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Abstract

Background: Angiosarcomas (AS) are high-grade sarcomas that comprise less than 1% of soft tissue sarcomas.
We compared clinical, pathological and molecular features of primary and recurrent conventional AS, including
cases occurring in unusual backgrounds, such as organ transplants, at a site of metal orthopedic implant, and at a
site of prior trauma.

Materials and Methods: Paraffin blocks from 15 patients with AS were retrieved from our archives. Ten patients
had recurrent AS, 4 patients had metastases. AS were morphologically categorized them into epithelioid and
conventional types. Immunohistochemical stains included three vascular markers, cytokeratins, Akt, Ki67, HHV8 and
EBV in paired samples of primary and recurrent/metastatic AS. Fluorescence In Situ Hybridization (FISH) analysis
for Epidermal Growth Factor Receptor (EGFR) and Hepatocyte Growth Factor Receptor (MET) was performed on all
AS samples.

Results: Conventional AS were positive for more than two vascular markers and negative for cytokeratins.
Epithelioid AS demonstrated variable positivity for vascular markers and cytokeratins. All tumors were negative for
HHV8 and EBV. All AS displayed cytoplasmic immunopositivity for the phosphorylated forms of Akt.

Conclusion: AS with epithelioid features had fewer positive vascular markers, possibly reflecting a lack of
differentiation. There were no differences in pattern of immunoreactivity between post-transplant and conventional
AS and primary and metastatic AS. No amplification of either EGFR or MET was found but a majority of the cases
demonstrated hyperploidy and three cases demonstrated monosomy for EGFR in greater than 50% of cells. Both
MET and EGFR are located on chromosome 7 and the detected hyperploidy and monosomy of these two genes are
likely related to copy number alterations of chromosome 7. It is unlikely that these two genes play a role in biology of
AS. AS with epithelioid features and metal associated AS, which are extremely rare, had an aggressive clinical
course.
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EGFR; MET; AS displays a disorganized proliferation of atypical endothelial cells,
and forms open anastomosing vascular channels or blood-filled slit-
like spaces. Epithelioid AS is a histologic variant composed of highly
atypical “epithelioid-appearing” endothelial cells that are large, round

and have an abundance of cytoplasm. AS may express a variety of

Metal-associated;

Introduction

Angiosarcoma (AS) is considered to be a rare, high-grade sarcoma
displaying endothelial differentiation and comprising less than 1% of
all soft tissue sarcomas. Anatomical distribution of primary AS is wide
but it commonly arises in the skin and subcutaneous tissue in 3 clinical
scenarios: (i) in the face and scalp of elderly patients; (ii) in extremities
of patients with chronic lymphedema, (iii) in sites of previous
radiation therapy, and (iv) exposure to chemical carcinogens [1].
Primary AS of the bone are extremely rare, comprising less than 1% of
malignant primary bone tumors, and those associated with long-
standing metal prosthesis are even more rare [2].

endothelial/vascular markers such as CD34, CD31, Ulex europaeus,
Factor VIII and D2-40, and these markers demonstrate variable
specificities and sensitivities. For instance, CD31 may also highlight
histiocytes. CD34 demonstrates immunoreactivity in many non-
vascular  neoplasms  such as  solitary  fibrous  tumor,
dermatofibrosarcoma protuberans, spindle cell lipoma and epithelioid
sarcoma. In addition, epithelioid AS typically expresses cytokeratins,
which may lead to a misdiagnosis of carcinoma, particularly in small
biopsy material. It is best to use several of vascular markers when
considering a vascular neoplasm. Based on current recommendations,
AS is not graded. Morphologically low grade and epithelioid areas may
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be described, but the overall diagnosis should reflect a high-grade
sarcoma [1,3].

