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ANGIOSARCOMA

Angiosarcomas are malignant tumors that recapitulate many
of the functional and morphologic features of normal endothe-
lium. They vary from highly differentiated tumors resembling a
hemangioma to anaplastic lesions difficult to distinguish from
a poorly differentiated carcinoma or pleomorphic sarcoma.
Angiosarcomas are no longer subdivided into lymphangiosar-
comas and hemangiosarcomas because this distinction cannot
be reliably made by conventional methods. In fact, evidence
indicates that some angiosarcomas have a mixed phenotype.!
Hemangioendothelioma, a term formerly used as a synonym for
angiosarcoma, particularly in sites such as the bone, is used for
vascular tumors of borderline malignancy only (see Chapter 21).

Incidence

Angiosarcomas are collectively one of the rarest soft tissue neo-
plasms. They account for a vanishingly small proportion of all
vascular tumors and less than 1% of all sarcomas. Although
they may occur at any location in the body, they rarely arise
from major vessels and have a decided predilection for skin and
superficial soft tissue, a phenomenon that contrasts sharply with
the deep location of most soft tissue sarcomas. These tumors
infrequently occur during childhood, but when they do, they
seem to occur in an epidemiologic pattern different from that
of adults.>* For example, angiosarcomas tend to develop more
in internal organs or with various disease states (e.g., Klippel-
Trénaunay syndrome). Over the past two decades, the dis-
tribution pattern of angiosarcomas has changed. Cutaneous
angiosarcomas, formerly constituting about one-third of all
angiosarcomas, now account for about one-half. This increase
probably reflects the increasing frequency of cutaneous postir-
radiation sarcomas. About 10% of angiosarcomas are located in
deep soft tissue, and the remainder are located in parenchymal
organs such as the breast, bone, heart, and spleen (Table 22.1).*

Because there are pathogenetic and behavioral differences
among angiosarcomas, it is useful to conceptualize them not as
one disease but as several interrelated ones linked by the com-
mon presence of the malignant endothelial cell. Angiosarcomas

are divided into several clinical groups: (1) primary cutaneous
angiosarcoma (unassociated with lymphedema or radiation);
(2) lymphedema-associated angiosarcoma; (3) postirradiation
angiosarcoma; (4) angiosarcoma of deep soft tissue; and (5)
angiosarcoma of parenchymal organs such as bone, liver, spleen,
heart, and breast. Angiosarcomas also rarely develop adjacent to
foreign material, in the vicinity of arteriovenous fistulas in renal
transplant patients, within other tumors, or in association with
rare genetic syndromes. Although eclipsed in number by the
other forms of angiosarcoma, these unusual associations sug-
gest more than a coincidental occurrence.

Etiologic Factors

Chronic lymphedema and radiation are the most widely rec-
ognized predisposing factors for angiosarcomas of skin and
soft tissue. Typically, lymphedema-associated angiosarcoma
occurs in women who underwent (modified) radical mastec-
tomy for breast carcinoma and had chronic severe lymphedema
for years. Virtually all forms of lymphedema have been asso-
ciated with this complication. To explain the association of
lymphedema and angiosarcoma, some suggest that the growth
and proliferation of obstructed lymphatics eventually fail to
respond to normal control mechanisms. Others believe that
carcinogens in lymphatic fluid induce the neoplastic change,

TABLE 22.1 Anatomic Distribution of
Angiosarcomas
No. of Cases
Location (N = 222) Percentage (%)
Skin 110 49.6
Breast (parenchyma) 32 14.4
Soft tissue 25 112
Heart 15 6.7
Bone 9 4.1
Other 31 14

Data from Lahat G, Dhuka AR, Hallevi H, et al. Angiosarcoma: clinical
and molecular insights. Ann Surg. 2010;251(6):1098.
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or that the lymphedematous extremity represents an immuno-
logically privileged site® that is unable to perform immunologic
surveillance of normally occurring mutant cell populations.

Radiation has been clearly associated with angiosarcoma,
independent of lymphedema. Definitionally, postirradiation
angiosarcoma must (1) be biopsy proven, (2) arise in the radi-
ation field, (3) occur after a latency of several years, and (4)
arise in an area without lymphedema. Previously, postirradi-
ation angiosarcomas followed radiotherapy for carcinoma of
the cervix, ovary, endometrium, and Hodgkin lymphoma after
an interval of more than 10 years. In the past two decades, this
epidemiologic profile has been changing because of the com-
mon practice of administering radiation to women following
lumpectomy for breast cancer. The interval in these patients is
much shorter than the foregoing group.

A number of angiosarcomas have developed at the site of
defunctionalized arteriovenous fistulas®® in renal transplant
patients and have been attributed to immunosuppression.
However, this does not explain those cases that have occurred
in the absence of immunosuppression or the invariable pres-
ence of angiosarcoma in the immediate vicinity of the fistula.
Some have proposed that immunosuppression provides the
ideal context in which deviant patterns of blood flow upregu-
late growth factors and adhesion molecules to promote endo-
thelial proliferation and migration.” Angiosarcomas also have
been reported adjacent to foreign material introduced into the
body iatrogenically or accidentally. In an extensive review of the
literature by Jennings et al.,,!” nine angiosarcomas associated
with foreign material were identified. Common to all was a long
latent period between introduction of the foreign material and
development of the tumor. Although one case occurred within
3 years, the remainder appeared more than a decade later. A
variety of solid materials were implicated, including shrap-
nel, steel, plastic and synthetic (usually Dacron) vascular graft
material, surgical sponges, and bone wax. An exuberant host
response in the form of a fibrous tissue capsule around the for-
eign material may represent an important intermediate step in
the sarcoma’s development.!® An angiosarcoma occurring in a
long-standing gouty tophus suggests that urate deposits may
function as the equivalent of foreign material.!!

Angiosarcomas supervening on other tumors, such as
port-wine stains, hemangiomas, lymphangiomas,'>!3 benign
and malignant nerve sheath tumors,'*!® malignant germ cell
tumors,'” and leiomyomas,?’ have been well documented but are
extraordinarily rare. In addition, angiosarcomas may develop
in association with other diseases such as neurofibromatosis,'®
bilateral retinoblastoma (RBI deletion),”! Klippel-Trénaunay
syndrome,'” xeroderma pigmentosum,”” and Aicardi syn-
drome,? an X-linked disorder associated with multiple congen-
ital abnormalities, including agenesis of the corpus callosum.

Unfortunately, information is sparse on the possible role
of environmental carcinogens in the pathogenesis of soft tis-
sue angiosarcomas, although relatively strong evidence links
various substances to the induction of hepatic angiosarco-
mas. About one-fourth of hepatic angiosarcomas occur in
patients who have received thorium dioxide (Thorotrast) for
cerebral angiography, in vineyard workers exposed to arsenic

trioxide (AsO;)-containing insecticides, and in industrial work-
ers exposed to vinyl chloride during synthetic rubber produc-
tion. A few cases have occurred in patients receiving long-term
androgenic anabolic steroids. Mutations of the KRAS2 gene
have been detected in both sporadic and Thorotrast-induced
hepatic angiosarcomas.?*

Molecular Genetic Findings

Angiosarcomas constitute a tight genomic group that differs from
other sarcomas by overexpression of genes implicated in the stages
of angiogenesis, including genes for vascular-specific receptor
tyrosine kinases: TIEI, KDR (VEGFR2), SNRK, TEK, and FLT1
(VEGFR1).>> Angiosarcomas can be further separated into two
genomic subgroups: radiation-induced lesions characterized by
overexpression of LYN and PRKC6 and non-radiation-induced
lesions characterized by overexpression of FLTI and AKT3. A
small subset of angiosarcoma also harbors activating mutations
of KDR, suggesting that small-molecule receptor inhibitors (e.g.,
sunitinib) could be effective therapeutic agents.

