dr. Netter’s incredibly
detailed, lifelike renderings were so well received by the
medical community that CIBA published them in a
book. This first successful publication in 1948 was fol-
lowed by the series of volumes that now carry the
Netter name, The Netter Collection of Medical Illustra-
tions. Even years after his death, Dr. Netter is still
acknowledged as the foremost master of medical illus-
tration. His anatomical drawings are the benchmark by
which all other medical art is measured and judged.
“As far back as I can remember, ever since I was little
tot, I studied art,” said Dr. Netter during an interview
in 1986. At the time he was hailed by the New York
Times as “The Medical Michelangelo.” “All I wanted to
do was to make pictures,” he reflected. Born in New
York in 1906, Dr. Netter had already established himself
as a successful commercial artist in the 1920s when, at
the advice of his parents, he changed careers. “I gave
up art at the urging of my family,” he said. “They felt

S

that artists led a very dissolute life, which of course was
really not true.”

To find a more “dependable” career, Dr. Netter
entered New York University Medical School. But even
as he pursued his training as a surgeon, Dr. Netter
found that it was easier for him to take notes in pictures
than in words. “Mine was a graphic viewpoint. My
notebooks were crammed with illustrations. It was the
only way I could remember things.” Soon faculty
members recognized his artistic talents, and Dr. Netter
began to pay for part of his medical education by illus-
trating lectures and textbooks.

Starting out as a young physician during the Depres-
sion, Dr. Netter found that there was more interest in
his medical artwork than his surgical capabilities. “I
thought I could do drawings until I had my practice on
its feet,” he recalled, “but the demand for my pictures
grew much faster than the demand for my surgery. As
a result, I gave up my practice entirely.”

In 1938, Dr. Netter was hired by the CIBA Pharma-
ceutical Company to work on a promotional flyer for a
heart medication. He designed a folder cut in the shape
of and elaborately depicting a heart, which was sent to
physicians. Surprisingly, many of the doctors wrote

back asking for more heart flyers—without the advertis-
ing copy. Dr. Netter went on to design similar product
advertisements depicting other organs, and all were
extremely well received. After that project was con-
cluded, Dr. Netter was commissioned to prepare small
folders of pathology plates that were later collected into
the first CIBA Collection of Medical Illustrations.

Following the success of these endeavors, Dr. Netter
was asked to illustrate a series of atlases that became his
life’s work. They are a group of volumes individually
devoted to each organ system and cover human ana-
tomy, embryology, physiology, pathology, and pertinent
clinical features of the diseases arising in each system.
Dr. Netter has completed volumes on the nervous
system, reproductive system, lower and upper diges-
tive tracts, liver, biliary tract and pancreas, endocrine
system, kidney, ureters, urinary bladder, respiratory
system, and musculoskeletal system.

Dr. Netter’s beautifully rendered volumes are now to
be found in every medical school library in the country,
as well as in many doctors’ offices around the world,
and his work has helped to educate and enlighten gen-
erations of physicians. In 1988, the New York Times
called Netter “an artist who has probably contributed

viii
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more to medical education than most of the world’s
anatomy professors taken together.”

Dr. Netter’s career has spanned the most revolution-
ary half-century in medicine’s history. He chronicled
the emergence of open heart surgery, organ transplants,
and joint replacements. To learn first hand about a
variety of diseases and their effects on the body, Dr.
Netter traveled widely. In the early 1980s, Dr. William
Devries asked Netter to be present at the first artificial
heart transplant, a procedure that Netter illustrated in
full detail. Dr. Netter also developed a variety of
unusual medical art projects, including building the
7-foot Transparent Woman for the San Francisco Golden
Gate Exposition, which depicted the menstrual process,
the development and birth of a baby, and the physical
and sexual development of a woman.

When asked whether he regretted giving up his sur-
gical practice, Dr. Netter replied that he thought of
himself as a clinician with a specialty that encompasses

the whole of medicine. “My field covers everything. I
must be a specialist in every specialty; I must be able to
talk with all physicians on their own terms. I probably
do more studying than anyone else in the world,”
he said.

In his work, Dr. Netter made pencil sketches, which
he then copied, transferred, and painted to portray
gross anatomy, microscopic anatomy, radiographic
images, and drawings of patients. “I try to depict living
patients whenever possible,” Dr. Netter said. “After all,
physicians do see patients, and we must remember we
are treating whole human beings.”

Into his eighth decade, Dr. Netter continued to
create his medical illustrations and added to the port-
folio of thousands of drawings that encompass his long
and illustrious career. Dr. Netter died in 1991, but his
work lives on in books and electronic products that
continue to educate millions of health care profession-
als worldwide.
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Plate 1-1

EMBRYOLOGY OF THE SKIN

The human skin develops from two special embryonic
tissues, the ectoderm and the mesoderm. Epidermal
tissue is derived from the embryonic ectoderm. The
dermis and subcutaneous tissue are derived from the
embryonic mesoderm. The developmental interactions
between mesoderm and ectoderm ultimately determine
the nature of human skin. Interestingly, neural tissue
and epidermal tissue are both derived from the ecto-
derm. It is believed that calcium signaling is critical in
determining the fate of the ectoderm and its differentia-
tion into either epidermis or neural tissue.

At approximately 4 weeks after conception, a single
layer of ectoderm is present, surrounding a thicker layer
of mesoderm. Two weeks later, this ectodermal layer
has separated into two different components: an outer
periderm and an inner basal layer, which is connected
to the underlying mesoderm. At 8 weeks after concep-
tion, the epidermis has developed into three separate
layers: the periderm, an intermediate layer, and the
basal cell layer. The dermal subcutaneous tissue is now
beginning to develop, and a distinct dermal subcutane-
ous boundary can be seen by the end of the eighth week.
Between weeks 10 and 15 after conception, the begin-
ning of the skin appendages can be seen.

The formation of hair follicles is initiated by a
complex genetic mechanism that causes the dermis to
direct certain basal epidermal cells to congregate
and form the rudimentary hair follicle. This process
occurs in a highly organized fashion beginning from the
scalp and working caudally to the lower extremity. At
the same time, the hair follicles are developing and the
dermal papillae are beginning to form. The hair folli-
cles continue to differentiate throughout the second
trimester, and the hair of the fetus can be seen at
approximately 20 weeks after conception. This first hair
is known as lanugo hair and is almost always shed before
delivery.

The fingernails and toenails develop from ectoderm
that invaginates into the underlying mesoderm by
the fourteenth week after conception. By the fifth
month, the fetus has fully developed fingernails and
toenails. The fingernails fully develop slightly before
the toenails.

Melanocytes are specialized cells derived from neural
crest tissue. These cells form along the neural tube.
Melanocytes migrate in a specific pattern laterally and
then outward along the trunk. Melanocytes can be seen
in the epidermis by the middle of the first trimester, but
they are not functional until the end of the second
trimester. The density of melanocytes is highest during
the fetal period and decreases thereafter until young
adulthood. Melanocytes are beginning to make their
first melanosomes and are capable of transferring
melanin pigment to adjacent keratinocytes by approxi-
mately 5 months after conception. Melanocytes are not
fully functional until birth. Langerhans cells are special-
ized immune surveillance cells that appear within the
epidermis at approximately 40 days after conception. In
contrast to melanocytes, the density of Langerhans cells
increases with time.

By late in the second trimester, the periderm begins
to shed. This shedding results in the vernix caseosa,
a whitish, cheese-like material that covers the fetus. It
is believed to have a protective function. At the begin-
ning of the third trimester, the individual epidermal
layers can be seen, including the stratum basale,
stratum granulosum, stratum spinosum, and stratum
corneum. Keratinization begins to occur during the
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second trimester, first in the appendageal structures and
then in the epidermis. The thickness of the epidermis
in a newborn closely approaches that in an adult. The
significant difference is that the skin barrier function in
a newborn is not as fully developed as in an adult and
therefore is more vulnerable to infection and external
insults.

By studying the embryology of the skin, one can
gain insight into the mechanisms of certain genetic

Week 4 (early)

disorders. For example, one of the more studied groups
of genetic diseases are the congenital blistering diseases.
The various types of epidermolysis bullosa are all
caused by genetic defects in proteins responsible for
adhesion of keratinocytes. A firm understanding of the
embryology of skin development is essential for under-
standing the pathogenesis of these diseases and ulti-
mately for developing a mechanism to detect and
therapeutically treat them.
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Plate 1-2

NORMAL SKIN ANATOMY

The human skin, taken collectively, is the largest organ
in the human body. On average, it weighs between 4
and 5 kg. Itis vitally important to life. The skin is made
up of three distinct layers: the epidermis, the dermis,
and the subcutaneous tissue; some anatomists do not
include the subcutaneous tissue as part of the skin and
classify it separately as the hypodermis. Each of these
layers plays a pivotal role in the execution of day-to-day
functions of the skin. The skin’s main function is to
protect the interior of the body from the exterior envi-
ronment. It performs this role in many fashions: It acts
as a semipermeable barrier to both hydrophilic and
hydrophobic substances; it is the first line of immuno-
logical defense against invading microbes; it contains
many components of the adaptive and innate immune
system; and it has many physiological roles, including
metabolism of vitamin D.

The majority of the epidermis is made up of kerati-
nocytes. It also contains melanocytes, Langerhans
cells, and Merkel cells. The epidermis is avascular and
receives its nutrition from the superficial vascular plexus
of the papillary dermis.

Melanocytes are derived from neural crest and
are responsible for producing the melanin family of
pigments, which are packaged in melanosomes.
Melanocytes are found in equal density in all humans,
but darker-skinned individuals have a higher density of
melanosomes than those with lighter skin. This is the
reason for color variation among humans. Eumelanin,
the predominant type of melanin protein, is responsible
for brown and black pigmentation. Pheomelanin is a
unique variant of melanin that is found in humans with
red hair.

The skin is found in continuity with the epithelial
lining of the digestive tract, including the oral mucosa
and the anal mucosa. Distinct transition zones are seen
at these interfaces. The skin also abuts the conjunctival
mucosa of the globe and the mucosa of the nasal pas-
sages. The skin and its neighboring epithelial compo-
nents supply the human body with a continuous barrier
to protect it from the external world.

Many appendageal structures are present throughout
the skin. The major ones are the hair follicles, their
associated sebaceous glands, and the eccrine glands.
Most of the skin is hair bearing. Fine vellus hairs make
up the preponderance of the skin’ hair production.
Terminal hairs are much thicker and are found on the
scalp, eyebrows, and eyelashes; in the axilla and groin
areas; and in the beard region in men. Glabrous skin,
which is devoid of hair follicles, includes the vermilion
border of the lips, the palms, the soles, the glans penis,
and the labia minora.

Human skin varies in thickness. It is thickest on the
back, and the thinnest areas are found on the eyelids and
the scrotum. Regardless of thickness, all skin possesses
the same immunological function and barrier activity.

Various appendageal structures are found in higher
densities in certain regions of the skin. Sebaceous
glands are located predominantly on the face, upper
chest, and back. These glands play an instrumental role
in the pathomechanism of acne vulgaris. Because seba-
ceous glands are attached to hair follicles, they are
found only on hair-bearing skin. Eccrine sweat glands,
on the other hand, are found ubiquitously. The highest
densities of eccrine glands are on the palms and soles.
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The other main sweat glands of the skin, the apocrine
glands, are found almost exclusively in the axillae and
the groin. The apocrine glands, like sebaceous glands,
are found only in conjunction with hair follicles.

Nails are composed of specialized keratin proteins.
These keratins make a hard nail plate that is believed
to be important for protection, grasp, and defense. Fin-
gernails and toenails are made of the same keratin struc-
ture and in the same manner. The only difference is
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that the fingernails grow slightly faster than the toe-
nails. The average thumbnail takes 6 months to replace
itself, whereas the average great toenail takes 8 to
12 months.

Skin is also an important means of communication
with other humans. The sense of touch is mediated
through specialized receptors within the skin. One
cannot underestimate the importance of this function
in the formation of human relationships.
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Plate 1-3

NORMAL SKIN HISTOLOGY

The integumentary system is composed of multiple
subunits that work in unison. The skin and its appenda-
geal structures make up the integumentary system.
There are three main layers to the skin: epidermis,
dermis, and subcutaneous tissue. Within the epidermis,
the principal skin cell is the keratinocyte. Other cells
found in the epidermis include melanocytes, Merkel
cells, and Langerhans cells. The main cell type found
within the dermis is the fibroblast. Fibroblasts make
collagen, which forms the mechanical support for the
skin. The dermis is a region of high vascularity. The
subcutaneous fat tissue is found directly beneath
the dermis and is composed primarily of adipocytes.

The normal human epidermis varies extensively in
thickness in different regions of the body. It is thickest
on the back and thinnest on the eyelids and on the
scrotal skin. The epidermis can be subdivided into five
components: stratum basale, stratum spinosum, stratum
granulosum, stratum lucidum, and stratum corneum.
The stratum lucidum is found only on the skin of the
palms and soles. Each layer of the epidermis has impor-
tant anatomical and physiological functions.

The stratum basale is the deepest layer. It consists of
cuboidal epithelium sitting atop a basement membrane
zone. The stratum basale contains the proliferating
keratinocytes, which are constantly undergoing replica-
tion to replace the overlying epidermis. It takes approx-
imately 28 days for a basal keratinocyte to progress to
the outermost layer of the stratum corneum. Melano-
cytes and Merkel cells can also be found within the
stratum basale. Melanocytes are pigment-forming cells;
they transfer their pigment to neighboring keratino-
cytes. Merkel cells are modified nerve endings and have
been found to be important as mechanoreceptors.

The stratum spinosum is many cell layers thick and
is recognized by the intercellular connections among
adjacent keratinocytes, which are seen on light micros-
copy as tiny spines. From the lower to the upper layers
of the stratum spinosum, the keratinocytes progres-
sively become flatter in appearance.

The stratum granulosum is recognized by the large
number of basophilic keratohyalin granules within its
keratinocytes. This stratum is typically 2 to 4 cell layers
thick. The keratohyalin granules are composed primar-
ily of the protein profilaggrin; they vary from 1 to 4 pm
in diameter. Profilaggrin is the precursor to filaggrin,
an essential protein that is required for the integrity of
the overlying epidermis.

The stratum lucidum occurs only in the skin of the
palms and soles. It is composed of a translucent eosino-
philic layer. The stratum lucidum is made up of tightly
packed squamous keratinocytes.

The stratum corneum, the outermost layer of skin, is
made up of anucleate, cornified keratinocytes. Kerati-
nization (cornification) is a complex process that results
in the appearance of the stratum corneum. As cells
progress up the stratum corneum, they are shed in the
process known as desquamation.

The dermis is primarily composed of collagen, which
is produced by fibroblasts. This portion of the skin
contains a highly vascular network that is responsible
for the nutrition of the skin and for thermoregulation.
This network includes a deep dermal plexus and a
superficial plexus. The superficial plexus is responsible
for thermoregulation. It undergoes vasoconstriction
during exposure to cold temperatures and vasodilation
in times of warm temperature. The dermis can be split
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into two regions, called the papillary and the reticular
portions. The papillary dermis is juxtaposed to the
overlying epidermis and interdigitates with it. The pap-
illary dermis and the epidermis are connected by the
basement membrane zone. This zone contains many
unique proteins. These proteins are the targets for the
various autoantibodies that can be found in patients
with autoimmune blistering diseases.
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The subcutaneous tissue is composed of adipocytes.
This tissue’s main functions are storage of energy, insu-
lation, and cushioning. The adipocytes are closely
packed in a connective tissue septum with associated
blood vessels and nerve endings.

There are many types of skin appendages, including
hair follicles, sebaceous glands, eccrine glands, apocrine
glands, and various nerve endings.
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Plate 1-4

SKIN PHYSIOLOGY: THE PROCESS
OF KERATINIZATION

Keratinization, also known as cornification, is unique to
the epithelium of the skin. Keratinization of the human
skin is of paramount importance; it allows humans to
live on dry land. The process of keratinization begins
in the basal layer of the epidermis and continues upward
until full keratinization has occurred in the stratum
corneum. The function and purpose of keratinization
is to form the stratum corneum.

The stratum corneum is a highly organized layer that
is relatively strong and resistant to physical and chemi-
cal insults. This layer is critically important in keeping
out microorganisms; it is the first line of defense against
ultraviolet radiation; and it contains many enzymes
that can degrade and detoxify external chemicals. The
stratum corneum is also a semipermeable structure that
selectively allows different hydrophilic and lipophilic
agents passage. However, the most obvious and most
studied aspect of the stratum corneum is its ability to
protect against excessive water and electrolyte loss. It
acts as a barrier to keep chemicals out, but more impor-
tantly, it keeps water and electrolytes inside the human
body. Transepidermal water loss (TEWL) increases as
the stratum corneum is damaged or disrupted. The
main lipids responsible for protection against water loss
are the ceramides and the sphingolipids. These mole-
cules are capable of binding many water molecules.

As keratinocytes migrate from the stratum basale
and journey through the layers of the epidermis, they
undergo characteristic morphological and biochemical
changes. The keratinocytes flatten and become more
compacted and polyhedral. The resulting corneocytes
become stacked, like bricks in a wall. These corneocytes
are still bonded together by desmosomes, which are
now called corneodesmosomes.

The stratum granulosum gets its name from the
appearance of multiple basophilic keratohyalin granules
present within the keratinocytes. These granules are
largely composed of the protein profilaggrin. Profilag-
grin is converted into filaggrin by an intercellular endo-
proteinase enzyme. Filaggrin is so named because it is
a filament-aggregating protein. Over time, filaggrin is
broken down into natural moisturizing factor (NMF)
and urocanic acid. NMF is a breakdown product of
filaggrin that slows water evaporation from the
corneocytes.

The intercellular space is composed of lipids and
water. The lipids are derived from the release of the
lamellar bodies (Odland bodies). Ceramides make up
the overwhelming majority of the contents of the lamel-
lar bodies. Other components include free fatty acids,
cholesterol esters, and proteases. The lamellar bodies
fuse with the cell surface and release their contents into
the intercellular space. The fusion of the lamellar body
with the cell surface is dependent on the enzyme trans-
glutaminase 1.

Concurrently. the cornified cell envelope (CCE)
develops. The CCE proteins envoplakin, loricrin, peri-
plakin, small proline-rich proteins, and involucrin are
cross-linked in various arrangements by transglutamin-
ase I and transglutaminase III, forming a sturdy scaf-
folding along the inner surface of the keratinocyte cell
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membrane. As the keratinocyte migrates upward, the
cell membrane is lost, and the ceramides that are
released begin cross-linking with the CCE proteins.
The cells continue to move toward the surface of the
skin and begin to lose their nucleus and cellular organ-
elles. The loss of these organelles is mediated by the
activation of certain proteases that can quickly degrade
protein, DNA, RNA, and the nuclear membrane.
Once the cells reach the outer layers of the stratum
corneum, they begin to be shed. On average, a kerati-
nocyte spends 2 weeks in the stratum corneum before
being shed from the skin surface in a process called
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desquamation. Shedding is achieved by the final degra-
dation of the corneodesmosomes by proteases that
destroy the desmoglein-1 protein.

Keratinization is especially important in the diseases
of cornification. Many skin diseases have been found to
involve defects in one or more proteins that are critical
in the process of cornification. Examples are lamellar
ichthyosis, which is caused by a defect in the transglu-
taminase I enzyme, and Vohwinkel’s syndrome (kera-
toma hereditarium mutilans), which results from a
genetic mutation in the loricrin protein and a resultant
defective CCE.
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Plate 1-5

NORMAL SKIN FLORA

The skin contains normal microflora that are universally
found on all humans. It has been estimated that the
number of bacteria on the surface of the human skin is
greater than the number of cells in the human body.
The normal skin flora include the bacteria Staphylococcus
epidermidis, Corynebacterium species, Propionobacterium
acnes, Micrococcus species, and Acetobacrer species. The
demodex mites are the only parasites considered to be
part of the normal flora. Pityrosporum species are the
only fungi that are considered to be normal skin flora.

The microbes that make up the normal skin flora
under most circumstances do not cause any type of
disease. They are able to reproduce and maintain viable
populations, living in harmony with the host. In stark
contrast, transient skin flora can sustain growth only in
certain skin environments. Transient microbes are not
able to produce long-lasting, viable reproductive popu-
lations and therefore are unable to maintain a perma-
nent residence. Some examples of transient skin flora
are Staphylococcus aureus, including methicillin-resistant
S. aureus (MRSA), Enterobacter coli, Pseudomonas aerugi-
nosa, Streptococcus pyogenes, and some Bacillus species.
Normal and transient flora can become pathogenic
under the correct environmental conditions.

Normal bacterial colonization begins immediately
after birth. Once newborns are exposed to the external
environment, they are quickly colonized with bacteria.
S. epidermidis is often the first colonizing species, and it
is the one most commonly cultured in neonates.

The innate ability of certain bacteria to colonize the
human skin is dependent on a host of contributing
factors. Availability of nutrients, pH, hydration, tem-
perature, and ultraviolet radiation exposure all play a
role in allowing certain bacteria to develop a synergistic
balance. The normal skin flora use these factors to their
survival advantage and live in a symbiotic relationship
with the human skin. These microbes have evolved a
competitive advantage over the transient skin flora.

Under certain circumstances, normal skin flora can
become pathogenic and cause overt skin disease. Over-
growth of Pityrosporum ovale (Malassezia furfur) causes
tinea versicolor, an exceedingly common superficial
fungal infection. Warm and humid environments are
believed to be factors in the pathogenesis. Tinea versi-
color manifests as fine, scaly patches with hyperpig-
mentation and hypopigmentation. Other Malassezia
species have been implicated in causing neonatal
cephalic pustulosis, pityrosporum folliculitis, and seb-
orrheic dermatitis.

The common skin bacterium, S. epidermidis, is a gram-
positive coccus that can become a pathogenic microbe
under certain circumstances. Conditions that increase
the chance that this bacterium will cause pathogenic
skin disease include use of immunosuppressive medica-
tions, immunocompromised state (e.g., human immu-
nodeficiency virus infection), and presence of a chronic
indwelling intravenous catheter. S. epidermidis creates a
biofilm on indwelling catheters, which can lead to tran-
sient bacteremia and sepsis in immunocompromised
patients and occasionally in the immunocompetent.

P acnes is a gram-positive organism that is found
within the pilosebaceous unit. These bacteria occur in
high densities in the sebum-rich regions of the face,
back, and chest. It is the major species implicated in the
pathogenesis of acne vulgaris. In immunocompromised
individuals, it has been reported to cause abscesses.

Corynebacterium species, when in an environment of
moisture and warmth, can produce an overgrowth on
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the terminal hairs of the axilla and groin regions, result-
ing in the condition known as trichomycosis axillaris.
Different colonies of this bacterium can produce super-
ficial red, yellow, or black nodules along the terminal
hair shafts. Corynebacteria can also cause pitted kera-
tolysis, a superficial infection of the outer layers of the
epidermis on the soles.

The only parasites that can be found normally on
human skin are the demodex mites, which live in various
regions of the pilosebaceous unit. Demodex brevis lives
within the sebaceous gland ducts, whereas Demodex

Integumentary System

The normal skin flora includes Pityrosporum/
Malassezia furfur, which under pathologic
conditions may cause tinea versicolor.

The normal skin flora Propionibacterium acnes
is partially responsible for the pathomechanism
of acne vulgaris.

Pitted keratolysis may be caused by overgrowth
of Corynebacterium species. Under normal
circumstances, corynebacterium species are
considered normal skin flora.

Solliculorum lives in the hair follicle infundibulum.
Demodex mites can cause demodex folliculitis. an infec-
tion of the hair follicles that manifests as superficial,
follicle-based pustules.

The most important skin microbes, based on their
ability to cause pathology, are the transient microbes.
The best-known species is S. aureus. The ability of S.
aureus to cause folliculitis, boils, abscesses, and bacterial
sepsis is well documented and is a major cause of mor-

bidity and mortality.
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Plate 1-6

VITAMIN D METABOLISM

The skin plays a critical role in the production of
vitamin D and thus in calcium and phosphate hemo-
stasis. The epidermis turns provitamin D; (7-dehydro-
cholesterol) into vitamin Dj (cholecalciferol) through
interaction with ultraviolet B (UVB) radiation. The
keratinocytes within the epidermis contains enzymes
that convert vitamin D; into 25-hydroxyvitamin D;.
The skin also can produce 1,25-dihydroxyvitamin Dj,
known as calcitriol. This biologically active metabolite
is critical in calcium metabolism, bone metabolism, and
neuromuscular transmission and most likely is an
important player in the immune system regulation of
ultraviolet-induced DNA damage. Vitamin D, (ergo-
calciferol) and vitamin D; are both absorbed by the
gastrointestinal tract; they are often collectively referred
to as vitamin D.

When skin is exposed to sunlight, it immediately
begins production of vitamin D;. Ultraviolet radiation,
predominantly UVB (290-320 nm), interacts with kera-
tinocytes to convert provitamin D; (which is also an
important precursor in the production of cholesterol)
into previtamin Dj;. Previtamin D; is further converted
into vitamin D; via a spontaneous endothermic reac-
tion. Vitamin D; produced in the skin can act locally or
be absorbed into the systemic circulation and added to
the concentration of vitamin Dj; absorbed by the gas-
trointestinal tract. An elevated level of vitamin Dj; in
the general circulation causes increased absorption of
calcium and phosphate through the gastrointestinal
tract, increased mobilization of calcium stores from
bone tissue, and increased release of parathyroid
hormone (PTH), which results in a lowering of the
serum phosphate concentration.

The earliest sign of vitamin D deficiency is an often
subtle and transient decrease in the serum calcium level.
This decrease causes the pituitary gland to secrete PTH,
which acts on the kidneys to increase calcium reabsorp-
tion, decrease phosphate retention, and increase osteo-
clast activity. This increase in osteoclast activity also
increases the serum calcium level. Vitamin D deficiency
is manifested by normal serum calcium levels, increased
PTH levels, and decreased phosphorous levels.

Vitamin D; synthesis in the skin is dependent on
contact with UVB radiation. Sunscreens, clothing, and
glass all block UVB radiation and diminish the local
production of vitamin Dj in the skin.

Immunologically, 1,25-vitamin D; has been found to
regulate the maturation of dendritic cells, monocytes,
and T lymphocytes. Vitamin D and its analogues are
believed to inhibit tumor cell proliferation and to cause
apoptosis of tumor cells. Because the vitamin D recep-
tor (VDR) forms heterodimers with the retinoid X
receptor (RXR) and other retinoid receptors, the com-
bination of vitamin D and vitamin A analogues may
ultimately be found to be responsible for the immuno-
logical effects of both of these vitamins.

Rickets is a disease of childhood that is caused by
severe vitamin D deficiency. It is rarely seen in the
United States in the twenty-first century, but it is not
uncommon in developing countries. Vitamin D defi-
ciency in adults more commonly manifests as osteo-
malacia, which occurs throughout the world. The
deficiency leads to decreased bone mineralization and
can cause osteopenia and osteoporosis. The normal
concentration of vitamin D in serum is believed to be
between 35 and 200 nmol/L.

Anatomy, Physiology, and Embryology
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1,25-Vitamin Dj exerts its effect by binding with
the VDR and then interacting with DNA to directly
modulate the transcription of specific genes. The VDR
is a member of the nuclear receptor family. 1,25-
Vitamin D; enters a cell, binds with VDR in the cyto-
plasm, and then enters the nucleus of the cell. There,
the complex interacts with cellular DNA by binding to
various regulatory sites. In this way, vitamin D; and the
VDR are able to modulate gene transcription. The

VDR also forms heterodimers with other members of
the nuclear receptor family, mainly the RXR. Most
VDR signaling involves this heterodimer form.

Vitamin D is one of the fat-soluble vitamins. It is
found in many foods, such as cod liver oil, many fish,
egg yolks, and liver. More commonly, one encounters
vitamin D as a supplement in many foods such as milk,
breads, and cereals. Oral vitamin D supplements are
easily obtained and well tolerated.
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Plate 1-7

PHOTOBIOLOGY

On a daily basis, the skin interacts with some form of
light. The most abundant and physiologically relevant
portion of the light spectrum is the ultraviolet range
(200-400 nm). The ozone layer essentially prevents all
ultraviolet C rays (200-280 nm) from reaching the
surface of the earth, limiting the physiologically rele-
vant range to ultraviolet B (UVB; 280-320 nm) and
ultraviolet A (UVA; 320-400 nm). UVB rays are 1000
times more potent than those of UVA. UVB rays are
absorbed by the epidermis and are responsible for
causing sunburns. It is believed that 300 nm is the most
potent wavelength for causing DNA photoproducts.
Erythema begins 2 to 6 hours after exposure to UVB
light and peaks at approximately 10 hours after
exposure.

The UVA spectrum can be subdivided into UVA II
(320-340 nm) and UVA I (340-400 nm). UVA II rays
are responsible for the immediate but transient pigmen-
tation that is seen after exposure to ultraviolet light. It
causes melanocytes to release preformed melanosomes,
resulting in a mild increase in skin pigmentation that
begins to fade within a day. UVA I rays are responsible
for a longer-lasting but slightly delayed pigmentation.
The effects of visible light on the skin are still being
explored and defined.

The sun produces vast amounts of ultraviolet light,
but there are other sources of ultraviolet radiation
produced by humans. A thorough history should take
into account an individual’s occupations and exposures.
Welders are commonly exposed to UVC and, if not
properly protected, can develop severe skin and corneal
burns.

Ultraviolet rays interact with skin in many ways. The
most important interaction is between ultraviolet light
(especially UVB) and the DNA of keratinocytes.
Because UVB is limited in its depth of penetration into
the epidermis, it affects only keratinocytes, melano-
cytes, and Langerhans cells. The photons of ultraviolet
light interact with cellular DNA, inducing a number
of specific and nonspecific effects. These interactions
can result in DNA photoproducts, which are formed
between adjacent pyrimidine nucleoside bases on one
strand of DNA. The most common photoproducts are
cyclobutane pyrimidine dimers and the pyrimidine-
pyrimidone 6,4 photoproduct. The common cyclobu-
tane pyrimidine dimer mutatdon is highly specific
for ultraviolet damage. These photoproducts cause a
decrease in DNA replication, mutagenesis, and, ulti-
mately, carcinogenesis.

The cell nucleus is well equipped to handle DNA
damage caused by photoproducts. A series of DNA
repair proteins are in constant surveillance. Once a
photoproduct is found, the DNA repair mechanism is
called into service. There are at least seven well-
described proteins that help in recognition, removal of
the damage, and repair of the DNA strand. These seven
proteins were named XPA through XPG after studies
of numerous patients with the photosensitivity disorder,
xeroderma pigmentosum. Each is uniquely responsible
for some part of the DNA repair mechanism. Defects
in any of these XP proteins results in a differing phe-
notype of xeroderma pigmentosum. Patients with xero-
derma pigmentosum are prone to develop multiple skin
cancers at a young age.

Proteins within the cells are also susceptible to
damage from ultraviolet light exposure. The amino
acids histidine and cysteine are very susceptible to
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with different wavelengths into human skin
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Erythema and tanning onset and duration are UV
wavelength dependent. By comparison, UVA
radiation induces transient erythema. The erythema
from UVB takes 6-24 hours to induce and is much
longer lasting.

UV radiation
T Epidermis Vi
- I Dermis
Immediate tanning
is caused by UVA
(inducing melanocytes to release melanosomes)
whereas it can take over 72 hours if promoted
by UVB (increased production of melanin)
 Subcutaneous
tissue

Nucleotide excision repair (NER) is a major DNA repair mechanism in eukaryotic cells for removing
several DNA lesions caused by different agents, including UV-induced damages such as thymine-thymine
dimer, the most common cyclobutane pyrimidine dimer mutation. NER comprises the following steps:
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to the undamaged DNA strand
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the newly replicated
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the repair
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XP (XPA XPB, XPC...) = Xeroderma pigmentosum (A, B, C...), HR23B or hHRD23B = Human Homologue of Yeast
Rad23, DDB = Damaged DNA-binding protein TFIIH = Transcription factor iih, PCNA = Proliferating Cell Nuclear
Antigen, RPA = Replication Protein A, ERCC = Excision repair cross-complementing

oxidation reactions after interaction with ultraviolet
light. Melanin pigment also absorbs ultraviolet light,
and this is one of the means by which the skin defends
itself against ultraviolet assault. Absorption of ultravio-
let light by cell membranes, organelles, RNA, and other
components of the living cell can cause oxidative stress
and cellular damage.

When exposed to ultraviolet radiation, the skin
increases production of melanin, which in turn helps in
photoprotection. Many organic and inorganic com-
pounds have been used as sunscreens to help neutralize
the effects of ultraviolet radiation on skin. The main
protective mechanisms are absorption, reflection, and
physical blockade.
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Plate 1-8

WOUND HEALING

Wound healing is a complex process that involves an
orderly and sequential series of interactions among
multiple cell types and tissue structures. Classically,
wound healing has been divided into three phases:
inflammation, new tissue formation, and matrix forma-
tion and remodeling. Each of these phases is unique,
and particular cell types play key roles in the different
phases.

Once a disruption of the skin barrier occurs, a cascade
of inflammatory mediators are released, and wound
healing begins. The disruption of dermal blood vessels
allows extravasation of blood into the tissues. The rup-
tured vessels undergo immediate vasoconstriction.
Platelets begin the process of coagulation and initiate
the earliest phase of inflammation. The formation of
the earliest blood clot provides the foundation for
future cell migration into the wound. Many inflamma-
tory mediators are released during this initial phase.
Once initial homeostasis is achieved, the platelets dis-
charge the contents of their alpha granules into the
extravascular space. Alpha granules contain fibrinogen,
fibronectin, von Willebrand’s factor, factor VIII, and
many other proteins. The fibrinogen is converted into
fibrin, which aids in formation of the fibrin clot. Plate-
lets also play a critical role in releasing growth factors
and proteases. The best known of these is platelet-
derived growth factor (PDGF), which helps mediate
the formation of the initial granulation tissue.

During the late portion of the inflammatory phase,
leukocytes are seen for the first time. Neutrophils make
up the largest component of the initial leukocyte
response. Neutrophils are drawn into the area by
various cytokines and adhere to the activated vascular
endothelium. They enter the extravascular space by a
process of diapedesis. These early-arriving neutrophils
are responsible for the recruitment of more neutro-
phils, and they also begin the process of killing bacteria
by use of their internal myeloperoxidase system.
Through the production of free radicals, neutrophils
are efficient at killing large numbers of bacteria. Neu-
trophil activity continues for a few days, unless the
wound is contaminated with bacteria. Once the neutro-
phil activity has cleared the wound of bacteria and
other foreign particles, monocytes are recruited into
the wound and activated into macrophages. Macro-
phages are critical in clearing the wound of neutrophils
and any remaining cellular and bacterial debris.
Macrophages are capable of producing nitrous oxide,
which can kill bacteria and has also been shown to
decrease viral replication. Macrophages also release
various cytokines, including PDGE, interleukin-6, and
granulocyte colony-stimulating factor (G-CSF), which
in turn recruit more monocytes and fibroblasts into the
wound.

At this point, new tissue formation, the proliferative
phase of wound healing, has begun. This phase typically
begins on the third day and ends about 14 days after the
initial insult. It is marked by reepithelialization and
formation of granulation tissue. Reepithelialization
occurs by the movement of epithelial cells (keratino-
cytes) from the free edge of the wound slowly across the
wound defect. The migrating cells have the distinct
phenotype of basal keratinocytes. It is believed that
a low calcium concentration in the wound causes
the keratinocytes to take on the characteristics of
basal keratinocytes. PDGF is an important stimulant for
keratinocytes and is partially responsible for this migra-
tion across the wound. The migrating keratinocytes

Anatomy, Physiology, and Embryology

HEeALING OF INCISED, SUTURED SKIN WOUND
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contain the keratin pairs 5,14 and 6,16. They secrete
vascular endothelial growth factor, which promotes
the production of dermal blood vessels. At the same
time the keratinocytes are migrating, the underlying
fibroblasts are synthesizing a backbone matrix, made
up predominantly of type III collagen and some
proteoglycans. Some of the fibroblasts are converted
into myofibroblasts by PDGF and tumor growth
factor-B1. These myofibroblasts are important in that
they cause the overlying wound to contract, decreasing
its surface.

Immediately after incision
Blood clot with fine fibrin
network forms in wound.
Epithelium thickens at wound
edges.

24-48 hours

Epithelium begins to grow down
along cut edges and along suture
tract. Leukocyte infiltration,
chiefly round cells (lymphocytes)
with few giant cells, occurs and
removes bacteria and necrotic
tissue.

5-8 days
Epithelial downgrowth advances.
Fibroblasts grow in from deeper
tissues and add collagen
precursors and glycoproteins to
matrix. Cellular infiltration
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9
- P J"I'h\ ):—‘
10-15 days

¢ Capillaries grow in from
subcutaneous tissue, forming
granulation tissue. Epithelium
= bridges incision; epithelial
downgrowths regress, leaving
keratinizing pearls behind.
Fibrosed clot (scab) is being
pushed out. Collagen formation
progresses and cellular
*infiltration abates.

3 weeks-9 months

Epithelium is thinned to near
normal. Tensile strength of tissue
is increased owing to production
and cross-linking of collagen
fibers; elastic fibers reappear
later.

The final phase of wound healing involves scar matu-
ration and tissue remodeling. This phase overlaps in
time with the first two phases; it is said to begin with
the production of the first granulation tissue. This
phase extends for months and is complete when most
of the collagen III and fibronectin have been replaced
by mature type I collagen. In the final mature scar, the
collagen fibers are oriented in large bundles running
perpendicular to the basement membrane zone. The
resulting scar has only 80% of the tensile strength of
the uninjured skin.
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Plate 1-9

MORPHOLOGY

The first lesson a student of dermatology must learn is
how to properly describe skin diseases. Skin morphol-
ogy has been well defined over the years and is the basis
for all discussions about skin disorders. One must be
adept at describing skin lesions before it is possible to
develop a differential diagnosis. For example, once it
has been determined that a rash is in the morphological
category of macule, all rashes in the blistering and
nodular categories can easily be excluded from the dif-
ferential diagnosis. To get a firm grasp of dermatology,
one must have an excellent foundation in description
and morphology. The most common descriptors used
in the dermatology lexicon are discussed here.

Skin lesions and rashes can be described as primary
or secondary lesions. The primary category includes
macules, papules, comedones, patches, plaques,
nodules, tumors, hives, vesicles, bullae, and pustules.
The secondary lesions are best described as scales,
crusts, erosions, excoriations, ulcerations, fissures,
scars, lichenification, and burrows.