AS is one of the few sarcomas that metastasize to regional lymph
nodes and distant metastases to lung, bones and even brain have been
reported [1]. Due to its rarity, there have been few cytogenetic and
molecular studies, none of which have shown a specific translocation
or specific marker chromosome in AS [4]. There exist only a few
published studies that include over 100 patients [5-7]. Since rare
malignancies affect small patient populations, these entities pose a
challenge for both clinicians and pathologists to diagnose and manage
and for investigators to discover new diagnostic tools, prognostic
markers, and treatment options. Over the past several decades, no
major changes in the management of AS have evolved and new
therapeutic strategies are needed. The Akt/mammalian target of
Rapamycin (mTOR) pathway, among others, has been identified as a
therapeutic target in some epithelial and mesenchymal malignancies
[8]. We examined AS occurring in 15 patients, including those
occurring in unusual backgrounds in order to determine the role of
EGFR, MET and phosphorylated forms of Akt in this tumor.

Materials & Methods

Case material

Following Internal Review Board approval a total of 15 adult
patients with primary, recurrent and/or metastatic AS were retrieved

from the surgical pathology archives of UPMC, Pittsburgh, PA for the
period 2003 to 2011 (total of 20 samples). Of the 15 patients, material
from the primary lesion was available for all 15 patients. Matched
recurrences were available for 4 patients (Table 2 cases 6, 8, 9 and 12).
Case 2 (Table 2) presented with tibial AS and during the clinical work-
up of this mass a second AS of the penis of similar morphology was
identified, with one of these lesions representing a metastasis. Follow-
up clinical data from the tumor registry was available for all patients
and linked to the de-identified samples through an honest broker per
protocol. All sections, including immunohistochemical stains, for all
patients were reviewed and the diagnoses confirmed, according to the
current World Health Organization Soft Tissue Tumor classification
by a UPMC pathologist (U. Rao) familiar with soft tissue and bone
lesions. All cases had sufficient material for further ancillary studies.

Immunohistochemical studies

A diagnostic immunohistochemical was performed at the time of
initial diagnosis for each of the 15 patients and included at least 3
vascular markers, wide spectrum cytokeratins and low molecular
weight cytokeratins, Ki67, and in older and/or immunocompromised
patients, HHV8 and EBV. Immunohistochemical analysis using
antibodies against the phosphorylated forms of Akt was performed for
all 15 patients (total 19 samples).

Antibody Company Clone Host Dilution
Vascular Markers

Ulex europaeus Abcam, Cambridge, MA n/a Polyclonal Rabbit 0111111
Factor VIII Dako, Carpenteria, CA n/a Polyclonal Rabbit 0.388889
D2-40 Signet, Princeton, NJ D2-40 Monoclonal Mouse 1:25
CD34 Ventana, Tucson, AZ QBENd/10 Monoclonal Mouse Predilute
CD31 Dako, Carpenteria, CA JC70A Monoclonal Mouse 1:40
Epithelial Markers

PanKeratin Abcam, Cambridge, MA 80 Monoclonal Mouse 0.111111
Cytokeratin AE1/AE3 Dako, Carpenteria, CA AE1/AE3 Monoclonal Mouse 0.111111
Cam5.2 EIJD (Becton Dickinson), Franklin Lakes, Cam 5.2 Monoclonal Mouse 1:10
Viral Pathogen Markers

HHV8 Vector, Burlingame, CA 13B10 Monoclonal Mouse 1:50
EBV Dako, Carpenteria, CA CS 14 Monoclonal Mouse 0.111111
Proliferation Index Marker

Ki67 Dako, Carpenteria, CA MIB-1 Monoclonal Mouse 0.111111
Receptor Tyrosine Kinase Marker

CD117 (c-kit) Dako, Carpenteria, CA n/a Polyclonal Rabbit 0.111111
Protein Kinase Marker
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AKT Cell Signaling Technology, Danvers,| Monoclonal Rabbit 1:50

MA

Table 1: Antibodies used for immunohistochemistry

Immunohistochemical analysis was performed on 4-um sections of
formalin-fixed, paraffin-embedded tissue using previously described
methods. The antibodies, manufacturers, clones and dilutions are
listed in Table 1. Immunohistochemistry slides were graded as positive
(overall strong and diffuse staining), focally positive (defined areas of
strong to moderate staining), or negative (lacking any staining). The
labeling intensity for Akt was independently scored by two soft tissue
pathologists as none, weak, moderate, strong and the amount of
positive tumor cells were recorded as focal or diffuse.