High-level MYC amplification has recently been demon-
strated in 50% to 100% of postirradiation and lymphedema-as-
sociated angiosarcoma, but not in other forms.?*?8 Furthermore,
amplification status is independent of grade, location, and his-
tologic features. PTRB mutations, with or without concurrent
mutations in PLCGI, are seen exclusively in MYC-amplified
postirradiation angiosarcomas.?’

Huang et al.*° recently reported CIC gene abnormalities in a
small number of cases classified as “angiosarcoma” on the basis
of morphologic features in six cases or immunohistochemistry
(IHC) for CD31 and ERG alone in three cases. The six cases
of “angiosarcoma” had irregular spaces interpreted as rudi-
mentary vessel channel formation and CIC mutations, tend-
ing to occur in relatively young patients. In contrast, CIC gene
rearrangements were seen in three tumors in young adults and
were composed of primitive cells with epithelioid and rhabdoid
morphology without overt vascular differentiation. Based on
the photomicrographs, we believe these cases are better seen as
CIC-rearranged primitive sarcomas with aberrant expression of
CD31% rather than angiosarcomas. Others have reported aber-
rant CD31 expression in CIC-rearranged primitive sarcomas.’!
These tumors are discussed in greater detail in Chapter 33.

Clinical Subtypes

Primary Cutaneous Angiosarcoma. Primary cutaneous angio-
sarcoma (i.e., those unassociated with radiation or lymphedema)
is the most common clinical form, accounting for one-half of all
cases.” It usually occurs after the seventh decade, with men and
women equally affected. Almost 90% occur in the white popu-
lation. About half develop on the head, neck, and face, partic-
ularly the area of the scalp and upper forehead. Although often
imputed causally, sun exposure has not been proved. Clinically,
the appearance of these lesions is variable. Most begin as ill-de-
fined bruiselike areas with indurated borders. Advanced lesions
are elevated, nodular, and occasionally ulcerated (Fig. 22.1). It is
difficult to determine the clinical extent of these lesions, which
coupled with multifocality in about half the cases, seriously
complicates therapy and probably results in suboptimal initial
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Fig. 22.1 Angiosarcoma of scalp in elderly man. (Case courtesy of Dr.
Vernon Sondak, University of Michigan Hospitals.)

[METRIC 1]
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Fig. 22.2 Angiosarcoma of scalp. Hemorrhagic appearance frequently
suggests a diagnosis of dissecting hemorrhage or hematoma.

therapy in many patients. Preoperative mapping of angiosar-
coma using grid-pattern biopsies or Mohs surgery has resulted
in better delineation of tumor extent and treatment planning.>?

Grossly, the tumors consist of poorly defined hemorrhagic
areas that flatten or ulcerate the overlying skin (Fig. 22.2).
Rarely, the epidermis displays verrucous hyperplasia. On a cut
section, the tumors have a microcystic or spongelike quality
because of blood-filled spaces. The tumors extensively involve
the dermis and extend well beyond their apparent gross con-
fines. In poorly differentiated, rapidly growing tumors, deep
structures, such as the subcutis and fascia, are invaded. The
periphery of the tumors contains a fringe of dilated lymphatic
vessels surrounded by chronic inflammatory cells and usually
small capillaries in which piling up and tufting of the endothe-
lium suggest incipient malignant change.

Traditionally the diagnosis of angiosarcoma is based on
identification of vascular channels of irregular size and shape
within a malignant tumor (Figs. 22.3 to 22.6). This, however,
can give rise to a wide range of appearances. At one extreme,
angiosarcomas can appear so well differentiated that they can
be mistaken for a hemangioma. In these cases, evaluation of the
architectural pattern is critical. In contrast to hemangiomas,
the vascular channels in angiosarcomas are imperfectly formed

and anastomose with one another, creating a network of sinuses
(Fig. 22.4B-D). They carve their way through tissue, dissecting
through the dermal collagen (Figs. 22.3C and 22.4A and B) and
fascia, splitting apart groups of subcutaneous fat cells (Figs.
22.3D and 22.4C), and isolating adnexal structures (Fig. 22.4D).
In some cases, prominence of nucleoli can be identified within
flattened endothelium of the vessels (Fig. 22.5).

At the other extreme, poorly differentiated angiosarcomas
are composed of cells of higher nuclear grade with prominent
nucleoli, which can vary from spindled to rounded, such that
the differential diagnosis embraces a range of tumors from sar-
coma to carcinoma (Fig. 22.6). Rudimentary vessels are lined
by redundant endothelium often thrown into papillations. In
addition to vasoformative areas, poorly differentiated angiosar-
comas frequently have expanses of solid-appearing areas.

A rare form of angiosarcoma is the foamy cell variant.’?
Composed of sheets of cytologically bland, finely vacuolated
endothelial cells, these lesions are easily mistaken for a xantho-
matous reaction (Fig. 22.7). Those with more atypia may bring
to mind a signet-ring carcinoma.

Immunohistochemical findings. THC confirmation of the
diagnosis of angiosarcoma can usually be accomplished using
a panel of vascular markers (see Chapter 6). Using both CD34
and CD31, almost all angiosarcomas, even poorly differentiated
ones, can be identified, although with a few caveats. CD34 is
expressed by many angiosarcomas and Kaposi sarcoma, but it is
also seen in some soft tissue tumors (e.g., epithelioid sarcoma)
that may enter into the differential diagnosis of angiosarcoma.
CD31 (platelet-endothelial cell adhesion molecule), on the other
hand, seems to be the more sensitive and more specific antigen
for endothelial differentiation (Fig. 22.8A). In the context of soft
tissue neoplasia, virtually all benign and malignant vascular
tumors express this membrane protein, whereas nonvascular
tumors do not. Because histiocytes are CD31 positive in
a granular membranous pattern, it is important to assess
accurately the characteristics of positive cells. The prudent
approach is to use IHC studies to rule out other diagnoses that
may legitimately enter the differential diagnosis, coupled with a
panel of vascular markers (e.g., CD31, CD34) that, if positive,
support the diagnosis of angiosarcoma.