Many adjectives are used in conjunction with primary
and secondary descriptive terms to better characterize
the lesion and to help determine a differential diagnosis
and, ultimately, a diagnosis for the patient. Color is of
utmost importance and is universally used in the
description of skin lesions. For example, a good descrip-
tion of melanoma would include color, size, regularity,
and the primary morphology, such as “a dark black,
irregularly shaped macule with a central nodule.”

Other descriptive terms often used in dermatology
deal with the configuration of the lesion, such as a linear
or an annular configuration. Words such as arcuate,
polycyclical, nummular, and agminated are also com-
monly used. Some skin rashes tend to follow specific
types of skin lines, most commonly Langer’s lines (skin
tension lines) and Blaschko’s lines (embryological cleav-
age lines).

The distribution of skin lesions is also important,
because some skin diseases have a propensity to
occur in specific areas of the body. A classic example
is acne, which typically affects the face, upper back,
and chest. It would be inappropriate to consider acne
in the differential diagnosis of a rash on the hands
and feet.

Starting with the primary skin lesions, a macule is
most often thought of as a well-circamscribed, flat area
on the skin with a distinct color change. The macule
may have an irregular or a regular border. Macules are
not raised and are essentially nonpalpable. An example
of a macule is vitiligo.

A papule is a well-circumscribed, small (<5 mm in
diameter) elevation in the skin of variable color. A
papule is solid and should not be confused with a
vesicle. Papules may be described as flat-topped or
umbilicated, and their consistency may be characterized
as soft or firm. An example of an umbilicated papule is
molluscum contagiosum.

Comedones are seen in acne and in a few less common
conditions. Essentially, they come in two forms, open
and closed. Open comedones are also known as black-
heads. Each comedo represents a dilated follicular
infundibulum with a buildup of oxidized keratin. Closed
comedones are seen as tiny white papules, which are

Integumentary System

MORPHOLOGY: LICHENIFICATION, PLAQUES, AND FISSURES

Lichen simplex

chronicus.

Lichenified

excoriated
laque on

4 ?heqankle,

[ showing

1‘ accentuation

\ of the skin

lines

produced when the follicular epithelium sticks together
and seals the follicular orifice.

The word patch is sometimes used to describe a large
macule. A more precise definition of a patch is an area
of the skin that is not elevated but has surface change
such as scale or crust. An example of a patch is tinea cor-
poris. Depending on the source or reference review, the
term patch can include either of these two definitions.

Urticaria (hives).
Evanescent pink-
red pruritic
plaques

Postauricular fissures.
Fissures are linear thin erosions or ulcers
along skin lines.

A plaque is a well-defined lesion that has a plateau-
like elevation and is typically larger than 5 mm in diam-
eter. The term plague can also be used to describe a
confluence of papules. An example of a plaque is a lesion
of psoriasis.

A nodule is defined as a space-occupying lesion in the
dermis or subcutaneous tissue. Its breadth is typically
larger than its height. Surface changes may or may not
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Plate 1-10

MORPHOLOGY (Continued)

be present. Most authors agree that nodules are typi-
cally larger than 1 cm in diameter, and they can be
much larger.

A tumor is generally considered to be larger than
2 cm in diameter, and the term should be reserved
exclusively for the description of malignant neoplasms.
The words tumor and nodule are sometimes used inter-
changeably, which has caused confusion. Tumors can be
elevated from the skin and located entirely in the epi-
dermis, or they can be space-occupying lesions in the
dermis or subcutaneous tissue. Tumors often develop
necrosis over time because of their neoplastic nature. A
classic example of a skin tumor is a fungating tumor, as
seen with mycosis fungoides.

Hives or wheals are also known as urticaria; this is a
very specific term used to describe evanescent, pink-
red, pruritic plaques that spontaneously develop and
remit within 24 hours. They tend to be extremely pru-
ritic. Dermatographism is commonly seen in associa-
tion with hives.

Blistering disorders are common pathological condi-
tions, and their lesions may be described as vesicles or
bullae. A vesicle is defined as a fluid-filled elevation less
than 1 cm in diameter. A bulla is a fluid-filled epidermal
cavity larger than 1 cm in diameter. Blisters are most
often filled with serous fluid, but they can be filled with
a purulent exudate or a hemorrhagic infiltrate. Bullae
are often described as flaccid or as firm and intact.

Pustules are small elevations in the epidermis that are
filled with neutrophilic debris. The infiltrate within a
pustule may be sterile or infectious in nature. An
example of a sterile pustule is pustular psoriasis. An
example of an infectious pustule is folliculitis.

Secondary lesions are often encountered in the der-
matology clinic and are of utmost importance when
describing skin lesions and rashes. The word scale is
used to describe exfoliating keratinocytes that have
typically built up in such a mass that there is obvious
surface change to the skin. Normal shedding of kerati-
nocytes occurs on a daily basis, so a small amount of
scale is found on every human’s skin. It is the collection
in large quantities that allows one to use scale as a
descriptive term. Scale must be differentiated from
crust. Crust is produced by the drying of blood, serum,
or purulent drainage. Most commonly, a crust is
described as a scab.

Excoriations are secondary lesions that develop as a
result of repetitive scratching. Excoriations are typically
linear but can be seen in many bizarre configurations.

Erosions are seen in many skin disorders, most
commonly superficial blistering diseases, in which the
upper layers of the epidermis have been removed,
leaving a shallow, denuded erosion. Erosions are
defined as breaks in the epidermis. This is in contrast
to ulceration, which is defined as a break in the skin
that extends into the dermis or subcutaneous tissue or,
in severe cases, muscular tissue. A fissure is often seen
on the palms or soles; it is a full-thickness epidermal
break that follows the skin lines. Fissures have very
sharply defined borders and are typically only a few

centimeters long.
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MOoRrPHOLOGY: MAcCULES, PATCHES, AND VESICULO-PUSTULES

Tinea faciei. Annular scaly patches
with a leading edge of scale

Scar is another secondary descriptive term used to
describe the healing of the epidermis and dermis,
usually in a linear or a geographic pattern, caused by
some form of trauma or end-stage inflammatory
process. Fresh scars are typically pink to red; over time,
they mature, becoming flattened and more pale.

Lichenification is seen as an end process in chroni-
cally rubbed skin. The skin lines become accentuated

Herpes simplex virus. Tender
vesiculo-pustules on a red base

and thickened from the chronic rubbing. A classic
example of lichenification is lichen simplex complex.

The last of the secondary descriptive lesions dis-
cussed here are burrows. Burrows are seen as tiny,
irregularly shaped, serpiginous or linear scale, often
with a tiny black dot at one end. They are pathogno-
monic for the diagnosis of scabies, and the tiny black
dot represents the scabies mite.
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SECTION 2

BENIGN GROWTHS



Plate 2-1

ACROCHORDON

Acrochordons are better known by their common name
of skin tag or fibroepithelial polyp. They are found
universally throughout humankind. Probably every
adult has at least one skin tag located somewhere across
the surface of his or her skin. Except for a few loose
associations with certain syndromes, skin tags have no
clinical importance and are often ignored.

Clinical Findings: Skin tags can be found throughout
the adult population. They have no sex or race predilec-
tion. They are completely benign skin growths that
have no malignant potential. They are most commonly
located in the axillae, on the neck, in the groin area, and
on the eyelids but can be found in other locations. Skin
tags are almost never seen in children. The finding of
a skin tag in a child should lead one to perform a biopsy
to rule out a basal cell carcinoma. Basal cell carcinoma
syndrome has been well documented to manifest in
children, and the basal cell carcinoma has been shown
in this syndrome to mimic the appearance of skin tags.
If one sees a skin tag in a child, performs a skin biopsy,
and discovers it is a basal cell carcinoma, the patient
should immediately be evaluated for the basal cell car-
cinoma syndrome.

Most skin tags are minute, 1 to 5 mm in length, with
a skin-colored to slightly hyperpigmented appearance.
They are pedunculated papules that appear as out-
pouchings of the skin. They are soft and nontender.
Occasionally, larger skin tags are found with a thick-
ened or a more sessile stalk. These larger skin tags may
approach 1 to 1.5 cm in length with a 5-mm base. Most
individuals have more than one skin tag, and some indi-
viduals are afflicted with hundreds of them.

On occasion, a patient presents with a painful,
necrotic skin tag. This is most commonly caused by
trauma to the skin tag or twisting of the base that results
in strangulation of the blood supply and subsequent
necrosis. In these cases, removal is advised. If the
appearance or clinical history is not classic, the speci-
men should be sent for pathological evaluation.

Many investigations have looked at the association of
skin tags and underlying medical disorders with con-
flicting and confusing results. Patients with multiple
skin tags may be at a higher risk for glucose intolerance.
Some studies have even suggested that patients with
multiple skin tags are at a higher risk for colonic polyps,
but this is still subject to debate.

Pathogenesis: The pathogenesis of skin tags is
believed to be a localized overgrowth of fibroblasts
within the dermis. They may be more common during
pregnancy, and they have been shown to be increased
in patients with increased weight. This has led some
to implicate insulin-like growth factor-1 as a possible
driver of skin tag formation. The initiating factor is not
completely understood.

Histology: The overlying epidermis is essentially
normal. The skin tag appears as an outgrowth of the
skin. The dermis appears normal, and there is a minimal
inflammatory infiltrate present, if any at all. Throm-
bosed or strangulated skin tags show necrosis of the
dermis and epidermis and thrombosis of the superficial
supplying blood vessels. There is no atypia present.

Fleshy small pedunculated papules

Low power. The pedunculated skin tag is bisected
horizontally. It has a symmetrical appearance with
many small dermal capillaries present within a
background of collagen bundles.

Treatment: No therapy is necessary for these
extraordinarily common skin growths. They are mostly
overlooked and not even mentioned on routine skin
examination. The rare strangulated or thrombosed
skin tag can be removed easily with a forceps and skin
tag removal scissors after injection of a local anes-
thetic. If cosmetic removal is desired, it can easily be
done by cleaning the skin with alcohol or chlorhexi-
dine and removing individual skin tags with a forceps

Integumentary System

Common locations for skin tags
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High power. A slightly acanthotic epidermis is seen
overlying a vascular dermis with plentiful collagen.

and skin tag removal scissors. Application of aluminum
chloride after removal causes the superficial bleeding
to stop.

Screening of individuals with skin tags for errors
in glucose metabolism or for colonic polyps is con-
troversial but should be performed if other findings
in the review of systems or the clinical history and
physical examination suggests one of these underlying
disorders.
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Plate 2-2

BECKER’S NEVUS (SMOOTH
MusCLE HAMARTOMA)

Becker’s nevi most commonly appear on the shoulder
or upper limb girdle of prepubescent boys. It is a rather
common benign condition that is seen in up to 0.5%
of the male population. It is less commonly seen in
females. Becker’s nevi are acquired nevi. Most occur
before 10 years of age. Becker’s nevus is classified as a
smooth muscle hamartoma. It does not contain mela-
nocytic nevus cells and is not considered to be a mela-
nocytic nevus. It was given its name by the dermatologist
Samuel Becker, who first described this condition.

Clinical Findings: Becker’s nevi begin as ill-defined,
slightly hyperpigmented macules on the upper limb
girdle. Over time (1 year, on average), the hyperpig-
mented region develops hypertrichosis, resulting in
its characteristic appearance. Backer’s nevi may occur
anywhere on the human body, but by far the most
common locations are on the shoulder, upper chest,
and back. The area of hypertrichosis is limited to the
underlying hyperpigmented area. The clinical signifi-
cance of Becker’s nevi is its differentiation from large
congenital nevi and café-au-lait macules. Becker’s nevi
confer no increased risk for development of melanoma,
and they are rarely associated with any underlying
abnormalities. The most common underlying abnor-
mality is unilateral hypoplasia of the breast, which has
minimal clinical significance. Rarely, a patient with a
Becker’s nevus has underlying hypoplasia of bone and
soft tissue, the cause of which is unknown. The dif-
ferential diagnosis includes a giant congenital nevus
and a café-au-lait macule. These two conditions should
be easily differentiated from Baker’s nevus, because
they both are typically apparent at birth or soon there-
after, whereas Becker’s nevi are typically acquired at
about the age of 10 years.

The diagnosis is typically made on clinical findings,
but a skin biopsy is sometime needed to confirm the
diagnosis if the nevus is in an unusual anatomical
location. The punch biopsy is the best method for
obtaining tissue.

Histology: The biopsy specimen shows a smooth
muscle hamartoma. Multiple smooth muscle fascicles
are seen within the dermis. There is an increased ratio
of terminal to vellus hairs and a lack of melanocytic
nevus cells. The hyperpigmentation results from
increased formation of pigmentation within the mela-
nocytes of the stratum basalis. There is no increase in
the number of melanocytes. Varying amounts of acan-
thosis and hyperkeratosis are seen.

Pathogenesis: The pathogenesis of Becker’s nevus is
unclear. It is believed to be caused by the dermal pres-
ence of hamartomatous smooth muscle tissue. Research
has shown that the tissue in Becker’s nevi has an
increased number of androgen receptors. It is thought
that increased androgen levels at puberty interact with
the excessive androgen receptors and cause the clinical
findings.

Becker’s nevus is the most common type of smooth
muscle hamartoma in the skin. Smooth muscle hamar-
tomas by themselves are rarely found within the skin.

Becker’s nevus

~ o ] - \i._
Becker’s nevus low power. Mild acanthosis is seen,
with hyperpigmentation present within the basal

cell layer. Prominent sebaceous glands are present.

Non-Becker’s smooth muscle hamartomas are usually
present at birth or soon thereafter and manifest as a
small, flesh-colored plaque located anywhere on the
body. All smooth muscle hamartomas may at some
point exhibit the pseudo-Darier’s sign. To clinically
elicit this sign, one gently rubs the smooth muscle
hamartoma; the lesion may fasciculate due to smooth
muscle activity, or the region may develop an urticarial
appearance. This sign has nothing to do with histamine

Benign Growths
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Becker’s nevus high power. Collagen bundles
surround the prominent adnexal structures.

release; rather, it is caused by a neurally mediated con-
traction of the underlying hamartomatous smooth
muscle tissue.

Treatment: No therapy is required. Surgical excision
is likely to produce a mutilating scar unless the nevus
is extraordinarily small. The hypertrichosis can be
treated for cosmetic purposes with any of a multitude
of therapies including laser removal, shaving, and elec-
trolysis. Mlost patients prefer to not treat the area.
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Plate 2-3

DERMATOFIBROMA (SCLEROSING
HEMANGIOMA)

Dermatofibromas are among the most common types
of benign skin growths. Usually, they occur on the
extremities, with a predilection for the legs. There is
some debate as to whether this is a true neoplasm or an
inflammatory reaction.

Clinical Findings: Dermatofibromas are seen almost
exclusively in adults, and females tend to be afflicted
slightly more often than males. There is no race predi-
lection. Dermatofibromas can range in diameter from
2 mm to 2 cm. They are round or oval. Most often
they are solitary, but numerous dermatofibromas may
be present in an individual. Dermatofibromas are
usually small (4-5 mm), firm, red to slightly purple
papules that dimple with lateral pressure. This “dimple
sign” is often used clinically to differentiate dermatofi-
bromas from other growths. There are many variations
of dermatofibromas clinically. Elevated dome-shaped
papules or plaques may be seen. The surface may or
may not have a slight amount of scale, and occasionally
there is an appearance of hyperpigmentation. On the
lower legs of females, they are often excoriated as a
result of shaving, and this is often the reason the
patient presents for evaluation. Dermatofibromas
are most frequently asymptomatic, but they can be
slightly pruritic.

If dermatofibromas are numerous and located in
many areas of the body, the clinician should consider
the association with an underlying immunodeficiency
state. There have been reports of multiple eruptive der-
matofibromas in patients with systemic lupus erythema-
tosus, human immunodeficiency virus infection, and
other immunosuppressive states. The dermatofibromas
in these patients have been shown to contain more
mast cells.

The differential diagnosis of a dermatofibroma can
be broad. If the dermatofibroma does not exhibit
the dimple sign, the lesion is often biopsied to help
differentiate it from melanocytic nevus, melanoma,
basal cell carcinoma, dermatofibrosarcoma protuberans
(DFSP), prurigo papules, and other epidermal and
dermal tumors.

Histology: Dermatofibromas are made up of a collec-
tion of dermal spindle-shaped fibroblasts. Histiocytes
and myofibroblasts are also found throughout the
lesion. The synonym sclerosing hemangioma arises when
numerous extravasated red blood cells are seen within
the dermatofibroma. Characteristically, the overlying
epidermis is acanthotic with broadening of the rete
ridges. The rete ridges are slightly hyperpigmented,
and this is sometimes referred to as “dirty feet” or “dirty
fingers.” This finding explains the hyperpigmentation
seen clinically.

Dermatofibromas stain positively for factor XIIla
and negatively for CD34. This is the opposite of the
pattern seen in DFSP. Immunohistochemical staining
also provides a marker that can be used to help distin-
guish the benign dermatofibroma (which stains with
stromelysin-3) from the malignant DFSP (which does
not). In contrast to DFSP, dermatofibromas do not
infiltrate the underlying adipose tissue. Dermatofibro-
mas can push down or displace the adipose tissue, but
they never truly demonstrate an infiltrative pattern as

Dermatofibroma. Demon-
strating the “dimple sign”

Integumentary System

Low power. There is a dermal proliferation of
spindle-shaped fibroblasts. The epidermis centrally
shows acanthosis and basilar hyperpigmentation.
The tumor cells do not reach to the subcutaneous
tissue.

High power. Multiple spindle-shaped fibroblasts
are arranged in a whorled pattern.

Dermatofibrosarcoma protuberans. The tumor is
poorly circumscribed. The tumor cells are arranged

in a storiform pattern. Invasion into the subcutaneous % i .
tissue is helpful in differentiating this malignant tumor W

from the benign dermatofibroma.

does a DFSP. There are numerous histological variants
of dermatofibromas.

Pathogenesis: The precipitating factor that initiates
the formation of a dermatofibroma is thought to be
superficial trauma, such as from a bug bite, which causes
the fibrous tissue proliferation. The exact etiology is
unknown.
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Tirreatment: Most dermatofibromas are not treated in
any manner. Complete elliptical excision with a minimal
1- to 2-mm margin is curative. The resulting scar may
be more noticeable than the initial dermatofibroma.
There is no evidence to support the routine removal of
these common tumors to prevent malignant degenera-
tion into a DFSP.
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Plate 2-4

ECCRINE POROMA

Eccrine poromas are the most common tumors in the
poroma family of skin tumors. Other tumors in this
family include the dermal ductal tumor, the poroid
hidradenoma, and the hidroacanthoma. Eccrine poro-
carcinoma is the rare malignant counterpart to the
eccrine poroma. Eccrine poromas develop from the
appendageal structures of the skin. Theall-encompassing
term poroma is more accurate in that it appears that not
all of these tumors are derived from eccrine structures.
There is unconfirmed evidence that the cell of origin is
actually apocrine. Other possibilities for the cell of
origin include the sebaceous gland and the follicular
epithelium.

Clinical Findings: Eccrine poromas are uncommon
tumors of the skin. They occur equally in men and
women and almost exclusively in the adult population.
They are typically small tumors, ranging from 5 to
20 mm. They are most frequently found on the soles
and palms. As many as 50% to 60% of these tumors
have been found on the sole, but they have been
described to occur in any skin location. Pain and bleed-
ing are the two most common symptoms encountered.
Eccrine poromas tend to have a vascular appearance
and often manifest as a red or purplish papule or nodule.
They are almost always solitary in nature, and they
easily bleed when traumatized. On inspection, the
eccrine poroma often has a slight, dell-like depression
surrounding the tumor. This is more commonly seen
on acral skin. This dell, when seen by the perceptive
clinician, often leads to a differential diagnosis that
includes an eccrine poroma. There is nothing clinically
that can be used with certainty to make the diagnosis.
The differential diagnosis includes vascular tumors,
metastatic lesions (particularly the vascular renal cell
carcinoma metastasis), pyogenic granuloma, and mela-
noma, because some eccrine poromas exhibit pigmenta-
tion. The diagnosis is made by histological examination
after biopsy.

Histology: Eccrine poromas show varying degrees of
ductal differentiation. The tumor is well circumscribed
and has characteristic features. The keratinocytes have
been described as cuboidal. They tend to be small and
have an increased nuclear to cytoplasmic volume.
Necrosis is often seen in parts of the tumor. The ductal
portions of the tumor are lined by an eosinophilic layer
or cuticle. The stromal portions of the tumor are rich
in vascular components. This vascular element imparts
the red appearance to the tumor. Eccrine poromas can
be histologically classified as other members of the
poroma family of tumors, based on their location in the
skin. As an example, the hidroacanthoma, a member of
this family, is defined as an eccrine poroma that is
entirely located in the epidermis.

Eccrine poroma on
the scalp. Glistening
red papule or nodule.
Can be located at
any location

.3/
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Eccrine porocarcinoma. Nondescript
red papule or nodule. Ulceration may
occur. A biopsy is required to diagnose
this rare form of skin cancer.

High power. A better appreciation
of the stromal blood vessels is seen.
The tumor cells are uniform in size
and shape.

The eccrine porocarcinoma is very uncommon; histo-
logically, it is a tumor that is poorly circumscribed and
often found in conjunction with an eccrine poroma. Cells
with multiple large nuclei and multiple mitoses help
make the diagnosis. Eccrine porocarcinomas can mimic
metastatic adenocarcinomas, and immunohistochemical
staining is required to make certain of the diagnosis.

Tirreatment: Although they are benign tumors, eccrine
poromas often are located on the sole or palm and

Low power. The tumor appears as an extension
of the epidermis. The finger-like projections

of tumor cells extend into the dermis. There

is a clear difference between keratinocytes

and the smaller tumor cells. Many blood
vessels are present within the tumor stroma.

require removal from a functional standpoint. Surgical
excision with a small (1-2 mm), conservative margin is
curative. The recurrence rate is very low after surgical
excision. Electrodesiccation and curettage has been
used successfully. Eccrine porocarcinomas require sur-
gical excision and close clinical follow-up. Chemother-
apy is reserved for cases of metastatic disease. The role
of sentinel lymph node sampling in these tumors has
yet to be defined.
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Plate 2-5

ECCRINE SPIRADENOMA

Eccrine spiradenomas are uncommon benign tumors of
the skin. Most often they are solitary, but they can occur
in conjunction with cylindromas in the Brooke-Spiegler
syndrome. They can occur in any location on the
human body but are most commonly found on the head
and neck. The next most common region is the ventral
trunk. These tumors are uncommon on the extremities.
Spiradenomas tend to appear between the ages of 15
and 40 years, although they have been reported to occur
at any age. Malignant degeneration is extremely rare,
but if it does occur, it is often fatal.

Clinical Findings: A spiradenoma usually manifests
as a solitary dermal nodule or papule ranging from 5 to
20 mm in diameter. The average size is approximately
10 mm. They are typically seated deeply in the dermis
and can be very painful to light touch. The tumors grow
very slowly, and except for the pain can go unnoticed
for some time. The pain tends to have a waxing and
waning course, and it is more often than not the reason
the patient seeks medical advice. The overlying epider-
mis is almost always normal. The dermal nodule some-
times takes on a purple or bluish coloraton. Although
they are most commonly solitary, multiple spiradeno-
mas may be seen in association with multiple cylindro-
mas in Brooke-Spiegler syndrome.

Brooke-Spiegler syndrome is an autosomal dominant
inherited skin condition caused by a genetic defect in
the CYLD gene. This syndrome is characterized by
multiple cylindromas, spiradenomas, and trichoepithe-
liomas. The tumors usually begin in the third decade
of life and increase in number and size throughout the
patient’s life. The CYLD gene encodes a tumor suppres-
sor protein and is an important downregulator of the
nuclear factor NF-xB pathway. The clinical phenotype
varies depending on the type of mutation in this gene.
Patients with familial cylindromatosis also have defects
in this gene. The gene has been localized to the long
arm of chromosome 16.

The eccrine spiradenoma is considered to be one of
the group of unique tumors that can cause painful
dermal nodules. This group also includes angiolipomas,
neuromas, glomus tumors, and leiomyomas. This group
of tumors makes up the differential diagnosis when
evaluating these painful nodules. If the nodule is asymp-
tomatic, lipoma and other adnexal tumors would also
be considered in the differential diagnosis.

The exact cell type from which the spiradenomas
are derived is still undetermined. They were originally
believed to arise from eccrine tissue, but increasing
evidence is pointing to a derivaton from apocrine
tissue.

Histology: The histological hallmark of an eccrine
spiradenoma is the appearance of large nests of baso-
philic cells in the dermis. There are no epidermal

Brooke-Spiegler syndrome.
Multiple eccrine spiradenomas
and cylindromas. Inherited in
an autosomal dominant manner

Low power. Well-circumscribed basophilic dermal
nodule within the dermis

changes, and the multilobulated tumors do not connect
with the epidermis. This gives rise to the term “blue
balls in the dermis.” The tumor is composed of two
unique cell types. Large, pale cells predominate, with
surrounding aggregates of smaller basophilic cells that
contain hyperchromatic nuclei. The tumor is well cir-
cumscribed and is surrounded by a fibrous capsule.

Integumentary System

Cylindromas

Variable-sized nodules commonly found
on the scalp. Can be an isolated finding
or found in association with Brooke-
Spiegler syndrome

High power. Two cell populations are present,
a larger pale cell type and a peripheral smaller
basophilic cell type.

Trreatment: Surgical excision is curative. Surgical
removal with carbon dioxide laser ablation has also been
found to be highly successful. Because of the number
and size of the tumors in patients with the Brooke-
Spiegler syndrome, a multidisciplinary approach is
often taken. Plastic surgeons are often the primary
physicians removing these tumors.
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Plate 2-6

ECCRINE SYRINGOMA

Eccrine syringomas are extremely common benign skin
growths. They are most often found on the lower
eyelids and malar cheek regions of adults. These small
tumors are of no clinical significance and are routinely
ignored in clinical practice.

Clinical Findings: Eccrine syringomas are some of
the most common benign skin tumors to affect human-
kind. They are believed to be more common in women
than in men. They typically manifest in adulthood as
flesh-colored, small (2-4 mm) papules on the lower
eyelids or upper cheek regions. They are usually mul-
tiple and symmetric. Some have a slight yellow or tan
hue. Other areas of the body on which syringomas are
seen include the upper eyelids, neck, and chest. They
have been reported to occur on any region of the body.

Plaque-like syringomas have been reported to occur
on the forehead, and they have the appearance of a
flesh-colored to slightly yellow, broad, flat plaque with
minimal to no surface change. They can be quite large,
up to 4 to 5 cm in diameter. They are essentially asymp-
tomatic, but occasionally a patient complains of slight
intermittent itching or of an increase in size with stren-
uous physical activity. This is possibly explained by the
eccrine nature of the tumors: Under conditions of activ-
ity, an increase in sweating causes the tumors to tran-
siently appear to enlarge. There are specific variants
seen in patients with diabetes mellitus and in those with
Down syndrome. A form of eruptive syringoma has
been described that typically afflicts the anterior trunk
and the penile shaft. Linear syringomas have been
reported to occur on a unilateral limb, and these have
been termed unilateral linear nevoidal syringomas.

The clinical differential diagnosis of eccrine syringo-
mas is relatively limited when the clinician encounters
symmetric small papules on the lower eyelids. The dif-
ferential diagnosis for a solitary syringoma is broad and
includes other adnexal tumors as well as basal cell car-
cinoma. The most difficulty arises when reviewing the
histological features of a syringoma that has been biop-
sied in a superficial manner. If the pathologist is not
given a thick enough specimen, the eccrine syringoma
can mimic a microcystic adnexal carcinoma. These two
tumors, one benign and the other malignant, can have
very similar histological features in the superficial
dermis. In some cases, it is only with a full-thickness
biopsy that a pathologist can confidently differentiate
the two tumors.

Histology: The overlying epidermis is normal. The
tumor is based within the dermis and is sharply circum-
scribed. The syringoma typically does not penetrate
deeper than the upper third of the dermis. Clusters of
cells with a pale cytoplasm are found throughout the
tumor. A background of sclerotic stromal tissue is
always appreciated. A characteristic finding is the
“tadpole” sign. The tadpole- or comma-shaped, dilated
ductal eccrine gland apparatus is pathognomonic for
eccrine syringoma. Clear cell varjants are associated
with diabetes mellitus. A microcystic adnexal carcinoma
is poorly circumscribed, is asymmetric, and infiltrates
into the underlying subcutis.

Benign Growths

Syringoma. The most common location for syringomas is on the lower eyelid.
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Low power. The overlying epidermis is normal.
The tumor is located in the superficial dermis
and is made up of comma-shaped dilated ductal
eccrine glands.

Pathogenesis: Eccrine syringomas are believed to be
an overgrowth of the eccrine sweat ductal apparatus.
Researchers have proposed that this proliferation is
caused by an inflammatory response to an as yet unde-
termined antigen. The precise pathogenesis of eccrine
syringomas is unclear. Familial patterns suggest a
genetic predisposition, but most patients do not have
a family history to support genetic transmission.

High power. Clusters of cells with a pale cytoplasm
are found throughout the tumor. There is a back-
ground of sclerotic stromal tissue. The comma-
shaped dilated ductal eccrine gland apparatus is
apparent.

Treatment: No treatment is necessary. If one wishes
to pursue therapy, it should be done with caution,
because treatment experiences are anecdotal, and scar-
ring may have a worse appearance than the syringoma
itself. Electrocautery, light cryotherapy, chemical peels,
laser resurfacing, dermabrasion, and excision have been
reported with variable results.
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Plate 2-7

EPHELIDES AND LENTIGINES

Ephelides, also known as freckles, are common benign
findings. They typically manifest in childhood in fair-
skinned individuals, especially those with red or blonde
hair color. Ephelides tend to be passed down from
generation to generation in an autosomal dominant
inheritance pattern.

Lentigines are sun-induced proliferations of melano-
cytes. They tend to occur in older people, but they may
be seen in individuals at a young age after repetitive
sun exposure. They can be almost impossible to dif-
ferentiate from ephelides. Solar lentigines have many
synonyms, including sun spots, liver spots, and lentigo
senilis.

Clinical Findings: Ephelides occur at a very young
age and tend to show an autosomal dominant inheri-
tance pattern. They are accentuated in sun-exposed
regions, particularly the head, neck, and forearms.
Exposure to the sun or other ultraviolet source causes
the ephelides to become darker and clinically more
noticeable. They do not occur within the oral mucosa.
They are usually uniform in coloration but can have
many different sizes and shapes. Some are round or
oval; others are angulated or have a bizarre shape. Their
color is usually a uniform light to dark brown; they are
never black. They have no malignant potential. Patients
with multiple ephelides may have a higher risk for
skin cancer, because their presence may be an indication
of increased exposure to ultraviolet radiation. The dif-
ferential diagnosis is usually very narrow and includes
lentigines and common acquired nevi. The clinical
location, age at onset, family history, and skin type
usually make the diagnosis straightforward. The diffi-
culty can occur when trying to differentiate a solitary
lentigo from an ephelide in an adult patient.

Solar lentigines most often arise in the adult popula-
tion and are distributed evenly among males and
females. They can occur in anyone but are much more
common in light-skinned persons. The number of len-
tigines typically increases with the age of the patient.
Lentigines are induced by ultraviolet radiation, the
most common source being chronic sun exposure. Len-
tigines tend to get darker with ultraviolet light exposure
and lighten over time when removed from the expo-
sure. Unlike ephelides, they never completely fade
away. They are clinically highly uniform in color and
size within an individual patient. They can be small
(1-5 mm), but some are much larger (2-3 cm in diam-
eter). They are most commonly located in sun-exposed
areas but in some syndromes can be located anywhere
on the human body, including the mucosal regions.
Over time, some lentigines merge together to form
rather large lentigines.

There are some important variants of lentigines.
Lentigo simplex and the ink spot lentigo are two very
common versions. Lentigo simplex is believed to occur
at any age and to have no or minimal relationship to
sun exposure. The lesions are found anywhere on the
body. Ink spot lentigines are variants of lentigo simplex
that are differentiated by their characteristic dark
brown to almost black coloration. Under dermato-
scopic evaluation, they have a characteristic uniform
pigment network, with accentuation of pigment in the
rete ridge regions. They are so named because they
have the appearance of a tiny drop of dark ink dropped
on the skin. Neither of these two forms of lentigines
has malignant potential.

Integumentary System

EPHELIDES

Ephelides, also known as freckles, are most
frequently encountered in fair-skinned
individuals on sun-exposed skin. Sun
exposure causes accentuation.

Low power. Basilar pigmentation is uniformly seen along the biopsy specimen. There is no increase in

the density of melanocytes present.

One of the more important and unique variants of
lentigines are the psoralen + ultraviolet A light (PUVA)
lentigines. PUVA lentigines are iatrogenic in nature
and occur after medical therapy with PUVA treatment.
Patients who have undergone long-term therapy with
PUVA have a high risk of developing PUVA lentigines.
These lentigines are darkly pigmented macules that
occur across the entire body except in the areas that
were not exposed to the PUVA therapy. More than half

High power. Pigmentation is isolated to the basal
layer. A nice basketweave stratum corneum is
seen with a nicely formed granular layer.

of patients who have undergone prolonged PUVA
treatment will develop PUVA lentigines. They are
more common in patients with fair skin types and rarely
occur in darker-skinned individuals. The lentigines
induced by PUVA therapy are permanent and can have
disastrous cosmetic consequences. Like all patients
undergoing ultraviolet phototherapy, these patients
must be routinely monitored for their entire lives,
because they are at increased risk for melanoma and
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Plate 2-8

EPHELIDES AND LENTIGINES
(Continued)

non-melanoma skin cancer due to their chronic use of
PUVA treatment.

Patients with Peutz-Jeghers syndrome have clinical
findings of multiple lentigines of the oral mucosa and
lips and of the hands. These patients are at increased
risk for gastrointestinal carcinomas, particularly colon
cancer. Peutz-Jeghers syndrome is inherited in an auto-
somal dominant fashion and is caused by a defect in the
STK11/LKB] tumor suppressor gene.

LEOPARD syndrome is another of the well-
described genetic syndromes associated with lentigines.
This syndrome is composed of lentigines, electrocar-
diographic abnormalities, ocular hypertelorism, pul-
monary stenosis, abnormal genitalia, retardation of
growth, and deafness. It is caused by a genetic mutation
in PTPNII, which encodes a tyrosine phosphatase
protein.

Histology: Histopathological evaluation is one
method to differentiate a lentigo from an ephelide. This
is rarely done. The most common use of histology is to
differentiate the benign lentigo from its malignant
counterpart, lentigo maligna (melanoma in situ).

On histopathologic evaluation, ephelides show no
change in the epidermis. There is no increase in
the number of melanocytes. The only finding is an
increase in the amount of melanin and an increased
rate of transfer of melanosomes from melanocytes to
keratinocytes.

Lentigines, on the other hand, show an increased
number of melanocytes within the area of involvement.
The hyperpigmentation is obvious along the club-like
configuration of the rete ridges. The increase in the
number of melanocytes is not associated with any
nesting of those melanocytes, as is seen in melanocytic
nevi. In solar lentigines, the dermis often shows signs
of chronic sun damage, with a thinning of the dermis
and solar elastosis. The epidermis is also thinned in
some cases.

Lentigo maligna shows many more melanocytes,
some large and bizarre appearing. There is pagetoid
spread of the melanocytes and an asymmetry to the
lesion. Lentigo simplex has also been shown to lack
defects in the BRAF gene, in contrast to melanoma, and
this may be one way to differentiate the two.

Pathogenesis: Ephelides are thought to be genetically
inherited, most likely in a dominant pattern. They
become more prominent with sun exposure and fade
during times with less exposure to ultraviolet radiation.
The increase in pigment is caused by an increase in the
production of melanin and an increase in the transfer
of melanosomes from melanocytes to keratinocytes.
There is no increase in the number of melanocytes in
ephelides. The exact reason for this has not been
determined.

Lentigines are caused by an increased proliferation
of melanocytes locally within the skin. The cause of
this proliferation is most likely ultraviolet light in the
case of solar lentigines. In the case of lentigo simplex,
the cause is unknown. The increased number of
melanocytes ultimately leads to an increase in the
amount of melanin produced, resulting in the overlying
hyperpigmentation.

The cause of lentigines in some of the genetic disor-
ders is probably the underlying genetic defect. The
exact mechanism of how the various gene defects lead

Benign Growths

LENTIGINES
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Solar lentigines

Peutz-Jeghers syndrome is well
known to cause mucocutaneous
lentigines.

Low power. Basilar hyperpigmentation is prominent. High power. An increase in the number of melano-

There is an increase in the production of melanin
and an increase in the number of melanocytes.
The rete ridge pattern is altered and appears “club
shaped.” Solar elastosis is prominent in the dermis.

to an increase in lentigines is under investigation. A
better understanding of how lentigines form in certain
genetic syndromes may lead to discovery of the true
pathogenesis of solar lentigines and lentigo simplex.
Tirreatment: No therapy is needed other than to rec-
ommend sun protection, sunscreen use, and routine
skin examinations in the future. For cosmetic reasons,
lentigines can be removed in a myriad of ways. Light
cryotherapy is effective and easy to perform. This

cytes is appreciated. No pagetoid spread is seen.
A few melanophages are seen in the dermis.

treatment can leave hypopigmented areas and should
be used with caution in darker-skinned individuals.
Many different chemical peels and dermabrasion tech-
niques have been used to help decrease the appearance
of lentigines. With the proliferation of medical laser
devices in dermatology, lasers with unique wavelengths
have been developed to target the melanin in lentigines.
These laser devices have shown promise in lightening
and removing solar lentigines.
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Plate 2-9

EPIDERMAL INCLUSION CYST

Epidermal inclusion cysts are the most common benign
cysts derived from the skin. They are also known as
epidermoid cysts or follicular infundibular cysts. The
name “sebaceous cyst” has been used to describe these
cysts, although this is a misnomer, because epidermal
inclusion cysts are not derived from sebaceous epithe-
lium. The cysts can occur anywhere on the body except
the palms, soles, glans, and vermilion border.

Clinical Findings: Most epidermal inclusion cysts
are subcutaneous nodules that vary in size from 5 mm
to more than 5 cm. They have no race predilection but
are seen more commonly in men than in women. Onset
most commonly occurs during the third decade of life.
The nodules characteristically have an overlying central
punctum. From this punctum, drainage of white,
cheese-like material, which represents a buildup of
macerated keratin debris, can occur. Most small epider-
mal inclusion cysts are asymptomatic, and they rarely
cause a problem.

Larger epidermal inclusion cysts can become irri-
tated and inflamed. If the inflammation is severe
enough, the cyst wall ruptures. When the cyst contents
enter the dermis, the keratin sets off a massive inflam-
matory reaction, which manifests clinically as edema,
redness, and pain. Once this has occurred, patients
often seek medical advice.