Fluorescence in situ hybridization

Samples of primary, recurrent and metastatic AS in all 15 patients
(total 19 samples) were selected for FISH analysis for EGFR and MET
amplification. Due to prior decalcification FISH was not performed on
the material from the tibial mass in case 2. Formalin-fixed paraffin-
embedded sections, were mounted, and serially sectioned at 5-mm
intervals. An H&E section was used by the Pathologist to determine
the area of the tissue to be targeted for analysis. FISH slides were
deparaffinized in xylene twice for 10 minutes, dehydrated twice with
100% ethanol and then pretreated for 30 minutes in 0.2N HCI (Sigma).
Slides were then digested for 28 minutes in protease solution (0.5
mg/ml) at 37°C.

FISH for EGFR was performed using the LSI EGFR/CEP7 dual-
color probe (Abbott Molecular, Inc., Des Plaines, IL) and for MET
using the C-MET 7q31/CEP7 probe (red/green) Amplification
(Rainbow Scientific Inc, Windor, CT). The target slide and probe were
co-denatured at 90°C for 12 minutes and incubated overnight at 37°C
in a humidified chamber. Post-hybridization washes were performed
using 2XSSC/0.3% Igepal (Sigma) at 72°C for 2 minutes. Slides were

air-dried in the dark and counterstained with DAPI I (Abbott
Molecular). Analysis was performed using an Applied Imaging
Workstation equipped with Chroma Technology filters containing
band excitors for SpectrumOrange, FITC, DAPL Only individual and
well-delineated cells were scored. Overlapping cells were excluded
from the analysis. At least 60 cells were analyzed in the targeted region.

Each tumor specimen was assessed by the average number of copies
of the EGFR and MET gene per cell, the average ratio of the EGFR and
MET gene to chromosome 7 copy numbers, and ploidy. Amplification
was defined as a ratio of EGFR or MET signals to chromosome 7
centromere signals of > 1.30. Hyperploidy was defined as a mean of >
2 chromosome 7 signals per cell.

Results

Population characteristics

The mean age of the patients with AS was 67.8 years of age (range
40-94). The male to female ratio was almost equal (7M: 8F). Most
(73.3%) were over 60 years old and only one was younger than 50. The
most common anatomic locations were subcutaneous/deep soft tissue
and scalp region.

The cases are detailed in Table 2. Our series also included five
uncommon cases of AS requiring special mention. One case was a
primary bone AS associated in a 68-year-old man who presented with
a four month history of increasing pain in his left tibia which had a
long-standing metal orthopedic implant for a bicondylar and tibial
plateau fracture (Table 2, Case 1 and Figure 1).

Case Age, Sex Past Medical History Site Ep'theho.'d " Treatment Outcome
Conventional (months)
Remote MVA with left
tibia plateau fracture;| Bone (10). Mets to soft e
1 68M ORIF with titanium | tissue and lungs. Epithelioid Surgery DOD (4)
implants
Penis
2 72M Prostate carcinoma Epithelioid Surgery DOD (1.5)
R tibia
NF1, multivisceral
transplant for NF1
(stomach, liver, small| Abdo subQ e .
3 50F bowel, pancreas). | (widespread mets) Epithelioid Supportive care DOD (1)
Widespread  metastatic
AS.
4 58F Renal transplant  for| \ e Kidney Conventional Surgery ANED (43)
cystic malformation.
MVA 20 years ago with
5 57M hematoma and myositis | LE deep soft tissue Epithelioid Surgery AWD (6)
ossificans
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Abdo subQ (10);
6 80F fCRC’ R DVT, L ankle Conventional Surgery + palliative XRt DOD (37)
racture.
LE (recur)
7 76F Breast carcinoma Scalp subQ Conventional Surgery DOD (7)
Scalp (10); Epithelioid
8 77F Nil significant Surgery DOD (19)
Scalp (recur) Conventional
LE subQ (10);
9 40M Lung carcinoma Epithelioid Surgery + XRt ANED (45)
LE subQ (recur)
Paraplegia, bilateral AKA
10 63M for PVD. Widespread| S5 SUPQ (1)} i clioid Surgery DOD (1.5)
. (widespread mets)
metastatic AS.
Breast ca treated with .
11 T74F lumpectomy and XRt Breast Conventional Surgery + Chemo AWD (53)
. Scalp (10)
12 62M o AS of scalp with Conventional Surgery + XRt AWD (48)
multiple (9) recurrences
Scalp (recur)
13 94F Nil significant Scalp (10) Conventional Surgery +XRt/Supportive care DOD (44)
14 84M :iﬁgiva of  mandibular| oot mucosa (o) | Conventional Surgery AWD (9)
10 AS of leg subQ with o
15 62F multiple recurrences LE subQ (10) Epithelioid Surgery DOD (13)
M=male; F=female, MVA=motor vehicle accident; ORIF = open reduction and internal fixation; R=right; L=left; mets=metastases; 1o0=primary; subQ=subcutaneous
tissue; XRt=radiation therapy; AWD=alive with disease; ANED=alive no evidence of disease; DOD=dead of disease; 1o=primary; Recur=recurrence; LE= lower
extremity; SubQ=subcutaneous tissue; SCC=squamous cell carcinoma; CRC=colorectal carcinoma; ca=carcinoma; AKA=above knee amputation; PVD=peripheral
vascular disease; NF=neurofibromatosis type 1