Newer antibodies to FLI1 and ERG proteins are highly sensi-
tive and relatively highly specific markers of angiosarcoma.>4-3¢
FLI1, a nuclear transcription factor, has been shown to iden-
tify more than 95% of vascular tumors, regardless of type and
level of malignancy.** However, it is also expressed by some
adenocarcinomas and melanomas,*> making it important that
one not prejudge a malignant tumor as an angiosarcoma with-
out considering these as well. ERG, an ET'S family transcription
factor, is expressed in normal endothelial cells. Nuclear ERG
expression has recently been shown to be an exquisitely sensi-
tive marker of vascular differentiation (Fig. 22.8B). In a study of
more than 200 vascular tumors, Miettinen et al.*® have shown
that virtually all benign and malignant vascular tumors express
the protein, including lymphatic lesions as well. Because ERG
expression is highly retained in angiosarcomas, it indicates that
the marker is independent of the level of malignancy. As with
FLI1, ERG expression can be seen in nonendothelial tumors,
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including Ewing sarcoma, prostatic adenocarcinoma, myeloid
malignancies, and epithelioid sarcoma. In general, we find that
FLI1 and ERG are best used as secondary markers for the con-
firmation of endothelial differentiation in tumors where CD31
is less than fully diagnostic. Smooth muscle actin immuno-
stains can be used to judge the presence of pericytes investing
the endothelium in histologically ambiguous vascular lesions,
since angiosarcomas typically lack pericytes. However, care
must be exercised not to misinterpret stromal myofibroblasts
as pericytes. Very rare angiosarcomas show aberrant expres-
sion of neuroendocrine markers, most often synaptophysin and
CD56.37:38

As noted earlier, MYC amplification and MYC protein over-
expression are not generally features of primary cutaneous

angiosarcomas. Shon et al.** noted MYC overexpression in only
9 of 38 primary cutaneous angiosarcomas (24%), only two of
which showed high-level MYC amplification by fluorescence in
situ hybridization (FISH).*® Ginter et al.** and Requena et al.*!
reported similar findings. Thus, unlike in postirradiation angio-
sarcoma (see later), where the finding of MYC amplification
and MYC overexpression may be very helpful in distinguishing
angiosarcoma from benign mimics, these tests are not helpful in
the evaluation of primary cutaneous angiosarcoma.

Clinical behavior. The overall 5-year survival of patients
with cutaneous angiosarcomas varies from 30% to 50%.%4243
Most patient deaths are the result of metastases to lung, liver,
and lymph node.**** Qutcome is influenced by factors such
as age, size, and margin status.»*>43%> Younger patients have a

Fig. 22.3 Cutaneous angiosarcoma composed of irregular vascular channels (A) infiltrating the dermis (B) and
lined by atypical cells, which dissect collagen (C) and fat (D).



CHAPTER 22 Malignant Vascular Tumors

Fig. 22.3, cont’'d

decidedly better prognosis than older patients. In a retrospective
analysis of patients entered into the Surveillance, Epidemiology
and End Results (SEER) Program, patients younger than 50
years had a 10-year relative survival rate of 71.7%, compared to
36.8% for those older than 50 years.*® A similar trend has been
reported by others.*>*3

Size is also consistently linked to outcome. In the past,
most angiosarcomas were large (>5 c¢m) at presentation,**
but this has changed. Approximately one-half of angiosarco-
mas now are less than 5 cm at presentation.**> Tumors less
than 5 cm in diameter (T1) have a significantly better prog-
nosis than larger tumors (T2).424447-4% Mark et al.*’ reported
a 5-year survival of 32% for lesions less than 5 cm compared
to 13% for those greater than 5 cm, and Pawlik et al.*?> noted
a mortality of less than 10% in patients with lesions less than
5 cm and 75% in those with lesions greater than 5 cm. It
should be noted that pathologic size correlates better with
outcome than clinical size because the latter often underes-
timates the size.

Negative margin status is highly correlated with improved
survival,»** although it is both difficult to achieve negative mar-
gins in angiosarcoma and to assess them at frozen section. At
one institution, as many as two-thirds of margins interpreted as
negative at frozen section were judged to be positive on perma-
nent section.*? For this reason, Pawlik et al.** recommend that
reconstruction surgery be postponed until the results of perma-
nent sections are available.

Although conventional histologic grading is not widely
applied to angiosarcomas, Deyrup et al.** proposed a risk
stratification scheme based on a combination of necrosis and
epithelioid morphology. Patients whose tumors had both (high-
risk histologic group) had a 24% 3-year survival. In contrast,
patients whose tumors lacked both (low-risk histologic group)
had a 77% 3-year survival. The importance of necrosis® and
epithelioid appearance* in prognosis has been validated by oth-
ers. A purely epithelioid form of cutaneous angiosarcoma with
a predilection for the extremities and an aggressive course has
been described.”!>?
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Angiosarcoma Associated with Lymphedema. In 1949,
Stewart and Treves® reported six patients who developed vas-
cular sarcomas (so-called lymphangiosarcoma) following rad-
ical mastectomy and axillary lymph node dissection for breast
carcinoma. Although some of the patients had also undergone
radiotherapy, the common denominator in each appeared to be
the presence of chronic lymphedema, which usually supervened
shortly after mastectomy. Since this original description, many
cases of vascular sarcomas complicating chronic lymphedema
have been recorded. Not unexpectedly, most have occurred in
women after mastectomy, although tumors have been docu-
mented on the abdominal wall after lymph node dissection for
carcinoma of the penis and the arm or leg affected by congen-
ital, idiopathic, traumatic, and filarial lymphedema. Recently,

angiosarcomas have also been reported in obesity-associated
lymphedema (localized massive lymphedema).>* This has led
to the conjecture that the obesity epidemic may well increase
the incidence of angiosarcoma.

Clinical findings. About 90% of all angiosarcomas
associated with chronic lymphedema occur after surgery for
breast carcinoma, although the estimated frequency of this
complication is less than 1% of all women who survive 5 years
after mastectomy. These patients are typically women in their
seventh decade who have developed a significant degree of
lymphedema, usually within 1 year of mastectomy. The tumors
develop within 10 years of the original surgery, although the
interval may be as short as 4 years or as long as 27 years. In
rare instances, the tumor has been reported in postmastectomy

Fig. 22.4 Well-differentiated angiosarcoma ramifying within the dermis (A) and showing destructive growth

in dermal collagen (B), fat (C), and adnexal structures (D).
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Fig. 22.4, cont’'d

patients who have experiencedlittle or no lymphedema. Whether
some patients truly have no lymphedema is questionable,
because minor degrees of lymphedema in obese patients can go
undetected clinically.

When these tumors occur in congenital or idiopathic lymph-
edema, the affected patients are usually younger, the lymph-
edema is of longer duration, and any extremity may be affected.
Most patients are in their fourth or fifth decade and have expe-
rienced lymphedema for two decades or longer.

Regardless of the clinical setting, the onset of cancer is her-
alded by the development of one or more polymorphic lesions
superimposed on the brawny, nonpitting edema of the affected
extremity. Deeply situated lesions in the subcutis may impart
only a mottled purple-red hue to the overlying skin, whereas
superficial lesions can be palpated as distinct nodules that

coalesce to form large, polypoid growths (Fig. 22.9). Ulceration,
accompanied by a serosanguineous discharge, characterizes late
lesions. Repeated healing and breakdown give rise to lesions of
various stages that spread distally to the hands and feet or prox-
imally to the chest wall or trunk in advanced cases.

Microscopic findings. The hallmark of lymphedema-
associated angiosarcoma is capillary-sized vessels composed
of obviously malignant cells that infiltrate soft tissue and
skin. The lumens may be empty, filled with clear fluid,
or engorged with erythrocytes, a finding that has made
it difficult to classify these tumors as to blood vessel or
lymphatic origin. Lymphocytes are occasionally found
around the neoplastic vessels, but because this feature is also
seen in other angiosarcomas, it does not provide sufficient
evidence of lymphatic differentiation.



Fig. 22.5 Ramifying vessels of well-differentiated angio-
sarcoma (same case as Fig. 22.4) displaying only mild
atypia of endothelium. Nucleoli can be appreciated in
some cells.