The main differential diagnosis for a ruptured epi-
dermal inclusion cyst is a boil or furuncle. Ruptured
epidermal inclusion cysts are almost never infected,
although infection can occur within a long-standing
ruptured cyst that has not been treated. The main dif-
ferential diagnosis of an unruptured, noninflamed epi-
dermal inclusion cyst is a pilar cyst. Pilar cysts do not
have an overlying central punctum, and this is the
easiest means of differentiating the two cyst types. Pilar
cysts are also more common on the scalp. Milia are
considered to be tiny epidermal inclusion cysts.

Histology: The epidermal inclusion cyst is a true cyst
with an epithelial lining of stratified squamous epithe-
lium and an associated granular cell layer. The central
cavity is filled with keratin debris. The cyst is derived
from follicular epithelium.

Pathogenesis: The epidermal inclusion cyst is derived
from the infundibulum of the hair follicle. Epidermal
inclusion cysts occur as the result of direct implantation
of epidermis into the underlying dermis; from there,
the epidermal component continues to grow into the
cyst lining. Many researchers have looked at the roles
of ultraviolet light and human papillomavirus infection
in the etiology, but no definitive conclusions on either
have been drawn.

Trreatment: Small cysts that are asymptomatic do
not need to be treated. One should advise patients
not to manipulate or squeeze the cysts. Such trauma
could cause rupture of the cyst wall and set off an
inflammatory reaction. Small cysts can be cured by a
complete elliptical excision, making sure to remove the

Origin of pilosebaceous unit cysts
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Bulge area. This area
contains the stem cells
that re-form new hair.
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Epidermal inclusion cyst, sometimes
referred to as a sebaceous cyst. The
upper cyst is red and inflamed.

The lower noninflamed cyst

has a central punctum.

Low power. A well-
circumscribed cyst

is seen within the
dermis. The cyst lining
is formed by stratified
squamous epithelium,
which contains a
granular cell layer.

A slight amount of
dermal inflammation
is seen surrounding
the cyst.

Epidermal inclusion cyst
arising at the site of scar

High power. The stratified
squamous lining is better
appreciated in this high-
power image. An intact
granular layer is seen.
The cyst contents appear
as wavy eosinophilic
material.
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entire cyst wall. If a small portion of the cyst wall is left
behind, the cyst is likely to recur.

Inflamed cysts should be treated initially with an inci-
sion and drainage technique. The region is anesthetized
and then incised with a no. 11 blade. The resulting
cheesy-white macerated keratin debris is removed with
lateral pressure, and a curette is used to break apart
internal loculations. The drainage material has a

pungent odor. The resulting cyst cavity can be packed
or left open until the patient returns in 2 to 3 weeks
for definitive removal of the cyst lining by excision.
Intralesional triamcinolone is very effective in decreas-
ing the inflammation and pain in these inflamed cysts.
Long-standing cysts should be cultured and the patient
given the appropriate antibiotic therapy based on the
culture results.
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Plate 2-10

EPIDERMAL NEVUS

Epidermal nevi are benign epidermal hamartomatous
growths that most commonly occur as small plaques
but can be widespread and can have associated systemic
findings. Epidermal nevi have a tendency to follow the
embryologic lines of Blaschko. The lines of Blaschko
are well defined and follow a whorl-like pattern. The
reason why these lesions follow Blashko’s lines is
not fully understood, but it is probably caused by an
interruption of normal epidermal migration during
embryogenesis.

Clinical Findings: The epidermal nevus typically
manifests in childhood as a solitary linear plaque. Epi-
dermal nevi do not have a race predilection, and they
can be found equally in males and females. This type
of nevus is not melanocytic in nature; rather, it is com-
posed of a proliferation of keratinocytes. The nevus
initially has a smooth surface and develops a mamillated
or verrucal surface over time. Epidermal nevi appear to
occur most commonly on the head and neck region but
can occur anywhere. After puberty, the lesions do not
change dramatically. Most are flesh colored to slightly
hyperpigmented. If found on the scalp, an epidermal
nevus can mimic a nevus sebaceus and can be associated
with hair loss, but more commonly it does not cause
alopecia.

The epidermal nevus is usually small and slightly
linear. Some are large, encompassing the entire length
of an extremity, and still others cover a large percentage
of the body surface area. Rarely, there is intraoral
mucosal involvement. These larger epidermal nevi are
more likely to be associated with systemic findings, such
as underlying bone abnormalities. The most common
bony abnormality is shortening of the unilateral limb.
The epidermal nevus syndrome is a rare disorder asso-
ciated with a large or widespread epidermal nevus and
many systemic findings.

The epidermal nevus syndrome is made up of a con-
stellation of findings. These children often present with
neurological deficits, including seizures, and develop-
mental delay. They can have a multitude of bony abnor-
malities, cataracts, and glaucoma. The finding of a
widespread epidermal nevus in an infant should alert
the clinician to the possibility of this syndrome and the
need for a multidisciplinary approach to patient care.

Pathogenesis: The epidermal nevus is a hamartoma-
tous proliferation of the epidermal components. The
exact cause is unknown. These lesions are believed to
be caused by a developmental abnormality of the ecto-
derm. The epidermal nevus syndrome has not been
shown to have any appreciable inheritance pattern and
is believed to be sporadic in nature. The exact genetic
defect is unknown; it is most likely a result of genetic
mosaicism. The involvement of fibroblast growth factor
has been studied, but no firm conclusions have been
made. These lesions do not show any abnormalities of
melanocytes.

Histology: The findings in this condition are all
located within the epidermis. Significant acanthosis and
hyperkeratosis, with papillomatosis, predominates. A
variable degree of pigmentation is seen in the involved
keratinocytes, but this is not a disorder of melanocytes,
and the number of melanocytes is normal. The granular
cell layer is expanded. Many unique histological vari-
ants of epidermal nevi have been described.

Lines of Blaschko. Epidermal nevi
often follow these embryological lines.

Benign Growths

Epidermal nevus, low power. Hyperkeratosis,
acanthosis, papillomatosis, and basilar
hyperpigmentation are prominent.

Treatment: Small, isolated epidermal nevi can be
removed with shave removal technique. They have a
high rate of recurrence with this technique, but recur-
rence may take many years. The advantages of this
technique are that it is relatively easy, noninvasive, and
quick, and it provides an opportunity to histopatho-
logically evaluate the tissue for any evidence of
epidermolytic hyperkeratosis. The disadvantage of
shave removal is that it is appropriate only for small
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Epidermolytic hyperkeratosis, low power. The
same architecture as an epidermal nevus is seen;
however, prominent vacuolar changes are

seen within the epidermis.

epidermal nevi. Cryotherapy with liquid nitrogen has
been used successfully, but it may leave unsightly
hypopigmentation in darker-skinned individuals and
should be used with caution.

Complete surgical excision is curative for small epi-
dermal nevi. However, it leaves a scar that may be more
noticeable than the nevus was. Laser resurfacing, derm-
abrasion, and chemical peels have been used to help
smooth out the appearance of epidermal nevi.
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Plate 2-11

FIBROFOLLICULOMA

Fibrofolliculomas are uncommon benign tumors of the
skin. They are derived from the hair follicle epithelium
and show a unique mantle differentiation. These tumors
are uncommonly seen, but if they are seen in multiples,
one needs to consider that they are a constellation of
Birt-Hogg-Dubé syndrome.

Clinical Findings: These tumors, when seen, are
often solitary skin growths on the head and neck. They
are small (2-5 mm), flesh-colored to tan-yellow papules.
They most commonly manifest in the third or fourth
decade of life. They are asymptomatic and rarely, if
ever, get inflamed or bleed spontaneously. On occasion,
a small hair is seen emanating from the center of
the lesion. The main differential diagnosis clinically
includes compound nevus, basal cell carcinoma, fibrous
papule, and other types of adnexal tumor. Definitive
diagnosis is impossible without histological examina-
tion. Solitary fibrofolliculomas are usually found inci-
dentally on routine skin examination. Some patients
present with a slightly enlarging new papule, often
expressing concern for or fear of skin cancer.

Multiple fibrofolliculomas are seen in association
with Birt-Hogg-Dubé syndrome. This syndrome is
caused by a genetic defect in the tumor suppressor
gene, folliculin (FLCN) . This gene has been localized to
the short arm of chromosome 17. Other cutaneous con-
stellations of this autosomal dominantly inherited syn-
drome include trichodiscomas and skin tags. The most
important aspect of diagnosing this syndrome early is
to screen patients for the possibility of renal tumors,
both benign and malignant. Renal oncocytomas are the
most common malignant renal tumor seen in this syn-
drome. Another rare renal cancer, the chromophobe
renal cell carcinoma, also may be seen. This very rare
tumor is seen in a higher percentage of patients with
Birt-Hogg-Dubé syndrome than in the general popula-
tion. It has a less aggressive behavior than other forms
of renal cell carcinoma. Patients with this syndrome are
also at higher risk for spontaneous pneumothorax.
Some believe that trichodiscomas are the same type of
tumor as the fibrofolliculoma and that the difference in
histological appearance is caused by sampling and pro-
cessing artifact (i.e., the identical tumor processed at
different tissue surface levels).

Pathogenesis: Fibrofolliculomas are believed to be
derived from the upper part of the follicular epithelium.
The tumors are thought to be hamartomatous pro-
cesses that develop within the dermis. Mantle-like
structures, as seen in sebaceous glands, are often present
and may be the derivaton of these tumors. Some
authors even consider the manteloma (an extremely
rare benign skin tumor) to be in the same spectrum of
tumors as the fibrofolliculoma and the trichodiscoma.

Histology: The tumor surrounds a well-formed ter-
minal hair shaft. The upper portion of the hair shaft is
slightly dilated. Emanating from the central hair shaft

1

Low power. The tumor is made up of a centrally
located basophilic tumor lobule with what appears
to be a hair shaft forming within the lobule.

epithelium are cords or epithelial strands that project
into the surrounding dermis. These cords interconnect
at various positions and form a weave-like pattern.
Trichodiscomas do not contain a hair shaft; one sees a
proliferation along a hair follicle of a fibrovascular
stroma akin to an angiofibroma. It is postulated that
these two tumors are indeed the same but appear to be
two distinct tumors due to routine processing and sam-
pling at various tissue plane levels.

Integumentary System

Fibrofolliculomas. Note the periauricular

and retroauricular location of monomorphous
papules. They are most commonly seen in
association with Birt-Hogg-Dubé syndrome.

Skin Finding in Birt-Hogg-Dubé

1. Fibrofolliculomas
2. Skin tags

3. Trichodiscomas
4. Lipomas

5. Angiolipomas

6. Angiofibromas

B i b

High power. Close-up view shows the basophilic

tumor lobule and the fine hair shaft with keratin
debris.

Trreatment: Solitary fibrofolliculomas can be
removed completely with the shave removal technique.
This gives excellent cosmetic results, and the tumors
are unlikely to recur. Multiple tumors are more dif-
ficult to remove; laser resurfacing, dermabrasion, and
chemical peeling have all been used with varying
results. The recognition of multiple fibrofolliculomas
or trichodiscomas necessitates screening for Birt-
Hogg-Dubé syndrome.
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Plate 2-12

FIBROUS PAPULE

Fibrous papules are one of the most common benign
skin growths encountered. They are often overlooked
or ignored during routine skin examinations. The exact
incidence is unknown, but they are believed to be
extraordinarily common. These skin growths are most
frequently found on the nose, but they can occur any-
where, especially on the face.

Clinical Findings: Fibrous papules are typically
small, 0.5 to 5 mm in diameter. They are slightly oval
and dome shaped with an overlying smooth surface.
Most commonly, they are flesh colored to slightly
hyperpigmented. Fibrous papules can also have a
hypopigmented appearance. These benign tumors are
almost entirely asymptomatic. On occasion, a patient
notices a slight itching sensation; less frequently, a
patient may describe spontaneous bleeding or bleeding
after minor trauma. These growths are most often soli-
tary in nature, but multiple fibrous papules have been
reported. Fibrous papules most commonly occur in
young adults, especially in the third to fifth decades of
life. The most common location is the face, with the
nose and chin the two areas most commonly involved.

Fibrous papules are considered to be angiofibromas.
Multiple angiofibromas can be part of a constellation
known as the tuberous sclerosis syndrome. The dif-
ferential diagnosis in a teenager with multiple angio-
fibromas should always include tuberous sclerosis.
However, solitary fibrous papules are extraordinarily
common and should not cause one to look for an under-
lying syndrome such as tuberous sclerosis. Pearly penile
papules are small, dome-shaped, 1- to 2-mm papules
found along the corona of the glans. These pearly
penile papules are histologically indistinguishable
from fibrous papules and are also considered to be
angiofibromas.

The differential diagnosis of a fibrous papule can be
quite broad, and a biopsy is often required to differenti-
ate the potential mimickers. The entities most com-
monly included in the differential diagnosis are common
acquired melanocytic nevus and basal cell carcinoma. In
these cases, a shave biopsy is required to make a firm
diagnosis.

Histology: A fibrous papule is considered to be an
angiofibroma. There are multiple histological variants
of fibrous papules. The most commonly encountered
fibrous papules are typically dome shaped and small (up
to 5 mm in diameter), and they show a proliferation of
fibroblasts with a stroma of fibrotic collagenized mate-
rial. Dilated blood vessels are often found within the
papules. An inflammatory infiltrate is frequently seen,
but it is typically sparse. The combination of clinical
findings with the typical histopathological findings
solidifies the diagnosis.

Multiple histological variants have been described,
including pleomorphic, pigmented, granular cell,
hypercellular, and clear cell variants. These variants are
believed to be much less common than the classic type
of fibrous papule. They have been described in detail
and are well accepted and recognized histopathological
variations.

Pathogenesis: Fibrous papules are believed to be a
benign proliferation of fibroblasts and blood vessels in

Benign Growths

Angiofibromas. Also termed fibrous papules.
Can be seen in isolation. Multiple angiofibromas
associated with tuberous sclerosis are termed
adenoma sebaceum.

Adenoma sebaceum (multiple angio-
fibromas) over both cheeks and nasal
bridge. This is a sign of tuberous sclerosis.

L I R e M

Low power. Well-circumscribed dermal tumor
with multiple small blood vessels can be seen
within a fibrous stroma.

a collagen-filled stroma. Immunohistochemical staining
has shown that the dermal dendrocyte is the most likely
precursor cell to the abnormal fibroblasts seen in
fibrous papules. The underlying cause has yet to be
determined. The multiple angiofibromas of tuberous
sclerosis are directly related to an underlying defect in
the tumor suppressor gene, ruburin (TSC2). Patients
with tuberous sclerosis also have angiofibromas in a
periungual location, as well as hundreds to thousands

High power. Fibroblasts are the main cell type
along with the blood vessels.

of angiofibromas located symmetrically on the face
and nose.

Treatment: No treatment is necessary, although a
small shave biopsy is often all that is required to
remove the fibrous papule with an excellent cosmetic
result. Most fibrous papules are removed because
they are mistaken for basal cell carcinomas or for
relief of some underlying irritation, such as itching or
bleeding.
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Plate 2-13

GANGLION CYST

Ganglion cysts are commonly encountered in the
general population. They are fluid-filled cavities that
occur most commonly on the dorsal aspect of the
hands. They are believed to be derived from the syno-
vial lining of various tendons. They typically manifest
as asymptomatic, soft, rubbery nodules below the skin.

Clinical Findings: Ganglion cysts are common
benign growths that occur on the distal upper extremity
in most cases; they are almost always located on the
dorsal aspect of the hand or wrist. Ganglion cysts are
almost always solitary, but some patients present with
more than one, and occasionally the individual ganglion
cysts coalesce into one large area. Most are relatively
small, 1 cm in diameter, but some can get very large
(2-3 cm). The overlying epidermis is normal, and the
cyst is located in the subcutaneous space below the
adipose tissue. They are smooth, dome-shaped, fluid-
filled cysts that are slightly compressible. The cyst is a
direct extension of the synovial lining of the tendon.
The cysts form by various mechanisms and fill with
synovial fluid. This fluid is critical in the normal lubri-
cation of the tendon space to decrease friction and allow
the tendon to easily slide back and forth within its
synovial covering. These cysts can occur at any age, but
they are much more common in the younger popula-
tion and often manifest in the third or fourth decade of
life. Women are much more likely than men to develop
these cysts.

Most cysts are asymptomatic, but they can cause dis-
comfort and pain if they become large enough to press
on underlying structures. Rarely, the cyst compresses
an underlying nerve, resulting in symptoms of numb-
ness or muscle weakness. The differential diagnosis is
limited, and most often the diagnosis is made clinically.
Occasionally, a biopsy is required to differentiate gan-
glion cysts from giant cell tumors of the tendon sheath.
Giant cell tumors of the tendon sheath are much more
likely to be firm in nature. Ganglion cysts have no
malignant degeneration potential. In difficult cases, an
ultrasound examination can be performed; it is highly
sensitive in detecting these fluid-filled cysts.

Pathogenesis: Ganglion cysts are believed to be
caused by an outgrowth of the underlying synovial
lining of the tendon sheath. Trauma is likely the leading
culpritin initiating the formation of these cysts. Patients
with osteoarthritis are also at increased risk for develop-
ment of ganglion cysts, most likely because of the
mechanical trauma that the synovial lining repetitively
undergoes when it rubs against osteoarthritic bone.

Histology: Ganglion cysts are not true cysts in that
they do not have a well-formed epithelial lining that
surrounds the entire cystic cavity. The lining is a loose

Firm, rubbery, sometimes
lobulated swelling over carpus,
most prominent on flexion of
wrist. Broken line indicates
line of skin incision.

Intralesional steroid
. injections have been
. used with success.

by the cyst.

Loss of strength can be
diagnosed on physical
exam. Muscle weakness
may occur from pressure |
on an underlying nerve /

Integumentary System

Extensor tendon retracted

Carpal ligaments
and capsule

Excision of ganglion via
transverse incision. Excision
is one of the therapies with
the lowest recurrence rate.
The surgeon must expose
the entire cyst and remove
the entire lining to limit
recurrence.

Y

collection of fibrous connective tissue composed mostly
of collagen. The cyst lining is multilobulated in most
cases and typically has no connection to the underlying
joint capsule or tendon sheath. The contents of the cyst
are made of mucopolysaccharides.

Tireatment: No therapy is required for small, asymp-
tomatic ganglion cysts. If a patient desires removal or
if the cyst is causing symptoms, especially weakness and
numbness, therapy is needed. Needle aspiration is often

Ganglion cyst. No epidermis is
appreciated. The ganglion cyst does
not have a true epithelial lining; rather,
it is surrounded by a loose collection
of collagen and fibrous material. The
cyst contains mucopolysaccharides.

used as a first-line treatment option; a pressure bandage
is applied to try to keep the cyst from reexpanding.
After the aspiration, intralesional injection of triam-
cinolone is used to try to scar the lining of the cyst. This
has shown excellent results. If aspiration and injection
are not successful, surgical excision is necessary. It is
important to have a hand surgeon evaluate and treat
these cysts because of their proximity to multiple vital
nerve and tendon structures.
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Plate 2-14

GLoMuUS TUMOR
AND GLOMANGIOMA

Glomus tumors are benign tumors derived from the
glomus body. The glomus body is a component of the
vascular thermoregulatory unit. These tumors are most
frequently encountered in early adulthood and are most
commonly found on the digits. Glomus tumors are
solitary in nature, and the term glomangioma is used
when describing the glomuvenous malformation. This
usually manifests as a congenital defect in infants and
young children and appears to be a multifocal grouping
or mass of coalescent glomus tumors.

Clinical Findings: The solitary glomus tumor is
often found on the digit in a subungual location. The
tumors occur equally in men and in women. Lesions
have been described in all regions of the skin and also
in extracutaneous locations. These tumors are small,
well localized, and almost always tender or painful. The
glomus tumor is in the differental diagnosis of the
painful dermal nodules. On examination, one often
observes a 1- to 2-cm, well-circumscribed, blue to
purple dermal nodule. It is tender to palpation and can
be extremely painful with changes in the ambient
temperature.

Glomangiomas are frequently congenital and mani-
fest as a multifocal cluster of coalescing, blue-purple
nodules and papules. There is occasionally some surface
change over the top of the tumors. The Hildreth sign
is a diagnostic maneuver that can be used to help make
the diagnosis. The sign is positive if the pain from the
glomus tumor decreases or disappears when a blood
pressure cuff is placed proximal to the tumor and
inflated to a pressure greater than the patient’s
systolic blood pressure. Glomangiomas can be confused
with hemangiomas or other vascular malformations.
The differential diagnosis of a solitary glomus tumor
includes angiolipoma, neuroma, eccrine spiradenoma,
leiomyoma, and vascular tumors. The differential diag-
nosis of a glomangioma includes hemangiomas and
other vascular malformations.

Histology: The tumor manifests as a well-
circumscribed nodule of glomus cells surrounding a
number of small capillaries. The glomus cells are dis-
tinctive and uniform. They appear round and have
round nuclei. The cytoplasm is scarce and eosinophilic.
The background stroma is myxoid, and there is often a
fibrous capsule surrounding the entire tumor.

Pathogenesis: Glomus tumors arise from the Sucquet-
Hoyer canal. This canal is an arteriovenous shunt found
in the small vasculature of the skin. These canals have
been found in a higher density within the blood vessels
of the digits. They are responsible for thermoregulation
and cause shunting of blood in response to neurological
and temperature changes. The exact initiating factor is
unknown. Anecdotal reports of glomus tumors occur-
ring after trauma have led some to believe that trauma
is causative. This may explain the preponderance of the

Glomus tumor of the nail bed
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tumor lobule is located within the dermis.
Vascular channels are seen within the tumor.

Glomus tumor, low power. This well-circumscribed
5

tumors on the digits, where they are prone to trauma.
Trauma is unlikely to be the true initiating factor,
because these tumors are quite rare and trauma to the
digits occurs frequently.

Some glomangiomas have been described to be
inherited in an autosomal dominant fashion. These
cases are caused by a deletion defect in the glomulin
(GLMN) gene, which is located on the short arm
of chromosome 1. The exact function of the protein

Benign Growths

Glomangiomas
(tender, deep purple,
blue papules)

Glomus tumor, high power. The uniform-
appearing glomus cells are seen surrounding the
vascular structure. The glomus cells are
eosinophilic in nature with uniformly basophilic
nuclei.

encoded by this gene or how its defect causes gloman-
giomas is still not understood.

Treatment: Glomus tumors are successfully treated
with complete surgical excision. Glomangiomas,
because of their size, can be excised in a staged approach
or with the help of tissue expanders. Reports of treat-
ment with laser ablation, electrocauterization, and
sclerotherapy, with some success, have been docu-
mented in the literature.
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Plate 2-15

HIDRADENOMA PAPILLIFERUM

Hidradenoma papilliferum is a rare benign tumor of the
genital and perianal regions. It is most commonly
located on the vulva, although extragenital locations
have been described. It has a predilection for women in
the fourth and fifth decades of life. Typically, these are
small tumors a few millimeters in diameter, but some
large tumors have been described. There is no connec-
tion to the overlying epidermis or mucosa.

Clinical Findings: Hidradenoma papilliferum is an
extremely rare benign tumor located in the dermis. It
seen almost exclusively in middle-aged women. The
lesions are almost always located in the genital region.
They typically manifest as asymptomatic nodules that
are discovered incidentally. There are usually no over-
lying epidermal changes, and the tumor is well circum-
scribed, freely movable, and firm in consistency. They
do not have a connection with the overlying epithelium.
In rare instances, they can be tender or pruritic and can
bleed or ulcerate. Most of these tumors are found on
routine gynecological examination. The most common
location is the labia majora. The differential diagnosis
of a solitary, firm dermal nodule in the genital region
is very broad, and a biopsy for histopathological exami-
nation is required in all cases to make the diagnosis. It
is essential for dermatologists and gynecologists to be
aware of this tumor and the common locations in which
it is found.

Pathogenesis: Hidradenoma papilliferum is a tumor
that is believed to be derived from apocrine tissue. For
this reason, it is considered to be a type of apocrine
adenoma. Apocrine glands are found in higher density
in the anogenital region, and that may be one reason
for the unequal cutaneous distribution of this tumor.
The tumor is benign and is closely related to another
benign adnexal tumor, the syringocystadenoma papil-
liferum. The latter tumor is more common on the head
and neck, with a predilection for the scalp. Histologi-
cally, these two tumors are almost identical, with the
major differentiating factor being that the syringocyst-
adenoma papilliferum has a connection to the overlying
epidermis. Clinically, the syringocystadenoma papil-
liferum usually manifest as an ulcerated papule or
plaque. Both of these tumors can develop within a nevus
sebaceus.

Histology: Hidradenoma papilliferum is a well-
circumscribed dermal tumor. It almost never has any
overlying epithelial abnormalities. The syringocystad-
enoma papilliferum, on other hand, has a connection
with the overlying epidermis. They both commonly
arise in conjunction with a nevus sebaceus. On closer
inspection, the hidradenoma papilliferum is composed
of vascular papillary projections into the center of the
tumor lobule. These projections are lined by cells with

Syringocystadenoma papilliferum arising within
a nevus sebaceous. Transformation of a nevus
sebaceous into various tumors, including syringo-

cystadenoma papilliferum and basal cell carcinoma,

occurs most frequently after puberty.

Low power. Symmetrically arranged dermal
tumor, with multiple papillary projections.

an apocrine origin that have a columnar configuration.
Apocrine secretion (decapitation secretion) is often
noted in various sections of the tumor. There is also a
thin layer of myoepithelial cells. Within the papillary
projections is a background stroma composed of many
vascular spaces and lymphocytes.

Syringocystadenoma papilliferum has almost identi-
cal central characteristics. Compared with the hidrad-
enoma papilliferum, it has a more dense plasma cell

Integumentary System

Hidradenoma papilliferum is most frequently
located on the external genitalia of women.

ngh power. Close-up of the paplllary prOJectlons
The projections are lined by cells with an apocrine
origin. Apocrine secretion (decapitation secretion) is
often noted in various sections of the tumor.

infiltrate and has an attachment to the overlying epi-
dermis, which usually manifests as an invagination of
the epidermis into the tumor lobule.

Treatment: A complete excision is diagnostic and
curative at the same time. Often, a biopsy is performed
to ascertain the diagnosis, followed by the curative
complete excision. These are rare and benign tumors.
There have been reports of malignant degeneration,
but this is exceedingly rare.
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Plate 2-16

HIDROCYSTOMA

Hidrocystomas, also known as eccrine hidrocystomas,
are common benign skin tumors that are most fre-
quently found along the eyelid margin. These benign
tumors have a typical appearance and no malignant
potential. Most often, they manifest as solitary, asymp-
tomatic papules.

Clinical Findings: Eccrine hidrocystomas manifest
as solitary, translucent, pale, clear to blue or light purple
papules. They have a smooth surface and a dome shape.
Eccrine hidrocystomas are soft; they feel as if pressure
could easily rupture their cystic wall. Puncturing of the
cyst wall with a 30-gauge needle causes drainage of a
thin, watery fluid. These tumors are almost always
asymptomatic. They can occur at any age but are far
more common after the fourth decade of life. No dif-
ference in incidence has been observed based on race
or gender. Lesions are typically small, 5 mm to 1 ¢cm in
diameter, and can fluctuate in size. It is not uncommon
for a patient to relate that the tumor enlarges during
physical exercise, only to shrink after a few days. If
ruptured, these tumors drain a thin, watery liquid, and
the cystic cavity deflates. Although they are almost
always solitary, there are reports of hundreds of these
tumors developing in some patients. Large eccrine
hidrocystomas occurring in atypical locations have also
been described.

The main differental diagnosis is between eccrine
hidrocystoma and basal cell carcinoma. Cystic basal cell
carcinomas can have an identical appearance; however,
the patient history will be quite different. Basal cell
carcinomas typically enlarge over time and ulcerate,
causing bleeding of the ulcerated papule. Hidrocysto-
mas rarely, if ever, ulcerate or bleed. If left alone, they
only transiently increase in size and never get much
larger than 1 cm in diameter, and usually they are
much smaller. A biopsy for pathological evaluation is
diagnostic.

Pathogenesis: Hidrocystomas develop from the
eccrine apparatus. It is believed that a portion of the
eccrine duct within the dermis becomes occluded. This
occlusion causes a buildup of eccrine secretions proxi-
mal to the blockage. Once enough fluid collects, a
translucent papule becomes evident on the surface
of the skin. No genetic abnormalities of the involved
eccrine duct have been discovered, and this cystic
formation is most likely caused by damage from super-
ficial trauma to the skin and the underlying eccrine
ducts. Sun damage to the eccrine ducts has been theo-
rized to play a role, although this theory has yet to be
vigorously tested.

Benign Growths

Hidrocystomas of the eyelid may appear similar
to a chalazion or a basal cell carcinoma. They
may appear translucent and easily rupture. They
are almost always asymptomatic.

L

Chalazion; lid everted.
Tender nodule of the
eyelid.

Low power. A well-circumscribed cystic lining is seen in the
dermis. Minimal surrounding inflammation is present.
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Histology: A lone cystic space is seen within the
dermis. The cyst is well circumscribed, and the lining
of the cyst contains two layers of cells. The cells are
cuboidal and have an eosinophilic cytoplasm. The cell
wall has no myoepithelial cell component. The cysts
are found near eccrine gland structures. There is
minimal to no inflammatory infiltrate surrounding
the cyst. The central cavity of the cyst contains an
small amount of lightly eosinophilic material that is

High power. The lining is made up of two cell layers of
cuboidal epithelium. There is a small amount of dermis
between the cyst and the overlying epidermis.

consistent with eccrine gland secretions. There is no
evidence for sebaceous gland or apocrine gland secre-
tion or derivation.

Treatment: Most eccrine hidrocystomas are biopsied
to make sure they are not actually basal cell carcinomas.
They rarely recur after biopsy. If they do recur, no
treatment is required. Surgical excision is the definitive
treatment and is curative. Hidrocystomas almost never
recur after excision.
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Plate 2-17

KELOID AND
HYPERTROPHIC SCAR

Keloids are common benign skin tumors that consist of
excessive scar tissue that forms after trauma or inflam-
matory skin conditions such as acne vulgaris. The
keloid proliferates uncontrolled and expands beyond
the borders of the underlying scar produced by the
traumatic event. Hypertrophic scars, on the other hand,
are exuberant scar formation that stays within the con-
fines of the original scar border.

Clinical Findings: Keloids are often large over-
growths of scar tissue that expand over the original
border of the underlying scar and affect previously
normal-appearing skin. They may occur anywhere on
the body but are more common on the earlobe, chest,
and upper arms. They can affect any age group and
affect males and females equally. Dark-skinned indi-
viduals have a higher incidence of keloid-type scarring.
Almost all keloids manifest after a preceding traumatic
event such as a cut, ear piercing, burn, or surgical exci-
sion. Many other causes have been found to initiate the
formation of keloids, including acne lesions and bug
bites. Keloids often start as small, red, itchy papules
that quickly enlarge into plaques and nodules. They
usually have a smooth surface with firm consistency.
ITtching is a frequent complaint and often precedes the
growth stage. Keloids are diagnosed clinically in a
patient with the appropriate history. The differential
diagnosis of early keloids includes hypertrophic scars.
Difficulty sometimes arises when a patient presents
with a firm, enlarging plaque or nodule but no preced-
ing history of trauma. In these cases, a biopsy is
prudent to rule out a dermatofibrosarcoma protuber-
ans. The histopathological findings easily differentiate
the two lesions.

Hypertrophic scars occur after trauma and are con-
fined to the area of the original trauma or scar. Hyper-
trophic scars, unlike keloids, do not grow into the
adjacent normal skin. They can be quite large and often
are pink to red in color and pruritic. Hypertrophic scars
tend not to reach the size or extent of keloids, and for
that reason they are a bit easier to manage therapeuti-
cally. Hypertrophic scars are diagnosed clinically in a
patient with a typical history of preceding trauma and
the characteristic clinical findings.

Pathogenesis: Keloids appear to be more common in
dark-skinned individuals during the first 3 decades of
life. Keloids may have a genetic pathogenesis that has
yet to be discovered. Certain areas of the body are more
prone to keloid formation, including the chest and ear-
lobes, and there may be some local skin cytokine profile
that allows for their formation. Biological studies have
looked at various cytokines, and transforming growth
factor-f (T'GF-B) has been found in elevated levels in
keloids. TGF-B causes recruitment of fibroblasts into
the region and induces them to produce more collagen.
Local blockade of this cytokine may be developed as a
therapy in the future.

Histology: Keloids show an increase in collagen pro-
duction, and the collagen is arranged in a disorganized
fashion. The overlying epidermis is typically thin due
to the mass effect of the keloid tumor pressing on the
undersurface of the epidermis, which causes attenuation
of the surface epithelium. Mucopolysaccharides are
found between the collagen fibers.

Hypertrophic scars are smaller and not exophytic in
nature, and the collagen bundles are arranged parallel
to the epidermis. There may be an increase in mast cells
in both hypertrophic scars and keloids.

Hypertrophic scars

Hypertrophic scars do not extend
beyond the border of the original
injury.

3 1 i
Hypertrophic scar, low power. Non-elevated

scar made of numerous collagen bundles,
fibroblasts, and blood vessels
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Hypertrophic scar, high power. Numerous fibro-
blasts with an increased number of vascular
channels. The collagen bundles are arranged

in the same direction.
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Treatment: Hypertrophic scars do not need to be
treated, because most will eventually flatten and blend
with the surrounding skin. Intralesional triamcinolone
may be used to help speed the process along, but care
should be taken not to inject too much and thereby
cause atrophy. Daily massage by the patient has also been
shown to be effective in decreasing the outward appear-
ance of the scar. The redness of both hypertrophic and
keloid scars can be treated successfully with pulsed dye
laser.

Integumentary System

Keloids

One of the most common locations
for a keloid is the earlobe, and it can
occur after ear piercing.

Keloid, low power. Haphazardly arranged
collagen bundles. Thick eosinophilic bundles of
collagen with surrounding fibroblasts
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Keloid, high power. Thickened eosinophilic
collagen bundles

Keloids are more challenging to treat. They have a
high rate of recurrence after excisional removal, and for
this reason adjunctive therapy should always be used after
excision. Serial injections with intralesional triamcino-
lone monthly for 4 to 6 months may help avoid a recur-
rence after surgery. Postoperative radiation therapy has
also been very successful in decreasing the recurrence
rate. There are anecdotal reports of treatment with
imiquimod and cryotherapy, but they are of questionable
value.
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Plate 2-18

LEIOMYOMA

Cutaneous leiomyomas are uncommon benign tumors
of the arrector pili muscle of the skin. They can occur
as a solitary tumor or as multiple lesions. Both types
can be associated with underlying genetic defects. This
occurs more commonly in multiple cutaneous leiomyo-
matosis, and one needs to look for systemic findings in
affected patients. Other muscle sources of cutaneous
leiomyoma formation include the smooth muscle of
blood vessel walls and the dartos muscle. These rare
forms of cutaneous leiomyomas are named angioleio-
myomas and solitary genital leiomyomas, respectively.

Clinical Findings: Leiomyomas manifest as dermal
papules or nodules with a slight hyperpigmentation of
the overlying epidermis. They can also have a reddish
or brownish hue. The tumors are 1 to 2 cm in diameter.
They occur equally in males and females and affect all
races. They may occur anywhere on the skin, but the
anterior chest and the genital region are two of the
more common areas of involvement. They typically are
tender, and they can be painful. Most leiomyomas
become more painful and more sensitive over time.
Cold temperatures have been shown to exacerbate the
pain. The leiomyomas exhibit the pseudo-Darier’s sign.
This sign is elicited by rubbing the leiomyoma; on
manipulation, the lesion begins to twitch or fasciculate.
It does not form an urticarial plaque as would be seen
with a true Darier’s sign (e.g., in cutaneous mastocyto-
sis). Malignant transformation is exceedingly rare.

Multiple cutaneous leiomyomas occur most com-
monly on the trunk and proximal extremities. They are
the same size as their solitary counterparts, but they can
become so numerous that they appear to coalesce into
large plaques. In most patients, onset occurs in the third
to fifth decades of life. There is a definite autosomal
dominant inheritance pattern to multiple cutaneous
leiomyomas. These patients have a genetic defect in the
FH gene (also called MCULI), which encodes the Krebs
cycle protein fumarate hydratase. The fumarate hydra-
tase protein has been found to have tumor suppressor
functions. Many different types of mutations have been
described, ranging from frameshift mutations to dele-
tion of entire genes. This most likely explains the variety
of phenotypes seen. The most concerning and life-
threatening aspect of this mutation is the possibility of
developing an aggressive and deadly form of papillary
renal cell carcinoma. This tumor in patients with mul-
tiple cutaneous leiomyomas tends to be highly aggres-
sive and metastasizes early. Early screening of the patient
and genetic screening of family members may help
decrease the risk of metastatic renal carcinoma. Patients
should be evaluated routinely for kidney disease.

The term Reed syndrome is used to denote women
with cutaneous leiomyomas and uterine leiomyomas.

Pathogenesis: Solitary leiomyomas not associated
with the fumarate hydratase protein defect are believed
to be caused by an abnormal proliferation of myocytes.
The cause for this proliferation is unknown. Fumarate
hydratase mutations result in a lack of tumor suppressor
function. The role of this tumor suppressor protein in
the production of multiple leiomyomas has yet to be
determined.

Histology: The tumor is located within the dermis
and is composed of interconnected fascicles of spindle-
shaped cells. The cells are arranged in a whorl-like
pattern. The cells are uniform and bland appearing.
Mitosis should be absent. The cells have been described
as cigar shaped, meaning that they have a long, plump
central region with blunt tip ends. The cell of origin is

Benign Growths
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the myocyte. Immunohistochemical staining can be
used to help differentiate difficult tumors. Leiomyomas
stain with muscle markers such as smooth muscle actin.
The overlying epidermis is usually normal.
Treatment: Surgical excision of the solitary form
of leiomyoma is curative. Multiple cutaneous leiomyo-
matosis can be treated with a number of medications
to help control the discomfort and pain. Use of o;-
adrenergic receptor blockers has been reported most
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frequently. Doxazosin and phenoxybenzamine have
both been successful. Calcium channel blockers such as
nifedipine have also been successful anecdotally. Gaba-
pentin and botulinum toxin have been reported to help.
Surgical excision is warranted for any lesion that is
painful and not responding to therapy. Patients with
multiple cutaneous leiomyomas should be evaluated for
the genetic defect in the fumarate hydratase protein and
should have appropriate screening for kidney disease.
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Plate 2-19

LICHENOID KERATOSIS

Lichenoid keratoses are common benign skin growths
also known as lichen planus-like keratoses. These are
most often solitary, benign skin tumors and may be
found anywhere on human skin. They are more
common during adulthood. The keratosis may be mis-
diagnosed as a non-melanoma skin cancer, most com-
monly a superficial basal cell carcinoma.