Table 2: Clinical Features in 15 patients with Angiosarccoma.

Figure 1: Primary Angiosarcoma of the bone associated with long-
standing orthopedic titanium implant (Table 2, Case 1).

lesion composed of large, irregular anastomosing vessels lined by
atypical epithelioid-appearing endothelial cells with prominent
nucleoli.

1N
L ¥
Cytokeratin AE4/3)

24K

c

Figure 2: Epithelioid AS from the penile lesion in a patient with
concurrent bone AS (Table 2, Case 2).

A. X-ray of the left proximal tibia, following hardware removal,
reveals a large, ill-defined lesion extending from the epiphysis into the
diaphysis. B. Gross image from the proximal tibia reveals a
hemorrhagic fleshy mass, measuring approximately 16.0 cm, in the
region of the recently removed titanium rods. C. Medium Power view
(H&E stain, 200x magnification) reveals a highly atypical vascular

A. The lesion is immunoreactive for cytokeratin AE1/3 and CD3l,
and negative for CD34. Medium power (B, H&E stain, 200x) and high
power views (C, H&E stain, 400x) demonstrate irregular vascular
channels lined by highly atypical endothelial cells with epithelioid
features. D. FISH for EGFR demonstrates hyperploidy in 1.6% of cells.
No EGFR amplification is seen.
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Following radiologic studies and biopsy, which identified a large,
16.0 cm ill-defined AS associated with the orthopedic implant and
involving the epiphysis and diaphysis of the left proximal tibia. He
subsequently underwent a left above knee amputation. The second AS
in bone occurred in the tibia of a 72-year-old man. During the work-
up of this mass, a concurrent penile AS of similar morphology was
identified. He had a history of radiation and hormone-treated prostate
carcinoma (Table 2, Case 2 and Figure 2). Ancillary studies were
performed on the penile lesion. The patient rapidly deteriorated and
died of metastatic disease within 6 weeks of diagnosis. The possibility
of radiation-induced AS with widespread metastases was considered
likely in this patient.

There were two cases of AS which arose in patients who had
received organ transplantation. One of these patients had a history of
neurofibromatosis type 1 and multivisceral organ transplantation
(Table 2, Case 3). She developed multifocal and metastatic epithelioid
AS of subcutaneous and deep soft tissue. She rapidly deteriorated and
died within a month of diagnosis. The second patient with a history of
a kidney transplant had a complex cystic mass of her native kidney and
numerous mucinous cysts in the head of the pancreas and vascular
malformation of the portal system that resulted in portal hypertension
(Table 2, Case 4). Her native kidney was removed and revealed a 2.3
cm conventional AS with angiolymphatic invasion. She received no
adjuvant radiation or chemotherapy and she is alive with no evidence
of AS (43 months).

The fifth patient is a 57-year-old man who developed an epithelioid
AS adjacent a vehicular injury related myositis ossificans that had
remained stable on X-rays for 20 years and recently developed
discomfort and swelling (Table 2, Case 5). The lesion was surgically
resected revealed and revealed a 6.0 cm focus of epithelioid AS,
adjacent to a large area of heterotopic ossification, skeletal muscle
atrophy and fibrosis with hemosiderin deposition.