Fig. 22.6 Patterns within angiosarcoma ranging from
well-formed vessels (A), spindled slitlike vessels (B-D),
solid areas (E and F), and sievelike areas (G).
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Fig. 22.6, cont’d

Perhaps the only feature that sets this tumor apart from
the conventional angiosarcomas discussed in this chapter, and
that some have used to support lymphatic differentiation, is its
association with areas of lymphangiomatosis.>> These changes
appear to represent premalignant changes of small vessels, pre-
sumably lymphatics. The vessels become dilated and form a dif-
fuse, ramifying network throughout the soft tissue (Fig. 22.10).
They are lined by plump endothelial cells with hyperchromatic
nuclei. These areas may merge imperceptibly with areas of frank
angiosarcoma or may exist alone in patients who have not yet
developed discrete clinical lesions. Therapy for this premalig-
nant lesion is problematic. These patients probably are at risk
of developing angiosarcoma and deserve scrupulous follow-up
care. It seems best to recommend therapy for patients with clin-
ical lesions only.

Interestingly, high-level MYC amplification has recently been
demonstrated in two cases of angiosarcoma arising secondary
to morbid obesity-associated lymphedema.”® MYC amplifica-
tion has also been reported in other lymphedema-associated

angiosarcomas, although the number of studied cases is very
small.4157

Angiosarcoma of the Breast. Angiosarcomas of the breast are
those that originate in the mammary parenchyma, as opposed
to those overlying the skin,*® %2 although they may extend sec-
ondarily into the skin. This has led to a blurring between angio-
sarcomas arising in breast parenchyma and those arising in
the skin of the breast after radiation. Extracting the behavior
of parenchymal breast angiosarcoma from reports is also prob-
lematic. Some studies fail to distinguish between the two types
or, if they do, combine data from both groups for the purposes
of reporting.

True parenchymal angiosarcomas account for approx-
imately 1 in 1700 to 2000 primary malignant tumors of the
breast. Unlike other angiosarcomas, this type occurs exclusively
in women, usually during the third or fourth decade, although
occasional cases have been reported in menopausal or pregnant
women.”®
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Fig. 22.7 Rare foamy cell variant of angiosarcoma (A) illustrating finely vacuolated endothelial cells (B)
expressing CD31 (C).
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The typical presentation is an intramammary mass averaging
about 5 to 7 cm associated with variable discoloration of the
overlying skin (Fig. 22.11). About 80% of women have local-
ized disease at presentation.” Rarely, metastases in the regional
lymph nodes or contralateral breast are present.®® Despite the
size, classic features of carcinoma, such as nipple retraction, are
absent. Located deep in the substance of the breast, they often
invade the skin but seldom extend into the pectoral fascia. The
tumors are poorly defined, hemorrhagic, spongy masses sur-
rounded by a rim of engorged vessels. The tumors share similar
histologic features with other angiosarcomas. The recommen-
dation is to grade breast angiosarcomas.® Grade I lesions are
composed of well-formed, anastomosing vascular channels
that permeate fat and breast. The vessels are lined by a single
layer of attenuated endothelium with minimal atypia. Grade II
lesions are more cellular; vessels are lined by cells with distinct
nuclear atypia and multilayering, but solid areas are not present.
Grade III lesions are composed of sheets of cells of high nuclear
grade interrupted by intralesional blood lakes. The three grades
are represented about equally within breast angiosarcomas.®
Whether grading actually predicts outcome is controversial. In
a large series by Rosen et al.,%® survival probability among the
three grades at 1 year was similar, but at 5 and 10 years, grade
III lesions fared worse. Nascimento et al.*? did not identify

S

Fig. 22.7, cont’d

statistically significant differences among the three grades.
Interobserver variability is likely one of the most important fac-
tors limiting the clinical applicability of angiosarcoma grading
in this and other locations. Although we make some effort to
grade mammary parenchymal angiosarcomas, we also typically
emphasize that data are conflicting on the value of this task, and
that these lesions are best considered “high grade” for purposes
of clinical management.

Whether mammary parenchymal angiosarcoma has similar
or different behavior as cutaneous angiosarcoma of the breast
is also debated. Some maintain that the two have a comparable
course,*” whereas others cite a higher risk of mortality with pri-
mary breast angiosarcoma.®! In one of the largest series of 59
patients, the 5-year overall survival was 61%, and the 5-year dis-
ease-free survival was 44%.%! Both were significantly associated
with tumor size but not with various other factors, including
age or administration of chemotherapy. However, grade was not
assessed or evaluated.

Unlike postirradiation cutaneous angiosarcomas involv-
ing the breast, primary mammary angiosarcomas do not show
MYC amplification, and testing for MYC is not of value in the
differential diagnosis of these tumors.®*%°

Differential diagnosis. The differential diagnosis of
mammary parenchymal angiosarcoma lies principally in
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Fig. 22.8 Immunostains in angiosarcoma. A, CD31 shows membrane staining in most cases. B, ERG is

expressed in the nucleus.

distinguishing it from benign hemangioma or angiolipoma,
two nonpalpable breast lesions that are increasingly detected
and removed because of more sophisticated imaging
techniques. Angiosarcomas of the breast are poorly defined
lesions that grow infiltratively within fat and breast lobules.
It is the pattern of destructive growth that distinguishes them
from benign lesions when the degree of atypia is minimal.
Hemangiomas and angiolipomas of the breast are usually
sharply demarcated from normal breast tissue. The vessels of
a hemangioma are regular in shape, and those of angiolipoma
have fibrin microthrombi. We have found that it is extremely
helpful to correlate the histologic findings in needle biopsies
of mammary vascular tumors with the imaging findings, since
hemangiomas and angiolipomas typically appear as small, well-
circumscribed masses, unlike larger, more infiltrative and less
well-delineated angiosarcomas.

Angiosarcoma of Soft Tissue. Angiosarcomas arising from
and essentially restricted to deep soft tissue account for about
10% of all angiosarcomas (see Table 22.1). Unlike their cuta-
neous counterpart, soft issue lesions occur at any age and are
evenly distributed throughout all decades.!> About one-third
develop in association with other conditions, such as inherited
diseases (neurofibromatosis, Klippel-Trénaunay syndrome,
Maftucci syndrome), synthetic vascular grafts, and other neo-
plasms. Similar to the more common adult soft tissue sarcomas,
they develop on the extremities or in the abdominal cavity,
where they present as a large, hemorrhagic mass (Fig. 22.12).
These tumors may be confused with a chronic hematoma, even
after biopsy of the tumor, especially if the biopsy material is
limited or nonrepresentative. In very young patients, the large
size of this tumor may result in hematologic abnormalities,
such as thrombocytopenia, high-output cardiac failure from
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arteriovenous shunting, or even death as a result of massive
exsanguination.? Unlike angiosarcomas of the skin, deep angio-
sarcomas more often have an epithelioid appearance!>!3 (Fig.
22.13). These “epithelioid angiosarcomas” consist of sheets of
high-grade rounded endothelial cells with prominent nucleoli,
some of which contain intracytoplasmic lumens. Because many
express keratin, it is essential that CD31 and sometimes FLI1/
ERG immunostains be performed in parallel.

Based on the largest series so far, soft tissue angiosarcomas
are aggressive neoplasms.'? Altogether, 53% of patients were
dead of the disease within 1 year; another 31% had no evidence
of disease at 46 months. Overall, 20% of patients experienced
local recurrences and 49% distant metastasis, most often to the

Fig. 22.10 Diffuse proliferation of dermal lymphatic ves-
sels (lymphangiomatosis) containing atypical endothe-
lium. This lesion occurred in a patient a few years after
mastectomy for breast carcinoma. Minimal lymphedema
was present. Such changes have been considered pre-
malignant and may herald the onset of frank angiosar-
coma.

lung, followed by lymph node, bone, and soft tissue. The fea-
tures statistically associated with poor outcome included older
age, retroperitoneal location, large size, and high Ki67 values
(>10%). In a smaller series of epithelioid angiosarcomas, four of
six patients died of the disease.'