Clinical Findings: Lichenoid keratoses are most fre-
quently found on the upper trunk and upper extremi-
ties. The incidence is equal in males and females, and
there is no race predilection. They are rare in child-
hood. They typically manifest as pruritic, red to slightly
purple patches and thin plaques. Occasionally, a patient
notices that the area arises in a preexisting seborrheic
keratosis or solar lentigo. Most lichenoid keratoses are
1 cm or smaller in their largest diameter. Most patients
present to their physician with a chief complaint of
tenderness, itching, or bleeding secondary to scratching
or rubbing of the lesion. The lesions may have a strik-
ing resemblance to the rash of lichen planus; the dif-
ferentiating factor is that a lichenoid keratosis is solitary,
whereas lichen planus includes a multitude of similar
skin lesions. These skin growths have no malignant
potential. It can be difficult to differentiate lichenoid
keratoses from inflamed seborrheic keratoses, basal cell
carcinomas, actinic keratoses, or squamous cell carcino-
mas. Therefore, a biopsy of the lesion is prudent to
discern a pathological diagnosis.

There are a few unusual clinical variants, including
an atrophic form and a bullous type of lichenoid kera-
tosis. The differential diagnosis of these two variants
includes conditions such as lichen sclerosis for the
former and autoimmune blistering diseases for the
latter. The dermatoscope has become an indispensable
tool and can be helpful in diagnosing lichenoid kerato-
sis. Lichenoid keratoses have been shown to have a
localized or diffuse granular-type pattern under derma-
toscopic viewing. This finding should help differentiate
these tumors from melanocytic tumors.

Histology: On histological examination, a lichenoid
keratosis has a symmetric, well-circumscribed area of
intense lichenoid inflammation along the basement
membrane region. There is disruption of the basilar
keratinocytes. This leads to the appearance of a number
of necrotic keratinocytes, also called Civatte bodies.
Civatte bodies are seen in almost all cases of lichenoid
keratosis and also in lichen planus. There is pronounced
sawtooth hypergranulosis and pronounced acanthosis.
There is no atypia of the involved keratinocytes, thus
ruling out an inflamed actinic keratosis. The underlying
inflammatory infiltrate is made up almost entirely of
lymphocytes. However, it is not uncommon to find a
rare eosinophil or plasma cell anywhere throughout
the infiltrate. The pathological differential diagnosis
includes lichen planus. The clinical history is very
important: Whereas a lichenoid keratosis is a solitary
lesion, the same findings in a biopsy specimen taken
from a widespread rash of purple, flat-topped papules
would be more consistent with the diagnosis of lichen
planus. This example illustrates the importance of
including the clinical history on a pathology report.

Pathogenesis: The exact etiology of a lichenoid kera-
tosis is unknown. It is believed to be caused by an
inflammatory response to a lentigo or a thin seborrheic

Lichen planus. Widespread pruritic purpilsh

papules and plaques, some with Wickham striae.

Integumentary System

Lichenoid
keratosis

Lichenoid keratosis. A solitary growth in
comparison to the widespread nature of
lichen planus. Histology can be identical.

A lichenoid lymphocytic infiltrate is seen along the dermal-epidemal junction. Disruption of the dermal-
epidermal junction is prominent. Necrotic keratinocytes are seen in the epidermis.

keratosis. The specific precipitating factor may be
trauma. Chronic rubbing has been implicated in induc-
ing lichenoid keratoses from lentigines. The role of
human papillomavirus (HPV) in causing lichenoid
keratoses has been studied, but no firm conclusions
have been made.

Treatment: Most biopsies of a lichenoid keratosis
result in complete resolution of the lesion. Even if the

entire lesion was not removed with the biopsy speci-
men, no treatment is necessary. Use of a topical cor-
ticosteroid cream or ointment twice daily for 1 to
2 weeks after healing of the biopsy site is likely to lead
to complete resolution of the lichenoid keratosis. Other
treatment options include light cryotherapy or a light
curettage after anesthesia. Benign lichenoid keratoses
rarely if ever recur.
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Plate 2-20

LiPOMA

Lipomas are common benign skin growths that can be
seen as solitary lesions and frequently as multiple
dermal nodules scattered about the skin. The lipoma
is an overgrowth of the fibrofatty adipose tissue in
the subcutaneous tissue plane. Patients with multple
lipomas often describe a familial inheritance pattern.

Clinical Findings: Lipomas are often small (1-2 cm),
soft, subcutaneous nodules that are slow growing and
freely moveable underneath the skin. Some lipomas
become quite large (>5 cm in diameter), and they can
be a cause for concern due to interference with move-
ment and the possibility of malignant degeneration
into a liposarcoma. There are no overlying epidermal
changes, and there is no connection to the epidermis.
Most often they are asymptomatic, but they can become
painful if traumatized.

In stark contrast, a rare variant called the angioli-
poma is almost always tender and multiple in nature.
Angiolipomas contain a much higher percentage of
blood vessels throughout the lobule of adipose tissue,
and the diagnosis is made based on this histopathologi-
cal finding. These tumors are benign and have no famil-
ial inheritance pattern.

The differential diagnosis of a lipoma is broad and
can include other dermal tumors; however, the clinical
examination findings are often diagnostic. Occasionally,
a small lipoma can be confused with an epidermal inclu-
sion cyst, pilar cyst, lymph node, or adnexal tumor.
Large, freely movable, rubbery nodules that are slow
growing are easily diagnosed clinically as lipomas.

Lipomas occur most commonly on the trunk and
extremities. They most often affect women in their
third through fifth decades of life but can affect people
of any age and sex. There is no race predilection. They
rarely affect the face, except for the subfrontalis lipoma,
which occurs underneath the frontalis muscle on the
forehead.

Rare syndromes of adipose tissue have been described,
including benign symmetric lipomatosis, adiposis dolo-
rosa (Dercum’s disease), and familial multiple lipomato-
sis. The best described of these syndromes is benign
symmetric lipomatosis, also known as Madelung’s
disease. In this condition, there is massive proliferation
of adipose tissue on the neck and upper arms of men.
The patients take on the appearance of a body builder.

Pathogenesis: The exact cause is unknown. Lipomas
are believed to be an overgrowth of normal tissue in a
normal location. The tumor lobules are indistinguish-
able from normal adipose tissue. A genetic pattern of
inheritance has been described, but no specific gene
defect has been located.

Histology: Lipomas are composed of mature adipose
tissue. The lobules are separated by fibrous septa that
contain the blood supply for the adipose cells. Lipomas

Massive
lipoma of
axilla

Large liposarcoma
of posterior thigh

Liposarcoma. CT scan
reveals mixture of benign
(low-density) and sar-
comatous (high-density)
areas of tumor.

Benign Growths

Sectioned lipoma composed
of yellow fat lobules with narrow
intervening fibrous septa

Lipoma. Soft, rubbery, freely
moveable dermal nodule

Liposarcoma. Excised tumor with
muscle at margin; tumor darker
and firmer than benign lipoma

of fibrous tissue and blood vessels

have a fibrous capsule enclosing the adipose lobules.
Angiolipomas are described as those fatty tumors in
which 10% to 50% of the mass is composed of blood
vessels. The various rare lipomatosis variants are identi-
cal in appearance histologically to a common lipoma.
Tireatment: No therapy is required for these benign
skin tumors. Solitary lipomas can be treated with a
simple excision or with liposuction. Subfrontalis
lipomas are more difficult to remove, because the

High power. Mature adipocytes are the main
component of the tumor.

surgeon must dissect below the frontalis muscle to
locate the lipoma. Small lipomas have been treated with
intralesional steroid injection to take advantage of the
steroid’s atrophogenic effects. Injections with deoxy-
cholate have also been effective. Large, fast-growing
lipomas should be removed to rule out malignant trans-
formation into a liposarcoma. Compared with lipomas,
liposarcomas are typically faster growing, firmer, and
tender in nature.
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Plate 2-21

MEDIAN RAPHE CYST

Median raphe cysts are uncommon benign cysts that
form in the midline region of the perineum. They most
commonly occur on the ventral shaft of the penis but
can occur anywhere from the urethral opening along
the ventral surface of the penis, in the midline across
the scrotum, and to the anus. This cyst is considered
to be formed from a congenital abnormality of the
genitalia. An abnormal folding of the urethral folds is
believed to be the cause of these developmental cysts.

Clinical Findings: Most median raphe cysts are
found in young boys on the ventral surface of the penis
and midline scrotum. They have no race predilection.
They are present at birth but may go unnoticed for
some time, even into adulthood. They appear as small
(0.5-1 cm), solitary, soft, translucent cystic nodules.
They are almost always asymptomatic. On occasion,
they can rupture and drain serous fluid. The cyst rarely
connects to the underlying urethra or other structures.
The clinical differential diagnosis can be very broad,
and the only way to make a definitive diagnosis is to
perform a biopsy or complete excision.

Pathogenesis: These cysts are believed to be
caused by an abnormal folding or fusing of the paired
urogenital/urethral folds during embryological devel-
opment. These folds normally combine and fuse to
form the external genitalia at about the eighth to tenth
weeks of gestation. In the male the folds form the
shaft of the penis, and in females they form the labia
minora. Hypospadias is another congenital abnormality
caused by improper folding of these embryological
tissues. The cause of the abnormal folding has yet to be
determined.

Integumentary System
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Histology: The cysts are lined with a pseudostratified
or stratified columnar epithelium. The epithelium can
closely approximate the appearance of transitional ure-
thral cell epithelium. The lining surrounds a central
cavity filled with serous fluid. Large mucinous cells
are scattered throughout the columnar epithelium. The
luminal cells have been shown to stain with cytokeratin 7,
cytokeratin 13, epithelial membrane antigen (EMA), and
carcinoembryonic antigen (CEA). Histologically, these

Perineal raphe

development
of median
raphe cysts

W

cysts have a very characteristic appearance. The main
pathological differential diagnosis is between the median
raphe cyst and an apocrine cystadenoma. Immunohisto-
chemical staining can be used to differentiate the two.

Treatment: Simple surgical excision is all that is
required for cure. They will not recur, because they
are developmental cysts. Care should be taken not to
damage underlying structures, and often a urological
surgeon performs the procedure.
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MELANOCYTIC NEVI

There are numerous types of melanocytic nevi, includ-
ing the benign congenital melanocytic nevi, the blue
nevi, and the common acquired melanocytic nevi. Atyp-
ical and dysplastic nevi are discussed with melanoma in
the section on malignant growths. Evaluation of mela-
nocytic nevi is one of the dermatologist’s most common
and important tasks. Every patient who enters a derma-
tologist’s office should be offered the opportunity to
have a full-body skin examination, specifically evaluat-
ing melanocytic nevi for any signs of malignant trans-
formation and or de novo melanoma production. The
importance of evaluating melanocytic nevi is to screen
for melanoma. Melanoma is a life-threatening skin
cancer that, if discovered early, can be cured. Different
types of melanocytic nevi have varying rates of malig-
nant transformation, and it is critical for the clinician
to be aware of those nevi that are likely to be encoun-
tered on a daily basis.

Clinical Findings: Melanocytic nevi can be classified
both clinically and histopathologically. The common
acquired melanocytic nevus is a clinical diagnosis, and
if the lesion is biopsied, it may show some evidence of
atypia or dysplasia of melanocytes. It is for this reason
that a universally accepted classification of melanocytic
nevi has yet to be adopted.

Benign melanocytic nevi are extremely common.
Virtually all humans have some form of these growths
on their body. Common acquired melanocytic nevi are
universally found and can have varying morphologies.
They affect males and females equally. They are uncom-
mon at birth but increase in number over the first 4
decades of life, after which the number typically stabi-
lizes. As one ages, the nevi tend to slowly involute.
They can be macular or papular in appearance. Most
are uniform and symmetric in size and color. They can
be flesh colored or slightly brown in coloration. They
tend to grow proportionally as a child grows or as an
adult gains weight. They also can become slightly larger
and darker during pregnancy.

There is a risk for malignant degeneration into mela-
noma, and changes in color, size, symmetry, or border
should be assessed. Nevi that become symptomatic,
especially pruritic, and nevi that spontaneously bleed
should be evaluated and biopsied appropriately.

Blue nevi are unique benign melanocytic tumors that
have a characteristic clinical and histological pattern.
These nevi tend to be small, to be located on the dorsal
aspect of the hands or feet, and to have a bluish to blue-
gray coloration due to their location within the dermis.
The blue color is believed to result from the Tyndall
effect. This is a process by which various wavelengths
of light are absorbed preferentially, and the reflected
light or color that is seen depends on the material and
depth of the substance being illuminated. Blue nevi
share similar histological characteristics with the nevus
of Ota, nevus of Ito, and Mongolian spots. However,
the clinical appearance is so different that these lesions
are not considered in the differential diagnosis of a
blue nevus.

Blue nevi can occur at any age, and they appear
equally often in men and in women. They typically
manifest as small (2-5 mm), oval or round macules or
papules. They are well circumscribed with nice, distinct
borders. They are commonly located on the dorsal
aspect of the hands and feet but have been reported to

Benign Growths

BLUE NEvI

Blue nevus

normal. The dermis is filled with spindle-shaped
melanocytes and many melanophages.

occur anywhere, including the mucous membranes.
They are frequently biopsied because of their unusual
coloration. They are small and usually can be removed
easily with a punch biopsy that is 1 mm larger than the
lesion. Patents often give a history of having been
stabbed with a pencil during childhood and believe
that the lesion is a graphite tattoo. This occasionally

Blue nevus high power
melanocytes are appreciated with multiple dermal
melanophages. The melanocytes are interspersed
between the collagen bundles.

\oes
&)

. Elongated pigmented

is the case, but most of these lesions are actually
blue nevi. Malignant transformation of blue nevi is
extremely rare.

Multiple blue nevi can be seen in the Carney complex,
also known as the NAME or LAMB syndrome. This
complex of clinical findings includes multiple blue
nevi, lentigines, ephelides, myxomas, atrial myxomas,
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MELANOCYTIC NEVI
(Continued)

testicular tumors, pituitary tumors, psammomatous
melanotic schwannomas, and adrenal tumors. This is a
rare syndrome that has been determined to be caused
by a genetic defect in the gene PRKARIA. This is a
tumor suppressor gene that encodes a protein kinase A
subunit.

Congenital melanocytic nevi can be divided clinically
into distinct subtypes based on size (small, medium, and
giant). Small congenital nevi are the most common
type; they are defined as those nevi smaller than 2 cm
in greatest diameter. These nevi occur with equal fre-
quency in males and females and have no race predilec-
tion. Some authors estimate their prevalence at about
1% of the population. These nevi are typically described
as well-defined macules, papules, or plaques. They are
hyperpigmented compared with the normal surround-
ing skin. They are almost always uniform in color and
symmetric. Over time, some 50% develop terminal hair
growth within the nevi. The risk of malignant trans-
formation in these small congenital nevi is low and
approaches that of the common acquired melanocytic
nevi. Melanoma can arise in these nevi at any point in
the patient’s life but usually after puberty.

Medium-sized congenital melanocytic nevi are
defined as those that have a diameter between 2 and
20 cm. They have the same risk of malignant transfor-
mation as small congenital nevi. They occur equally in
males and females and can be seen in about 1% of the
population. They can occur anywhere on the body.

Giant or large congenital melanocytic nevi, also
known as “bathing trunk” nevi, are important clinically
in many ways. First, they have an increased risk of
malignant transformation. This transformation can be
difficult to discern clinically until the lesions are quite
large. Most melanomas develop in a dermal or subcu-
taneous location, which make them difficult to assess
clinically. Melanomas typically occur before puberty,
and they have been reported to occur in as many as 15%
of giant congenital nevi. The risk of malignant trans-
formation is higher in axial nevi than in acral nevi. For
this reason, these lesions are treated more aggressively,
and patients with large congenital melanocytic nevi
need lifelong, frequent routine follow-up. These nevi
occur equally in men and women and in any racial
group. They affect the truncal region more often than
any other region of the body.

The significant finding of neurocutaneous melanosis
occurs at a higher rate in patients with large congenital
nevi of the trunk. These nevi almost always occur over
the majority of the trunk, and they can have any number
of satellite melanocytic nevi. Patients with large truncal
congenital melanocytic nevi should undergo magnetic
resonance imaging (MRI) of the nervous system to
evaluate for neurocutaneous melanosis. Patients with
neurocutaneous melanosis are at a high risk (almost
50%) for development of leptomeningeal melanoma,
which is almost always fatal. A multidisciplinary
approach to care for these patients is required, includ-
ing the patient’s pediatrician, dermatologist, neurolo-
gist, and neurosurgeon.

Histology: In common acquired melanocytic nevi,
the melanocytes are arranged symmetrically in a lateral
fashion. They are arranged in nests. The nested mela-
nocytes do not have the typical dendritic appearance of

Integumentary System

ComMMON AcQUIRED NEVI AND GIANT CONGENITAL MELANOCYTIC NEVI

Common acquired nevus

Nevus spilus

normal melanocytes found within the stratum basalis.
They are round and uniform in shape and show increas-
ing maturation with depth in the dermis. Maturation of
nevi cells implies a decrease in the ratio of nuclear to
cytoplasmic volume and an overall decrease in the size
of the melanocytes. The melanocytes are still uniform
in size and shape at various depths within the dermis;
they are not symmetric vertically. Many forms are seen

Atypical/dysplastic nevus with
surrounding solar lentigines

Halo nevus

Falunms!

histologically. Based on the location of the melanocyte
nests, they can be classified as junctional, intraepider-
mal, dermal, or compound nevi. A junctional nevus has
its nests arranged along the basement membrane
zone, whereas a compound nevus has epidermal and
dermal nests.

Blue nevi are located entirely within the dermis.
These nevi are made of melanocytes that resemble
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MELANOCYTIC NEVI
(Continued)

dendrites. The dendritic processes contain melanin
pigment, and this pigment is responsible for the color-
ation of the lesion. Collagen is interwoven between
the dermally located melanocytes. Melanophages are
almost always seen in and around the lesion. A grenz
zone is sometimes appreciated above the melanocytic
lesion. Numerous histological subtypes of blue nevi
have been described, including the dendritic blue nevus
(common blue nevus), amelanotic blue nevus, cellular
blue nevus, and epithelioid blue nevus.

Small, medium, and large congenital nevi all show
the same histological characteristics, and they cannot
be distinguished on pathological evaluation. The major
criteria used to separate congenital nevi from other
types of nevi are size and location. The nests are found
deep within the dermis and can also be found within
the subcutaneous tissue, fascia, and underlying muscle.
Infiltration of muscle is unusual and is more likely to
be seen in large congenital nevi. The nests of nevus cells
accumulate around adnexal structures and are fre-
quently seen juxtaposed to hair follicles, sebaceous
glands, and eccrine glands. The melanocytes can pen-
etrate the arrector pili muscles. The nevus cells show
proper maturation and are uniform in appearance.

Pathogenesis: There are many conflicting theories as
to the pathogenesis of common acquired melanocytic
nevi and blue nevi. Some think that there is an abnor-
mal migration of melanocytes embryologically, whereas
others believe that stem cells are located within the
dermis or epidermis and melanocytes migrate upward
or downward to form the nevi. Perhaps a combination
of these processes occurs, but no definitive pathogenic
mechanism has been universally accepted.

Congenital melanocytic nevi are thought to be caused
by an embryological malfunction of melanocyte migra-
tion. The precise mechanism that causes the disrupted
or abnormal migration of melanocytes into the involved
areas has not been determined. Migration in these cases
is believed to be controlled by a complex but abnormal
growth and regulatory signaling pathway.

Trreatment: Common acquired melanocytic nevi do
notneed to be treated. They can be removed by various
means for cosmetic purposes. Shave removal and punch
biopsy removal are two highly successful techniques.
Elliptical excision should be reserved for larger lesions
in areas where the scar can be camouflaged. Only highly
skilled physicians should consider removing pigmented
lesions with laser therapy, because there is no tissue left
for histological evaluation.

Blue nevi are easily removed by punch biopsy or
elliptical excision. They are often removed for cosmetic
reasons, and a small excision gives an excellent cosmetic
result.

Removal of small and medium congenital nevi should
be done with surgical excision. This removes the entire
lesion and allows for pathological evaluation. Most of
these small and medium congenital melanocytic nevi
can be observed over time and removed if there are
changes. Serial photographs are invaluable in monitor-
ing these nevi for changes. Some of these lesions occur
in cosmetically sensitive areas, such as the face, and

Benign Growths

CoNGENITAL NEVI

Medium
congenital
nevus

patients should be referred to a plastic surgeon for
evaluation. The social and psychological well-being of
the child can be enhanced by having a disfiguring con-
genital nevus removed.

Large congenital nevi present the biggest treatment
difficulty because of the high rate of malignant trans-
formation. If possible, serial excisions to remove large
nevi are the best option. Tissue expanders are often
used to help decrease the need for skin grafting. The

Congenital nevus low
power. Nests of melano-
cytes are seen throughout
the dermis. They extend
deep into the dermis and
subcutaneous tissue around
adnexal structures.

congenital
nevus

Giant congenital bathing trunk nevus

Congenital nevus high power.
Melanocytes are seen adjacent
to adnexal structures. This is
one characteristic finding in
congenital nevi.

goal should be 100% removal, although in some cases
this is not feasible. If the nevi cover 10% to 30% or
more of body surface area, they become almost impos-
sible to remove. In these cases, as in all the others, the
importance of lifelong surveillance needs to be taught
to the parents, the afflicted individuals, and the partici-
pating physicians. The goal in these cases is to biopsy
and remove any changing areas of the nevi in an effort
to prevent metastasis if a melanoma were to develop.
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MiLIA

Milia are tiny (1-3 mm), superficially located epidermal
inclusion cysts. They typically have a characteristic
porcelain-white color. One often encounters a patient
with a solitary milium or multiple milia. These tiny skin
growths are entirely benign and cause no harm to the
patient.

Clinical Findings: Milia are tiny epidermal inclusion
cysts located superficially in the epidermis. They do not
have an appreciable overlying central punctum. They
occur in all races, at all ages, and equally in males and
females. Primary milia occur without an underlying
skin disorder. Secondary milia occur because of an
underlying skin disorder, most often a subepidermal
blistering condition. As the subepidermal blister heals,
it is not uncommon to see the development of milia in
the area of the previous blister. As an example, patients
with porphyria cutanea tarda develop subepidermal
blisters and typically heal with scarring and milia for-
mation. Occasionally, a milium can have a somewhat
translucent appearance and should be biopsied to rule
out a basal cell carcinoma or an intradermal nevus.

In adults, milia most commonly occur on or around
the eyelids. Up to half of all newborns have milia. These
are typically located on the head and are termed more
specifically congenital milia. They almost always resolve
on their own without therapy, and therapy should be
withheld to provide time for spontaneous resolution.
Unique forms of milia eruptions have been described
in the literature, including eruptive multiple milia,
grouped milia, and generalized milia. Eruptive milia
manifest over a period of weeks, with the appearance of
10 to 100 milia. This has been described in teenagers
and adults. Grouped milia and milia en plaque are rare;
these terms are used, respectively, to describe a nodular
grouping and a plaque-like grouping of milia.

Certain genetic syndromes show an association with
milia, the best recognized one being Bazek’s syndrome.
This syndrome is defined as a constellation of milia,
basal cell carcinomas, hypotrichosis, and follicular atro-
phoderma. A few other genetic syndromes that have
milia are the Rombo syndrome, familial milia syn-
drome, and atrichia with papular lesions. Many other
syndromes with milia have been reported.

Histology: Milia are tiny cysts in the superficial epi-
dermis. The cyst has a true lining of stratified squamous
epithelium. A granular cell layer is present in the cyst
wall lining. The center of the cyst is filled with a small

Milia in an adult. Small white papules just

underneath the epidermis. They represent

small cysts and are very commonly located

on the eyelids.

Integumentary System

Congenital milia in a newborn. This is a
common incidental finding.

amount of keratin debris. There is typically no sur-
rounding inflammation in a primary milium.

Pathogenesis: The cause is unknown, but the cysts
are believed to be derived from the hair follicle, seba-
ceous gland, or eccrine gland epithelium. Secondary
milia occur after subepidermal blistering or trauma that
interrupts the epidermal-dermal junction.

Trreatment: No therapy is required. Most milia are
found during routine skin examinations and are brought

Cladfact-
T,

A small well-circumscribed cyst is seen
within the dermis. The lining is stratified
squamous epithelium with a granular
cell layer.

to the attention of the patient for education. Patients
are often unaware of the milia. If a patient is bothered
by the appearance of the cyst, extraction with a come-
done extractor after creating a tiny (1-mm) incision
with a no. 11 blade is all that is required for removal.
Once the cyst is removed, it almost never recurs,
although other milia may develop after extraction.
Treatment of congenital milia in infants is not required
because they almost all resolve spontaneously.
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NEUROFIBROMA

Neurofibromas are uncommon benign skin tumors that
can be solitary but are more commonly found in mul-
tiples in patients with neurofibromatosis. Neurofibro-
matosis is one of the more common genodermatoses,
afflicting 1 in every 3000 to 4000 individuals. It is
caused by a defective tumor suppressor gene.

Clinical Findings: Neurofibromas are small (up to
1 cm on average) papules or nodules that have a soft,
rubbery feel. They are flesh colored to slightly hyper-
pigmented. When pressed, they show a characteristic
“buttonholing” phenomenon, in which the neurofi-
broma invaginates into the underlying dermis and sub-
cutaneous fat. The neurofibroma returns to its natural
location once it is unconfined. Most solitary neurofi-
bromas are asymptomatic. The clinical differential
diagnosis is between a neurofibroma and a common
acquired melanocytic nevus (compound or intradermal
nevus). When multiple neurofibromas are seen in an
individual patient, the clinician should look for other
signs of neurofibromatosis.

Neurofibromatosis type 1 (previously known as von
Recklinghausen disease) is a common genetic systemic
disease with cutaneous findings. It is inherited in an
autosomal dominant pattern but can also result from
a spontaneous mutation. The gene that has been impli-
cated, known as NFI, is located on the long arm of
chromosome 17 and encodes the tumor suppressor
protein, neurofibromin. This guanosine triphosphatase
(GTPase) protein is critical in the regulation of the
Ras cell signaling pathway. Other forms of neurofibro-
matosis have been described and show variations of
the clinical phenotype. Neurofibromatosis type 2 is
caused by a defect in NF2, a gene on the long arm
of chromosome 22.

Patients with neurofibromatosis type 1 begin devel-
oping neurofibromas at puberty, and the lesions
increase in number dramatically over their life span.
They are often larger than solitary neurofibromas and
can range from a handful to thousands. The sheer
number of neurofibromas can cause significant disfig-
urement and can affect social and psychological well-
being. In this genetic disease, neurofibromas can occur
not only in the skin but along any nerve in the body.
Neurofibromas that occur in areas where there is
minimal room for expansion (e.g., in the intervertebral
foramen) can cause significant morbidity and need for
surgical intervention.

Patients with neurofibromatosis type 1 have many
other skin findings, including multiple café-au-lait
macules, axillary freckling, and plexiform neurofibro-
mas. Plexiform neurofibromas are a unique variant of
the neurofibroma and are considered pathognomonic
for this disease. They are composed of multiple indi-
vidual neurofibromas grouped into a large plaque.
Systemic findings seen in neurofibromatosis include
optic gliomas, Lisch nodules on the iris, multiple bony
findings, various impairments of the central nervous
system, and a number of endocrine disorders. The
varying phenotypes of this disease may result from
different mutations in the involved gene. These patients
are also at much higher risk for malignancy than non-
afflicted controls.

Pathogenesis: Solitary neurofibromas have not been
found to contain defects in the neurofibromin protein.
They arise as a result of unknown factors that cause
proliferation within the dermis of all the components
of a nerve filament. The neurofibromas found in neu-
rofibromatosis are believed to be caused by the genetic

Benign Growths

CuTtaNEOUS LESIONS IN NEUROFIBROMATOSIS (NF)

Multiple café-au-lait spots and neurofibromas
are the most common manifestations of NF.

Plexiform neuro-
fibroma. Charac-

Localized elephantiasis
of thigh with redundant
skin folds

von Recklinghausen disease.
One of von Recklinghausen'’s
original patients, who had
extensive neurofibromas

but no neurologic symptoms.
Fortunately, such widespread
skin involvement is
uncommon.

Verrucous hyperplasia.
Maceration of velvety-soft
skin may cause weeping
and infection in crevices.

teristically localized
to one side of trunk
and thigh

Low power. A non-
encapsulated dermal
tumor of cells with
spindle-shaped nuclei.
A small grenz zone

is appreciated.

defect in the tumor suppressor gene. How this defect
ultimately regulates the formation of neurofibromas is
not fully understood.

Histology: Individual neurofibromas have a well-
circumscribed, spindle-shaped proliferation within the
dermis. No capsule is present. Schwann cell prolifera-
tion and proliferation of the axonal components of the
nerve are seen. Many mast cells are present in these
tumors. The epidermis is uninvolved, and a small grenz
zone is often appreciated.

Tireatment: Definitive treatment of a solitary neuro-
fibroma is complete excision. This is curative and
results in a very low recurrence rate. No treatment is
necessary, because the transformation into malignancy
is extremely low.

High power. Wavy-appearing nuclei seen
within the center of the tumor. Mast cells
are often found in the tumor.

Any neurofibroma that starts growing or becomes
hard or tender should be removed to look for degenera-
tion into neurofibrosarcoma.

Patients with neurofibromatosis require a multidisci-
plinary approach and need to see a good internist
to coordinate all the potential systemic complications.
The neurofibromas may be removed surgically. This
approach is notideal, because the number of lesions typi-
cally precludes removal of only the bothersome ones.
Plexiform neurofibromas should be removed by a plastic
surgeon, because they can have large subcutaneous
extensions that are not visible clinically. There is no cure
for this genetic disease; lifelong screening and follow-up
are required, and the patient should be referred for
genetic counseling before reaching child-bearing age.
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NEVuUS LIPOMATOSUS
SUPERFICIALIS

Nevus lipomatosus superficialis is a not-uncommon
benign skin growth that is considered to be a hamarto-
matous proliferation of adipose tissue located in the
dermis. It was originally named nevus lipomatosus
cutaneous superficialis of Hoffman-Zurhelle. There
are no known systemic associations with this benign
skin growth, and no inheritance pattern has been
described.

Clinical Findings: These nevi are most commonly
found along the pelvic girdle. They have no sex or race
predilection. They may occur at any age but are most
common before the third decade of life. The lesions
usually have a soft, bag-like appearance, often mimick-
ing a large skin tag, and are flesh colored to yellow-tan.
They are soft, nontender, easily moveable papules with
a sessile base or pedunculated plaques with a thick stalk-
like projection. The main differential diagnosis includes
a skin tag, a compound nevus, and a connective tissue
nevus. However, these lesions are much larger on
average than the common skin tag.

Although the diagnosis can be considered clinically,
the definitive diagnosis can be ascertained only after
pathological evaluation. These lesions are often solitary,
but reports of multiple lesions have been described in
the literature. In the case of multiple tumors, the lesions
are typically described as flesh-colored to slightly red
dermal nodules that tend to coalesce into larger plaques.
Some of the tumors have a cerebriform appearance to
their surface. They can become very large (>10 cm in
diameter) if left untreated. However, most never grow
larger than 1 to 2 cm in diameter. A generalized variety
of this condition has been described, but it is exceed-
ingly uncharacteristic.

Children present after their parents notice the
growth or growths, and a skin biopsy is often used to
determine the diagnosis. Adults often present because
of a slowly enlarging plaque that has an unsightly
appearance or has become eroded or ulcerated due to
trauma from the size of the lesion.

Pathogenesis: This condition is believed to be a ham-
artomatous process of adipose tissue located in the
dermis. For some unknown reason, this normal-
appearing adipose tissue proliferates within the dermis,
often causing an outward herniation of the overlying
epidermis, which ultimately leads to the distinctive
clinical findings. The exact mechanism has not been
elucidated. No genetic abnormalities of the adipose
tissue have been established, and there is no known
malignant potential.

Histology: Nevus lipomatosus superficialis has a
characteristic pathology. It shows mature normal
adipose tissue within the dermis. The one key finding
is lack of connection of the abnormally located dermal
adipose tissue with the normally located subcutaneous

Fleshy plaquelike
benign growth
that is diagnosed
by histopathological
analysis

Integumentary System

Pedunculated
lesion. These
tumors are
soft, typically
asymptomatic,
- and removed
. for cosmetic

. purposes or
@ because of
2 chronic

| irritation.

@ g
Low power. The dermis is almost entirely replaced with
adipose tissue.

adipose tissue. Variable amounts of fat tissue make up
the individual lesions. No definitive percentage has
been established to make the diagnosis, but as little
as 10% to more than 50% of each lesion is made up
of adipose tissue. The overlying epidermis can be
normal or can exhibit acanthosis and papillomatosis.
The more cerebriform appearing the lesion is clini-
cally, the more likely it is that epidermal changes will
be seen on pathological examination. Skin tags do not

High power. The adipose tissue is normal
in appearance.

have adipose tissue present, and this is a key discrimi-
nating factor.

Treatment: These solitary lesions are best excised
surgically; this gives the best cosmetic result and the best
cure rate. Multiple lesions can be left alone after a diag-
nosis is made. If the group of lesions is amenable to
surgical excision without the potential for disfiguring
scarring, or if the scarring would result in a better cos-
metic outcome, surgical excision can be undertaken.
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NEvus oF OTA
AND NEVUS OF ITO

Both nevus of Ota (oculodermal melanocytosis, nevus
fuscoceruleus ophthalmomaxillaris) and nevus of Ito
(nevus fuscoceruleus acromiodeltoideus) are considered
to be benign hamartomatous overgrowths of melano-
cytes. These two processes are located on the face and
upper shoulder, respectively. They share a common
pathogenesis and histology with Mongolian spots and
are most likely caused by abnormal embryological
migration of melanocytes.

Clinical Findings: The diagnosis of these conditions
is most often made on clinical grounds, and a skin
biopsy is rarely, if ever, needed to make the diagnosis.
Nevus of Ota and nevus of Ito have characteristic loca-
tions, and this helps the clinician make the ultimate
diagnosis. The closely related Mongolian spot is located
on the lower back of infants and manifests as a deep
blue, asymptomatic macule that almost always fades
away slowly until it disappears completely by adult-
hood. It has a higher prevalence in children of Asian or
Mayan Indian descent.

Nevus of Ota occurs in a periocular location and can
affect the bulbar conjunctiva. It is almost always unilat-
eral in nature. Nevus of Ota manifests as a bluish to
blue-gray macule with indistinct borders that fade into
the surrounding normal-colored skin. It is usually
located over the distribution of the first two branches
of the trigeminal nerve. If the bulbar conjunctiva is
involved, the color may vary from bluish gray to dark
brown. This condition occurs much more commonly in
women and in patients of Asian descent. Nevus of Ota
is most often seen in isolation, but on occasion it can
be seen with a coexisting nevus of Ito.

Nevus of Ito has a similar clinical appearance;
however, the location is on the shoulder girdle and
neck. Unilateral lesions are the rule. The blue to blue-
gray macules can be large and can cause the patient
considerable dismay. These lesions are asymptomatic
but can be a major cosmetic concern for patients and
can cause considerable psychological and social
difficulties.

Both nevus of Ota and nevus of Ito are more preva-
lent in the Asian population. Nevus of Ota appears to
have a very small malignant potential. It is believed that
Caucasian females with a nevus of Ota are at higher risk
for transformation into malignant melanoma. Nevus of
Tto does not appear to have a malignant potential.

Histology: The histological findings in nevus of Ota,
nevus of Ito, and Mongolian spots are identical and
resemble those of common blue nevi. Within the lesion,
nodular collections of melanocytes are found in the
dermis, with noticeable elongation of the melanocytes
in the superficial dermis. There is surrounding fibrosis
in the dermis with a number of melanophages present.

Pathogenesis: Under normal circumstances, melano-
cytes migrate during embryogenesis from the neural
crest outward to their final locations (e.g., skin, retina).
Nevus of Ota and nevus of Ito are believed to be caused
by abnormal migration of these melanocytes. During
their migration, some unknown signal causes the mela-
nocytes to collect on the face or on the shoulder,
respectively. There does not appear to be a genetic
inheritance pattern.

Treatment: These are benign lesions that require
no therapy. It is not unreasonable to monitor them
clinically for the rare development of malignant trans-
formation. Most patients present for therapy because
they are bothered by the appearance of the lesions.

Nevus of Ito

Nevus of Ota low power. Pigmented mela-
nocytes are spread out within the dermis.

Because of the psychological and social hardships
engendered by these cosmetically disfiguring lesions,
therapy is appropriate, albeit difficult. If only small
areas are involved, cosmetic makeup may be used to
camouflage the region. Topical therapies with hydro-
quinone and tretinoin have shown minimal to no effect
on the pigmentation.

Benign Growths

elongated dendritic processes are seen amongst the
dermal collagen bundles.

Use of the 1064-nm neodymium:yttrium-aluminum-
garnet (Nd:YAG) laser has resulted in the most success
in treating these lesions, and it can be used in patients
of almost any skin type. Q-switching of the laser is a
method that has been shown to increase its efficacy.
Q-switched ruby, alexandrite, and 1064-nm Nd:YAG
lasers have all been used successfully.
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NEVUS SEBACEUS

Nevus sebaceus, also known as organoid nevus or nevus
sebaceus of Jadasshon, is a benign tumor that manifests
in infancy or early childhood. This tumor has a risk of
malignant transformation after puberty, and basal cell
carcinoma is the malignant tumor that most frequently
develops within these lesions.

Clinical Findings: Most of these growths are very
small, and some escape detection for years. Others can
be obvious at birth. They show a large range in dimen-
sions. Most are solitary. The most common location in
which to find a nevus sebaceus is within the scalp.
Together, the scalp and face are overwhelmingly the
areas of involvement, and it is rare to find a lesion any
other place on the body. At or soon after birth, an area
of the scalp is seen to be obviously affected. Nevus
sebaceus typically start off as a thin, yellowish-brown
patch or plaque. The area is almost universally devoid
of terminal hair shafts. With time, the area becomes
more cobblestoned in appearance. These nevi are
usually asymptomatic but can be a cosmetic problem
depending on their size and exact location. They occur
in males and females with equal frequency. The lesions
enlarge in proportion to the growing child. Before
puberty, the risk of malignant transformation is very
low. After puberty, approximately one third of these
lesions develop a secondary growth, which usually
manifests as a new nodule within the nevus sebaceus.
The nodule can vary in color, but a light, translucent
purple color is not infrequently seen. It is also common
for a bleeding nodule or papule to develop within the
underlying nevus sebaceus.