Immunohistochemistry Features

Figure 3: Recurrent Conventional AS arising in subcutaneous tissue
of abdomen (Table 2, Case 6).

A. The lesion is immunoreactive for CD31 and negative for
cytokeratin AE1/3 (with internal control). The Ki67 is positive in >
50% of cells. Medium power (B, H&E stain, 200x) and high power
views (C, H&E stain, 400x) demonstrate irregular vascular channels
lined by atypical endothelial cells. D. FISH for EGFR demonstrates
hyperploidy in 30.3% of cells. No EGFR amplification is seen.

All conventional AS without epithelioid features were positive for
two or more vascular markers that included CD31, CD34 and Factor
VIII and all were negative for cytokeratins (Figure 3). Epithelioid AS
were mostly focally positive for CD31, variable for the other vascular
markers and the five of eight cases were positive with cytokeratins
(Figure 2). All epithelioid AS were negative for S100, melan A and
tyrosinase, excluding malignant melanoma. Conventional cytogenetics
and karyotyping was performed in only one case (case 1).
Conventional karyotype following short term culture revealed 47, XY,
+8[2]/46, XY [26].

FISH for EGFR FISH for MET
Case Site Epi ~or Ratio %Hyper %Mono Ratio %Hyper %Mono AKT ckit Vascular Cyto- Ki67
Conv Markers keratins
CD31 F+;
Soft ) o ’| panCK-; 20
1 tissue met Epi 1 0 1.01 16.60% MDD+ | Neg | CD34 F+ CAM5.2- 10-50%
Ulex-
CD31 +;| CAM5.2
. . CD34 -; | focal +;
0, 0, ’ ’ _5O,
2 Penis Epi 1.03 1.60% 1.03 0.00% S,D+ | Neg Ulex+; FVIIl| panCK 10-50%
+ focal +
CD31 +;| CAM5.2
o ) Decalcified specimen — FISH not| Decalcified specimen — FISH not CD34 -;| focal + o
21 Tibia Epi done done SD+ | Neg | iex+: FVIIl| panCK >50%
+ focal +
Abdo CD31 F+
3 Epi 1.71 1.60% 52.50% 1.13 16.60% SD+ | Neg | CD34 F+;| panCK- 10-50%
subQ
D2-40 F+
Native CD31+;
4 ) Conv 1.01 13.30% 1.03 10% W,F+ | Neg | CD34+; panCK- <10%
Kidney
FVII
5 LE Epi 1 4.60% 1.18 3% M,D + | Neg CD31+_; AE1/3+ <10%
CD34-;
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D2-40-;
FVIII-
Abdo ]
subQ 0.99 24.60% 2““ W,D + | Neg CD31+1 AE1/3- 10-50%
6 (10); Conv one CD34+;
’ D2-40-;
FVIII+
LE (recur) 1.07 30.30% 0.96 10% M,D + | Neg Not done 10-50%
CD31+;
7 Scalp Conv 1.09 25.40% 1.02 59.30% M,D + | Neg CD34-; FVIII| panCK- >50%
+
CD31 F+;
Scalp ) o o Not CD34 F+; . o
(1o); Epi 0.96 5.00% 1.16 16.60% done Neg FVIll+ Ulex panCK >50%
8 +
Scal Not CD31+,
p Conv 1 0 M,D + | Neg CD34+, Not done >50%
(recur) done
FVIII+
LE (10); 1.06 3.30% 50.80% 0.93 0 S,D+ | Neg cD31 F+:
9 Epi Not CD34  F+;| AE1/3+ 10-50%
LE (recur) 1.02 0 d M,D+ | Neg | FVIlI+
one
CD31+4;
10 LE (10) Epi 1.02 3.30% 1 0 S,D+ | Neg CD34  F+;| panCK- <10%
Ulex+;
CD31+4;
11 Breast Conv 1.03 3.30% 0.98 6% M,D + | Neg | CD34+; AE1/3- >50%
Ulex+
CD31+;
Scalp (10) 1.04 36.10% 0.93 0 S,D+ | Neg | CD34+; panCK- <10%
FVIII+
12 Conv
Scal Not CD31+;
o pr 1.01 0 done MD + | Neg | CD34+; panCK- <10%
(recur) FVII+
CD31+;
CD34+;
13 Scalp (10) | Conv 1.02 0 50.00% 0.93 0 MF+ | Neg | Fup panCK- 10-50%
D2-40+
Cheek gggli:
14 mucosa Conv 1.08 11.90% 0.95 0 W,F + | Neg FVIII+" panCK- <10%
(10) D2-40+
CD31+; anCK-;
15 LE (10) Epi 1.02 45.00% 0.98 16.60% W,D + | Neg CD34-; FVIII KE1/3-’ 10-50%
focal +