Radiation-Induced Angiosarcoma. About one-quarter of
angiosarcomas occur after radiation therapy. In previous
decades, these angiosarcomas usually presented in the abdom-
inal wall or cavity after irradiation for carcinoma of the cervix,
ovary, or uterus, with a small number of cases for various other
malignant or benign conditions. This demographic profile has
changed in recent years. Currently, about one-half of postirradi-
ation angiosarcomas develop on the skin of the breast in women
who have had breast-sparing surgery and whole breast irradia-
tion.* The incidence of this complication has been estimated at
0.05% to 0.14% of all patients.%¢”

Most develop within 5 years following high doses of radi-
ation (median: 50 Gy), but a significant subset occurs with a
latency as short as 3 years.® The onset of these lesions is her-
alded by ecchymoses or thickening of the skin with one or
more elevated lesions that develop in the background of lit-
tle or no lymphedema, but with changes of radiation damage
in the epidermis (Fig. 22.14). Typically multifocal, they vary
greatly in size (0.4-20 cm) but on average are significantly larger
than the atypical vascular lesion described later in the chapter.
Histologically, they involve dermis and rarely extend into the
underlying breast parenchyma. Their features are similar to
other cutaneous angiosarcomas (Fig. 22.15A), except that MYC
expression can be documented in a significant percentage of
these lesions (Fig. 22.15B) by IHC because of amplification of
the gene (see earlier). Approximately 50% of patients experi-
ence recurrences and 40% metastases, which occur most often
in the lung, contralateral breast, and bone. To date, histologic
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Fig. 22.12 Angiosarcoma in deep soft tissue with prominent hemor-
rhage.

features have not been especially helpful in predicting outcome.
Although a few reports have suggested that tumors with low-
grade features have a good prognosis, there have been too few
cases of this type for statistical analysis.®® The overall prognosis
for patients with postirradiation angiosarcoma is poor, with a
median disease-specific survival of slightly over 3 years noted
in 35 patients from the Netherlands and Sweden.®® Similar find-
ings were reported in 33 patients from the Dana-Farber Cancer
Institute in Boston.”®

This form of postirradiation angiosarcoma differs from oth-
ers by the relatively short interval between radiation and devel-
opment of a tumor. The reason for this shorter latency is not
well understood, but the large volume of skin encompassed in
the radiation field is one explanation.®®

Prognostic Factors and Clinical Behavior

Although angiosarcomas are considered several interrelated
clinical diseases, most large studies combine them to analyze
outcome.**® This approach has the advantage of providing
cohort sizes amenable to statistical analysis, but it also runs the
risk of obscuring differences that may exist among the various

clinical subtypes. Nevertheless, the themes that emerge from
such studies underscore that clinical factors are more relevant
in determining prognosis than histologic features, because the
features typically used in histologic grading systems do not lend
themselves well to angiosarcomas. Again, risk stratification
schemes using angiosarcoma-specific histologic criteria may
prove useful in the future.*?

Collectively, patients with angiosarcomas have an average
5-year survival of 30% to 40%.%*> Many prognostic factors have
been studied in this disease, including patient age, location,
size, depth, extent, and margin status (Table 22.2). Although the
importance accorded to each varies from study to study, there
is general agreement that older patients have a worse prognosis
than their younger counterparts, as noted previously for cutane-
ous angiosarcomas.**>4%7172 Tumor size, which has been most
extensively studied in cutaneous lesions,*>**’ is strongly linked
to outcome in all angiosarcomas.* Clinical extent, resectabil-
ity, and margin status are important determinants of outcome,
based on several studies (Table 22.3). Studies also reaffirm the
belief that angiosarcomas of deep soft tissue, body cavities, or
body organs fare worse than cutaneous lesions.*> For postirra-
diation angiosarcoma, a reduced rate of local recurrence has
been seen in patients treated with chemotherapy (most often
containing a taxane).”* Also, patients who receive resection of
all previously irradiated skin may have better local disease con-
trol than those with more limited excision.”®

Treatment for localized regional disease consists of com-
plete surgical excision with negative margins. Because of the
risk of local recurrence and the difficulty in achieving neg-
ative margins, adjuvant radiotherapy is typically combined
with surgery.*>7>77 No conclusive evidence supports the use of
adjuvant chemotherapy for localized disease after surgery and
radiation.6-¢7

Cytotoxic chemotherapy, which includes the use of anthra-
cyclines, ifosfamide, and taxanes, is the primary treatment
for metastatic angiosarcoma. Taxanes have become increas-
ingly popular over the past decade because of their antian-
giogenic activity, with some evidence that head and neck
angiosarcomas are more responsive to taxanes than those in
other sites.”” Studies from Japan have shown a significantly
better prognosis and distant metastasis—free rate in patients
with face and scalp angiosarcomas,’”® as well as those in other
cutaneous locations,” treated with docetaxel than in those
treated with other agents. At the vanguard of therapeu-
tic research is the use of tyrosine kinase inhibitors, such as
sorafenib, to target the VEGFR signaling pathways.”” Results
from a Phase II trial of sorafenib for patients with advanced
angiosarcoma from the French Sarcoma Group have shown
only limited antitumor activity, however, chiefly in patients
who had already received other types of chemotherapy.®
Expression of PD-L1 has been associated with worse out-
come in patients with cutaneous angiosarcoma, suggesting
a possible role for immune checkpoint inhibitors targeting
this molecule.®! In angiosarcoma cell lines, promising pre-
liminary results have been noted with vadimezan (a vascular
disrupting agent), selumetinib (MEK inhibitor), and everoli-
mus (mTOR inhibitor).82
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Fig. 22.13 Epithelioid angiosarcoma of deep soft tissue (A) composed of epithelioid endothelial cells with

prominent nucleoli and slate-gray cytoplasm (B).

ATYPICAL VASCULAR LESION

The term atypical vascular lesion (AVL) refers to a continuum
of cutaneous lesions that develop following radiation and
have some, but not all, of the features of angiosarcoma®*87
(Figs. 22.16 to 22.19). The term was first used by Fineberg
and Rosen® to refer to small, sharply circumscribed intra-
dermal vascular lesions that resembled a lymphangiectasia
or lymphangioma and pursued a benign course. It is now
evident that the spectrum of histologic changes that occur in
this clinical setting is more diverse than originally appreci-
ated and that some lesions, although not diagnostic of angio-
sarcoma, are still worrisome and deserve careful scrutiny
(Table 22.4).