Most commonly, these growths that occur within the
nevus sebaceus are benign in nature. The syringocyst-
adenoma papilliferum is the most common benign
tumor to develop within a nevus sebaceus. Because of
the connection to the epidermis, these growths usually
manifest as a draining or bleeding nodule that is slowly
enlarging. The most common malignant growth to
develop in a nevus sebaceus is a basal cell carcinoma.
These usually manifest as a pearl-colored papule with
a central ulceration and varying amounts of bleeding or
crusting. The transformation to malignancy has been
shown to increase with the age of the patient. It is
estimated that about 1% of nevus sebaceus lesions will
develop a malignant growth over the patient’s lifetime.
There have been multiple reports of various tumors
arising within a nevus sebaceus, and there have also
been reports of multiple tumors arising within the same
nevus sebaceus.

The nevus sebaceus syndrome is a very rare finding.
It is similar in nature to the epidermal nevus syndrome.
This syndrome can have a varying phenotype. The neu-
rological system, including the eye, and the musculosk-
eletal, cardiovascular, and genitourinary systems can all
be involved to varying degrees. Patients with this syn-
drome usually have abnormally large areas of cutaneous
involvement. The lesions can be found anywhere on the
body and are often multiple.

Pathogenesis: Nevus sebaceus is considered to be a
hamartomatous process of the epidermis and adnexal
structures of the skin. The exact mechanism and cause
have not been discovered.

Histology: The histological picture is dependent on
the age of the patient. Before puberty, the findings are
more subtle than after puberty. Prepubertal lesions
most commonly show undeveloped adnexal structures.
After puberty, the lack of terminal hair follicles is a
universal finding. Fine vellus hair follicles are often

Low power. Acanthosis seen with an increased
number of sebaceous glands and hair follicles
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Nevus sebaceus. Flesh- to yellow-
colored plaque, typically on the scalp
with associated overlying alopecia
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High power. Characteristic finding of the emptying
of a sebaceous gland directly onto the surface of
the epidermis

High power. Increased number of enlarged sebaceous

glands, with the central sebaceous gland emptying onto

the surface of the skin

present but in reduced numbers. Prominent sebaceous
glands are seen. Many of the sebaceous glands empty
directly onto the surface of the epidermis. The overly-
ing epidermis shows acanthosis and papillomatosis. The
presence of apocrine glands is often appreciated.
Trreatment: If treatment is undertaken, complete sur-
gical excision is the treatment of choice. This not only
removes the lesion but also removes the risk of malig-
nant potential. Another approach is to watch and wait,

with routine observation. If the nevus sebaceus develops
any areas of change, a prompt biopsy is warranted. The
timing of the surgical removal is controversial, and
because the risk of malignancy is low, it is acceptable to
wait until the patient is old enough to make the deci-
sion. The size and location of the nevus sebaceus dic-
tates the type of surgical excision and repair required.
Treatment of the rare nevus sebaceus syndrome requires
a multidisciplinary team approach.
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Plate 2-30

OSTEOMA CUTIS

Osteoma cutis is a rare benign tumor in which bone
formation occurs within the skin. There are two types
of osteoma cutis, primary and secondary. Primary
osteoma cutis is idiopathic in nature, whereas secondary
osteoma cutis is caused by bone formation in an area of
trauma or another form of cutaneous inflammation. It
can also be seen secondary to abnormalities of parathy-
roid hormone metabolism, and this form of osteoma
cutis is called metastatic ossification. Secondary osteoma
cutis is much more common than the primary idio-
pathic form.

Clinical Findings: Primary osteoma cutis is not asso-
ciated with any defined underlying disorder and can
manifest as a solitary nodule, plaque, or plate-like hard-
ening of the skin. Some are quite small, whereas others
are large and cause discomfort. Males and females are
equally affected, and there is no race predilection. The
age atonsetis variable. Plate-like or plaque-like osteoma
cutis is a form of primary osteoma cutis that occurs
during the first few months of life and can even be
present at birth. The acral regions are most commonly
affected. Over time, these osteomas tend to develop
ulcerations or erosions of the overlying epidermis.
With this ulceration, small parts of the osteoma are
extruded from the underlying dermis and expelled
from the skin. This may be the cause for presentation
to the clinician. Most patients present with a thickened
or hardened area of skin with no preceding trauma
or inflammatory condition. There is no malignant
potential.

Primary osteomas of the skin may be seen in the
genetically inherited disease, Albright’s hereditary
osteodystrophy. This condition is characterized by a
constellation of findings including short stature,
osteoma cutis, mental and physical delay, and brachy-
dactyly. Varying degrees of obesity and a round appear-
ance to the face are also seen. This condition is caused
by an underlying defect in the GNAS gene. This gene
encodes a stimulatory G protein (G,) that is responsible
for cell signaling through the eventual production of
cyclic adenosine monophosphate (cAMP). Albright’s
hereditary osteodystrophy has been reported to mani-
fest with resistance to parathyroid hormone, but other
Albright’s patients have not shown this resistance.
These differences are likely due to the complex
inheritance pattern and whether the defective gene
was inherited from the maternal or paternal side or
both. Most patients have associated hypocalcemia and
hyperphosphatemia.

Secondary osteoma cutis is far more common than
the primary form, by a ratio of about 9: 1. Bone forma-
tion may occur in any area of previous skin trauma, acne
cysts, or epidermal inclusion cysts and are commonly
seen in pilomatricomas. Pilomatricomas are benign
tumors that most often manifest in childhood. Inflam-
matory conditions associated with osteoma cutis include
dermatomyositis and scleroderma.

Fibrodysplasia ossificans progressiva is a rare genetic
condition in which connective tissue is turned into bone
after minor trauma, causing secondary osteomas. The
skin can be involved, but so can the muscle and other

Radiograph reveals globular outgrowth on tibial

cortex with sloping extensions (Codman’s triangles)

Slowly enlarging, asymptomatic
bony mass on dome of head

High power. A well-
circumscribed nodule

of bone formation just
underneath the epidermis.
A few haversian canals

NP
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are present.

underlying tissue. This disease is progressive and can
result in premature death. This condition is unique in
that it is caused by endochondral bone formation.

Pathogenesis: Primary forms of osteoma cutis show
intramembranous ossification that is centered within
the dermis. There is no preceding cartilage formation
to act as a scaffolding for the bone to form. The exact
cause is unknown. The G protein that is defective
in Albright’s hereditary osteodystrophy has been
found to be important in bone regulation. The precise
reason why some areas of skin are involved while others
are left intact in this genetic disease is not well
understood.

Histology: Areas of bone formation are seen ectopi-
cally in the dermis or subcutaneous tissue. The bone is
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Specimen demonstrates continuity
of tumor with overlying periosteum.

Radiograph of excised tumor reveals
densely ossified cortical mass protruding
from outer table of skull.

formed by an intramembranous mechanism without the
assistance of a preceding cartilage scaffolding.

Treatment: Secondary osteoma cutis can be removed
with a number of surgical techniques. Creation of a
small, nick-like incision over the area of osteoma for-
mation and removal with a small curette or laser resur-
facing has produced the best results. This treatment can
be very time-consuming and labor intensive in cases of
multiple secondary osteoma cutis (e.g., in some cases of
acne-associated osteoma cutis).

The treatment of primary plaque-like osteoma cutis
is surgical removal. Albright’s heriditary osteodystrophy
and fibrodysplasia ossificans progressiva are rare dis-
eases that require a multidisciplinary approach at
centers with experience treating these conditions.
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Plate 2-31

PALISADED ENCAPSULATED
NEUROMA

The palisaded encapsulated neuroma (PEN) is an
uncommon benign tumor that is derived from nerve
tissue. It is also known as solitary circumscribed
neuroma of the skin. Most of the tumors occur on the
head and neck.

Clinical Findings: The lesions of PEN most often
manifest on the head and neck region of patients in the
fourth and fifth decades of life. They afflict men and
women equally and have no race predilection. They are
firm, dome-shaped papules or dermal nodules. They
are almost always solitary in nature. The overlying epi-
dermis is unaffected and is flesh colored. These benign
tumors tend to grow slowly over a period of years until
they reach a size (often <1 cm in diameter) that makes
them worrisome to the patient. They are commonly
misdiagnosed as compound nevi or basal cell carcino-
mas, and it is not until they are biopsied that the true
diagnosis is made. These tumors have a propensity to
develop on the eyelid margin and at the interface
between keratinized skin and the mucous membranes.
Many are seen and removed by ophthalmologists. Most
of these tumors are completely asymptomatic. On occa-
sion, they are tender. This tumor is not associated with
any underlying neural or systemic symptoms. In con-
trast, traumatic neuromas occur at sites of trauma, espe-
cially at amputation stump sites, and are caused by
hypertrophy and proliferation of the damaged nerve
ending. These tumors are solid, hard dermal nodules
that cause pain on palpation.

Pathogenesis: The PEN tumor is derived from
neural tissue. The Schwann cell is believed to be the
cell type of origin for this growth. The proliferation of
Schwann cells forms the tumor lobule. The exact mech-
anism or signal that causes this proliferation has not yet
been discovered. Schwann cell origin is important to
recognize and helps differentiate this tumor from other
neurally derived tumors. The capsule is derived from
perineural cells and collagen bundles. The capsule
is believed to occur as a reaction to the underlying
Schwann cell proliferation.

Histology: The PEN has a clear and well-demarcated
capsule lining that is derived from collagen and peri-
neural cells. The tumor is located entirely within the
dermis, and the overlying epidermis is normal in
appearance. There is no inflammatory infiltrate. The
tumor is composed of spindle-shaped cells that form
a tight, interweaving pattern. Immunohistochemical
staining is often used to help differentiate these tumors
form other neurally derived tumors such as schwanno-
mas, neurofibromas, and traumatic neuromas. Neuro-
fibromas do not have a true capsule circumventing the
tumor. The capsule stains with epithelial membrane
antigen (EMA). This stain helps indicate the location
of the perineural capsular cell components. The
tumor proper stains with $100, vimentin, and type IV

Palisaded
encapsulated
neuroma.
Nondescript
dermal tumor
with minimal
epidermal
changes
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Traumatic neuromas
commonly occur within
amputation stump site.

i b

Palisaded encapsulated neuroma, low power.
Well-circumscribed dermal tumor of spindle cells

collagen. This staining pattern has been described for
Schwann cells, so a positive result helps to determine
the derivation of this tumor. Schwannomas are differ-
entiated by their characteristic Antoni A and B regions
and their subcutaneous location. Traumatic neuromas
are not encapsulated and are composed of all the indi-
vidual components that make up the previously normal
traumatized nerve tissue.

Palisaded encapsulated neuroma, high power.
Close-up of the fascicles that make up the tumor

Treatment: Complete excision is diagnostic and
curative. The tumors rarely recur after elliptical exci-
sion. They have no malignant potential, and patients
can be reassured that they do not have any possibility
of an underlying neural syndrome. Traumatic neuromas
can be cured by surgical removal. There is a small risk
of recurrence. Pain control is also critical in the man-
agement of traumatic neuromas.
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PILAR CYST
(TRICHILEMMAL CYST)

Pilar cysts are relatively common benign growths that
occur most frequently on the scalp. They go by many
names, including wen, trichilemmal cyst, and isthmus-
catagen cyst. Most are solitary, but it is not uncommon
to see multiple pilar cysts in a single individual. Their
appearance is similar to that of epidermal inclusion
cysts, but the pathogenesis is completely different.
There is a malignant counterpart called a metastasizing
proliferating trichilemmal cyst. The malignant trans-
formation of a pilar cyst is exceedingly rare. Subsets of
these growths are inherited.

Clinical Findings: Pilar cysts occur most frequently
on the scalp. They can be mistaken for epidermal inclu-
sion cysts. The main clinical differentiating points
are that pilar cysts do not have an overlying central
punctum, and they tend to be a bit firmer to touch.
These cysts occur more commonly in adults, and they
have a tendency to affect women more often than men.
They typically manifest as slowly growing, firm dermal
nodules with no overlying epidermal changes and no
central punctum. These cysts do not drain, as epidermal
cysts sometimes do. They also rarely get inflamed.
Almost exclusively found in the scalp, they are for
the most part asymptomatic. Patients present to the
clinician because of an enlarging nodule. As opposed
to the epidermal inclusion cyst, which essentially has
no malignant potendal, the pilar cyst does have a
small proliferating and malignant potential. This risk is
very low.

Some families show an autosomal dominant inheri-
tance pattern. The exact gene defect has yet to be deter-
mined, but a possible gene has been mapped to
chromosome 3. Most patients with the hereditary
version of this condition have solitary lesions. Numer-
ous lesions are infrequently encountered in the inher-
ited form.

Pathogenesis: Pilar cysts are also called trichilemmal
cysts, because they are derived from the outer root
sheath of the hair follicle, which undergoes trichilem-
mal keratinization. This form of keratinization is
unique in that there is no granular layer. The hereditary
version of this disease was originally thought to be
caused by a defect in the gene encoding B-catenin. This
has been disproven, and the familial gene has been
mapped to the short arm of chromosome 3, although
the exact genetic defect has yet to be elucidated. These
cysts are believed to be derived from the isthmus of
anagen-type hairs. They are formed from deeper ele-
ments of the hair shaft apparatus than the epidermal
inclusion cyst are.

Histology: Pilar cysts are composed of compact layers
of stratified squamous epithelium without a granular
cell layer. The cysts are found within the dermis, and

Pilar cysts are
frequently found
on the scalp.
Dome-shaped,
firm dermal
nodules

Low power. Dermal cyst with compacted central
keratin. The epidermis is unaffected.

the overlying epidermis is unaffected. These cysts show
an absence of intercellular adhesion molecules. The
cysts can become calcified or ossified. The cysts have a
unique peripheral rim of keratinocyte nuclei, which is
very helpful in classifying them. The central aspect of
the cyst contains homogenous pale, eosinophilic, com-
pressed keratin.

Treatment: Simple surgical excision is curative. The
recurrence rate is minimal. These cysts typically are
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a granular cell layer and is composed of stratified
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removed very easily after excision through the overly-
ing skin into the cyst wall. The cyst almost always
“pops” out with slight lateral pressure, and only a small
incision is needed. After removal, care needs to be taken
to decrease the amount of dead space left, to avoid
seroma formation. This can be prevented by removing
some of the redundant overlying epidermis and sutur-
ing the deeper tissues together to close the space left by
the removed cyst.
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Plate 2-33

POROKERATOSIS

The porokeratoses are a group of benign epidermal
proliferations. The most common and best-described
clinical variants include disseminated superficial actinic
porokeratosis (DSAP), porokeratosis of Mibelli, poro-
keratosis palmaris et plantaris disseminata, and punctu-
ate porokeratosis. The underlying disease state is the
same for all variants, as are the characteristic and diag-
nostic histopathological findings. There are many other
clinical variants that are infrequently seen.

Clinical Findings: Porokeratoses are typically inher-
ited in an autosomal dominant fashion. They manifest
beginning in the third to fourth decades of life and
are more common in sun-exposed areas. The lesions
can be minute to a few centimeters in diameter. They
usually are 1- to 2-cm, thin, flesh-colored to slightly
pink or hyperpigmented patches with a characteristic
hyperkeratotic surrounding rim. This rim encompasses
the entire lesion and is almost pathognomonic for
porokeratosis.

The DSAP form is the most common and most easily
recognized clinical variant. Patients present with a
family history of similar skin growths. The lesions are
almost entirely located in sun-exposed regions of the
body. Patients who have had more ultraviolet light
exposure over their lifetime are more likely to have
multiple and more noticeable lesions. Most porokera-
toses are asymptomatic, and patients typically present
because of the appearance of the lesions and the fact
that they continue to develop more lesions over time.
Most lesions are flesh colored to slightly pink or red.
Some can be frankly inflamed, with redness and crust-
ing. Transformation into squamous cell carcinoma has
been reported. and patients should be counseled to be
reevaluated if they develop growths or ulcerations
within the porokeratosis. The lesions of DSAP are
much more likely to affect the skin on the extremities
than the facial skin.

The porokeratosis of Mibelli is a solitary lesion, or
a group of lesions with a linear array that have an
identical morphology of a thin patch with a thin
hyperkeratotic rim. They may occur anywhere on the
body.

Porokeratosis palmaris et plantaris disseminata is a
unique variant that affects the skin of the palms and
soles initially and then can disseminate into a general-
ized pattern. The lesions of the palms and soles can be
tender. This variant is also inherited in an autosomal
dominant manner. The lesions begin on the palms and
soles during the third to fourth decades of life and
slowly spread to other areas of the skin in a generalized
pattern.

Punctate porokeratosis of the palms and soles is a rare
clinical variant that is localized to the palms and soles.
The lesions tend to be 0.5 to 1 ¢cm in diameter and have
a well-defined rim of hyperkeratosis. Occasionally, they
can be mistaken for plantar warts.

Pathogenesis: The pathogenesis of porokeratosis, no
matter which variang, is believed to be an abnormality
of keratinocyte proliferation. A clonal expansion of the
abnormal keratinocytes leads to development of the
expanding rim of hyperkeratotic tissue. This rim of
hyperkeratosis is recognized histopathologically as the
cornoid lamella. No genetic defect has been identified.
Porokeratosis is more commonly found in patients
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Low power. An atrophic epidermis with a scant
amount of dermal inflammation is seen. A peri-
pherally located cornoid lamella is appreciated.

taking chronic immunosuppressive medications (e.g.,
after solid organ transplantation) and in those infected
with the human immunodeficiency virus. This is indi-
rect evidence that chronic immunosuppression may
lead to a lack of tumor surveillance and the develop-
ment of porokeratosis.

Histology: On biopsy, the hallmark of porokeratosis
is recognition of the cornoid lamella. The cornoid
lamella is the pathological representation of the hyper-
keratotic peripheral rim of tissue seen on clinical
examination. The cornoid lamella is positioned at an
angle away from the center of the lesion. The granular
cell layer underneath the cornoid lamella is often
absent or severely thinned. The appearance of the
center of the lesion is dependent on the clinical variant

High power. The cornoid lamella is made
of compacted stratum corneum. It overlies
an area that has lost its granular cell layer.
The cornoid lamella is oriented with its
distal ends pointing inward.

seen. The area can be atrophic or acanthotic. It is
not uncommon to see an inflammatory infiltrate
underneath the lesion, composed predominantly of
lymphocytes.

Treatment: Treatment is difficult and often unsuc-
cessful for widespread areas such as those involved in
DSAP. Sun protection and sunscreen use are recom-
mended. Solitary lesions can be removed surgically.
Multiple disseminated lesions can be ablated with
carbon dioxide laser ablation, 5-fluorouracil, or derm-
abrasion. These therapies are not always effective and
may be associated with scarring. It is imperative to
continue to monitor these patients with routine skin
examinations, because porokeratoses have a potential
for malignant degeneration.
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PYOGENIC GRANULOMA

Pyogenic granulomas are common benign skin tumors.
They frequently occur after trauma and can be induced
by certain classes of medications. They are also seen in
increased frequency during pregnancy. Pyogenic granu-
lomas are vascular tumors or proliferations of vascular
tissue. They occur in all races, and there is no age or
gender predilection, although they are more commonly
seen in pregnancy.

Clinical Findings: Patients often present with a
bleeding papule or nodule that is beefy red and has a
collarette of scale. Pyogenic granulomas are friable and
bleed easily when manipulated. There is often a preced-
ing history of trauma. The lesions are usually small
(5 mm) papules, but some have been reported to be 1
to 2 cm in diameter. These benign growths can also
occur on the mucosa, and another common but unique
location is in a periungual position. They can be tender
and occasionally can become superinfected. A charac-
teristic finding is the “band-aid” sign. This sign repre-
sents the surrounding skin findings of a contact
dermatitis caused by the frequent use of bandages to
cover the pyogenic granuloma due to its propensity to
bleed, sometimes profusely. Pyogenic granulomas are
more common during pregnancy and can be seen on
the gingival mucosa. The most frequent oral location
of involvement is the gingival mucosa. They rarely
resolve spontaneously. The differential diagnosis is
usually between pyogenic granuloma and other vascular-
appearing tumors including metastatic carcinoma, par-
ticularly renal cell carcinoma, bacillary angiomatosis,
and amelanotic melanoma. Pyogenic granulomas are
almost always removed and the diagnosis is confirmed
by histopathologic evaluation.

Pathogenesis: Pyogenic granulomas are thought to
arise after trauma or secondary to medications and to
be caused by a hyperplastic proliferation of vascular
tissue. Chronic localized trauma can cause the release
of vascular growth factors that may induce the prolif-
eration. Pyogenic granulomas have not been shown to
have any genetic inheritance pattern and are considered
to be sporadic. The exact mechanism of formation is
not well understood. The fact that they are more com-
monly seen in pregnancy suggests that certain hor-
monal regulations play a role in the formation of these
tumors.

Histology: Pyogenic granulomas are also known as
lobular capillary hemangiomas. This is an excellent
descriptive name. The lesion is an exophytic growth
that has a lobular configuration to its growth
pattern. The tumor is typically well circumscribed and

Pyogenic granuloma of the gingiva may be seen
more frequently during pregnancy. This is
occasionally termed granuloma gravidarum.
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Pyogenic granuloma on the thumb with
the characteristic collarette of scale

Low power. Multiple lobules of blood vessels

are seen separated by a thin fibrous connective
tissue.

surrounded by a collarette of hyperplastic epithelium.
Multiple capillary loops are found within each of the
tumor lobules. Strands of fibrous tissue divide the
tumor into individual lobules of varying size. Many of
these lesions show evidence of surface ulceration result-
ing from thinning of the overlying epidermis. The cells
involved are bland appearing.

Tirreatment: Most pyogenic granulomas resolve after
shave removal and curettage with cautery of the base of

High power. Proliferation of capillary vessels is
prominent in the center of the tumor lobules.
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the lesion. These tumors do have a propensity to recur,
and occasionally an elliptical excision is required for
removal. Application of silver nitrate and laser ablation
with the pulsed dye laser have been used successtully. If
the pyogenic granulomas are drug induced, stopping
the offending medication is sometimes effective in
resolving them. However, many cases of medication-
induced pyogenic granulomas require some method of
surgical removal.
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Plate 2-35

RETICULOHISTIOCYTOMA

Reticulohistiocytomas, also called solitary epithelioid
histiocytomas, are conglomerations of large eosino-
philic histiocytes within the dermis. The cytoplasm of
these cells has been described as “glassy” in appearance.
Reticulohistiocytomas are a subset of the histiocytoses
group of diseases. In contrast to the other histiocytoses,
patients with reticulohistiocytoma have normal lipid
levels.

Reticulohistiocytomas can occur as a solitary growth
or as multiple growths in a condition known as multi-
centric reticulohistiocytosis. The solitary variant is
more often seen. On histopathological examination, the
two clinical variants are identical in nature. Multicen-
tric reticulohistiocytosis is a rare disease with systemic
involvement. It can often be a marker of internal malig-
nancy, and patients are afflicted with a severe arthritis.

Clinical Findings: Solitary lesions are typically small,
firm dermal nodules ranging from 1 to 2 cm in diameter.
They are usually asymptomatic. Their coloration may
vary, but most often they are slightly pink to red-brown.
They are found most commonly on the head and neck
region of the body but have been described in all loca-
tions. They occur with similar frequency in males and
females and have no age or race predilection.

Multicentric reticulohistiocytosis is unique in that it
occurs in an older population, with a higher percentage
of females affected. The number of lesions is in the
hundreds to thousands. The multiple reticulohistiocy-
tomas found in this condition are most often localized
to the dorsal aspect of the hands and to the face. A
distinctive finding is that of small papules along the
lateral and proximal nail folds. This finding has been
described as “coral beading,” and it is highly
specific for multicentric reticulohistiocytosis. These
patients also have a severe arthropathy, and this diag-
nosis should lead one to look for an underlying malig-
nancy. The arthropathy almost always affects the
interphalangeal joints, particularly the distal interpha-
langeal joints. Multicentric reticulohistiocytosis is
believed to be a paraneoplastic condition in up to 25%
of the cases. The type of malignancy is variable, with
no predominant type more prevalent than any other.
For this reason, age-appropriate cancer screening
is recommended. In about one third of patients with
multicentric reticulohistiocytosis, the joint symptoms
precede the growths; in one third, they appear at the
same time; and one third of the patients develop only
clinically minor or no arthropathy. This arthropathy is
a severe inflammatory arthropathy that is symmetric
and polyarticular. A mutilating arthritis may develop,
sometimes very quickly. Early recognition and treat-
ment has helped decrease the progression into severe
mutilating arthritis. This truly is a multisystem organ
disease. Many patients have cardiac involvement, and
almost all organ systems have been reported to be
affected, some with fatal outcomes.

Pathogenesis: Multicentric reticulohistiocytosis and
solitary reticulohistiocytoma are believed to represent
a rare disorder of histiocytes. The cause of the histio-
cytic proliferation is unknown.

Histology: The tumor shows a well-circumscribed
dermal infiltrate without a capsule. The infiltrate is made
up almost entirely of histiocytes with a “ground-glass”
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Low power. A diffuse dermal infiltrate of “ground-
glass” histiocytes

appearance of the cytoplasm. Multinucleate giant cells
are always seen. They contain more than three nuclei,
which can be arranged in many variations. The cells stain
with the immunohistochemical stains CD45 and CD68,
but do not stain with S100. On electron microscopy, no
Langerhans cells are found in the infiltrate.

Tirreatment: Solitary reticulohistiocytomas are cured
with a simple elliptical excision. They rarely recur.
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High power. A few multinucleated giant cells
are seen within the tumor.

Patients with multicentric reticulohistiocytosis require
systemic therapy. Screening and constant vigilance
for an underlying malignancy is required in all cases.
Corticosteroids, methotrexate, hydroxychloroquine,
and cyclophosphamide have all been used. Anti—tumor
necrosis factor (anti-TNF) agents have been used. The
goals are to prevent or suppress the arthropathy and to
screen for malignancy.

48

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS



Plate 2-36

SEBORRHEIC KERATOSIS

One of the most commonly encountered of all benign
skin growths is the seborrheic keratosis. These growths
come in all sizes and shapes and invariably can be found
on any human older than 40 years of age. They com-
monly begin in the fourth decade of life and tend to
increase in number over one’s lifetime. They have no
malignant potential but are often brought to the atten-
tion of physicians because they can mimic other skin
growths, most importantly malignant melanoma.

Clinical Findings: Seborrheic keratoses are found
equally in males and females, and they are seen in all
races. They begin to manifest in the third to fifth
decade of life and continue to increase in number there-
after. They come in various sizes and shapes. Some are
quite small, whereas others can be 5 to 6 cm in diam-
eter. They occur almost exclusively in sun-exposed
regions of the body. The classic description is that of a
1- to 2-cm plaque with a “stuck-on” appearance and
small horn cysts. Most commonly flesh colored, they
can also be tan, brown, or almost black. It is for this
reason that they are occasionally mistaken for mela-
noma. Most individuals have a few scattered keratoses,
but not infrequently a patient has thousands of these
skin growths.

Many clinical variants of seborrheic keratosis can be
seen. Stucco keratoses are small (1-5 mm), gray-tan
papules with a stuck-on appearance or thin patches
on the lower extremities. Dermatosis papulosis is a
condition in which multiple seborrheic keratoses occur
on the face and neck. This condition has a definite
inheritance pattern.

Some seborrheic keratoses are smooth surfaced, but
more commonly they have a pebbly or dry, rough
surface. They have a characteristic stuck-on appear-
ance, and in some instances they are easily removed by
gently peeling from one side. These growths can easily
become irritated or inflamed. The resulting pain,
itching, or bleeding often brings the patient to medical
treatment.

The sign of Leser-Trélat is the rapid onset of
multiple seborrheic keratoses associated with an under-
lying internal malignancy. This sign has not been vali-
dated and is not a reliable indicator of an internal
malignancy.

Histology: There is a well-circumscribed prolifera-
tion of keratinocytes. They have an exophytic growth
pattern. The keratinocytes show acanthosis and hyper-
keratosis. Marked papillomatosis is also commonly
encountered. Two types of cysts are seen within the
seborrheic keratosis. The horn cyst develops within the
epidermis and is made of a keratin-filled cystic space
with a surrounding granular cell layer. A pseudo-horn
cyst is formed by an invagination of the stratum
corneum into the underlying epidermis. Multiple his-
tological subtypes have been described.

Pathogenesis: The formation of this benign epider-
mal tumor is not fully understood. It is caused by a
proliferation of keratinocytes within the epidermis. The
location in sun-exposed skin and the increasing number
of lesions with increasing age has led some to believe
that they are caused by a local suppression of the
immune system that results in the epidermal prolifera-
tions. A definitive inheritance pattern has not been
discovered, but these keratoses show some genetic pre-
disposition. Chromosomal analysis of these tumors has
not revealed any chromosomal defects. A link with the

Seborrheic
keratosis (close up)

Benign Growths

with overlying orthokeratosis.

Stucco keratosis

human papillomavirus has been proposed but has yet to
be proven.

Tireatment: These keratoses require no therapy. If
they become inflamed or irritated, a simple shave biopsy
removal is curative. Cryotherapy and curettage are often
used to treat these benign skin growths, and both are
extremely effective. After cryotherapy treatment, a
blister usually forms at the base of the seborrheic kera-
tosis, and within a day or two the keratosis falls off.

Seborrheic keratosis low power. Acanthotic epidermis

Dermatosis —
papulosis nigrans

Multiple seborrheic keratosis lesions

Another extremely effective method of removal that can
be done in the office is cryotherapy followed by a light
curettage; this also allows for histological evaluation.
Occasionally, dark brown or black seborrheic keratoses
can mimic melanoma, and in other cases a melanoma
may arise adjacent to a seborrheic keratosis and mislead
the clinician. If there is ever a doubt that the growth
could be a melanoma, a biopsy is required. This allows
for pathological confirmation of the diagnosis.
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Plate 2-37

SPITZ NEVUS

Spitz nevi are acquired nevi that occur most commonly
in children. The classic Spitz nevus is a benign growth
with minimal malignant potential. The Spitz nevus is
also known as a spindle-cell nevus. In the past, they
were also referred to as “benign juvenile melanoma,”
but that name should be avoided, because the term
melanoma should be used to describe malignant tumors
only. The difficulty with these melanocytic growths is
that they do not always have the classic appearance and
can be difficult to differentiate from melanoma. This is
especially true in the adult population, where Spitz nevi
are uncommon. For this reason, the terms atypical Spit-
zoid melanocytic lesion, atypical Spitz nevus, and Spitzoid
tumor of undetermined potential have made their way into
the dermatology lexicon to describe these difficult-to-
classify cases.

Clinical Findings: The classic Spitz nevus occurs in
childhood and has a characteristic reddish-brown color.
It has even coloration and regular borders. It is typically
dome shaped and smooth. It occurs equally in boys and
girls and is more commonly found in the Caucasian
population. The most common location has been
reported to be the lower limb. The size is variable, but
they are usually 5 to 10 mm in diameter. Spitz nevi are
almost always solitary, but multiple Spitz nevi in an
agminated pattern have been described. The clinical
differential diagnosis of a Spitz nevus includes the
common acquired nevus, pilomatricoma, dermatofi-
broma, adnexal tumors, and juvenile xanthogranuloma.
Most Spitz nevi are asymptomatic and are brought to
the clinician’s attention as an incidental finding. Classic
Spitz nevi rarely, if ever, spontaneously bleed or change
in color.

Pathogenesis: The Spitz nevus is a melanocytic lesion
derived from spindle-shaped or epithelioid melano-
cytes. The initiating factor or factors that cause this
melanocytic proliferation to arise are unknown. They
are unique melanocytic lesions, and their pathogenesis
is likely to be entirely different from that of congenital
melanocytic or common acquired melanocytic nevi.

Histology: The classic Spitz nevus is symmetrically
shaped, without shouldering. It shows the proper
benign maturation of melanocytes from top to bottom
of the lesion. The melanocytes do not show pagetoid
spread (single melanocytes) within the epidermis. Spitz
nevi melanocytes in general have a spindle shape or
epithelioid morphology. Another helpful finding is the
presence of eosinophilic Kamino bodies. These can be
either solitary or coalescing into large globules. Kamino
bodies are found in juxtaposition to the basement mem-
brane zone and are composed of elements of the base-
ment membrane, specifically type IV collagen. There is

Integumentary System

~ Agminated
- Spitz nevi

Low power. Symmetric melanocytic tumor, with
maturation of the melanocytes

High power. Bland-appearing melan-
ocytes predominate. A uniformity of
cell size is seen, and no mitotic figures
are appreciated. Melanophages are
present.

no immunohistochemical stain that can definitively dif-
ferentiate a Spitz nevus from melanoma. As alluded to
earlier, the classic Spitz nevus is usually a straightfor-
ward diagnosis. However, many difficult-to-classify
melanocytic lesions have overlapping features of Spitz
nevus and melanoma and can be exceedingly challeng-
ing diagnostically.

Tireatment: Complete excision for a classic Spitz
nevus is curative and allows for a complete histological

evaluadon. Indeterminate lesions should be reexcised
with conservative margins to make sure they have
been completely removed. Spitz nevi in adults should
all be excised to allow for complete histopathological
examination. Unclassifiable or difficult to classify mela-
nocytic tumors with features of both Spitz nevus and
melanoma are best treated as if they were melanoma.
The Breslow depth should be used to plan for appropri-
ate therapy.
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Plate 3-1

ADNEXAL CARCINOMA

Adnexal carcinomas are a diverse group of malignant
skin tumors that are derived from the various compo-
nents of the skin appendageal structures. These tumors
are extremely rare and comprise well less than 1% of
all skin cancers diagnosed annually. They are difficult
to diagnosis clinically because they can all mimic the
more common types of skin cancer, particularly basal
cell carcinoma and squamous cell carcinoma. They can
be diagnosed with certainty only after histological
examination. These tumors are believed to be derived
from hair follicle, sebaceous gland, apocrine gland, or
eccrine gland epithelium. They are thought to arise
de novo and can also arise from a preexisting benign
precursor. An example is an eccrine porocarcinoma
developing within an eccrine poroma.

Clinical Findings: These tumors are very rare,
and one is unlikely to consider them in the differential
diagnosis when evaluating an individual with an undi-
agnosed skin growth. There are few clues to their
origin, which makes diagnosis of these cancerous
tumors almost impossible based on clinical findings
alone. Most manifest as a solitary papule, plaque, or
dermal nodule. Most are asymptomatic, but pruritus,
bleeding, and pain may be present.

The diagnosis of these tumors requires tissue sam-
pling. A punch or excisional biopsy is the best method
to biopsy these lesions, because it allows the pathologist
to get a large enough piece of tissue to evaluate. A
punch biopsy is especially important to help differenti-
ate microcystic adnexal carcinoma from a benign syrin-
goma. The latter is very superficial in nature, whereas
the microcystic adnexal carcinoma displays a deep infil-
trative growth pattern that will not be appreciated with
a superficial shave biopsy.

Pathogenesis: The pathogenesis of these tumors is
poorly understood. In contrast to basal and squamous
cell carcinomas, they are unlikely to be caused by ultra-
violet light exposure. The rarity of the tumors makes
them difficult to study. There appears to be no genetic
inheritance to these malignant tumors, with the lone
exception of the sebaceous carcinoma. Sebaceous car-
cinoma can be seen in the Muir-Torre syndrome, which
is inherited in an autosomal dominant pattern.

Histology: Each tumor is unique histologically. The
tumors can be subdivided according to the type of epi-
thelium from which they are derived: sebaceous, hair
follicle, eccrine, or apocrine. The pathologist is able to
differentiate these tumors based on certain criteria. The
tumors show varying amounts of cellular atypia and an
invasive growth pattern. They are usually poorly cir-
cumscribed with varying amounts of mitotic figures,
necrosis, and abnormal-appearing cells. Various gland-
like structures can be seen in some tumors, which can
be helpful in making the diagnosis. Often, special
immunohistochemical stains are used to help differenti-
ate the subtypes of these tumors.

Treatment: These tumors should all be surgically
excised with clear surgical margins. The Mohs surgical
technique has been used successfully to treat these
tumors, as has a standard wide local excision. Sentinel
node removal and evaluation is not routinely per-
formed, but some clinicians advocate its use, especially
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Eccrine porocarcinoma. Nondescript
red papule or nodule. Ulceration may
occur. A biopsy is required to diagnose
this rare form of skin cancer.

)

Microcystic adnexal carcinoma. Small
plaque on cheek. Slow-growing tumor that
can become quite large by the time of diagnosis
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Spiradenocarcinoma, presenting as a plaque on the
ear. Adnexal tumors are rare, and a biopsy for histo-
logical evaluation is required for diagnosis.

Sebaceous carcinoma. Yellowish patch often located
around the eye, in this case near the medial canthus.
These tumors may be seen in association with the
Muir-Torre syndrome.

Cutaneous Adnexal Tumors

Apocrine gland derived

Adenocarcinoma of Moll’s glands
Apocrine carcinoma

Ceruminous adenocarcinoma
Cribriform apocrine carcinoma
Extramammary Paget’s disease

Hair follicle derived

Malignant proliferating trichilemmal tumor
Pilomatrix carcinoma

Trichilemmal carcinoma

Trichoblastic carcinoma

Sebaceous gland derived
Sebaceous carcinoma

Eccrine gland derived

Adenoid cystic carcinoma

Aggressive digital papillary adenocarcinoma
Clear cell eccrine carcinoma
Hidradenocarcinoma

Eccrine ductal adenocarcinoma
Eccrine porocarcinoma

Malignant chondroid syringoma
Malignant cylindroma

Malignant eccrine spiradenoma
Microcystic adnexal carcinoma
Mucinous adenocystic carcinoma
Mucoepidermoid carcinoma
Polymorphous sweat gland carcinoma
Signet-ring cell carcinoma of the eyelid
Syringoadenocarcinoma papilliferum
Syringoid eccrine carcinoma

in some of the more aggressive subtypes such as the
eccrine porocarcinoma. Sentinel node removal and
evaluation has not shown any survival benefit to date.
Mohs surgery may lead to a decrease in recurrence rate
and is tissue sparing. Because of the rare nature of these
tumors and the lack of prospective randomized studies,
itis difficult to determine the best removal method. For
the same reasons, the ultimate prognosis and the

recurrence rate of these tumors are unknown. After
diagnosis and removal of these tumors, the patient
should have long-term follow-up to evaluate for
recurrence.

Adnexal tumors that have metastasized are treated
with chemotherapy with or without radiotherapy. The
prognosis is poor for patients who develop metastatic
adnexal carcinoma.
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Plate 3-2

ANGIOSARCOMA

Angijosarcoma is a rare, aggressive, malignant tumor of
vascular or lymphatic vessels. These tumors can be seen
as a solitary finding or secondary to long-standing
lymphedema, such as after radiation therapy or an axil-
lary or inguinal lymph node dissection. This latter form
tends to occur years after the radiation or surgical pro-
cedure. Soft tissue sarcomas are very rare and make up
a small percentage of all malignancies reported.