UE — upper extremity; met — metastases; Abdo - abdomen

Epi=Epithelioid; Conv=Conventional;IHC=immunohistochemistry results; + = positive; - = negative; W = weak; M = moderate; S = strong; F = focal, D = diffuse; neg —
negative; FVIII — Factor VIII; panCK = pancytokeratin; AE1/3 = cytokeratin AE1/3; 10 — primary; subQ — subcutaneous tissue; recur — recurrence; LE — lower extremity;

Table 3: Immunohistochemistry Results and FISH for EGFR and MET in 15 patients with Angiosarcoma.

Ki67 positivity was variable in both conventional and epithelioid AS
(Table 3). HHVS, EBV and ckit were negative. The 4 cases of
metastatic AS demonstrated epithelioid features (Table 2, Cases 1, 2, 3
and 10). There were 4 cases with recurrences (Table 2, Cases 6, 8, 9,
and 12), some with up to nine recurrences, which had either
conventional or epithelioid features. There was no difference in the
pattern of immunoreactivity in post-transplant AS. All 15 cases,
including recurrences (Table 2, Cases 6, 8, 9 and 12) and metastatic

lesions (Table 2, Cases 2), a total of 19 samples, demonstrated
cytoplasmic immunoreactivity with Akt (Table 2). Majority of the
cases demonstrated at least moderate staining (15/19) and a diffuse
staining pattern (15/19). Focal nuclear staining was also noted, as was
weaker staining in the adjacent morphologically normal appearing
blood vessels.
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Fluorescence in situ hybridization results

None of the 15 patients’ demonstrated EGFR or MET amplification
(Table 2) but 14 of the 19 samples demonstrated EGFR hyperploidy in
the range of 1.6-45% (Table 2, Figures 2 and 3) and EGFR monosomy
in at least 50% of the cells in 3 of the 19 samples. Low levels of MET
hyperploidy were present in some tumors that were not congruent to
EGEFR ploidy.

EGFR Hyperploidy was present in the primary lesions of Case 6, 8,
and 12 and EGFR monosomy was present in the primary lesion of
Case 9, but neither hyperploidy nor monosomy was present in the
matched recurrence.

Discussion

We compared the clinical-pathological features of AS of soft tissue
and bone, and those occurring in unusual backgrounds and also
compared them with matched recurrences when available. Previous
reports on AS occurring in bone at the site of a metal prosthesis is
extremely rare [2], as are those occurring in organ transplant patients
[9,10]. However, despite varied backgrounds, all AS had similar and
overlapping morphologic features and immunophenotypes. There was
no difference in the pattern of immunoreactivity among our matched
primary and recurrent/metastatic cases. In our series, the majority of
patients had an aggressive clinical course that in part was determined
by individual clinical stage at presentation and was comparable to
those reported in literature [5-8,11]. Nine of our fifteen patients have
succumbed to their disease and the clinical outcome of the patients in
our study is thus comparable to several larger studies of patients with
AS treated at tertiary centers [6,7,11]. Numerous studies have shown
that patients initially presenting with metastatic AS have significantly
worse outcomes [4,5,8,11-14]. Four of our cases presented with
metastatic disease and succumbed to their disease within 2 months
(range 1.0-4.0 months). Patients with completely resected AS do better
and this reinforces surgery as the main treatment for AS [5].