Clinically, AVLs are small, pink-brown cutaneous papules (<1
cm) that are frequently multifocal and usually develop within
3 years of radiation. Histologically, AVLs embrace a histologic
spectrum that ranges from banal-appearing lesions resembling
a lymphangioma circumscriptum to capillary vascular prolifera-
tions with nuclear atypia. This has led to the proposal that AVLs
be divided into two types: a lymphatic type (LT) and a capillary
vascular type (VT). The more common LT consists of ectatic
lymphatic vessels usually confined to the superficial dermis and
often referred to as benign lymphangiomatous papules. The vessels
are lined by flattened or slightly protuberant (hobnail) lymphatic
endothelium, which expresses CD31, podoplanin (D2-40), and
variably, CD34. Although the nuclei may appear hyperchromatic,
they are not enlarged or irregular in shape (Figs. 22.16 to 22.19).
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In a minority of LT-AVLs, the vessels infiltrate and intercom-
municate more extensively within the dermis (Fig. 22.18). Such
lesions are reminiscent of progressive lymphangiomas. VT-AVLs
resemble capillary hemangiomas and consist of blood-filled, peri-
cyte-invested capillary vessels involving the superficial and/or
deep dermis. Extravasated erythrocytes and hemosiderin may be
present in the dermis (Fig. 22.19). A small number of VT-AVLs
display nuclear atypia.

A relatively large number of studies have now shown that
MYC amplification by FISH and/or MYC overexpression
by IHC may be very helpful in the discrimination of AVLs
and postirradiation angiosarcomas.**04>% In general, an
excellent correlation has been found between FISH and
R immunohistochemical results. One should exercise caution
Fig. 22.14 Cutaneous angiosarcoma of breast after breast-conserving since we have seen AVLs with apparent MYC protein over-
surgery and irradiation for carcinoma. expression, but without MYC amplification by FISH. These
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Fig. 22.15 Postirradiation angiosarcoma (A) with MYC expression (B).



CHAPTER 22 Malignant Vascular Tumors

TABLE 22.2 Prognostic Factors in

Angiosarcoma: All Sites

Favorable Prognostic Unfavorable
Factor Prognostic Factor
Age*?46 <50 yr >50 yr
Location®® Trunk?6 Head/neck
Focality Unifocal*? Multifocal
Clinical extent**#6  Local Regional/distant
Size*46-48 <5 cm*46 >5cm
Depth® Superficial Deep soft tissue-body
cavity
Margin status” Negative Positive
Histology Nonepithelioid Epithelioid*43
No necrosis Necrosis*3:50

TABLE 22.3 Relationship Between

Prognostic Factors and Outcome in

Angiosarcoma

All Sites Median Survival
Excision*

Complete 66 mo
Incomplete 19 mo
Margins*

Negative 4.9 yr
Positive 2.0yr
Size?6

<5cm 36yr
>bcm 2.3yr
Location®

Superficial 36yr
Deep soft tissue 2.3yr

most likely represent false positives related to excessive anti-
gen retrieval. For this reason, FISH is the test of choice, when
available.

Understanding the behavior of these lesions continues to
evolve. Approximately 10% to 20% of patients with AVLs will
develop additional lesions.*8” The critical question is whether
these lesions carry an increased risk for angiosarcoma; opin-
ions are divided. One view maintains that the two are unre-
lated, based on the vast majority of patients with AVLs having
a favorable clinical course after excision of one or more lesions.
This is borne out by a recent large study from the French
Sarcoma Group.”! That radiation-associated angiosarcomas
display MYC amplification and AVLs do not has buttressed this
view.2-28:87 On the other hand, others maintain that the two are
related and represent a histologic continuum.®>-%” This view is
supported by the rare instances in which sequential biopsies
of patients with AVLs document histologic progression of the
lesion to angiosarcoma,®>%7 as well as by TP53 mutational anal-
ysis defining common mutations in both.? Patton et al.?” pro-
posed that the risk for angiosarcoma varies, depending on the
type of AVL, and suggested that the LT-AVLs, which represent

the overwhelming majority of lesions reported, probably carry
negligible risk, whereas the VT-AVLs have a higher, but as-yet
undefined, risk. VT-AVLs displaying nuclear atypia are at
greatest risk for angiosarcoma and may be a direct precursor
lesion. Patton et al. recommended a diagnostic biopsy for the
ordinary LT-AVL, complete excision with excellent follow-up
care for VT-AVLs, and more extensive surgery for those with

atypia.

KAPOSI SARCOMA

In 1872, Kaposi®® described five cases of an unusual tumor that
principally affected the skin of the lower extremities of elderly
men in a multifocal, often symmetric fashion. Called “idiopathic
multiple pigmented sarcoma of the skin” by Kaposi, this form
of the disease later became known as sporadic or classic Kaposi
sarcoma (KS). Other forms were subsequently recognized and
included an endemic form prevalent in sub-Saharan Africa, a
rapidly progressive or epidemic form associated with acquired
immunodeficiency syndrome (AIDS), and an iatrogenic form
following organ transplantation. Despite these apparent differ-
ences, epidemiologic data strongly indicated an infectious eti-
ology for all. A seminal study by Chang et al.”* identified DNA
fragments within KS tissue that shared a sequence identity to
Epstein-Barr virus (EBV) and herpesvirus saimiri (HVS). The
agent, subsequently classified as a gamma 2 herpesvirus, is
known as Kaposi sarcoma-associated herpesvirus (KSHV)
or human herpesvirus 8 (HHVS). This virus is also responsible
for primary effusion lymphoma and multifocal Castleman dis-
ease. KSHYV, unlike other herpesvirus infections, does not occur
ubiquitously but has distinct pockets of prevalence. It is most
common in sub-Saharan Africa (>50%), moderately prevalent
in the Mediterranean (20%-30%), and less common in Europe
and the United States (<10%).

KSHYV is now considered the causative agent for all forms of
KS, based on a number of key observations®>?°: (1) the incidence
of KS mirrors the prevalence of KSHYV in all populations stud-
ied; (2) KSHV seroconversion is a predictor of KS and occurs
before clinically evident lesions in all forms of the disease; (3)
KSHYV can be identified in KS cells and is capable of transform-
ing endothelial cells;”” (4) KS is never observed in the absence
of KSHV; and (5) the genome of KSHV contains homologues of
cellular genes (e.g., v-cyclin) that can stimulate cell growth and
angiogenesis. The marked variation in the incidence of KS in
various risk groups implies that KSHV per se is not sufficient for
the development of KS. In the course of the infection, the virus
preempts various host genes.

Transmission of KSHV occurs principally through saliva.”®
Once introduced, the virus is capable of infecting a number of
cell types, including B lymphocytes and endothelium, where
it establishes a latent infection. Reactivation of latent virus,
believed to be pivotal in the development of KS, results in
the expression of a number of viral genes that dysregulate the
immune response and signaling pathways. These genes, which
bear homology to cellular genes of humans, include cyclins,
inhibitors of apoptosis, and cytokines and receptors. Tumor
growth is further enhanced by human immunodeficiency
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Fig. 22.16 Atypical vascular lesion of breast, lymphatic type, after breast-conserving surgery and irradiation
for carcinoma. This lesion is a circumscribed dermal nodule (A) without endothelial atypia but with some

anastomotic growth (B).

virus (HIV) coinfection. HIV-1 induces various inflamma-
tory cytokines and growth factors (e.g., fibroblast growth fac-
tor) that enhance tumor growth, and the HIV-1 Tat protein,
secreted extracellularly, stimulates KS cells to produce a metal-
loproteinase that promotes tumor invasion and angiogenesis.
Further, KS cells themselves produce a number of cytokines
(e.g., VEGF), which through their own receptors, autoregulate
growth.”

Clinical Findings

Classic Kaposi Sarcoma. The chronic or classic form of KS
occurs primarily in men (90%) during late adult life (peak
incidence: sixth and seventh decades). The disease is preva-
lent in certain parts of the world, including Poland, Russia,
Italy, and the central equatorial region of Africa. In the last
region it accounts for up to 9% of all reported cancers.' It
is rare in the United States and accounts for only 0.02% of

all cancers. This form is statistically and significantly asso-
ciated with a second malignant tumor or altered immune
state.