Clinical Findings: Angiosarcomas are most common
in the older male population. They have no race predi-
lection. The tumors most commonly arise in the head
and neck region and can manifest in many fashions.
They often appear as a red to purple plaque with ill-
defined borders. They can often look like a bruise, and
the diagnosis can be delayed. The tumor continues to
expand, forms satellite foci of involvement, and eventu-
ally ulcerates and bleeds. For some reason, the scalp and
face of older men are most commonly involved. The
tumor has a propensity to involve sun-exposed areas of
the face and scalp. The tumors typically show an
aggressive growth pattern and have a tendency to
metastasize early in the course of disease.

Angiosarcomas can also arise in regions of previous
long-standing lymphedema caused by radiation expo-
sure or surgical procedures. Any procedure that can
result in abnormal lymphatic drainage can lead to
chronic lymphedema. It is believed that long-standing
lymphedema can result in the development of angiosar-
coma. Common surgical procedures that cause chronic
lymphedema are radical mastectomies and lymph node
dissections of the axilla or groin after a diagnosis of
lymph node involvement by breast cancer or mela-
noma. Angiosarcomas arising in areas of chronic
lymphedema were first described by Stewart and Treves
and have been given the eponym Stewart-Tireves syn-
drome. This type of angiosarcoma is highly aggressive
and portends a poor outcome. The Stewart-Treves type
of angiosarcoma has been reported most commonly in
women who have undergone radical mastectomy or
lymph node dissection for treatment of breast cancer.
After years of chronic lymphedema in the ipsilateral
limb, the patient may develop a reddish, bruise-like area
on the limb. This area slowly enlarges and develops
plaque-like areas or nodules within the affected region.
At this point, the diagnosis is often entertained, and the
diagnosis is made with a skin biopsy. These tumors tend
to be large at diagnosis, which most likely accounts for
the poor prognosis.

Radiation-induced angiosarcomas may occur at the
site of the radiation therapy or as a result of long-
standing chronic lymphedema if the radiation therapy
interrupts the lymphatic drainage. These tumors also
tend to be diagnosed after they have become quite large,
and this portends a poor prognosis. These tumors tend
to occur 4 to 10 years after the initial radiation therapy.

Pathogenesis: Angiosarcomas are soft tissue tumors
that are derived from the endothelial lining of small
blood or lymphatic vessels. Some tumors are found to
have elevated levels of vascular endothelial growth
factor (VEGF), which is critical in the regulation of
vessel growth. Other potential players in the pathogen-
esis of this tumor are mast cells, which cause an increase
in stem cell factor; Fas and Fas ligand expression; and
lack of the vascular endothelial cadherin protein. All of
these factors may interact in an unknown way to induce
tumorigenesis. The exact mechanism of formation of
angiosarcoma is unknown. Radiation-induced angiosar-
coma may result from a direct mutagenic effect of the

Stewart-Treves syndrome.
Plaque on chronic edematous
arm. The chronic lymphedema
is secondary to prior
mastectomy and axillary
lymph node dissection.

Hemangio-
pericytoma.
Eccentric hyper-
chromatic nuclei
of pericytic cells
surrounding
vascular spaces.
(H&E stain)

radiation on the endothelial DNA. No relation with
human herpesvirus-8 infection has been proven.
Histology: All angiosarcomas share the same patho-
logical features. The tumor lobules are poorly circum-
scribed and have an infiltrative growth pattern. They
contain large amounts of vascular tissue in a disorga-
nized arrangement. The lining of the vascular spaces
contains atypical-appearing endothelial cells. Mitoses
are frequently encountered, as are intracytoplasmic

Malignant Growths

Angiosarcoma arising from the scalp
of a 65-year-old man. Red indurated
plaque with a central crust due to
underlying ulceration of the tumor.
These tumors can be very aggressive.

Hemangio-
endothelioma. Central
hyperplastic capillary
surrounded by
malignant endothelial
cells. (H&E stain)

lumina. The same tumor can contain well and poorly
differentiated regions.

Trreatment: The standard treatment is wide local
excision with the goal of obtaining clear margins. This
is usually followed by postoperative radiation therapy.
The 5-year survival rate is low (15%-20%). Tumors
that are metastatic or nonoperable can be treated pallia-
tively with various chemotherapeutic regimens. The
median survival time in these cases is 3 to 6 months.
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Plate 3-3

BASAL CELL CARCINOMA

Basal cell carcinoma (BCC) is the most common malig-
nancy in humans. Its true incidence is unknown, but the
number of BCCs diagnosed each year easily surpasses
the number of all other malignancies combined. It is
estimated to affect approximately 25% to 33% of the
U.S. Caucasian population over their lifetimes. The
yearly number of BCCs diagnosed is quickly approach-
ing 1 million. BCC rarely metastasizes or causes mor-
tality. The real crisis it presents is in the significant
morbidity and cost to the health care system. The vast
majority of these lesions are located on the head and
neck region and are of considerable cosmetic concern.
The major morbidity involved is the significant disfig-
urement that these locally invading tumors can inflict.

Clinical Findings: The prototypical BCC s described
as a pearly red papule with telangiectasias that has a
rolled border and a central dell or ulceration. They
occur with highest frequency in sun-exposed areas of
the skin. Most BCCs start as a small red macule or
papule and slowly enlarge over months to years. Once
this occurs, the tumor may be friable and may bleed
easily with superficial trauma. The tumors most com-
monly range in size from 1 mm to 1 cm. However,
neglected tumors can be enormous and have been
reported to cover areas up to 60 cm’ or more. They
affect males and females with equal frequency. BCCs
are more common in individuals with Fitzpatrick type
I skin and decrease in frequency as one moves across
the skin type spectrum. Fitzpatrick type VI skin has the
lowest incidence of BCC, but these individuals still can
develop these tumors. BCCs occur with an increasing
frequency with age. They are uncommon in childhood,
with the exception of the association of childhood
BCC:s with the nevoid BCC syndrome (also called basal
cell nevus syndrome or Gorlin’s syndrome).

The tumors are most likely to occur (>80%) on the
head and neck region. The trunk is the next most
common area. The vermilion border, the palms and
soles, and the glans theoretically should not develop
BCCs because these areas are devoid of hair; however,
they can be affected by direct extension from a neigh-
boring tumor. These tumors rarely metastasize, and
those that do are most often neglected large tumors or
tumors in immunosuppressed patients. BCC most com-
monly metastasizes to regional lymph nodes and the
lung.

Many clinical variants of BCC exist, including super-
ficial, pigmented, nodular, and sclerotic or morphea-
form variants. There are many other histological
variants. Clinically, a superficial BCC manifests as a
very slowly enlarging, pink or red patch without eleva-
tion or ulceration. Ifleft alone for a long enough period,
itwill develop areas of nodularity or ulceration. Nodular
BCCs are probably the most common variant; they
manifest as the classic pearly papule with telangiectasias
and central ulceration. The pigmented variant can
mimic melanoma and is often described as a brown or
black papule or plaque with or without ulceration. Early
on, these types of BCCs can appear as pearly papules
or plaques with minute flecks of brown or black pig-
mentation. Patients with the sclerotic or morpheaform
version often have larger tumors at presentation because
of their slow, inconspicuous growth pattern. These
slow-growing tumors are almost skin colored and have
ill-defined borders. They tend not to ulcerate until they
have become large, and this often delays the seeking of
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medical advice. These tumors can mimic the appear-
ance of scar tissue, which can also hinder making the
diagnosis. Eventually, the tumor enlarges enough to
cause ulceration or superficial erosions, and the diagno-
sis is made. The sclerotic BCC is often much larger
than the other variant types at the time of diagnosis.
The most important genetic syndrome associated
with the development of BCCs is the nevoid BCC

Epicranial aponeurosis (galea aponeurotica)
Frontal belly (frontalis) of epicranius muscle
Procerus muscle

Corrugator supercilii muscle

Orbital part

of orbicularis oculi muscle
Palpebral part }

Levator labii superioris muscle

Transverse part | ¢ 2 calis muscle
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Levator labii superioris muscle
Auricularis anterior muscle
Zygomaticus minor muscle
Zygomaticus major muscle
Levator anguli oris muscle
Depressor septi nasi muscle
Buccinator muscle

Risorius muscle

Orbicularis oris muscle
Depressor anguli oris muscle
Depressor labii inferioris muscle
Platysma muscle

Mentalis muscle

Course of wrinkle lines of skin is transverse
to fiber direction of facial muscles. Elliptical
incisions for removal of skin tumors conform
to direction of wrinkle lines.

syndrome. This syndrome is inherited in an autosomal
dominant fashion and is caused by a defect in the patched
I gene, PTCHI. This gene is located on chromosome
9q22. It encodes a tumor suppressor protein that plays
a role in inhibition of the sonic hedgehog signaling
pathway. A defect in the patched protein allows for
uncontrolled signaling of the smoothened protein
and an increase in various cell signaling pathways,
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Plate 3-4

BASAL CELL CARCINOMA
(Continued)

ultimately culminating in the development of BCCs.
Patients with nevoid BCC syndrome also may have
odontogenic cysts of the jaw, palmar and plantar pitting,
various bony abnormalities, and calcification of the falx
cerebri. Frontal bossing, mental delay, and ovarian
fibromas are only a few of the associated findings that
can be seen in this syndrome.

Other rare syndromes in which BCCs can be seen
include xeroderma pigmentosa, Bazek’s syndrome, and
Rombo syndrome.

Pathogenesis: Risk factors associated with the devel-
opment of BCC include cumulative exposure to ultra-
violet radiation and ionizing radiaton. In the past,
arsenic exposure was a well-recognized cause of BCCs,
and arsenic pollution is still a concern in some areas of
the world. Since the advent of organ transplantation,
there has been an increase in the development of skin
cancers in immunosuppressed organ recipients. The
incidences of BCC, squamous cell carcinoma, and mel-
anoma are all increased in these chronically immuno-
suppressed patients. Mutations of various genes have
also been implicated in the pathogenesis of BCCs,
including PTCHI, p53 (TP53), sonic hedgehog (SHH),
smoothened (SMO), and the glioma-associated oncogene
homolog 1 (GLI1). However, it is still believed that most
BCC:s are sporadic in nature.

The greatest amount of information is known about
the pathogenesis of BCC in the nevoid BCC syndrome.
The genetic defect in the PTCHI gene allows for
uncontrolled signaling of the smoothened signaling
pathway. This pathway initiates uncontrolled signaling
of the GLII transcription factors, which ultimately
leads to uncontrolled cell proliferation.

Histology: Many histological subtypes have been
described, and a tumor can show evidence of more than
one subtype. The most common subtypes are the
nodular and superficial types. These tumors arise from
the basaloid cells of the follicular epithelium. The
tumor always shows an attachment to the overlying
epidermis. The tumor extends off the epidermis as
tumor lobules. These lobules are basophilic in nature
and show clefting between the basophilic cells and the
surrounding stroma. The cells have a characteristic
peripheral palisading appearance. The cells in the
center of the tumor lobules are disorganized. The ratio
of nuclear to cytoplasmic volume in the tumor cells is
greatly increased. Mitoses are present, and larger
tumors usually have some evidence of overlying epider-
mal ulceration. The tumor is contiguous and does not
show skip areas. The nodular form of this tumor
extends into the dermis to varying degrees, and its
depth of penetration is dependent on the length of time
it has been present.

The superficial type is also quite common. The
tumor does not extend into the underlying dermis but
appears to be hanging off the bottom edge of the epi-
dermis. It has not yet penetrated the dermal-epidermal
barrier. There are numerous other histological subtypes
of BCC including micronodular, adenoid, cystic, pig-
mented, infiltrative, and sclerosing varieties.

Treatment: Various surgical and medical options are
available, and the therapy should be based on the loca-
tion and size of the tumor and the wishes of the patient.
Tumors on the face are most often treated with Mohs
micrographic surgery. This surgical technique allows

Malignant Growths

CLiNIcAL AND HistoLocicAL EvALUATION OF BAsaL CeLL CARCINOMA

Superficial basal cell carcinoma. Slightly scaly
pink to red patch. These tumors are slow growing
and occur on chronically sun-exposed skin.

Nodular basal cell carcinoma. Pearly plaque with
telangiectatic central ulceration, and rolled border

Basophilic tumor lobules and
strands extending from the
epidermis into the dermis

Basophilic tumor lobules within the
dermis showing slight retraction
artifact and peripheral palisading
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for the highest cure rate and is tissue sparing, resulting
in the smallest possible scar. It is more labor intensive
than a routine elliptical excision. Most BCCs can be
treated with an elliptical excision or electrodessication
and curettage.

Medical therapy with imiquimod or 5-fluorouracil
has also been shown to be useful in selected BCCs,

usually the small, superficial type. One of the newest
treatments is photodynamic therapy. It is performed by
applying aminolevulinic acid to the skin tumor and then
exposing the area to visible blue light. An oral inhibitor
of the smoothened protein, called GDC-0449, has
shown excellent results in patients with the nevoid BCC
syndrome.
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Plate 3-5

BOWEN’S DISEASE

Bowen’s disease is a variant of cutaneous squamous cell
carcinoma (SCC) in situ that occurs on non-sun-
exposed regions of the body. That strict definition is
not always followed, and the term Bowen’s disease is often
used interchangeably with squamous cell carcinoma in situ.
SCC in situ is often derived from its precursor lesion,
the actinic keratosis. Actinic keratosis is differentiated
from SCC in situ and Bowen’s disease by its lack of
full-thickness keratinocyte atypia, which is the hallmark
of Bowen’s disease and SCC in situ.

Clinical Findings: Bowen’s disease can occur on hair-
bearing and non-hair-bearing skin, and the clinical
appearance in various locations can be entirely differ-
ent. Bowen’s disease on hair-bearing skin often starts as
a pink to red, well-demarcated patch with adherent
scale. Women are most commonly affected, and it
occurs later in life. Multiple lesions can occur, but it is
far more common to see this as a solitary finding.
Erythroplasia of Queyratis a regional variant of Bowen’s
disease that occurs on the glans penis. These lesions
tend to be glistening red with crusting. The area is
often well circumscribed. The diagnosis is often delayed
because the lesion is easily confused with dermatitis,
psoriasis, and cutaneous fungal infections. A biopsy
should be performed on any nonhealing lesion or rash
in the genital region. It has been estimated that up to
5% of untreated Bowen’s disease lesions will eventually
develop an invasive component.

The relationship between Bowen’s disease and inter-
nal malignancy has come under scrutiny; if it exists at
all, it is likely a consequence of the use of arsenic in the
past. Patients with a history of arsenic ingestion are at
a higher risk of developing Bowen’s disease and internal
malignancy. Now that arsenic exposure is limited in
most developed countries, the association between
Bowen’s disease and internal malignancy is thought to
be unlikely.

Most SCCs in situ are found on sun-exposed areas of
the skin and develop directly from an adjacent actinic
keratosis. Some SCC:s in situ eventually develop into an
invasive form of SCC. This is clinically evident by
increased thickness, bleeding, and pain associated with
the lesion.

Pathogenesis: Exposure to arsenic and other carcino-
gens has been implicated in the development of Bowen’s
disease. Certainly, ultraviolet radiation and other forms
of radiation play a role in the its pathogenesis. Human
papillomavirus (HPV) has been implicated in causing
many forms of SCC. The oncogenic viral types 16, 18,
31, and 33 are notorious for causing mutagenesis and
malignancy in cervical and some other genital SCCs.
HPV vaccines may decrease the incidence of these
tumors dramatically in the future. HPV can cause cel-
lular transformations to occur and is directly responsi-
ble for tumorigenesis.

Histology: Bowen’s disease shows full-thickness
atypia of the keratinocytes within the epidermis. No
dermal invasion is present. The underlying dermis may
show a lymphocytic perivascular infiltrate. The atypia
of the keratinocytes extends down to involve the hair
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Bowen’s disease (squamous cell carcinoma in
situ) showing full-thickness atypia of the epi-
dermal keratinocytes. Note that the tumor does
not invade the dermis.

Perianal Bowen’s disease can have an insidious
onset and be misdiagnosed as tinea or dermatitis.
Biopsy of any rash not responding to therapy
should be a consideration for the treating clinician.

follicle epithelium, and care must be taken when evalu-
ating these lesions histologically not to mistake this
finding for dermal invasion. Various amounts of cellular
atypia are present.

Trreatment: Treatments can be divided into surgical
and nonsurgical forms. The choice depends on various
factors, most importantly the location and size of the
lesion. Some tumors are best treated surgically, whereas
others are best treated medically.
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Early carcinoma of lip. Squamous cell
carcinoma in situ is common on the lower lip.

Large crateriform squamous cell carcinoma.
These tumors can be locally invasive and
destructive. On occasion they can also
metastasize.

Simple excision or electrodessication and curettage
are highly effective treatments. Cryotherapy is another
destructive method that can be selectively used with
good success. Medical therapies include the application
of 5-fluorouracil, imiquimod, or 5-aminolevulinic
acid followed by exposure to blue light. These all have
been reported to be successful. The risk of recurrence
is between 3% and 10% depending on the type of
therapy used.

56

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS



Plate 3-6

BOWENOID PAPULOSIS

Bowenoid papulosis is considered to be a special variant
of squamous cell carcinoma (SCC) in situ that is caused
by the human papillomavirus (HPV) and is located pre-
dominantly in the genital region, particularly on the
penile shaft. As with other HPV-induced genital skin
cancers, HPV 16, 18, 31, and 33 are the more common
viral types, although many other subtypes have been
found in these lesions. Bowenoid papulosis is consid-
ered by some to be a precancerous lesion with a low
risk of developing invasive properties and by others
as a true SCC in situ. This lesion does have a low
risk of invasive transformation; if it is treated, the prog-
nosis is excellent. It is believed that approximately
1% of all bowenoid papulosis lesions will develop into
invasive SCC.

Clinical Findings: Bowenoid papulosis is most com-
monly found in men in the third through sixth decades
of life. There is no racial preference. It is believed to
be more common in patients who have had multiple
sexual partners because of their increased risk for expo-
sure to HPV. It is too soon to determine whether
vaccination against HPV has resulted in any changes in
the incidence of bowenoid papulosis. The lesions are
most common in males on the shaft of the penis and
in females on the vulva. They are typically well-
circumscribed, slightly hyperpigmented macules and
papules that occasionally coalesce into larger plaques.
Minimal surface change is noted. They are often found
in association with genital warts and can be difficult to
distinguish from small genital warts. The cause of
bowenoid papulosis is thought to be transformation of
the keratinocyte caused by HPV, and therefore lesions
of bowenoid shed HPV and are contagious.

The lesions are rarely symptomatic and are usually
brought to a physician’s attention because of the
patient’s concern for genital warts. For undefined
reasons, circumcision appears to help prevent penile
cancer. It has been theorized that the uncircumcised
male is at higher risk for penile carcinoma because of
retention of smegma and chronic maceration, which
can provide a portal for HPV infection, in conjunction
with chronic low-grade inflammation.

Pathogenesis: Almost all lesions of bowenoid papu-
losis have evidence of HPV. HPV subtype 16 is by far
the most predominant HPV type found in bowenoid
papulosis. Cells of the genital region that are chroni-
cally infected with HPV express various proteins that
are critical in the transformation into cancer. The best-
studied HPV oncoproteins, the E6 and E7 proteins,
can disrupt normal cell signaling in the pl6 (TP16)
and retinoblastoma (RB) pathways. This disruption can
lead to a loss of control of cell signaling and loss of
normal apoptosis. These alterations eventually result in
loss of the normal cell processes and the development
of cancer.

Histology: The histology is almost the same as that
of SCC in situ. There is full-thickness atypia of the
epidermis with involvement of the adnexal structures
and a well-intact basement membrane zone. Varying
amounts of epidermal acanthosis and hyperkeratosis are
seen. The cells are often enlarged and pleomorphic
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Papilloma of cervix. Some papillomas may pre-
dispose to cervical malignancy.

Bowenoid papulosis. Slightly hyperpigmented
papules on the shaft of the penis

with visible mitoses. Evidence of HPV infection is
almost universally seen as cells mimicking vacuolated
koilocyte cells. Special techniques such as polymerase
chain reaction (PCR) can be used to look for HPV
subtyping.

Trreatment: After biopsy has ruled out an invasive
component to this tumor, the main treatment of
bowenoid papulosis is to clinically remove the areas
of involvement. The importance of decreasing HPV
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Changes suggestive of carcinoma in situ. Abnormal

vascu%ature with leukoplakia, mosaicism, and
punctation

transmission to the patient’s sexual partners must be
addressed. Condoms should be used at all times to
help decrease the risk of transmission. Topical therapy
with 5-fluorouracil or imiquimod has been advocated
as the first-line therapy. Surgical treatment with
electrocautery, cryotherapy, or laser ablation has also
been reported to be successful. Both patients and their
sexual partners should be seen for routine follow-up
examinations.
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Plate 3-7

CUTANEOUS METASTASES

Metastasis to the skin is an uncommon presentation of
internal malignancy. Cutaneous metastases are far more
likely to be seen in a patient with a diagnosis of previ-
ously metastatic disease. The frequency of cutaneous
metastasis is dependent on the primary tumor. Almost
all types of internal malignancy have been reported
to metastasize to the skin; however, a few types of
cancers account for the bulk of cutaneous metastases.
The distribution of the metastases is also dependent on
the original tumor. The most common form of skin
metastasis is from an underlying, previously metastatic
melanoma.

Clinical Findings: Most cutaneous metastases mani-
fest as slowly enlarging, dermal nodules. They are
almost always firm and have been shown to vary in
coloration. Some nodules eventually develop necrosis,
ulcerate, and spontaneously bleed. Skin metastasis can
occur as a direct extension from an underlying mali-
gnancy or as a remote focus of tumor deposition.
Although skin metastasis often arises in the vicinity of
the underlying primary malignancy, the location of
tumor metastases is not a reliable means of predicting
the primary source. The scalp is a common site, prob-
ably because of its rich vascular flow.

Sister Mary Foseph nodule is a name given to a perium-
bilical skin metastasis from an underlying abdominal
malignancy. This is a rare presentation that was first
described by an astute nun at St. Mary’s Hospital at the
Mayo Clinic. This has been described to occur most
commonly with ovarian carcinoma, gastric carcinoma,
and colonic carcinoma.

Melanoma metastases are usually pigmented and
tend to occur in groups. Cutaneous metastasis from
melanoma can manifest with the rapid onset of multiple
black papules and macules that continue to erupt. As
the tumors progress, patients can develop a generalized
melanosis. This is a universally fatal sign that occurs
late in the course of disease. It is believed to be caused
by the systemic production of melanin with deposition
in the skin.

Breast carcinoma is another form of malignancy that
frequently metastasizes to the skin. Breast carcinoma
tends to affect the skin within the local region of the
breast by direct extension.

Pathogenesis: The exact reason why some tumors
metastasize to the skin is unknown. This is a complex
biological process that is dependent on many variables.
Metastases are likely to be dependent on size, ability to
invade surrounding tissues (including blood and lym-
phatic vessels), and ability to grow at distant sites far
removed from the original tumor. This is an intricate

Fulminant erysipeloid
cancer from an
underlying breast
carcinoma

Invasion of dermal lymphatics and
lining up of tumor cells between

collagen bundles

Recurrent
cancer

W

process that depends on the production of multiple
growth factors and evasion of the patient’s immune
system.

Histology: The diagnosis of cutaneous metastasis is
almost always made by the pathologist after histological
review. Each tumor is unique, and the histological
picture depends on the primary tumor.

Trreatment: Solitary cutaneous metastases can be
surgically excised. The risk of recurrence is high, and

Integumentary System

Inflamed skin

Carcinoma
forming along
surgical wound

Colonic adenocarcinoma
metastatic to the flank
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adjunctive chemotherapy and radiotherapy should be
considered. Palliative surgical excision can be under-
taken for any cutaneous metastases that are painful,
ulcerated, or inhibiting the patient’s ability to function.
The prognosis for patients with cutaneous metastasis is
poor. The overall survival rate for multiple cutaneous
metastases has been reported to be 3 to 6 months. The
length of survival is increasing now because of improved
treatments.
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Plate 3-8

DERMATOFIBROSARCOMA
PROTUBERANS

Dermatofibrosarcoma protuberans is a rare cutaneous
malignancy that is locally aggressive. The tumor is
derived from the dermal fibroblast, and it is not believed
to arise from previously existing dermatofibromas. Der-
matofibrosarcoma protuberans rarely metastasizes, but
it has a distinctive tendency to recur locally.

Clinical Findings: Dermatofibrosarcoma protuberans
is a slow-growing, locally aggressive malignancy of the
skin. These tumors are low-grade sarcomas and make
up approximately 1% of all soft tissue sarcomas. The
tumor is found equally in all races and affects males
slightly more often than females. Most tumors grow so
slowly that the patient is not aware of their presence for
many years. The tumor starts off as a slight, flesh-
colored thickness to the skin. Over time, the tumor
enlarges and has a pink to slightly red coloration. It
slowly infiltrates the surrounding tissue, particularly the
subcutaneous tissue. If the tumor is allowed to grow
long enough, the malignancy will grow into the fat
and then back upward in the skin to develop satellite
nodules surrounding the original plaque. This is often
the reason a patient seeks medical care. The tumor
tends to grow slowly for years, but it can hit a phase
of rapid growth. This rapid growth phase allows the
tumor to grow in a vertical direction, and hence the
term protuberans is applied. If medical care is not under-
taken, the tumor will to continue to invade the deeper
structures, eventually invading underlying tissue,
including fascia, muscle, and bone.

Dermatofibrosarcoma protuberans is, for the most
part, asymptomatic in the initial phases of the tumor.
As it enlarges, the patient may notice an itching sensa-
tion or, less frequently, a burning sensation or pain. As
the tumor enlarges, patients often notice tightness of
the skin or a thickening sensation; however, this devel-
opment is so slow that most patients ignore it for many
more months or even years. The differential diagnosis
is often between dermatofibrosarcoma protuberans and
a keloid or hypertrophic scar. The atrophic variant can
often be confused with morphea. One clue to the diag-
nosis of dermatofibrosarcoma is the loss of hair follicles
within the tumor region. The adnexal structures are
crowded out by the ever-expanding tumor. If the tumor
is allowed to enlarge enough, it will begin to outgrow
its blood supply, and ulceration and erosions develop
thereafter. The tumors have ill-defined borders, and
determining the extent of the tumor clinically can be
challenging or impossible. A punch biopsy of the tumor
leads to the appropriate pathological diagnosis. Meta-
static disease is uncommon; however, local recurrence
after surgical excision remains an issue.

Pathogenesis: The exact pathogenesis is unknown.
By genetic chromosomal tissue analysis, these tumors
have been found to have a reciprocal translocation,
t(17;22)(q22;q13.1), which is believed to be pathogenic
in causing the tumor. The exact reason for this trans-
location is unknown. The translocation causes fusion of
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Dermatofibrosarcoma protuberans.
Slow-growing, irregularly shaped tumor
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High power. Malignant spindle cells make
up the bulk of the tumor.

Low power. The tumor is seen invading the underlying

subcutaneous tissue. The storiform pattern is seen
throughout the dermal portions of the tumor.

the platelet-derived growth factor B-chain (PDGFB) gene
with the collagen type I ol (COLIAI) gene. This trans-
location directly causes the PDGFB gene to be under
control of the COLIAI gene. PDGFB is then overex-
pressed, and it drives a continuous stimulation of its
tyrosine kinase receptor.

Histology: Dermatofibrosarcoma protuberans shows
an infiltrative growth pattern. It invades the subcutane-
ous fat tissue. The tumor cells can be seen encasing
adipocytes. The tumor is poorly circumscribed, and its
borders can be difficult to distinguish from normal
dermis. The tumor itself is made up fibroblasts arranged
in a storiform pattern. These tumors stain positively
with the CD34 immunohistochemical stain and are
negative for factor XIII. These two stains are often used

Medium power. The storiform or
cartwheel-arranged cells

to differentiate dermatofibrosarcoma protuberans from
the benign dermatofibroma, which has the opposite
staining pattern. The stromolysein-3 stain is also used
to help differentate the two tumors; it is positive in
cases of dermatofibroma and negative in cases of der-
matofibrosarcoma protuberans.

Treatment: Because of the ill-defined nature of the
tumors and their often large size at diagnosis, wide local
excision with 2- to 3-cm margins is often undertaken.
Postoperative localized radiotherapy has been used to
help decrease the recurrence rate. Imatinib has shown
promise in dermatofibrosarcoma protuberans as a treat-
ment before surgery to help shrink large or inoperable
tumors. There has also been anecdotal success with the
use of imatinib in metastatic disease.
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Plate 3-9

MAMMARY AND EXTRAMAMMARY
PAGET’S DISEASE

Extramammary Paget’s disease is a rare malignant
tumor that typically occurs in areas with a high density
of apocrine glands. It is most commonly an isolated
finding but can also be a marker for an underlying
visceral malignancy of the gastrointestinal or genitouri-
nary tract. Paget’s disease is an intraepidermal adeno-
carcinoma confined to the breast; it is commonly
associated with an underlying breast malignancy.

Clinical Findings: Extramammary Paget’s disease
is most often found in the groin or axilla. These two
areas have the highest density of apocrine glands. It is
believed that extramammary Paget’s disease has an
apocrine origin. There is no race predilection. These
tumors most commonly occur in the fifth to seventh
decades of life. Women are more often affected than
men. The diagnosis of this tumor is often delayed
because of its eczematous appearance. It is often misdi-
agnosed as a fungal infection or a form of dermatitis.
Only after the area has not responded to therapy is the
diagnosis considered and confirmed by skin biopsy.

The tumor is slow growing and is typically a red-pink
patch with a glistening surface. Itching is the most
common complaint, but patients also complain of pain,
burning, stinging, and bleeding. The area is sore to the
touch, and there are areas of pinpoint bleeding with
fricdon. The red, glistening surface often has small
white patches. This has been described as the “straw-
berries and cream” appearance, and it is characteristic
of extramammary Paget’s disease. As the cancer pro-
gresses, erosions develop within the tumor, and
occasionally ulcerations form. The clinical differential
diagnosis is often among Paget’s disease, an eczematous
dermatitis, inverse psoriasis, and a dermatophyte infec-
tion. A skin biopsy is required for any rash in these
regions that does not respond to therapy.

The tumor is often a solitary finding; however, it can
be seen in conjunction with an underlying carcinoma,
most commonly adenocarcinoma of the gastrointestinal
or genitourinary tract. Rectal adenocarcinoma has been
the most frequently reported underlying tumor. The
percentage of these tumors that are associated with an
underlying malignancy is not known but is estimated to
be low. Appropriate screening tests must be performed
to evaluate for these associations. Usually, the underly-
ing tumor is diagnosed before the extramammary
Paget’s disease or at the same time of diagnosis.

Pathogenesis: The exact mechanism of malignant
transformation is unknown. Two leading theories exist
as to the origin of the tumor. The first is that the tumor
represents an intraepidermal adenocarcinoma of apo-
crine gland origin. The second theory is that an under-
lying adenocarcinoma spreads to the skin and forms an
epidermal component that manifests as extramammary
Paget’s disease. Although most believe this tumor to be
of apocrine origin, controversy surrounds this theory,
and the exact cell of origin is still unknown. There are
no known predisposing factors.

Histology: The histology is diagnostic of the disease;
however, the pathological appearance often mimics that
of melanoma in situ or squamous cell carcinoma. There
are a plethora of pale-staining Paget’s cells scattered
throughout the entire epidermis. This type of pagetoid
spread of cells is often seen in melanoma. The cells can
be clustered together and can have the appearance of
forming glandular structures. Immunohistochemical
staining is often used to differentiate melanoma and
squamous cell carcinoma from extramammary Paget’s

Eczematous type
of Paget’s disease

Ulcerating type
of Paget’s disease

Integumentary System

Extramammary Paget’s disease.
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disease. Extramammary Paget’s disease is unique in that
it stains positively with carcinoembryonic antigen
(CEA) and also with some low-molecular-weight cyto-
keratins. It does not stain with S100, HMB-45, or
melanin A. The staining pattern with cytokeratins 7 and
20 has been used with some success to predict an under-
lying adenocarcinoma; however, the routine use of
these tests is not clinically useful at this time.
Tireatment: The prognosis for extramammary Paget’s
disease depends on the stage of the tumor. Disease that

is localized to the skin has an excellent prognosis. The
treatment of choice is wide local excision. The risk of
recurrence is high, and lifelong clinical follow-up is
required. The prognosis for disease associated with
an underlying adenocarcinoma is dependent on the
stage of the underlying tumor. Lesions associated with
an underlying malignancy have a worse prognosis.
Metastatic disease has a poor prognosis, and various
chemotherapeutic regimens have been tried with and
without radiotherapy.
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Plate 3-10

KAPOSI’S SARCOMA

Kaposi’s sarcoma is a rare malignancy of endothelial
cells seen in unique settings. The classic variant is seen
in older patients, most commonly individuals living in
the region surrounding the Mediterranean Sea. Kaposi’s
sarcoma associated with human immunodeficiency virus
(HIV) infection or with acquired immunodeficiency
syndrome (AIDS) is seen predominantly in men, and
the tumoristhoughtto be caused by human herpesvirus-8
(HHVS). There is also a variant seen in chronically
immunosuppressed patients, such as those who have
undergone solid organ transplantation. The African
cutaneous variant of Kaposi’s sarcoma is seen in younger
men in their third or fourth decade of life. Kaposi’s
sarcoma is a locally aggressive tumor that rarely has a
fatal outcome. The one exception is the very rare
African lymphadenopathic form of Kaposi’s sarcoma,
which is distinct from the more common African cuta-
neous form.

Clinical Findings: The tumors are very similar in
appearance across the subtypes of clinical settings. They
usually appear as pink-red to purple macules, papules,
plaques, or nodules. In the classic form of Kaposi’s
sarcoma, the tumors are most often found on the lower
extremities of older men. Some tumors in this setting
remain unchanged for years, and the patient often dies
of other causes. Occasionally, the tumors grow and
ulcerate, causing pain and bleeding. The disseminated
form of classic Kaposi’s sarcoma can be very aggressive,
and patients require systemic chemotherapy.

AIDS-associated Kaposi’s sarcoma is the most
common form of the disease. It is most often seen in
younger men. In comparison with the classic form, this
form usually manifests as purple macules, plaques, and
nodules on the head and neck, trunk, and upper extrem-
ities. This is an AIDS-defining illness. Patients with
AIDS-associated Kaposi’s sarcoma are at a higher risk
for internal organ involvement. The small bowel has
been reported to be the internal organ most commonly
affected by Kaposi’s sarcoma, but it can affect any organ
system. Since the advent of multiple-drug therapy for
HIV infection, the incidence of AIDS-associated Kapo-
si’s sarcoma has decreased dramatically.

Tropical African cutaneous Kaposi’s sarcoma is most
often seen in younger men. The clinical findings are not
much different from those of the classic form of Kapo-
si’s sarcoma. These patients are much more likely to
suffer from severe lower-extremity edema. The tumor
also has a higher incidence of bone invasion than the
other types. The main difference between the classic
and the African forms of Kaposi’s sarcoma is the age at
onset. The aggressive form of African Kaposi’s sarcoma
occurs in childhood and is often fatal because of its
aggressive ability to metastasize. The lymph nodes are
often involved before the skin is. The reason the
African forms act so differently from each other is
poorly understood.

Pathogenesis: The pathogenesis of the classic and
African forms of Kaposi’s sarcoma is unknown. The cell
of origin of this tumor is believed to be the endothelial
cell. Matrix metalloproteinases 2 and 9 have been shown
to increase angiogenesis and increase the tissue invasion
of the affected endothelial cells. Kaposi’s sarcoma asso-
ciated with AIDS or other immunosuppressive states is
believed to be caused by the action of HHV8 in a geneti-
cally predisposed individual. HHVS is thought to cause
dysregulation of the immune response in the afflicted
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Low power. An abnormal proliferation of blood vessels

endothelial cells, allowing them to proliferate uncon-
trolled by normal immune functions.

Histology: Biopsies of Kaposi’s sarcoma show many
characteristic findings. The promontory sign is often
seen; it is represented by plump endothelial cells jutting
into the lumen of the capillary vessel. Many slit-like
spaces are also seen. These spaces represent poorly
formed blood vessels, which are thin walled and easily
compressed. They are filled with red blood cells. The
tumor in general is very vascular, with a predominance
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of vascular spaces and a large amount of red blood cell
extravasation into the dermis.

Tirreatment: For classic Kaposi’s sarcoma, the main-
stay of therapy has been localized radiation treatment.
Many other treatments have been advocated, including
topical alitretinoin, imiquimod, intralesional vincris-
tine, and interferon. Systemic chemotherapy for dis-
seminated and aggressive forms is indicated and is
usually based on a regimen of either vinblastine, pacli-
taxel, bleomycin, or pegylated liposomal doxorubicin.
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Plate 3-11

KERATOACANTHOMA

The keratoacanthoma is a rapidly growing malignant
tumor of the skin that is derived from the keratinocyte.
The tumor is believed by many to be a subset of squa-
mous cell carcinoma of the skin, but its natural history
and morphology are distinct enough to merit a separate
discussion. Most keratoacanthomas are solitary, but
many rare variants have been well documented. These
variants include the Ferguson-Smith, Witten-Zak, and
Grzybowski syndromes.

Clinical Findings: The classic solitary keratoacan-
thoma starts as a small, flesh-colored papule that rapidly
enlarges to form a crateriform nodule with a central
keratin plug. The tumor is unique in that, if left alone,
the keratoacanthoma will spontaneously resolve after a
few weeks to months. The nonclassic form of keratoac-
anthoma does not spontaneously resolve, and it is inad-
visable to leave these tumors alone, because a high
percentage will continue to enlarge. If left alone, these
tumors can behave aggressively, with local invasion as
well as distant metastasis. The most common area of
metastasis is the regional lymph nodes. The most
common variant of keratoacanthoma is the solitary
variant. This almost exclusively occurs in sun-exposed
regions of the body. The peak age at onset is in the fifth
to sixth decades of life. These tumors are more common
in the Caucasian population, and there is slight male
preponderance.

Many unique variants of keratoacanthomas exist.
Keratoacanthoma centrifugum marginatum is one such
variant that manifests with an ever-expanding ridge of
neoplastic tissue. As the tumor enlarges, it becomes an
enormous-sized plaque with a peculiar raised border.
These tumors can be massive and can encompass a large
portion of a limb. This subtype presents a therapeutic
challenge.