Our epithelioid subset of AS patients had a much more aggressive
course with multiple recurrences, metastatic disease and shorter
survival (6.7 months versus 29.3 months) and proved fatal in six
patients including the patient with metal-associated AS. Currently four
patients are alive with local recurrence of tumor and two patients are
alive with no evidence of disease (Table 2).

Risk factors for AS include radiation therapy and lymphedema. AS
has been described developing in association with foreign bodies, AV
fistulas and an increased risk has been described in patients with
neurofibromatosis [1]. Metal alloys and other implants are commonly
used in orthopedic practice for fractures and degenerative joint
disease, but the incidence of AS arising in such cases is rare [2]. AS
arising in association with non-functioning AV fistula in post-renal
transplant patients have been reported [1,9,10] however, to the best of
our knowledge there is no reported association between organ
transplantation and AS and there have been no reported cases of AS
arising in a native non-functioning kidney in a renal transplant
patient.

For AS, grading has not been considered of prognostic value
[1,3,15,16]. Although we did not grade any of our cases, those we
designated as epithelioid were associated with an adverse prognosis,
which is in concert with prior studies [7,16]. A fair number of cases
especially those with epithelioid features were cytokeratin positive,
which emphasizes the need of additional immunohistochemical

markers not only to distinguish them epithelial malignancies but also
from sarcomas which express cytokeratin especially epithelioid
sarcoma. CD31 is useful in an obvious case of AS, but its known
aberrant expression in histiocytes should be kept in mind and we
recommend using additional vascular markers in a difficult case [4].
Our study supports this observation that, regardless of anatomic
location, AS demonstrating epithelioid features had a much more
aggressive course with multiple recurrences, metastatic disease and
shorter survivals, and is immunoreactive for fewer vascular markers
than conventional AS, possibly reflecting a lack of differentiation.

There are very few genetic studies of AS and most are limited to
isolated cases and small studies. The most commonly reported
alterations include trisomy 5, gains at 1q, 7q, 8q, gains and losses at 7p,
loss of Y and various abnormalities on chromosome 8, 20 and 22
[1,17,18]. In our series, only one patient had conventional cytogenetic
analysis and showed clonal gains of chromosome 8 but not
chromosome 7. Flow cytometry has demonstrated diploid, tetraploid
and aneuploidy patterns, none of which correlated with clinical
outcome and histology [19]. However, of interest, alterations in TP53/
MDM2 pathway with increased expression of both TP53 and MDM2
have been shown in 60% of AS [19]. Other studies have demonstrated
that secondary AS (those arising in the setting of chronic lymphedema
or at sites of previous radiation therapy) demonstrates MYC gene
amplification and thus is genetically distinct form of AS [20-22]. They
also determined that there was no correlation between MYC
amplification and epithelioid morphology or increased cell turnover.
This finding may have future implications in diagnosis and treatment
of AS.

MTOR pathway in these tumors has been explored rarely because of
potential targeted therapy with tyrosine kinase inhibitors, rapamycin
[7]. EGFR, KRAS and BRAF have been extensively investigated in
epithelial malignancies however except for a rare instance of synovial
sarcoma, these do not appear to be major players in mesenchymal
neoplasms [23,24]. There is increasing evidence that regional gains or
high-level amplifications on chromosome 7q are found in various
bone and soft tissue sarcomas, however target genes are unknown.
MET and its ligand Hepatocyte Growth Factor (HGF) map to 7q (7q31
and 7q21 respectively) have shown to have a role in tumor progression
in sarcomas [25,26]. A recent integrative Comparative Genomic
Hybridization array revealed increased copy number with gene
amplification in 56% of myxofibrosarcomas and MET protein
expression correlated with deep location, higher tumor grade and
advanced clinical stage [25]. MET overexpression was independently
predictive of poor metastases free and overall survival in 67% of cases.
We therefore sought to define the role of EGFR and MET, two genes
found on chromosome 7, in AS using FISH, and although no
amplification was found, some cases showed hyperploidy. The
presence of EGFR and MET hyperploidy in both arms of chromosome
7 is interesting. This may merely suggest chromosome copy number
gains, however not all of the cases overlap. This implies chromosome
specific changes in both arms of chromosome 7 and it’s possible that
chromosome 7 harbors areas of interest other than EGFR and MET
important in tumorigenesis and progression.