The disease commences with the development of multiple
cutaneous lesions, usually on the distal portion of the lower
extremity. Less frequently, the lesions occur on the upper
extremity and rarely in a visceral organ in the absence of cutane-
ous manifestations. The initial lesion is a blue-red nodule often
accompanied by edema of the extremity, which some interpret
as indicating deep soft tissue or lymphatic involvement by the
tumor. The lesions slowly increase in size and number, spread-
ing proximally and coalescing into plaques or polypoid growths
that may resemble pyogenic granuloma. Occasional lesions
even ulcerate. In some patients the early lesions regress, whereas
others evolve so that many stages of the disease are present at
the same time. The course of the disease is characteristically
indolent and prolonged.
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Fig. 22.17 Atypical vascular lesion of breast, lymphatic type, showing more irregular vascular proliferation in

dermis (A) consisting of anastomosing vessels (B).

Endemic (African) Kaposi Sarcoma. Before the develop-
ment of the AIDS pandemic, African KS was a disease primar-
ily encountered in young males and very young children who
presented with bulky lymph node disease. Its prevalence, fur-
thermore, coincided with that of podoconiosis, a form of lymph-
edema associated with barefoot exposure to soil containing
silica, a substance thought to result in localized immune sup-
pression.”> With the advent of AIDS, it has become increasingly
difficult to delineate a pure (non-AIDS) endemic form of KS.
KS is more common in women and children in this region than
anywhere else in the world and occurs in several forms, one of
which resembles classic KS and the others similar to the pro-
gressive KS of AIDS. One of the latter forms in particular occurs
in very young children (<3 years), who present with localized

or generalized lymphadenopathy and occasionally ocular and
salivary gland disease. Skin lesions are usually minimal. The
fulminant course of the disease is attributed to a tendency for
internal involvement.

latrogenic (Transplantation-Associated) Kaposi Sarcoma.
The development of KS in transplant patients is well estab-
lished, although the incidence varies, depending on the patient
population, again suggesting the importance of cofactors. KS
occurs almost exclusively in renal transplant recipients and not
recipients of solid-organ or bone marrow transplants. Renal
transplant recipients who are seropositive for KSHV before the
transplant or who receive cyclophosphamide as part of their
immunosuppressive regime are also more likely to develop KS
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Fig. 22.18 Atypical vascular lesion of breast, lymphatic type, with involvement of deep dermis (A) and more

permeative growth of vessels (B).

than others. The disease develops several months to a few years
after the transplant (average: 16 months), and the extent of the
disease can be correlated directly with the loss of cellular immu-
nity. Interestingly, renal transplant patients receiving cyclospo-
rine-based immunosuppression have a regression of KS when
their regimen is changed to rapamycin, a drug now thought to
have direct antitumor activity.”®

AIDS-Related Kaposi Sarcoma. Caused by HIV-1, AIDS
produces profound immunodeficiency and susceptibility to
opportunistic infections and various tumors. AIDS originated
in Africa, where its epidemic proportions have been attributed
to heterosexual transmission and to transmission through con-
taminated medical equipment (e.g., syringes). In the United
States, most cases occur in the male homosexual population,

although other risk groups, including intravenous drug users
and hemophiliacs receiving factor VIII-enriched blood frac-
tions, are also well recognized. During the zenith of the AIDS
epidemic, approximately 30% of patients with AIDS developed
KS, but this incidence has been greatly reduced by antiretroviral
therapy (ART). KS, however, does not equally affect the known
risk groups. At one time, as many as 40% of homosexual patients
with AIDS developed KS, compared to less than 5% in the other
recognized risk groups. KS has only rarely occurred in transfu-
sion recipients. The typical presentation is a young adult male
who presents with multiple small, flat, pink patches (Fig. 22.20),
which later acquire the classic blue-violet papular appearance
(Fig. 22.21). They occur in almost any location but have a pre-
dilection for lines of cleavage, mucosal surfaces, and internal
organs.
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Microscopic Findings

There is no fundamental difference in the appearance of KS
among the various clinical groups. The early lesions of KS are
now seen most often in the AIDS patient, and in many patients
the subtlety of changes presents an ongoing challenge to the sur-
gical pathologist.

The earliest (patch) stage of KS is a flat lesion characterized
by a proliferation of miniature vessels surrounding larger ectatic
vessels. A slightly more advanced patch lesion also displays a
loosely ramifying network of jagged vessels in the upper dermis
(Figs. 22.22 and 22.23). In some respects this stage resembles
a well-differentiated angiosarcoma, except that the cells are so
unimpressive that they resemble normal capillary or lymphatic
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Fig. 22.19 A and B, Atypical vascular lesions of breast, vascular type, showing proliferation of small, capil-
lary-type vessels within dermis.

endothelium. There is also a sparse infiltrate of lymphocytes
and plasma cells surrounding the patch lesion. The histologic
changes seen in patch lesions have also been noted in clinically
normal areas of skin in patients who have KS elsewhere. This
observation underscores the diffuseness of the disease process.
The more advanced (plaque) stage of the disease produces
a slight elevation of the skin. It is at this point that the vascu-
lar proliferation usually involves most of the dermis and may
extend to the subcutis. A discernible but relatively bland spin-
dle cell component, initially centered around the proliferating
vascular channels, appears at this stage. In time the spindle
cell foci coalesce and produce the classic nodular lesions of
KS. Diagnosis of the well-established case is seldom difficult.
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TABLE 22.4 Comparison of Atypical

Vascular Lesion and Postirradiation

Angiosarcoma

Atypical Vascular

Lesion Angiosarcoma
Size Usually <1 cm Typically >1 cm

Average: about 4.0 cm
Multifocality Common Common
Circumscription + -
Subcutaneous extension Rare Common
Anastomotic vessels + +H
Cytologic atypia and - +
prominent nucleoli

Multilayered endothelium - +++
Blood lakes - +

Data from Brenn T, Fletcher CD. Radiation-associated cutaneous atypical
vascular lesions and angiosarcoma: clinicopathologic analysis of 42 cases.
Am J Surg Pathol. 2005;29:983.

Fig. 22.20 Early patch stage of Kaposi sarcoma, as seen in patient with
AIDS. Lesion is flat and mottled. (Courtesy of Dr. Abe Macher.)

Graceful arcs of spindle cells intersect one another, as in a
well-differentiated fibrosarcoma (Figs. 22.24 to 22.28). Unlike
fibrosarcoma, however, slitlike spaces containing erythrocytes
separate the spindle cells and vascular channels (Fig. 22.25). In
cross section these arcs of spindle cells are equally diagnostic
by virtue of the sievelike or honeycomb pattern they create.
Inflammatory cells (lymphocytes and plasma cells), hemosid-
erin deposits, and dilated vessels are usually seen at the periph-
ery of nodular lesions (Fig. 22.26). A characteristic but not
specific feature of the well-established lesion is the presence of
the hyaline globule. These periodic acid-Schiff-positive, dia-
stase-resistant spherules may be located both intracellularly and
extracellularly (Fig. 22.28B). Some of the hyaline globules are
effete erythrocytes, as supported by the finding of erythrocytes
in phagolysosomes on ultrastructural analysis and by certain
common histochemical features (positive for toluidine blue and
endogenous peroxidase).