Multiple keratoacanthomas occur rarely and have
been divided into three distinct subtypes. The Gryz-
bowski syndrome consists of multiple keratoacantho-
mas erupting in a generalized distribution, almost
always in an adult. The Ferguson-Smith form consists
of multiple keratoacanthomas occurring in an autoso-
mal dominant fashion. The keratoacanthomas are
uniform in appearance and also form in a generalized
pattern. The onset is in childhood, and the tumors
have a higher chance of spontaneously resolving. The
Witten-Zak syndrome also has an autosomal dominant
inheritance pattern. The tumors are more variable in
size and configuration than in the Ferguson-Smith
subtype. The onset of this type is also in childhood.

Pathogenesis: The exact pathogenesis is unknown;
however, the tumor has a keratinocyte cell origin.
There is more evidence for the keratinocytes derived
from hair follicle epithelium as the primary cell respon-
sible for the formation of this tumor. Keratoacanthomas
have an increased incidence in patients with chronic
ultraviolet exposure and in the chronically immunosup-
pressed. The classic keratoacanthoma is described as a
self-resolving tumor. The reason that some of these
tumors undergo autoinvolution is unknown. There is

Solitary keratoacanthoma. Typical keratoacanthomas

manifest as crateriform nodules with hyperkeratosis
on sun-exposed skin.
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the epidermis.

evidence to suggest that the tumors, like hair follicles,
are under a preset growth and involution control
system. The hair follicle grows to a certain point, after
which a signal stops the growth of the hair, the follicle
is shed, and a new hair shaft is formed. Perhaps the
growth and involution of keratoacanthomas is analo-
gous to the turnover of hair follicles. Keratoacanthomas
are also seen with an increased incidence in Muir-Torre
syndrome. It is possible that the genetic defect in these
patients may play a role in the pathogenesis of
keratoacanthomas.

Histology: The tumor is typically a cup-shaped exo-
phytic nodule that has a prominent keratin-filled plug.
The borders of the tumor are well circumscribed. The
tumor is symmetric. Neutrophilic abscesses within the

High power. Atypical keratinocytes are seen throughout

outer layers of the involved epidermis are a character-
istic finding in keratoacanthomas. The keratinocytes
that make up the bulk of the tumor have a glassy cyto-
plasm with large amounts of glycogen. Other unique
findings in this tumor are the presence of plasma cells
and eosinophils and the elimination of elastic fibers
through the overlying epidermis.

Tireatment: After a keratoacanthoma has been biop-
sied, the treatment of choice is surgical removal. This
can be done with a standard elliptical excision or with
Mohs micrographic surgery. Intralesional methotrexate
and oral retinoids have been used in refractory cases
and in individuals who cannot tolerate surgery. The
familial forms of keratoacanthoma often require long-
term retinoid therapy to keep the tumors at bay.
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Plate 3-12

MELANOMA

Malignant melanoma is one of the few types of cancers
that has continued to increase in incidence over the past
century. Currently, the incidence of melanoma in the
United States is 1 in 75 Caucasians; this is projected
to continue to increase over the next few decades.
However, the rate of mortality from melanoma has
dropped, probably as a result of early detection and
surgical intervention. According to cancer registries,
melanoma ranks sixth in incidence for men and seventh
for women. Melanoma is the most common cancer in
women aged 25 to 30 years. Approximately 700,000
cases of melanoma were diagnosed in the United States
in 2009, and approximately 9000 people died from
complications directly related to melanoma.

Clinical Findings: Melanoma follows a characteristic
growth pattern. The tumor arises de novo from previ-
ously normal skin in approximately 60% of cases and
from preexisting melanocytic nevi in the remaining
40% of cases. Melanoma is uncommon in children, the
one exception being melanoma arising from giant con-
genital nevi. The incidence of melanoma peaks in the
third decade of life and remains fairly stable over the
next 5 decades. There is no gender predilection. Mela-
noma is more common in the Caucasian population.
There are regional variances in distribution of mela-
noma. The back is more commonly involved in men
and the posterior lower legs in women. However, mela-
noma has been described to occur in any area of the
skin and mucous membranes. Melanoma has also been
shown to develop within the retinal melanocytes,
causing retinal melanoma. This rare tumor is often
found incidentally on routine ophthalmological
examination.

Melanoma has been described using the ABCDE
mnemonic: asymmetric, irregular border, variation in
color, diameter greater than 6 mm, and evolving or
changing. These are rough guidelines and are not
meant to be used to diagnose melanoma. They are
intended to be used by the lay public to increase aware-
ness and as a method to screen for melanoma. Some
melanomas have all of the ABCDE characteristics, and
some have only one or two of them. Some variants of
melanoma do not follow the ABCDE rules at all, but
these are extremely rare.

There are four main variants of melanoma. The most
common one is the superficial spreading type, followed
by the nodular type. Lentigo maligna melanoma and
acral lentiginous melanoma make up the remaining
types. Rare variants are also seen, including the amela-
notic type and the nevoid type. Superficial spreading
melanoma is the most common variant of melanoma
seen in clinical practice. It usually manifests as a slowly
enlarging, irregularly shaped macule with variegation
in color. If not recognized and removed, the melanoma
will continue to enlarge and will eventually develop
a vertical component that clinically represents the
nodular form of melanoma. Some nodular forms of
melanoma can develop de novo without the preceding
superficial spreading type of melanoma as a precursor
lesion. Nodular lesions are often relatively large at the
time of diagnosis. This type of melanoma has entered
its vertical growth phase, and it is believed that at this
point it has developed the ability to metastasize.

Acral lentiginous melanoma has long been thought
to portend a poor prognosis. This is most likely
not because of the subtype but because this type of
melanoma is often diagnosed later in the course of
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Wide local excision of melanoma is based *
on the thickness of the tumor. A 1-cm
border is recommended for lesions less
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Melanoma with a Breslow
depth of 0.7 mm. Dermal
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tumor shows an abnormal
proliferation of melanocytes
within the epidermis.

its development. The lesions are often located on
the soles, toes, or hands. Patients are often unaware
of their presence, and they can mimic a subungual
hematoma or bruise. Notably, this form of melanoma
is more commonly seen in the African American
population.

Lentigo maligna melanoma is most often seen on the
face of patients in their fifth to seventh decades of life,

especially in those with a considerable sun exposure
history. This type of melanoma can be difficult to treat
and has a propensity for local recurrence. The borders
of the melanoma are ill defined, and it is difficult to
distinguish the background normal sun-damaged mela-
nocytes from the tumor cells.

Amelanotic melanoma is the most difficult of all
melanomas to diagnosis. These tumors often appear as
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MELANOMA (Continued)

slowly enlarging pink patches or plaques with no
pigment. They are commonly misdiagnosed as derma-
titis or tinea infections, and the diagnosis is often
delayed. They can also resemble actinic keratoses. The
lack of pigment takes away the clinician’s most impor-
tant diagnostic clue. These tumors are often biopsied
because they have not gone away after being treated for
something entirely different or after they have devel-
oped a papule or nodule. At that point, they are still
most commonly thought to be basal cell carcinomas or
squamous cell carcinomas; rarely does the clinician
include amelanotic melanoma in the differental diag-
nosis. Patients with albinism or xeroderma pigmento-
sum are at a higher risk for development of amelanotic
melanoma. These patients need to be screened rou-
tinely, and any suspicious lesions should be biopsied.

Pathogenesis: There is no single gene defect that can
explain the development of all melanomas. The most
plausible theory is that a melanocyte within the epider-
mis is damaged by some external event, such as chronic
ultraviolet exposure, or by some internal event, such as
the spontaneous mutation of a key gene in the regula-
tion of cell proliferation or apoptosis. After this event
has occurred, the abnormal melanocyte proliferates
with the epidermis, starting as an in situ variant of
melanoma. After time, the clonal melanoma cells begin
to coalesce and form nests of melanoma cells. They
then continue to proliferate and enlarge until the clini-
cal features are evident. The tumor enters a radial
growth phase at first and eventually develops a vertical
growth phase with metastatic potential.

Approximately 10% of melanomas are considered to
be an inherited familial form. Although no one gene
explains all of these tumors, the p16 gene (TP16) is likely
the main susceptibility gene. This gene, when mutated,
increases an individual’s risk for melanoma as well as
pancreatic carcinoma. TPI6 is a tumor suppressor gene
that is inherited in an autosomal dominant fashion.
Genetic testing for this gene is commercially available.

Histology: The diagnosis by histology of melanoma
is based on multiple criteria, including symmetry, mela-
nocyte atypia, mitosis, distribution of the melanocytes
within the epidermis, lack of maturation of melanocytes
as they extend deeper into the dermis, circumscription,
and architectural disorder. Melanoma is believed to
begin with an in situ portion, followed by an upward
spread of single melanocytes within the epidermis,
termed pagetoid spread. If no epidermal component of
melanoma is seen, the possibility of a metastatic focus
is entertained.

Treatment: When a clinician encounters a pigmented
skin lesion that is believed to be a melanoma, the lesion
should be biopsied promptly. The best method for
biopsy of a pigmented lesion that is suspicious for mela-
noma is with an excisional biopsy method using a small
(1-2 mm) margin of normal surrounding skin. This
allows for the diagnosis and an accurate measurement
of the Breslow depth. The Breslow depth is the distance
from the granular cell layer to the base of the tumor.
This depth is considered to be the most important
prognostic indicator for melanoma.

Therapy for melanoma is based on the Breslow thick-
ness, the presence of ulceration, and the mitotic rate of
the primary tumor. The standard of care is to perform
a wide local excision with varying margins of skin based
on the criteria described previously. Melanoma in situ
is treated surgically by wide local excision with 5-mm
margins.
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Sentinel lymph node sampling is becoming routinely
performed in the care of these patients and aids in
staging of the disease. If the patient has a positive sen-
tinel lymph node biopsy for metastatic melanoma,
staging is performed based on positron emission
tomography/computed tomography (PET/CT) scan-
ning and magnetic resonance imaging (MRI) of the
brain. Patients with metastatic disease to local lymph
nodes only are offered a localized lymph node

CT with contrast
enhancement
shows a similar
large metastasis
in the right
cerebellum with
effacement of the
fourth ventricle

Malignant melanoma
metastases to the liver

Melanoma metastasis
to the large intestine

dissection and adjunctive therapy with interferon.
Those with widespread metastatic disease are given
various chemotherapeutic regimens or enrolled into
clinical studies. The mortality rate for stage IV mela-
noma is very poor. Follow-up for melanoma patients is
based on the stage of disease. The National Compre-
hensive Cancer Network/National Cancer Institute
(NCCN/NCI) has published standardized guidelines

for clinicians.
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MERKEL CELL CARCINOMA

Merkel cell carcinoma is an uncommonly encountered
neuroendocrine malignant skin tumor that has an
aggressive behavior. This tumor is derived from special-
ized nerve endings within the skin. The tumor promot-
ing Merkel cell polyomavirus has been implicated in its
pathogenesis. The prognosis of Merkel cell carcinoma
is worse than that of melanoma. This tumor has a high
rate of recurrence and often has spread to the regional
lymph nodes by the time of diagnosis.

Clinical Findings: Merkel cell carcinoma is a rare
cutaneous malignancy with an estimated incidence of 1
in 200,000. Merkel cell carcinoma is much more
common in Caucasian individuals. The tumor has a
slight male predilection. The average age at onset is in
the fifth to seventh decades of life. The lesions occur
most often on the head and neck. This distribution is
consistent with the notion that chronic sun exposure is
a predisposing factor in the development of this tumor.
These tumors also occur more commonly in patients
taking chronic immunosuppressive medications. The
tumors often appear as red papules or plaques that
quickly increase in size. They can also appear as rapidly
enlarging nodules. On occasion, the tumor ulcerates.
The clinical differential diagnosis is often between
Merkel cell carcinoma and basal cell carcinoma,
inflamed cyst, squamous cell carcinoma, or an adnexal
tumor. These tumors are so rare that they are infre-
quently in the original differential diagnosis.

It has been estimated that up to 50% of all patients
diagnosed with a Merkel cell carcinoma will develop
lymph node metastasis. Other notable areas of metas-
tasis include the skin, lungs, and liver. The staging of
this tumor is based on its size (<2 cm or >2 cm), the
involvement of regional lymph nodes, and the presence
of metastasis. Patients with higher-stage disease have a
progressively worse prognosis. Patients with metastatic
disease (stage IV) have a 5-year survival rate of 0%. In
contrast, the 5-year survival rate for local stage I or II
disease is 65% to 75% and approximately 50% to 60%
for stage III (lymph node involvement). Grouping all
stages together, one third of the patients diagnosed with
Merkel cell carcinoma will die from their disease.

Pathogenesis: Merkel cell carcinoma is derived from
a specialized cutaneous nerve ending. The normal
Merkel cells function in mechanoreception of the skin.
Merkel cells, like melanocytes, are embryologically
derived from the neural crest tissue. Chronic immuno-
suppression is believed to be one of the largest risk
factors. Patients taking immunosuppressive medica-
tions after organ transplantation are at much higher risk
than age-matched controls. Chronic sun exposure and
its effect on downregulating local immunity in the skin
have also been theorized to play an etiological role. The
Merkel cell polyomavirus has been studied to assess its
role in the development of Merkel cell carcinoma.

Polyomaviruses are similar in nature and structure to
the better-known papillomaviruses. There are at least
five polyomaviruses that cause human disease. Most
of them affect patients who are chronically immuno-
suppressed at a higher rate than healthy matched con-
trols. Researchers have implicated the Merkel cell
polyomavirus as a potential cause of Merkel cell carci-
noma. This virus has been isolated from a high percent-
age of Merkel cell tumors, but not from all of them. It
is likely to be a player in the pathogenesis of a subset
of patients with Merkel cell carcinoma, but it is unlikely
to be the only explanation. The discovery of this virus
may lead to therapeutic options in the future.
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Merkel cell carcinoma. Pink-red papule on the cheek. These
tumors may arise quickly and
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Histology: Merkel cell carcinoma is a neuroendo-
crine tumor. The tumor is composed of small, uni-
formly shaped, basophilic-staining cells. The tumor is
poorly circumscribed and grows in an infiltrative
pattern between dermal collagen bundles and sub-
cutaneous fat lobules. The cells have a characteristic
nuclear chromatin pattern. These tumors can be
stained with various immunohistochemical stains. The
most helpful one is the cytokeratin 20 stain. It has a

— L&

Uniform basophilic-appearing Merkel cells. Merkel

cell carcinoma is classified as a small blue cell tumor.

(H&E stain)

characteristic, if not pathognomonic perinuclear dot,
staining pattern.

Trreatment: Surgical excision with wide (2-3 cm)
margins is still the standard therapeutic treatment. Sen-
tinel node sampling has been helpful in staging. Those
patients with localized disease often undergo postop-
erative irradiation of the surgical removal site. Those
with widespread metastatic disease are often treated

with cisplatin-based chemotherapeutic regimens.
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Mycosis FUNGOIDES

Mycosis fungoides is the most common form of cutane-
ous T-cell lymphoma. The cutaneous T-cell lympho-
mas are an assorted group of cancers with varying
genotypes and phenotypes. Mycosis fungoides is a rare
form of cancer, but it is considered to be the most
frequent form of cutaneous lymphoma. Mycosis fun-
goides is predominantly a disease of abnormal CD4+
lymphocytes that have become malignant and have
moved into the skin, causing the characteristic lesions.
Advances with immunophenotyping and gene re-
arrangement studies have helped to characterize the
disease and are used for diagnostic and prognostic pur-
poses. Altogether, mycosis fungoides is a rare condition
afflicting approximately 1 in 500,000 people.

Clinical Findings: Mycosis fungoides often mani-
fests as a slowly progressing rash that occurs in double-
covered areas such as the groin and breast skin. The
buttocks are a very common area of involvement.
There is a 2: 1 male predominance. Mycosis fungoides
is seen in all races, with a predominance in the African
American population compared with the Caucasian or
Asian population. It is infrequently encountered in
children. Mycosis fungoides is staged based on its
appearance, the body surface area (BSA) involved, and
the involvement of lymph nodes, blood, and other
organ systems. The most common stage of mycosis
fungoides is stage IA.

Stage TA mycosis fungoides carries an excellent
prognosis, with most patients leading a normal life
span and dying from another cause. Stage IA disease
is typically described as patches of involvement total-
ing less than 10% of the BSA and no lymph node
involvement. The rash of stage IA disease appears as
thin, atrophic patches on the buttocks, breasts, or
inner thighs. There are often areas of poikiloderma
(hyperpigmentation and hypopigmentation as well as
telangiectasias and atrophy). The atrophy has been
described as “cigarette paper” atrophy: The skin exhib-
its a fine crinkling similar to freshly rolled cigarette
paper. The rash is often asymptomatic, but pruritus
can be problematic for some. The diagnosis of mycosis
fungoides is based on the clinical and pathological
findings.

Patch-stage mycosis fungoides can go undiagnosed
for years to decades because of its indolent nature and
often bland appearance. It often appears as psoriasis, a
nonspecific form of dermatitis, and initial biopsies are
often nonspecific. The application of topical steroids
before a skin biopsy is obtained may alter the histologi-
cal picture enough to make the diagnosis of mycosis
fungoides impossible. Often, serial biopsies over years
are required until one shows the characteristic features
of mycosis fungoides. It is best to biopsy a previously
untreated area. In addition to being a very slow-
developing cancer, it is possible that mycosis fungoides
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Patch stage of mycosis fungoides on the buttocks.
Atrophic poikilodermatous patches are frequently
encountered on the buttocks.

may start as a form of dermatitis and over many years
transform into a malignant CD4+ process.

At the other end of the spectrum is the Sézary syn-
drome. This is an erythrodermic variant of mycosis fun-
goides with peripheral blood involvement. Circulating
Sézary cells are the hallmark of this syndrome. The
Sézary cells are enlarged lymphocytes with cerebriform
nuclei. The cerebriform nuclei can best be appreciated
under electron microscopy. It is considered to be a

Erythrodermic patient
with erythema on greater
than 90% of body

Sézary cells:
atypical

cerebriform
lymphocytes

Annular plaques

leukemic phase of mycosis fungoides. Sézary syndrome
has a poor prognosis.

There are many varying stages of disease between
these two extremes. The morphology of cutaneous lym-
phoma changes from patches to plaques to nodules or
tumors. Varying amounts of ulceration may be present.
The natural history of progression of mycosis fungoides
is variable and difficult to predict clinically. The most
accurate way to predict the course is based on the type of
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Mycosis FUNGOIDES
(Continued)

involvement and the BSA involved. The smaller the BSA
of involvement, the better the prognosis. A worse prog-
nosis is seen with the nodular form as opposed to the
plaque type or the patch form of mycosis fungoides.

Pathogenesis: The etiology of mycosis fungoides is
unknown. The pathomechanism that causes the respon-
sible lymphocytes to transform into malignant cells is
unknown. Significant work has looked at various causes
including retroviruses, environmental insults, gene
deletions, and chronic antigen stimulation. However,
the exact mechanism of malignant transformation for
this disease, which was originally described in 1806,
remains unresolved.

Histology: Stage IA disease shows the characteristic
histological findings of mycosis fungoides. There is a
lichenoid infiltrate of abnormal lymphocytes with cere-
briform nuclei. There are varying amounts of epider-
motropism without spongiosis. The epidermotropic
cells are the abnormal lymphocytes that have entered
the epidermis. Occasionally, collections of the lympho-
cytes occur within the epidermis as small groupings
called Pautrier’s microabscesses. Immunophenotyping
of the cells present reveals the infiltrate to be predomi-
nantly CD4+ lymphocytes with a loss of the CD7 and
CD26 surface molecules. Clonality of the infiltrate can
be determined by performing a Southern blot analysis.
The presence or lack of clonality is not diagnostic, and
this test is not routinely performed.

Peripheral blood can be analyzed by flow cytometry
for the presence of circulating lymphoma cells. This is
a rare finding in low-stage disease and a near-universal
finding in Sézary syndrome.

Treatment: Treatment of mycosis fungoides is based
on the stage of disease. Stage IA disease is often treated
with a combination of topical corticosteroids, nitrogen
mustard ointment, narrow-band ultraviolet B (UVB)
phototherapy, or psoralen + ultraviolet A (PUVA) pho-
totherapy. As the BSA of involvement increases, the use
of creams becomes difficult. Phototherapy is often used
for those with widespread patch disease.

Isolated tumors respond well to local radiotherapy.
Often, systemic treatments are employed as well. These
systemic agents include the retinoids (bexarotene,
acitretin, and isotretinoin) and interferon, both o and y
types. Extracorporeal photophoresis has been used for
all stages of mycosis fungoides, especially Sézary syn-
drome. The patient is given intravenous psoralen and
then has peripheral blood removed and separated into
its components. The white blood cells are isolated,
exposed to UVA light, and then returned to the patient.
The exposed leukocytes that have been damaged by the
psoralen and UVA are believed to induce a vaccine-like
immunological response.

Total skin electron-beam therapy can be used in
special cases in institutions that have the technical
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capability. Denileukin diftitox is an approved therapy
for refractory disease. This drug is created by fusion of
the interleukin-2 (IL-2) molecule and the diphtheria
toxin. Cells that express the CD25 molecule (IL-2
receptor) are selectively killed by this medication. Deni-
leukin diftitox can cause severe side effects and should
be administered only by specialists adept at its use. Many
new medications are being used with variable success
in the treatment of mycosis fungoides, including

an anti-CD52 monoclonal antibody, alemtuzumab,
and various investigational mediations. Bone marrow
transplantation is another option for life-threatening
refractory disease.

Despite the many therapies available, no treatment
has been shown to increase survival in patients with
mycosis fungoides. It is therefore inadvisable to treat
stage TA disease with a medication that has acute,
potendally life-threatening side effects.
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SEBACEOUS CARCINOMA

Sebaceous carcinoma is a rare malignant tumor of the
sebaceous gland. These tumors are most frequently
seen on the eyelids. They are most commonly found
as solitary tumors but may be seen as a part of the
Muir-Torre syndrome. The Muir-Torre syndrome is
caused by a genetic abnormality in the tumor suppres-
sor genes MSH2 and MLHI and is associated with
multiple sebaceous tumors, both benign and malig-
nant. The syndrome is also associated with a high
incidence of internal gastrointestinal and genitourinary
malignancies.

Clinical Findings: These tumors are most commonly
found on the eyelid skin and the eyelid margin. The
reason is that the periocular skin contains many types
of modified sebaceous glands, including the meibomian
glands and the glands of Zeis. Many other, less common
modified sebaceous glands exist, including the caruncle
glands and the multiple sebaceous glands associated
with the hairs of the periocular skin. It is believed that
most sebaceous carcinomas arise from the meibomian
glands, with the glands of Zeis the second most common
site of origin. The meibomian glands are modified seba-
ceous glands that are located within the tarsal plate of
the upper and lower eyelid.

Sebaceous carcinoma has been reported to occur in
all areas of the body, but the vast majority occur on the
eyelids, with the next most common area being the rest
of the head and neck region, probably because the
density of sebaceous glands is higher in these regions.
The tumors typically start as small subcutaneous
nodules or thickenings of the skin. They are initially
asymptomatic and can be mistaken for a stye or chala-
zion. The tumor almost always has a slight yellowish
coloration, which, together with the characteristic peri-
ocular location, can help with the diagnosis. The major
differentiating factor is that these other two inflamma-
tory processes are very acute in onset, are painful, and
resolve within a few weeks. Sebaceous carcinoma is a
slow-growing tumor that persists and continues to
enlarge, eventually causing erosions and ulceration.
Once this occurs, the tumor becomes painful and
can easily bleed with superficial trauma. The clinical
differential diagnosis is often between sebaceous
carcinoma and a basal cell carcinoma or squamous cell
carcinoma.

Sebaceous carcinomas occur with a higher incidence
in the older female population. There is a predilection
for Caucasians and for patients receiving chronic
immunosuppressive therapy. Patients with the Muir-
Torre syndrome are at dramatically higher risk for seba-
ceous carcinoma compared with age-matched controls.
Previous radiation therapy for the treatment of facial or
ocular tumors has also been shown to be a predisposing
factor for the development of sebaceous carcinoma.

As the tumors enlarge, they exhibit an aggressive
local growth pattern. They can rapidly enlarge and
metastasize to regional lymph node basins.

Pathogenesis: Solitary sebaceous carcinomas arise
from sebaceous glands, but the exact pathomechanism
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in a row. The left one seems to discharge secretory
product directly onto the surface into a straight opening
duct. Secretory epithelial cells of the alveoli look foamy
and washed out because of high lipid content.*

Part of a sebaceous gland. Small nucleated
cells with euchromatic nuclei (arrows) in the
periphery of the gland serve as proliferating
stem cells. A thin basement membrane covers
them externally. A large sebaceous cell in the
center contains many prominent lipid droplets,
which surround a central nucleus. The cells
ultimately break down and add their contents
to oily secretory product. Sebum reduces
water loss from the skin surface and lubricates
hair. It may also protect skin from infection
with bacteria.*

Sebaceous carcinoma.
Yellowish patch often
located around the
eye, in this case near
the medial canthus.
These tumors may

be seen in association
with the Muir-Torre
Syndrome.

*Micrographs reprinted with permission from Ovalle W, Nahirney P. Netter’s Essential Histology.
Philadelphia: Saunders, 2008.

muscle tissue. The lesions are poorly circumscribed,
and mitoses are frequently seen. The tumor cells
are large basaloid cells that show areas of mature
sebocyte differentiation and areas that are poorly
differentiated.

Trreatment: The tumors are locally aggressive and
have a high rate of regional lymph node metastasis. The
treatment of choice is surgical removal, either with
Mohs micrographic surgery or with a wide local exci-
sion, making sure to get clear tumor margins. These
tumors have a high risk of recurrence, and clinical
follow-up is required. The use of postoperative radio-
therapy is warranted in specific cases. Patients with
metastatic disease may benefit from a combination of
radiotherapy and systemic chemotherapy.

is not understood. Many risk factors have been deter-
mined, but how these translate into tumor development
is still being studied. More is known about the seba-
ceous tumors associated with the Muir-Torre syndrome.
This syndrome is caused by a genetic defect in the
mismatch repair genes. The syndrome is inherited in
an autosomal dominant fashion. The genes that are
abnormal in this syndrome are responsible for micro-
satellite instability within the cells of the sebaceous
carcinomas and may lead directly to malignant trans-
formation of the benign sebaceous gland.

Histology: These tumors are derived from sebaceous
glands and show a high degree of infiltrative growth.
The tumor deeply invades the subcutaneous tissue; in
the periocular area, it often invades the underlying
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SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma (SCC) of the skin is the
second most common skin cancer after basal cell carci-
noma. Together, these two types of carcinoma are
known as non-melanoma skin cancer. SCC accounts for
approximately 20% of all skin cancers diagnosed in the
United States. SCC can come in many variants, includ-
ing in situ and invasive types. Bowen’s disease, bowenoid
papulosis, and erythroplasia of Queyrat are all forms of
SCC in situ. A unique subtype of SCC is the keratoac-
anthoma. Invasive SCC is defined by invasion through
the basement membrane zone into the dermis. SCC has
the ability to metastasize; the most common area of
metastasis is the local draining lymph nodes. Most
forms of cutaneous SCC occur in chronically sun-
damaged skin, and they are often preceded by the
extremely common premalignant actinic keratosis.

Clinical Findings: SCC of the skin is most com-
monly located on the head and neck region and on the
dorsal hands and forearms. These are the areas that
obtain the most ultraviolet sun exposure over a lifetime.
This type of skin cancer is more common in the Cau-
casian population and in older individuals. It is more
prevalent in the fifth to eighth decades of life. The
incidence of SCC increases with each decade of life.
This form of non-melanoma skin cancer is definitely
linked to the amount of sun exposure one has had over
one’s lifetime. Fair-skinned individuals are most com-
monly affected. There is a slight male predilection.
Other risk factors include arsenic exposure, human pap-
illomavirus (HPV) infection, psoralen + ultraviolet A
light (PUVA) therapy, chronic scarring, chronic immu-
nosuppression, and radiation exposure. Transplant
recipients who are taking chronic immunosuppressive
medications often develop SCCs. Their skin cancers
also tend to occur on the head and neck and on the
arms, but in addition they have a higher percentage
of tumors developing on the trunk and other non—
sun-exposed regions.

SCC:s of the skin can occur with various morpholo-
gies. They can start as thin patches or plaques. There
is usually a thickened, adherent scale on the surface of
the tumor. Variable amounts of ulceration are seen. As
the tumors enlarge, they can take on a nodular con-
figuration. The nodules are firm and can be deeply
seated within the dermis. Most SCCs are derived from
a preexisting actinic keratosis. Patients often have
chronically sun-damaged skin with poikilodermatous
changes and multiple lentigines and actinic keratoses.
Approximately 1% of actinic keratoses per year develop
into SCC.

Subungual SCC is a difficult diagnosis to make
without a biopsy. It is often preceded by an HPV infec-
tion, and the area has often been treated for long
periods as a wart. HPV is a predisposing factor, and
with time a small percentage of these warts transform
into SCC. This development is usually associated with
a subtle change in morphology. There tends to be more
nail destruction and a slow enlargement over time in
the face of standard wart therapy. Prompt biopsy and
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diagnosis can be critical in sparing the patient an ampu-
tation of the affected digit.

A few chronic dermatoses can predispose to the devel-
opment of SCC, including lichen sclerosis et atrophicus,
disseminated and superficial actinic porokeratosis, warts,
discoid lupus, long-standing ulcers, and scars. Many
genetic diseases can predispose to the development of
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SCC; two of the best recognized ones are epidermodys-
plasia verruciformis and xeroderma pigmentosum.
Pathogenesis: SCC is related to cumulative ultravio-
let exposure. Ultraviolet B (UVB) light appears to be
the most important action spectrum in the development
of SCC. UVB is much more potent than ultraviolet A
light. UVB can damage keratinocyte DNA by causing
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SQuAMOUS CELL CARCINOMA
(Continued)

pyrimidine dimers and other DNA mutations. The
damaged DNA leads to errors in translation and tran-
scription and ultimately can lead to cancer. The p53
gene (TP53) is one of the most frequently mutated
genes. This gene encodes a protein that is important in
cell cycle arrest, which allows for DNA damage repair
and apoptosis of those cells that have been damaged. If
the p53 gene is dysfunctional, this critical cell cycle
arrest period is bypassed, and the cell is allowed to
replicate without the normal DNA repair mechanisms
acting on the damaged DNA. This ultimately leads to
unregulated cell division and cancer.

Histology: Actinic keratosis shows partial-thickness
atypia of the lower portions of the epidermis. The
adnexal structures are spared. SCC in situ shows full-
thickness atypia of the epidermis that also affects the
adnexal epithelium.

SCC is derived from the keratinocytes. The patho-
logical findings are characterized by full-thickness
atypia of the epidermis and invasion of the abnormal
squamous epithelium into the dermis. Variable numbers
of mitoses are seen, as well as invasion into the underly-
ing subcutaneous tissue. Horn pearls are often seen
throughout the tumor. The tumors are often described
as being well, moderately, or poorly differentiated.
Many histological subtypes of SCC have been reported,
including clear cell, spindle cell, verrucous, basosqua-
mous, and adenosquamous cell carcinomas.

Treatment: Actinic keratoses can be treated in myriad
ways. Cryotherapy with liquid nitrogen is very effective
and can be used repeatedly. If this fails to clear the area,
or if the actinic keratoses are numerous, medical therapy
is often given with 5-fluorouracil (5-FU) or imiquimod.
These creams work, respectively, by directly killing the
affected cells or by causing the immune system to attack
and kill the affected cells. They are both highly effec-
tive. The disadvantage is that they cause an inflamma-
tory response that can be severe and cause erythema,
crusting, and weeping during the period of application,
usually 1 month or longer.

The treatment for SCC in situ is often electrodessi-
cation and curettage or simple elliptical excision. 5-FU
cream is also effective but leads to a higher rate of
recurrence than the traditional surgical methods. 5-FU
is appropriate as a first-line agent for bowenoid papu-
losis. If in follow-up any residual areas are left, surgical
removal is indicated. Occasionally, large areas of SCC
in situ on the face are treated by the Mohs surgical
technique.

Invasive SCC should be treated surgically, with Mohs
surgery for lesions on the face or recurrent lesions;
standard elliptical excision is adequate for most invasive
SCCs. Some small, well-differentiated SCCs have
been treated successfully with electrodessication and

Integumentary System

CuiNicAL AND HistoLocGicAL EVALUATION OF SUN-INDUCED SQuAMuUS CeLL CARCINOMA

Large ulcerative tumor destroying the ear.
Squamous cell carcinomas arising on the
ear have a higher rate of metastasis.

Large nodule on the dorsal hand

T e i N M AL i i iy

Invasive SCC, low power. Atypical squamous epi-
thelium invading the dermis. This tumor is poorly
circumscribed.

curettage. The metastatic rate for cutaneous SCC is
low, but certain locations have a higher rate of metas-
tasis. These areas include the lip, the ear, and areas of
chronic scarring or ulceration in which the tumors
develop. Recurrent SCCs, those larger than 2 cm in
diameter, and those developing in patients taking
chronic immunosuppressive medications pose a higher
risk for the development of metastatic disease. Patients
with chronic lymphocytic leukemia (CLL) are at much
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Invasive SCC, high power. Atypical keratinocytes,
mitotic figures, and horn pearl formation

higher risk for metastases; the reason is unknown but
is thought to be related to the immunosuppression
resulting from their CLL. The most common areas for
metastasis are the local lymph nodes and lung.

Metastatic SCC of the skin should be treated with
adjunctive radiotherapy and chemotherapy. However,
these therapies have not shown a clear survival benefit,
and the key to treatment ultimately lies in the preven-
tion of metastasis.
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Plate 4-1

ACANTHOSIS NIGRICANS

Acanthosis nigricans is a commonly encountered skin
dermatosis that can be seen in various clinical scenarios.
It is overwhelmingly associated with obesity but can
occur secondary to medications, endocrine disorders
such as the HAIR-AN syndrome (hyperandrogenism,
insulin resistance, and acanthosis nigricans), diabetes,
and internal malignancies. This last type is clinically
distinctive and manifests in a unique manner.

Clinical Findings: Classic cases of acanthosis nigri-
cans affect the nape of the neck, the axillae, and the groin
regions. Native Americans and African Americans are at
a significantly increased risk for development of acan-
thosis nigricans. The slow, insidious onset of patches and
plaques with a velvety, hyperpigmented, thickened,
rough surface is characteristic of acanthosis nigricans.
Maceration with a malodorous smell is often noted. The
patients are for the most part asymptomatic, although
some complain of intermittent pruritus. The clinical
findings in association with obesity are enough to make
the diagnosis. A thorough history should be taken to rule
out a medication-induced form of acanthosis nigricans.
The only routine laboratory testing performed is screen-
ing for occult diabetes. Patients with obesity are athigher
risk for diabetes later in life, and lifelong follow-up and
screening by their primary care physician is required.

Many medications have been shown to induce
acanthosis nigricans. They include niacinamide, gluco-
corticoids, insulin, and some birth control pills. The
medication most commonly associated with acanthosis
nigricans is niacinamide. Most cases resolve or improve
greatly with discontinuation of the medication. The
appearance is often identical to that of classic acanthosis
nigricans, but the history is suggestive, with the timing
of rash onset related to the introduction of the causative
medication.

Malignancy-associated acanthosis nigricans is often
widespread and involves unique areas, including the
mucous membranes, palms, and soles. This form has a
rapid onset and affects different areas of the body than
the classic form of acanthosis nigricans does. The palms
and soles are often involved, and the face can be
involved. Any case in which there is rapid onset of
acanthosis nigricans in a widespread distribution, often
in a nonobese individual, warrants proper evaluation to
rule out an internal malignancy. Referral to a gastroen-
terologist and an internist for cancer screening is of
utmost importance.

A few endocrine disorders can be associated with
acanthosis nigricans, most frequently diabetes mellitus
and the HAIR-AN syndrome It is associated with
insulin resistance and also with hyperandrogenism.

Rare causes of acanthosis nigricans include the
familial forms, which are inherited in an autosomal
dominant fashion.

Pathogenesis: The skin thickening and clinical find-
ings are possibly caused by an increase in insulin-like
growth factor receptor, fibroblast growth factor recep-
tor, and epidermal growth factor receptor and their
subsequent effects on the skin. The reason it affects
certain regions preferentially is unknown. Malignancy-
associated acanthosis nigricans is believed to be caused
by some cytokine or growth factor directly secreted by
the tumor, possibly in the fibroblast growth factor
receptor class of molecules. The tumor causes the clini-
cal findings by secreting these substances. Acanthosis
nigricans is believed to be a paraneoplastic process in
these cases. Medication-induced acanthosis nigricans
is poorly understood but is possibly related to the

medication’s local effects on the skin in genetically
predisposed individuals.

Histology: Epidermal hyperplasia, acanthosis, and
papillomatosis are present. There is minimal to no
inflammatory infiltrate, and the dermis is essentially
normal in appearance. Extensive hyperkeratosis with a
mild excess of melanin production likely explains the
hyperpigmentation seen in acanthosis nigricans.

Treatment: Treatment is often difficult unless the
afflicted individual makes a conscious effort to get to an
ideal body weight and to get his or her diabetes under
excellent control. This is the only likely scenario in

Integumentary System

Velvety hyperpigmented plaques
and patches in the axilla

CYfagfacs
Fellws

Acanthosis nigricans. Hyperpigmented plaques on
the dorsal foot with accentuation of the skin lines

which the skin findings of acanthosis nigricans will
resolve. Temporizing methods of therapy include the
use of keratolytic agents such as lactic acid to help thin
the plaques and make them less noticeable. These
agents are difficult to use in the axillae because of sting-
ing. The topical use of tretinoin cream has also been
successful. Destructive laser therapies have been used
with varying success.

Treatment of malignancy-associated acanthosis
nigricans is directed at the underlying malignancy.
Removal of the tumor may result in complete resolu-
tion of the skin disease.
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Plate 4-2

ACNE

Acne is an almost universal finding in teenagers across
the globe. Acne vulgaris is the most common form of
acne; it affects almost every human at some point in
their lifetime. Most cases are mild and do not cause any
significant disease. Most acne vulgaris is seen in the
postpubertal years. Many clinical variants exist, and
excellent therapeutic modalities are available to treat
this skin disease.

Clinical Findings: Acne vulgaris typically begins
soon after puberty. It has no racial or gender prefer-
ence, although males may develop more severe cases of
the disease. The first signs of acne development are the
formation of microcomedones, both open and closed.
Open comedones, also known as blackheads, appear as
small (0.5-1 mm), dilated skin pores that are filled with
a dark material, oxidized keratin. This material can be
easily expressed with lateral pressure or with the help
of a comedone extractor. The closed comedone, also
known as a whitehead, is a small (0.5-1 mm), whitish
to skin-colored papule. Comedones are believed to be
the precursor lesion to the other lesions of acne. As
acne progresses, inflammatory red, slightly tender
papules develop, along with a variable amount of pus-
tules. The pustules are centered on the hair follicle.
More severe cases of acne, such as nodulocystic acne,
show inflammatory nodule formation as well as cyst
formation. These nodules and cysts can become large
(2-3 cm in diameter) and can cause considerable pain.
They often heal with scarring of the skin.