The role of kinase inhibitors are being explored in AS, particularly
those with a potential role in vascular biology and in AS [7,27-36]. The
most commonly studied markers to date include the vascular
endothelial growth factors (VEGFs), EGFR, ckit and representatives of
the Akt/mTOR pathway. Most studies indicate that EGFR
overexpression is associated with poor prognosis [37-40]. EGFR, an
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important growth factor, is a cell membrane receptor with intrinsic
protein kinase activity, and is of great clinical interest due to its
involvement in several cancers and its potential as a therapeutic target
[41].

The success in treating certain sarcomas with KIT-tyrosine-kinase
inhibitors have led to studies investigating c-kit expression in AS.
Recent studies have shown c-kit overexpression in 47 to 58% of AS
however, no activating mutations in exons 11 or 17 were identified
[7,33,41,44]. None of our cases tested for c-kit demonstrated
overexpression, likely the result of small sample size, however we
realize that immunoexpression of ckit need not correlate with gene
mutation. Further study of the potential role of KIT-tyrosine kinase
inhibitors in AS is required.

All cases were studied for EGFR amplification by FISH (Table 3).
None of the cases demonstrated EGFR amplification but 14 of the 19
samples demonstrated hyperploidy in the range of 1.6-45% (Figures 2
and 3) and 3 cases demonstrated monosomy in more than 50% of the
tumor cells (Table 2). Interestingly, hyperploidy was present in the
primary lesion of case 6, 8, 12 and monosomy was noted in case 9, but
neither hyperploidy or monosomy was seen in the clinical recurrence
(Table 2). This likely represents the selection of a separate clone. There
does not appear to be a correlation between EGFR hyperploidy/
monosomy and the presence of epithelioid features however, our
sample size is small and further studied is required to determine if
such an association exists.

The significance of hyperploidy and monosomy in AS is uncertain.
Studies attempting to correlate EGFR expression with hyperploidy in
other malignancies shows conflicting results [39,45-47]. Thus far,
there is little data on the clinical significance of hyperploidy in terms
of survival, response to EGFR-tyrosine kinase inhibitors or standard
chemotherapy in malignancies associated with EGFR overexpression.
The presence of hyperploidy and monosomy is likely a reflection of the
high-grade nature of AS with probable losses and gains in many other
chromosomes.

The Akt/mTOR pathway has been extensively studied in various
malignancies. mTOR can induce cell proliferation, enhance cell
survival and inhibit apoptosis. It is activated by insulin and various
other growth factors. Several studies have demonstrated Akt/mTOR
pathway  deregulation in  pathologic  endothelial  process
[7,28-30,34-36,48]. Elevated levels of PI3-kinase and activation
(phosphorylation) of Akt has been demonstrated in AS arising in
chickens and overexpression of active Akt results in vascular
malformations in mice [29,36]. Deletion of FoxO transcription factors,
which are downstream targets in the Akt/mTOR pathway, important
tumor suppressors and regulate vascular homeostasis, leads to vascular
lesions in mice [34]. Lahat et al., looked at 3 markers of the Akt/mTOR
pathways and found that 85% of their AS samples demonstrated
activated Akt [7]. As with our study, they noted weak focal staining of
the adjacent normal appearing vessels. They also found increased
expression intensity in metastatic AS. All of our cases of AS
demonstrated Akt immunoreactivity. This is in keeping with previous
studies that have demonstrated Akt activation in both benign and
malignant vascular lesions. A recent study assessing the activation of
the Akt/mTOR pathway in sarcomas was largely independent of
activation of epidermal growth factor receptor (EGFR) [23]. There was
no correlation between the amount and intensity of staining among
the epithelioid versus conventional histology and clinical outcome in
our series.

Although our study is limited by small sample size, we did not
demonstrate any correlation between EGFR and MET hyperploidy
with clinical or morphological parameters. The results suggest that
these two genes do not have a role in AS genesis and progression but
do suggest involvement of chromosome 7. AS is a rare tumor with an
aggressive and rapidly lethal course. The lack of effective treatment
warrants continued investigation in order to identify new therapeutic
targets. Larger series exploring other molecular targets may lead to the
discovery of new potential treatment strategies in AS.
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