Although the typical lesions of KS are devoid of pleomor-
phism and a significant number of mitotic figures, histologically

aggressive forms of KS may result from progressive histologic
dedifferentiation in otherwise typical cases. Poorly differenti-
ated tumors may also arise from the start and seem to be more
common in KS cases originating in Africa. In these tumors the
cells not only appear more pleomorphic, but also may have a
brisk level of mitotic activity. KS, particularly in the setting of
AIDS, may show transitional areas that appear more akin to
angiosarcoma. These areas may contain large ectatic vascular
spaces similar to a hemangioma or lymphangioma and also
have papillary tufts lined by atypical endothelial cells (Fig.
22.27). These tumors have been termed lymphangioma-like
Kaposi sarcoma.'°!

Just as the early changes of KS in the skin present a diagnos-
tic challenge, so do early changes of this tumor in other organs
(Fig. 22.29). A particularly common problem is the evaluation
of lymph nodes in the AIDS patient. The earliest changes in
lymph nodes may be represented by a mild angiectasia and pro-
liferation of vessels in the subcapsular sinus. The interfollicular
sinuses are gradually involved and expanded. The earliest stages
may closely resemble the reactive lymph node condition, known
variously as nodal angiomatosis and vascular transformation of
the subcapsular sinus, which results from lymph node obstruc-
tion. Others have noted the similarity of these lymph nodes to
Castleman disease when the proliferating vessels are centered
around the follicles. Fortunately, immunostaining is extremely
helpful because even subliminal lymph node lesions express
HHYVS (see later). Well-advanced cases of KS involving lymph
nodes do not present a problem because they exhibit partial or
complete lymph node effacement by a monotonous spindle cell
proliferation. Because patients with AIDS are prone to develop
mycobacterial pseudotumors of the lymph node, special stains
may be needed to distinguish these changes from KS of the
node.

Immunohistochemical Findings

Identification of KSHV as the causative agent of KS allows tar-
geting of viral antigens as markers for the diagnosis. Latency-
associated nuclear antigen (LANA-1), encoded by the open
reading frame 73 of KSHYV, is responsible for anchoring viral
DNA to host heterochromatin and is constitutively expressed
in infected tissues. Commercially available antibodies to this
protein have high sensitivity and specificity for identifying KS.
More than 90% of KS of all types display strong nuclear immu-
noreactivity for this protein in both endothelium and spindled
components'??-1% (Fig. 22.30B), whereas other vascular tumors,
even those from HIV-infected patients, are negative for this anti-
gen. Although usually not needed to diagnose classic examples
of KS, LANA-1 antibodies have proved useful for diagnosing
the early or subtle lesions of KS and for distinguishing spindled
cell angiosarcomas from KS.

A pan-endothelial marker, CD31 is expressed by both the
spindled and the endothelial components of KS lesions (Fig.
22.30A). Other endothelial markers, such as FLI and ERG, are
also routinely positive.!9>1% In addition, VEGFR3 and podo-
planin (D2-40), generally considered markers of lymphatic
endothelium, are strongly expressed by these tumors.!07-110
Although usually cited as evidence that KS is a lymphatic
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Fig. 22.21 Advanced stage of Kaposi sarcoma in AIDS patient with combination of patch, plaque, and nodular
lesions. (Courtesy of Dr. Abe Macher.)
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Fig. 22.23 Early lesion of Kaposi sarcoma illustrating irregular proliferation of miniature vessels in the dermis
somewhat reminiscent of the pattern of angiosarcoma.



Fig. 22.24 A, Well-established lesion of Kaposi sarcoma.
B, Tumor nodule is circumscribed by lymphocytes and
ectatic or crescentic vessels.

Fig. 22.25 Kaposi sarcoma showing monomorphic spin-
dle cells arranged in poorly defined fascicles. Cells are
separated by slitlike vessels containing erythrocytes.
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lesion, KSHYV infection is known to alter the pattern of endo-
thelial marker expression. When infected with KSHYV, vascu-
lar endothelial cells upregulate markers of lymphatic lineage;
conversely, after infection, lymphatic endothelial cells shift in
the direction of a vascular transcriptional profile. The ability
of the virus to reprogram target cells explains the unusual pat-
tern of marker expression in KS and why lineage assignment is
problematic.'!!

Differential Diagnosis

Recognizing the early changes of KS, especially in the AIDS
patient, remained a difficult diagnostic problem but has been
greatly simplified using immunostains for HHV8. The irregular

Fig. 22.27 Kaposi sarcoma with lymphangioma-like areas.
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infiltrative pattern of the endothelial cells in early lesions is more
helpful for the diagnosis than the degree of cytologic atypia,
although the changes may be virtually indistinguishable from
those in a well-differentiated angiosarcoma. The well-advanced
case may be confused with a fibrosarcoma. Features that distin-
guish a highly cellular form of KS from a fibrosarcoma include
the presence of ectatic vessels and inflammatory cells at the
periphery of the lesions, the more curvilinear fascicles, and the
presence of hyaline globules.

HHV8 immunostaining has also proved to be valuable
in discriminating KS from various mimics, although histo-
logic features should never be ignored. Arteriovenous mal-
formations occasionally give rise to cutaneous lesions that
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Fig. 22.29 Kaposi sarcoma involving lung. Note permeation of septa and perivascular connective tissue.
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Fig. 22.30 A, CD31 immunostaining of Kaposi sarcoma illustrating immunoreactivity of majority of spindled
cells. B, Immunostaining for LANA-1 of KSHV decorates most nuclei within lesional cells of Kaposi sarcoma.

clinically duplicate the picture of KS; these lesions have been
termed pseudo-Kaposi sarcoma. Histologically, these lesions
consist of a proliferation of capillary-sized vessels occasion-
ally surrounded by extravasated erythrocytes and hemosid-
erin. Frank spindling and formation of slitlike lumens are
not seen. Arteriographic studies documenting an underlying
arteriovenous malformation and the clinical findings of a
bruit in the area of the lesions provide additional contrasting
points.

Spindle cell hemangiomas are frequently confused with KS.
The presence of cavernous vessels and epithelioid endothelial
cells (not seen in KS) are important histologic features for distin-
guishing the two tumors. Kaposiform hemangioendotheliomas

and closely related (if not identical) tufted angiomas also may
mimic Kaposi sarcoma but occur in much younger patients,
often show hyaline fibrosis, and lack HHV8 LANA-1 expression
(see Chapter 20).

Behavior and Treatment

The behavior of KS depends on interrelated factors such as the
form of the disease, clinical stage, immunocompetence of the
host, and presence or absence of opportunistic infections.

In the classic or chronic form of KS, which occurs in more
immunocompetent individuals who present with limited cuta-
neous disease, disease-related mortality is 10% to 20%. Even
in patients of this group who die of their disease, the duration
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TABLE 22.5 Revised AIDS Clinical Trials Group Staging Classification for Kaposi Sarcoma (KS)
Good Risk (0; All of Following) Poor Risk (1; Any of Following)

Tumor (T) Confined to skin and/or lymph nodes Tumor-associated edema or ulceration; extensive
oral KS; gastrointestinal KS; KS in other nonnodal
visceral locations

Immune system (I; not included if CD4 cells >150 pL CD4 cells <150 pL
HIV sensitive to HAART)*
Systemic illness (S) No history of opportunistic infection or thrush; no “B” symptoms (unex- History of opportunistic infections and/or thrush; “B”
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