The face, back, upper chest, and shoulders are the
predominant areas of involvement, most likely because
of the higher density of sebaceous glands in these
regions and the role of the sebaceous gland in the devel-
opment of acne. Acne is a relentless condition: As one
lesion heals, another develops simultaneously. Females
often report a flare of their acne 1 week before men-
struation begins, denoting hormonal influence. Acne
has many clinical variants.

Adult female acne is typically seen in women between
25 and 45 years of age. They often report that they had
minimal to no acne during adolescence. This form of
acne is found predominantly on the cheeks, perioral
region, and jaw line, and it manifests as deep-seated
papules, nodules, and cysts. There is a pronounced flare
around the time of menstruation.

Neonatal and infantile acne are self-limited types that
are seen frequently in this population. Neonatal acne
may be seen a day or two after delivery; it is caused by
transplacental passage of maternal hormones. It resolves
without therapy and seems to be more prevalent in male
newborns. Infantile acne is seen after the first few
months of life. Most cases show a few transient papules,
comedones, and pustules. Most self-resolve, although a
few cases last into adolescence.

Acne cosmetica and acne medicamentosa are two
similar forms of acne thought to be caused by or
exacerbated by the use of cosmetics and facial medica-
tions. The removal of these products usually is enough
for the patient to see significant improvement. Most
products implicated in this form of acne are oily in

Rashes

ACNE VULGARIS

Comedones are most
common lesions.
Nodular and cystic forms may
result in permanent scarring.

Forehead, nose, cheeks, and chest
are commonly involved in acne.

Keratin plug Sebum
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Section of closed comedone (whitehead)
showing keratin plug and accumulated
sebum in sebaceous glands

nature; they cause follicular plugging, which allows
acne production.

Acne excoriée is a form of acne that is made worse
by chronic picking or manipulation of the acneiform
lesions. This often leads to scarring and a worsening of
the clinical appearance. It is often coexistent with an
underlying anxiety disorder, obsessive compulsive dis-
order, or depression.

Rare forms of acne include acne fulminans, acne
conglobata, and acne aestivalis. Acne fulminans is
seen almost exclusively in teenage boys. It is a form of
severe cystic nodular acne that heals with severe, disfig-
uring scarring. The cysts and nodules can easily rupture
and break down, leaving multiple ulcerations. This is
associated with systemic symptoms including fever,
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Papules, pustules, comedones, post-
inflammatory hyperpigmentation,
and mild scarring are seen here. The
upper back is commonly involved
in acne.

Plug of keratin
and oxidized
sebum

Section of open comedone (blackhead)
showing plug of keratin and oxidized
sebum

arthralgias and arthritis, and myalgias. A peripheral
leukocytosis is often seen on laboratory examination.
Lytic bone lesions can be seen, with the clavicle the
most commonly affected bone. This may be preceded
by localized pain over the bony involvement. Acne con-
globata is a term used to refer to severe cystic acne,
which is seen mostly in young males. Patients often
have multiple cysts that can be interconnected with
sinus tracts. The areas involved are very painful and
heal with severe scarring. This form of acne occurs in
the same locations as acne vulgaris. Acne conglobata
has been seen in association with hidradenitis suppura-
tiva, and some consider these conditions to be in the
same spectrum of disease processes. Acne conglobata
may run a chronic course well into adulthood, with
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Plate 4-3

ACNE (Continued)

persistent nodules and cysts coming and going. Acne
aestivalis is one of the rarest forms of acne. It has a
seasonal variation to its course. It begins in spring and
resolves by early fall. It is a disease predominantly of
adult women.

Steroid-induced acne occur secondary to the chronic
use of oral or intravenous steroids. It manifests as a
monomorphic eruption of inflammatory papules. Many
other medications can be associated with acneiform
eruptions, including iodides, lithium, and the epidermal
growth factor inhibitors.

Pathogenesis: Acne is believed to have a multifacto-
rial basis. Follicular keratinization appears to be faulty,
and the keratinocyte adhesions do not separate as
quickly as they should, leading to a follicular plug and
microcomedone formation. Excessive sebaceous gland
production also plays a role and is probably mediated
by hormonal influences. If the sebaceous gland material
is produced in an amount sufficient to cause rupture of
the comedone, the contents spill into the dermis,
causing an inflammatory response; clinically, this is
manifested by inflammatory papules, nodules, and
cysts. The third player in the pathogenesis is the gram-
negative anaerobic bacteria, Propionibacterium acnes.
This bacteria is believed to cause an activation of the
immune system and results in an inflammatory infil-
trate. Rare causes of acne include adrenal gland disor-
ders that can cause virilization. These tumors are rare
and often are associated with a sudden onset of acne,
hirsutism, and irregular menstrual cycles. Any state of
hyperandrogenism can cause acne or make preexisting
acne worse. The most common cause is the polycystic
ovarian syndrome in women. Less commonly, a Sertoli-
Leydig cell tumor can lead to a hyperandrogenic state
and resultant acne.

Histology: Biopsies of acne are not required for diag-
nosis. A biopsy specimen from an inflammatory acne
papule shows a folliculocentric lesion with a dense
inflammatory infiltrate. The follicular epithelium has
signs of spongiosis. Foreign body giant cells, plasma
cells, neutrophils, and lymphocytes are all seen in
varying degrees. Comedones show compacted corneo-
cytes within the sebaceous gland lumen.

Treatment: Treatment for acne vulgaris is multidi-
mensional. One often uses a combination of a kerato-
lytic and antibacterial agent, such as benzyl peroxide,
with tretinoin (a medication that increases differentia-
tion and maturation of keratinocytes) and an antibiotic.
The antibiotics are used for their antinflammatory and
antibacterial properties. The antibiotic may be given in
a topical or oral form. More severe acne, cystic acne,
acne conglobata, and acne fulminans require the sys-
temic use of isotretinoin to prevent severe scarring.
Isotretinoin is given for 5 to 6 months. Significant
precautions need to be taken, because this medication
is a well-known teratogen. Prednisone is often advo-
cated for these severe cases of cystic acne. It is usually
used transiently, when first beginning therapy with
isotretinoin, to help decrease some of the severe inflam-
mation. It should not be used for long periods.

Integumentary System

ACNE VARIANTS

Acne conglobata. Severe cystic, scarring,
nodular acne lesions that can be exquisitely
tender. Associated with disfiguring scarring
and psychological distress. Almost always
treated with isotretinoin.

Adult female acne is characterized
by acneiform papules and pustules
along the jaw line.
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Excessive androgen production results in
loss of female secondary sex characteristics.

Many other treatment options exist, including topical
agents such as azelaic acid, adapalene, tazarotene, sali-
cylic acid, and topical antibiotics. Oral medications that
can be used include multiple oral antibiotics, spirono-
lactone, and birth control pills. The latter two medica-
tions are especially helpful in the treatment of adult
female acne. They work on the hormonal influence on
acne and are highly successful in this type of patient.

Open comedone is a common finding in acne patients.
Compact keratin fills the comedone cavity.

All the medications used for acne have potential side
effects, and treatment must be tailored to the individ-
ual. Comedone extraction, intralesional triamcinolone,
and photodynamic therapy have shown some success in
treating acne. Laser resurfacing, chemical peels, and use
of artificial fillers should be reserved for the treatment
of scarring after the inflammatory acne has been
controlled.
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Plate 4-4

ACNE KELOIDALIS NUCHAE

Acne keloidalis nuchae is a fairly common form of
inflammatory, scarring alopecia that typically occurs on
the posterior occipital scalp. There is a variable spec-
trum of disease, ranging from very mild cases to severe
scarring alopecia. The condition has psychosocial
implications and is difficult to treat effectively. It is
diagnosed clinically, and biopsies are rarely needed.

Clinical Findings: Acne keloidalis nuchae begins on
the posterior scalp or nape of the neck as tiny, follicular,
flesh-colored to red papules. The papules enlarge
to form plaques, which coalesce into larger plaques.
Ultimately in severe cases, the entire posterior scalp
is involved. Early in the disease, no hair loss is appre-
ciated. As the disease progresses, the hair follicles
become scarred down and crowded out by the encroach-
ing fibrosis, resulting in a variable amount of scarring
alopecia.

This condition is far more common in young adult
men, with a predilection for African Americans. It was
originally believed to be caused by close shaving of
the hair and the subsequent inflammation caused by the
newly regrowing hair as it pierces the epidermis. The
curly nature of the hair follicle was believed to be
one of the most important factors. This theory of the
pathophysiology of the disease has been questioned,
and the cause of the condition is not as simple as once
theorized.

The plaques, if left untreated, eventually form thick-
ened scar tissue resembling the appearance of a keloid
scar. The scarring alopecia is permanent, and the
patient is left with a considerable cosmetic issue. Severe
cases of this condition can cause psychological issues,
as can almost any form of severe alopecia.

Pathogenesis: Originally, acne keloidalis was believed
to be caused by the close haircut in African American
men, which caused the hairs to penetrate the epidermis
on regrowth, setting off an inflammatory reaction. It
has now been determined that this is an oversimplifica-
tion of the disease state. Other factors are likely to play
more important roles in the pathogenesis.

Histology: Early disease often appears as a dense,
mixed inflammatory infiltrate around the hair follicle
and adnexal structures with plasma cells present. This
appears similar to folliculitis. As the hair follicles
rupture, the contents spill into the dermis and set off
a dermal inflammatory reaction. There is overlying
epidermal hyperplasia and acanthosis. Occasional
pustule formation is seen and is composed of pools of
neutrophils.

Late disease is very similar to the pathology of a
keloid. There is a lack of adnexal structures and fibrosis
throughout the dermis.

Tireatment: Therapy for mild disease requires a mul-
tifaceted approach. If only a few papules are present
with minimal hair loss, a combination of a topical and
an oral antibiotic can be used for their antiinflammatory
effects. The most commonly used oral antibiotics are
in the tetracycline class. The topical antibiotic most
often prescribed is clindamycin. Strict hair care
regimens are required to help decrease the trauma to
the skin. Shaving of the scalp should be avoided, and
haircuts with shears should also be minimized, because
the shears can cause microtrauma to the skin and poten-
dally induce the process and scarring formation.

Cutting the hair to a length of 3 to 5 mm is a reasonable
approach that minimizes trauma to the skin. Topical
retinoids such as tretinoin and tazarotene have been
used with varying results. The theory is that they help
the follicular epithelium mature and help correct the
abnormal keratinization of the epidermis. Intralesional
triamcinolone injections into the papules and plaques
can also be an effective method of treating mild disease.

Rashes

Mild. Follicle-centered,
flesh-colored papules

Severe. The papules of the
mild form may coalesce
into large keloidal plaques
with associated hair loss.
The areas involved can
cause severe disfigurement.

Severe disease is rarely responsive to medical therapy.
Surgical options remain the best therapeutic choice.
The goal is to remove the abnormal skin and close the
wound under as little tension as possible. If the tension
is too great, it is best to leave the wound open to granu-
late and heal by secondary intention. The scar that
results is often better appearing than the thick, plaque-
like scar that it is replacing.
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Plate 4-5

ACUTE FEBRILE
NEUTROPHILIC DERMATOSIS
(SWEET’S SYNDROME)

Acute febrile neutrophilic dermatosis is an uncommon
rash that most often is secondary to an underlying
infection or malignancy. The diagnosis is made by ful-
filling a constellation of criteria. Both clinical findings
and pathology results are required to make the diagno-
sis in a patient with a consistent history.

Clinical Findings: Acute febrile neutrophilic derma-
tosis is often associated with a preceding infection. The
infection can be located anywhere but most commonly
is in the upper respiratory system. Females appear to
be more likely to be afflicted, and there is no race pre-
dilection. Patients present with fever and the rapid
onset of juicy papules and plaques. Because the papules
can look as if they are fluid filled, they are given the
descriptive term juicy papules. They can occur anywhere
on the body and can be mistaken for a varicella infec-
tion. Patients also have neutrophilia and possibly arthri-
tis and arthralgias. If this condition is associated with a
preceding infection, it is usually self-limited and heals
without scarring, unless the papules and plaques are
excoriated or ulcerated by scratching. Variable amounts
of pruritus and pain are associated with this skin disease.
When one is evaluating a patient with this condition,
a thorough history is required. A skin biopsy must be
performed. A chest radiograph, throat culture, and uri-
nalysis should be performed to assess for the possibility
of bacterial infection.

Lymphoproliferative malignancies have also been
seen in association with Sweet’s syndrome. The malig-
nancy often precedes the rash, and the skin disease is
believed to be a reaction to the underlying malignancy.
It is important to obtain specimens from these patients
for histological evaluation and culture for aerobic,
anaerobic, mycobacterial, and fungal organisms. The
main differential diagnosis is between an infection and
Sweet’s syndrome in cases associated with a malignancy.
The most common malignancy associated with acute
febrile neutrophilic dermatosis is acute myelogenous
leukemia. The prognosis in these cases is directly
related to the underlying malignancy. Often, the skin
disease continues to recur unless the malignancy is put
into remission.

A few medications have also been shown to induce
Sweet’s syndrome, including granulocyte colony-
stimulating factor (G-CSF), lithium, all-#rans-retinoic
acid, minocycline, and oral contraceptives.

Pathogenesis: The pathomechanism of Sweet’s syn-
drome is theorized to involve the secretion of a neutro-
philic chemoattractant factor, which causes massive
amounts of neutrophils to migrate into the skin. The
exact molecule responsible for the recruitment of neu-
trophils into the skin is unknown. Reports of exogenous
use of G-CSF have led to the theory that it is respon-
sible for the chemoattraction of neutrophils. Other
chemoattractants are possible players in the pathogen-
esis, including interleukin-8.

Histology: Histological examination shows massive
dermal edema with a dense infiltrate composed entirely

of neutrophils. Varying amounts of leukocytoclasis are
present. Subepidermal bulla formation is possible
because of the extensive dermal edema. Special stains
for microorganisms must be negative to exclude an
infectious process, and these must be backed up with
cultures to help disprove an infection, because the his-
tological picture can mimic an infectious process.
Treatment: Treatment should be directed at the caus-
ative agent. Supportive care is needed for those with

Integumentary System

Sweet’s syndrome. Edematous papules and plaques, often
associated with an underlying infection or systemic illness

Diagnostic Criteria for Sweet’s Syndrome*

Major criteria

» Abrupt onset of rash—various morphologies
» Histological evaluation shows diffuse neutro-
philic infiltrate with papillary edema

Minor critieria

P Preceding infection or pregnancy or malignancy

» Fever >38°C

P Sedimentation rate >20 or elevated C-reactive
protein level or leukocytosis with left shift

» Rapid resolution with systemic steroids

*For the diagnosis, both major criteria and one minor
criterion must be present. Adapted from Odom RB,
James WD, Berger T. Andrews” Diseases of the Skin:
Clinical Dermatology. 10th ed. Philadelphia: Saunders,
2006.

Sweet’s syndrome on the dorsal hand.
This can be difficult to differentiate
from pyoderma gangrenosum.

postinfectious Sweet’s syndrome. Topical and oral ste-
roids can dramatically shorten the course of the disease.

Sweet’s syndrome that develops as a paraneoplastic
process secondary to underlying leukemia should be
treated with oral or intravenous steroids once an infec-
tious process has been ruled out. This can result in a
rapid response, but it is short lived once the steroids are
removed. True remission occurs only if the cancer is
treated and put into remission.
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Plate 4-6

ALLERGIC CONTACT DERMATITIS

Allergic contact dermatitis is one of the rashes most
frequently encountered in the clinician’s office. It is
responsible for a large proportion of occupationally
induced skin disease. Urushiol from the sap of poison
ivy, oak, or sumac plants is the most common cause of
allergic contact dermatitis in the United States. The
clinical morphology, the distribution of the rash, and
results from skin patch testing are used to make the
diagnosis. Patch testing is performed when the caus-
ative agent is unknown. Nickel has been the most fre-
quent cause of positive patch testing in the world for
years. Urushiol is not tested clinically, because almost
100% of the population reacts to this chemical.

Clinical Findings: Allergic contact dermatitis can
manifest in a multitude of ways. The acute form may
show linear streaks of juicy papules and vesicles. Vari-
able amounts of surrounding edema can be seen. Edema
is much more common in the loose skin around the
eyelids and facial region. Chronic allergic contact der-
matitis can manifest with red-pink patches and plaques
with various amounts of lichenification. There are
localized forms and generalized forms. One of the
unique forms of allergic contact dermatitis is the scat-
tered generalized form. Pruritus is an almost universal
finding, and it can be so severe as to cause excoriations
and small ulcerations.

The prototype of allergic contact dermatitis is the
reaction to the poison ivy family of plants. After contact
with this plant, urushiol resin is absorbed into the skin
and initiates the immune system response to cause aller-
gic contact dermatitis. The dose and the duration of
contact with the allergen are important influences on
the severity of the rash that develops. Between 3 and 14
days after exposure, the patient notices linear juicy
papules and vesicles forming at the sites of contact. The
most commonly affected areas are the extremities. Air-
borne contact dermatitis may be seen from burning of
wood with the poison ivy vine present. These reactions
are usually seen on skin that was not covered with cloth-
ing, and they can be very severe on the face and eyelids,
often causing massive swelling and impeding vision.

The location of the dermatitis can be used as a clue
to the diagnosis. A nurse with hand dermatitis may be
allergic to a component of the gloves being worn occu-
pationally. A young child with a lichenified rash around
the umbilicus may be allergic to a metal component of
a pant snap or zipper. The most common culprit in
these cases is nickel. Finger dermatitis may be caused
by the application of acrylic nails or nail polish. Allergic
contact dermatitis can also be seen within the oral
cavity, most commonly adjacent to dental amalgams or
prostheses. Oral allergic contact dermatitis can mimic
oral lichen planus. Lichen planus is usually widespread
and affects the mucosa and gingiva both adjacent to and
distant from any dental restorations.

Rashes

MoRPHOLOGY OF ALLERGIC CONTACT DERMATITIS

Eyelid dermatitis
(red eczematous
patches). Potential
allergens include
fragrances,
thimerosal,
neomycin, and
various preser-
vatives.

Poison ivy-induced
allergic contact dermatitis,
with the characteristic

linear areas of involvement

The diagnosis in all these cases can be made based
on patch testing. Chambers loaded with specific con-
centrations and amounts of known allergens are
applied to the back of the individual. The patches
are left on for 48 hours and then removed. After an
hour, the first reading is made, based on the reaction
seen under the chamber. Elevation of the skin or
vesiculation is considered to be a positive reaction.

Nickel dermatitis (around the umbilicus)
caused by metal snaps

Plaque of dermatitis caused by
the repeated use of neomycin-
containing ointment on a
superficial cut

Allergic contact dermatitis
of the hands is a frequent
form of occupationally
induced contact allergy

The presence of only macular erythema needs to be
interpreted cautiously but can be considered a positive
result in certain situations. Pustular reactions are
considered to be irritant reactions and not relevant.
The patient must come back for a final reading 3 to
7 days after application of the patches. This is the
most critical reading and gives the most valuable
information.
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ALLERGIC CONTACT DERMATITIS
(Continued)

Pathogenesis: Much is known about the mechanism
of allergic contact dermatitis. This form of dermatitis
requires a sensitization and elicitation phase for devel-
opment. During the sensitization phase, the patent is
exposed for the first time to the antigen. The antigen
is absorbed through the skin and is phagocytosed by
an antigen-presenting cell within the epidermis. The
antigen-presenting cell internalizes the antigen and
processes it within its lysosomal apparatus. The pro-
cessed antigen is then sent to the cell surface and
expressed on a human leukocyte antigen (HLA) mole-
cule. The antigen-presenting cell migrates to the
local draining lymph node and presents the antigen
in association with the HLA molecule to T cells. The
T cells recognize each individual antigen and prolifer-
ate locally, resulting in a clone of lymphocytes that
recognize that specific antigen; these lymphocytes then
remain ready for when the patient comes in contact
with the same antigen in the future.

During the elicitation phase, the patient is reexposed
to the antigen. The antigen-presenting cells again
process the antigen and present it to the newly cloned
lymphocytes, which migrate back to the skin and cause
the clinical findings of edema, spongiosis, vesicles, and
bullae. If the antigen is exposed in a chronic manner,
the findings will be less acute in nature, and the typical
findings of a chronic dermatitis are seen.

This entire process is dependent on the size and
permeability of the antigen, the recognition and
processing of the antigen by the antigen-presenting
cell, and the complex interactions among multiple
T and B cells. Antign-presenting cells and B cells are
required for activation of the T cells and propagation
of the allergic contact dermatitis.

Histology: The inidal finding in acute allergic
contact dermatitis is spongiosis of the epidermis with
an associated superficial and deep lymphocytic infiltrate
with scattered eosinophils. As the rash progresses,
the spongiosis can worsen, and intraepidermal vesicles
start to form. The vesicles may eventually coalesce into
large bullae.

Chronic allergic dermatitis usually shows acanthosis
with spongiosis and eosinophils within the infiltrate. A
superficial and deep perivascular lymphocytic infiltrate
is seen. Excoriations can also be appreciated.

Treatment: Acute localized allergic contact dermati-
tis can be treated with a potent topical steroid and strict
avoidance of the offending agent. Oral sedating antihis-
tamines work better for the pruritus than their non-
sedating counterparts do. Soaks that help to dry the
dermatitis are helpful and include aluminum acetate
(Domeboro’s solution). Because the most common
culprit is the poison ivy plant, time should be taken to
explain to the patient the appearance and nature of this
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Patch test
Patch test placement

Patch testing is the best method
to assess for contact allergins.

Positive patch test

Evaluation of patch tests at 72 hours shows papular erythema.
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plant. As a good rule of thumb, if a plant has three
leaves, it could be poison ivy: “Leaves of three, let it
be.” Allergic contact dermatitis that is widespread or
that affects the eyelids, hands, or groin region can be
treated with a tapering dose of oral corticosteroid over
a 2- to 3-week period. If the steroid is tapered too
quickly, the patient may experience a poststeroid flare
of their dermatitis, which can be resistant to further
corticosteroid therapy.

@:ﬁ@:
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Patients who do not respond to these measures
should undergo patch testing to determine whether
another antigen is causing or provoking the dermatitis.
Without the use of patch testing, the allergen will
remain unknown and the dermatitis will persist. Not
infrequently, patients are found to be allergic to a fra-
grance or preservative that is an ingredient in one of
their personal care products. Once they stop using the
product, the dermatitis finally resolves.
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Plate 4-8

ATOPIC DERMATITIS

Atopic dermatitis is one of the most common dermato-
ses of childhood. It typically manifests in early life and
can have varying degrees of expression. It is commonly
associated with asthma and allergies. Most children
eventually outgrow the condition. Atopic dermatitis
has been estimated to affect up to 10% of all children
and 1% of adults, and its prevalence has been steadily
increasing. Patients frequently have a family history of
atopic dermatitis, asthma, or skin sensitivity.

Clinical Findings: Atopic dermatitis typically begins
early in life. There is no racial predilection. The clinical
course is often chronic, with a waxing and waning
nature. Infants a few months old may initially present
with pruritic, red, eczematous patches on the cheeks
and extremities as well as the trunk. The itching is typi-
cally severe and causes the child to excoriate the skin,
which can lead to secondary skin infections. The skin
of atopics is abnormally dry and is sensitive to heat
and sweating. These children have difficulty sleeping
because of the severe pruritus associated with the rash.
During flares of the dermatitis, patients may develop
weeping patches and plaques that are extremely pruritic
and occasionally painful. With time, the patches begin
to localize to flexural regions, particularly the antecu-
bital and popliteal fossae. Severely afflicted children
may have widespread disease. Patients with atopic der-
matitis are more prone to react to contact and systemic
allergens. Sensitivity to contact allergens is likely a con-
sequence of the frequent use of topical medicaments
and the broken skin barrier. This combination leads to
increased exposure to foreign antigens that are capable
of inducing allergic contact dermatitis. One should
suspect a coexisting contact dermatitis if a patient who
is doing well experiences a flare for no apparent reason
or if a patient continues to get worse despite aggressive
topical or oral therapy. Laboratory testing commonly
shows an eosinophilia and an elevated immunoglobulin
E (IgE) level.

Secondary infection is common in atopic dermatitis.
It may manifest with the appearance of honey-colored,
crusted patches in the excoriated regions, which
indicates impetigo. It may also manifest as multiple
follicle-based pustules, representing folliculitds, or
as deep red, tender macules, indicating a deeper
soft tissue infection. The rate of methicillin-resistant
Staphylococcus aureus (MRSA) infection has increased in
patients with atopic dermatitis at the same rate as in

Rashes

INFANTS AND CHILDREN WITH ATOPIC DERMATITIS

Infant with atopic dermatitis

Frontal view Dorsal view

the general public. The rate of colonization of atopic
patients is much higher than in normal controls, most
likely because of the disruption of the underlying
epidermis. Colonization in certain situations may
lead to infection. Acquisition of a widespread herpesvi-
rus infection can have severe and potentially life-
threatening consequences. Atopics are much more
prone than others to develop eczema herpeticum. The
extensive areas of abnormal, broken skin provide the

C/factads

Lymphadenopathy in a
cKild with atopic dermatitis

perfect environment for the development of this wide-
spread viral infection.

Most childhood atopic dermatitis resolves spontane-
ously over time. It is estimated that 10% of cases will
resolve by the age of 1 year, 50% by 5 years, 70% by 7
years, and so on. A small percentage of children with
atopic dermatitis continue on with the rash into adult-
hood. These cases tend to be chronic in nature and to
last for the patient’s lifetime.
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Plate 4-9

ATOPIC DERMATITIS
(Continued)

Pathogenesis: The cause of atopic dermatitis is
unknown. Many exacerbating factors have been found.
They include anything that irritates the skin, such as
heat, sweating, stress, many chemicals, and various
types of clothing. Atopic dermatitis is believed to be
caused by an aberrant T-cell (Th2) response in the skin
with elevated levels of Th2 cytokines. Interleukin-4
(IL-4), IL-5, and IL-13 are abnormally elevated. These
cytokines are responsible for eosinophil production and
recruitment and for IgE production. The concentra-
tions of the Th1 cytokines (IL-12 and interferon-o) are
below average in these patients. The reason for this
response is unknown. Ultimately, the barrier of the
epidermis is disrupted, and this is evident by the
increase in transepidermal water loss, which can be
measured.

Histology: A nonspecific lymphocytic infiltrate is
seen, with associated exocytosis of lymphocytes into the
epidermis with widespread spongiosis. Varying degrees
of acanthosis and parakeratosis are seen. Often, bacte-
rial elements are seen on the surface of the skin. Small
intraepidermal vesicles may develop secondary to the
massive spongiosis. Excoriations are frequently seen.

Treatment: Therapy consists of patient and family
education about the natural history of the disease and
the episodic waxing and waning. Bathing regimens
must be thoroughly explained, and the use of soap
should be discouraged. The patient should take shorter
baths in lukewarm water, followed immediately
by moisturization and application of topical steroid
medications as appropriate. The intermittent use of
moisturizers is also helpful. The use of topical immu-
nomodulators, alternating with topical corticosteroids
or alone, decreases the atrophogenic side effects of the
topical corticosteroids. On occasion, oral steroids may
be needed to calm the inflammation and give the patient
some well-needed, albeit temporary, relief.

Most children do not need to avoid foods. If any
question exists as to whether a food is potentially exac-
erbating the dermatitis, an allergist may be consulted
to perform specific food allergy testing.

Prompt recognition of any bacterial or viral infec-
tion should lead to therapy that is not delayed. Impe-
tigo, molluscum contagiosum, and eczema herpeticum
are the three infections most commonly associated
with atopic dermatitis. Of these, eczema herpeticum is
the most important, and its recognition depends on
a strong index of suspicion in any child with atopic
dermatitis and new onset of a widespread, blistering
rash. The differential diagnosis is varicella. A Tzanck
test can help diagnosis the condition but cannot

Integumentary System

ADOLESCENTS AND ADULTS WITH ATOPIC DERMATITIS

dermatitis

differentiate herpes simplex virus from varicella zoster
virus. A viral culture or direct immunofluorescence
antibody staining of blister fluid is required for
differentiation.

Treatment is usually more successful in children than
in adults. Occasionally in children and more commonly
in adults, systemic therapies are used to keep the der-
matitis under control. Oral antihistamines and immu-
nosuppressive agents are not uncommonly required. A

Adult patient with atopic

Scalp, facial, and truncal
atopic dermatitis in a child

Adult atopic dermatitis
can also be complicated by
allergic contact dermatitis.

subset of patients respond to ultraviolet phototherapy,
but most are not able to tolerate the warmth and sweat-
ing that is induced by the phototherapy unit. Oral
immunosuppressants are used and include cyclosporine,
azathioprine, and mycophenolate mofetil. These medi-
cations have severe potential side effects and should be
administered only by experienced clinicians. Routine
laboratory testing is required with all of these
medications.
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Plate 4-10

AUTOINFLAMMATORY
SYNDROMES

The autoinflammatory syndromes are a rare group of
diseases for which the specific causes have been deter-
mined. The diseases in this category include hyper-
immunoglobulin D (hyper-IgD) syndrome (HIDS),
the cryopyrinopathies, familial Mediterranean fever
(FMF), and tumor necrosis factor (TNF) receptor—
associated periodic syndrome (TRAPS). The cryopyri-
nopathies are a group of conditions made up of
Muckle-Wells syndrome, familial cold autoinflamma-
tory syndrome (FCAS), neonatal-onset multisystem
inflammatory disease (NOMID), and chronic infantile
neurological cutaneous and articular syndrome
(CINCA). These groupings were first proposed in the
1990s to bring together a collection of inflammatory
disorders that are distinct in nature and pathophysiol-
ogy from other forms of allergic, autoimmune, and
immunodeficiency syndromes. Patients with these auto-
inflammatory diseases lack the autoreactive immune
cells (T and B cells) as well as autoantibodies. The
identification of specific genes that are defective and the
roles played by those genes in the development of these
disorders has been critical in increasing understanding
of these diverse diseases. The common link in these
conditions is the fact that they all represent abnormali-
ties of the innate immune system.

Clinical Findings: HIDS is inherited in an autosomal
recessive fashion. Patients present with fever, arthral-
gias, abdominal pain, cervical adenopathy, and aph-
thous ulcers. Skin findings are consistent with a
cutaneous vasculitis with palpable purpura and purpuric
macules and nodules. Patients develop attacks of these
symptoms with some evidence of periodicity. The
attacks can last from 3 to 7 days, and typically the first
attack occurs within the first year of life. As the child
ages, the frequency and the severity of the attacks
lessen. No reliable trigger has been found that initiates
the attacks, and patients are completely normal between
attack episodes.

Within the group of cryopyrinopathies, the distinc-
tions among Muckle-Wells syndrome, FCAS, NOMID,
and CINCA are not clear, and many believe that they
represent a phenotypic expression spectrum of the same
condition. These very rare syndromes are all inherited
in an autosomal dominant fashion. Patients present
with recurrent fevers, arthralgias, myalgias, and varying
degrees of ophthalmic involvement with conjunctivitis
and anterior uveitis. The skin findings are typically gen-
eralized and consist of red, edematous papules and
plaques. The rash can appear urticarial but is less pru-
ritic. The attack episodes almost always last less than 24
hours. The trigger for FCAS is cold exposure, but the
other conditions have no known precipitating factors.
Twenty-five percent of patients with Muckle-Wells syn-
drome develop amyloidosis later in life, which may lead
to chronic renal failure. The other conditions also have
been reported to lead to amyloidosis, but much less
commonly than Muckle-Wells syndrome. NOMID
tends to be the most severe of the cryopyrinopathies.
Patients with NOMID can develop aseptic meningitis
and varying degrees of mental retardation along with
hepatosplenomegaly. These patients can develop a char-
acteristic overgrowth of cartilage around the knee that
is quite noticeable on physical examination.

FMF is inherited in an autosomal dominant fashion.
It is the most common of all the autoinflammatory
syndromes. Patients experience attacks of fever and
abdominal pain along with monoarthritis. Occasionally,
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PATHOPHYSIOLOGY OF AUTOINFLAMMATORY SYNDROMES

Innate immune system pathways involved in the autoinflammatory syndromes
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pleuritis and pericarditis are also present. The skin find-
ings consist of an erysipelas-like rash occurring almost
exclusively on the lower extremities. Lesions of palpa-
ble purpura may also be present, indicating a cutaneous
vasculitis. The attacks usually last less than 3 days, with
a variable length of time between attacks. Some adults
develop renal dysfunction due to amyloidosis.

TRAPS is inherited in an autosomal dominant
pattern and also can occur sporadically. Patients develop
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attacks early in childhood, which consist of fever,
abdominal pain, conjunctivitis, arthralgias, and migra-
tory myalgias. The attacks last longer than in the other
autoinflammatory syndromes. Each attack may last
from days to weeks, with frequent recurrences. Attacks
may be precipitated by varying amounts of stress, both
physical and emotional. Again, the development of
renal amyloidosis in adulthood has profound effects
on the prognosis and is estimated to occur in 10% of
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Plate 4-11

AUTOINFLAMMATORY
SYNDROMES (Continued)

TRAPS patients. Skin findings are characteristic and
consist of migratory, pink to red patches and macules.
Periorbital swelling may be prominent.

Histology: Each of the autoinflammatory skin lesions
has a unique histology. The diagnosis cannot be made
on the basis of histology alone, but histologic findings
are used to rule out other conditions in the differential
diagnosis and to help confirm the diagnosis of an auto-
inflammatory disease. Skin biopsies should be taken
during acute attacks, when a rash is present.

Cutaneous biopsy specimens from patients with
HIDS typically show a neutrophilic vasculitis. Neutro-
phils are found throughout the dermis. A skin biopsy
from a patient with one of the cyropyrinopathies shows
a neutrophilic perivascular infiltrate associated with
diffuse dermal edema. NOMID and CINCA also
exhibit a perivascular infiltrate of lymphocytes scattered
within the neutrophilic infiltrate. FMF skin biopsies
show a diffuse population of dermal neutrophils.
TRAPS skin biopsies are nondescript and show a bland
lymphocytic infiltrate in a dermal perivascular location.
Biopsy of the periorbital edema shows a perivascular
lymphocytic infiltrate and dermal edema.

Pathogenesis: Remarkable success has been achieved
in deciphering the pathogenesis of these disease states,
which are all interconnected through the innate
immune system. The defective genes and the proteins
that they encode have been determined. These proteins
play a critical role in regulation of the innate immune
system’s inflammatory response. If they are defective,
they cause varying amounts of dysregulation of neutro-
phils and other inflammatory cells. The innate immune
system is nonspecific in nature and does not rely on
antibody production. Various innate pattern recogni-
tion receptors (e.g., Toll-like receptors) are able to rec-
ognize foreign molecules and directly activate the
innate immune system. The normal activation of the
innate immune system allows for prompt recognition
of foreign elements and a proper immune reaction to
those elements. The autoinflammatory conditions have
been discovered to involve defects in various compo-
nents of the innate immune system.

HIDS is caused by a mutation in the MVK gene,
located on chromosome 12, which encodes the protein
mevalonate kinase. This gene helps regulate cholesterol
synthesis, but it is also important for production of
precursors that will ultimately be isoprenylated. The
lack of these isoprenylated proteins leads to dysregula-
tion of IL-1P and ultimately to the clinical findings of
HIDS. All of the cryopyrinopathies are caused by a
genetic defect of the NLRP3 gene located on chromo-
some 1. This gene, which is also called CIASI, encodes
the protein cryopyrin. The defect allows for a gain in
function of the cryopyrin protein, which results in
hyperactivity of the inflammasome. The inflammasome
is a cytoplasmic soluble conglomeration of various pro-
teins that is part of the innate immune system and is
constantly identifying foreign material. Its stimulation
ultimately increases the activity of the caspase 1 protein
and the production of IL-1B. FMF has been found to
be caused by a defect in the MEFV gene, which encodes
the pyrin protein. Pyrin is also a regulator of the inflam-
masome, and defects in pyrin result in increased levels
of IL-1B. TRAPS is caused by a defective gene on
chromosome 12 named TNFRSF1A. This gene encodes
the 55-kd TNF receptor. The defect leads to excessive
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CLINICAL MANIFESTATIONS OF AUTOINFLAMMATORY SYNDROMES

Cutaneous findings
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Classic TRAPS rash
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The rash in HIDS can
be variable, including
maculopapular and
urticarial forms.

Joint and central nervous system findings
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Typical appearance
of urticaria-like rash
of the cryopyrinopathies

Typical appearance
of erysipelas-like
FMF rash, often on
lower extremities

Arthritis/periarthritis

signaling due to serum TNF activation of the
receptor.

Trreatment: Therapy is specific to each syndrome.
The molecular understanding of the pathogenesis
has led to specific therapies. Because of their rarity,
no randomized studies have been performed on the
treatment of these conditions. HIDS has been success-
fully treated with nonsteroidal antiinflammatory drugs
(NSAIDs), statin medications, and the interleukin

Headache

antagonist, anakinra. The cryopyrinopathies have been
treated with cold avoidance in the case of FCAS, and
NSAIDs, oral steroids, anakinra, and other immuno-
suppressants have been tried. FMF has been treated
with good success with colchicine, taking advantage of
its antineutrophil effect. TRAPS has been successfully
treated with etanercept or anakinra. Etanercept is
believed to remove the soluble TNF that is responsible
for activating the mutated receptor.

82

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS



Plate 4-12

BuG BITES

Human skin is exposed to the environment on a con-
stant basis and encounters multiple threats, including
arthropods of many varieties. Each species of arthropod
can inflict its own type of damage to the skin; some bites
are mild and barely noticeable, and others can be life-
threatening. The most common bites are those of mos-
quitoes, fleas, bedbugs, mites, ticks, and spiders. Not
only can these bites cause direct damage to the skin, but
these organisms may have the ability to transmit infec-
tious diseases such as Lyme disease, leishmaniasis, and
rickettsial diseases.

Clinical Findings: Mosquitoes are prominent insects
in the spring, summer, and early fall seasons. In warmer
climates, they can be seen year round. Their bite is
often not noticed until after the mosquito has gone.
The recently bitten person is left with a pruritic urti-
carial papule that typically resolves by itself within
an hour or so. Some individuals are prone to severe
bite reactions and develop warm, red papules and
nodules that can last for a week or two and can be
associated with regional lymphadenopathy. Mosquitoes
are essentially a nuisance for the most part, but in some
areas of the world they are the major vectors for trans-
mission of malaria and encephalitis viruses. Sand flies
are similar, but they are the major vector for
leishmaniasis.

Fleas have been around since before the beginning
of h