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ABSTRACT

Background. Angiosarcoma is an extremely rare tumor
among sarcomas and comprises a heterogeneous group of
high-grade vascular malignancies. Our study aimed to
examine the correlations between 6 immunohistochemical
biomarkers—stem cell factor receptor (KIT), platelet-
derived growth factor receptor (PDGFR)-z, PDGFR-f,
vascular endothelial growth factor receptor (VEGFR)-1,
VEGFR-2, and VEGFR-3—and overall survival (OS) in
patients with angiosarcomas.

Methods. Immunohistochemical analyses for the 6 bio-
markers were performed by using twmor specimens
obtained from 34 patients with angiosarcomas. Correla-
tions between biomarkers were examined by Fisher’s exact
test. For each biomarker, the correlation between the
immunohistochemical score and OS was examined by the
log-rank test and Cox regression analysis.

Results. The percentages of angiosarcoma patients with
positive expressions (immunohistochemical score > 0) of
KIT, PDGFR-«, PDGFR-f5, VEGFR-1, VEGFR-2, and
VEGFR-3 were 14.7%, 11.8%, 88.2%, 61.8%, 94.1%, and
100.0%, respectively. No statistically significant correla-
tions between any 2 biomarkers were observed. Cox
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regression analysis demonstrated a significant positive
correlation between short OS and the immunohistochemi-
cal score for PDGFR-f§ and between long OS and the
immunohistochemical score for VEGFR-2.

Conclusion. Increased expression of PDGFR-f may be a
statistically significant prognostic factor for poor OS, while
increased expression of VEGFR-2 may be a favorable
prognostic factor for patients with angiosarcoma.

Angiosarcomas comprise a heterogeneous group of
high-grade vascular malignancies of presumed endothelial
cell origin. These tumors are extremely rare, accounting for
less than 1% of all soft tissue sarcomas. Angiosarcomas
may originate from any anatomical site in the body, but
they are most commonly found in the scalp, skin of the
neck, and in the breast.! Previous irradiation, toxic chem-
ical exposure, and chronic lymphedema have been
identified as specific risk factors for angiosarcoma.” For
patients amenable to complete resection, a multidisciplin-
ary therapeutic approach combining surgery with radiation
and/or systemic chemotherapy is generally advocated.
Despite these treatments, angiosarcoma has a high rate of
local and systemic recurrence, exhibits clinically aggres-
sive behavior, and is associated with short median survival
times.*

Agents with effective antitumor activity against soft-
tissue sarcomas in adults are limited. The most effective
known agents are doxorubicin and ifosfamide. These
agents produce response rates of 15-40% when used as
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single agents or in combination with other agents for
treating advanced soft tissue sarcomas. Recently, molecu-
larly targeted drugs, such as imatinib, sunitinib, and
sorafenib, have been investigated as novel agents for
treatment of soft-tissue sarcomas.*’ Some of these agents
inhibit various receptor-type tyrosine kinases, such as stem
cell factor receptor (KIT), platelet-derived growth factor
receptor (PDGFR), the epidermal growth factor receptor
family, the vascular endothelial growth factor receptor
(VEGFR) family, and insulin-like growth factor-1 receptor.
These kinases are involved in cell proliferation, adhesion,
migration, angiogenesis, and survival.® Further advances in
our understanding of both the genetic and biological nature
of soft-tissue sarcomas may lead to clinical trials aimed at
the development of new molecularly targeted drugs.

To explore promising molecular targeting agents with
antiangiogenic effects, we examined the immunohisto-
chemical expression of the primary targeted molecules of
tyrosine Kkinase inhibitors, including KIT, PDGFR-«,
PDGFR-$, VEGFR-1, VEGFR-2, and VEGFR-3, Addi-
tionally, we evaluated associations between these
immunohistochemical markers and overall survival.

MATERIALS AND METHODS
Patients

The present retrospective study included patients with
histologically confirmed angiosarcomas who had been
treated in the Departments of Breast and Medical Oncol-
ogy, Orthopedic Surgery, and Dermatology at the National
Cancer Center Hospital in Japan from January 1982 to
March 2005, and from whom adequate tumor tissue sam-
ples were available. Clinical information was collected
from patient charts. This study was approved by the
National Cancer Center Hospital institutional review board.

Our study included 34 patients with angiosarcomas, and
the median age at the time of diagnosis was 68 years
(range, 1688 years). Patient characteristics are shown in
Table 1. Past medical histories relevant to carcinogenesis
for angiosarcoma were evaluated, with the following
findings: 6 patients had received adjuvant abdominal
radiotherapy for treatment of gynecological cancer; 4
patients had been treated for head injuries; 1 patient had
received adjuvant radiotherapy for treatment of breast
cancer; 1 patient had undergone repeated surgeries for a
congenital lymph cyst; and 1 patient had undergone repe-
ated surgeries for Ollier disease. The median Eastern
Cooperative Oncology Group performance status (PS) at
the time of diagnosis was 0 (range, 0-1). The median tumor
size was 4.0 cm (range, 1.0-30 cm.). Twenty-six patients
had localized disease, whereas 8 patients had metastatic

TABLE 1 Patient characteristics (N = 34)

Characteristic Value
Age (years)

Median age 68

Range 16-96
Gender

Male 9 (26%)

Female 25 (74%)
Performance status at diagnosis

0 29 (85%)

1 5 (15%)
Primary site

Skin 21 (62%)

Soft tissue 11 (32%)

Bone 1 (3%)

Liver 1 (3%)
Status at diagnosis

Primary 26 (76%)

Metastatic 8 (24%)
Metastatic site

Soft tissue 5 (15%)

Lung 2 (6%)

Lymph node 2 (6%)

Liver 1 (3%)
History of radiotherapy

Yes 7 (21%)

No 27 (79%)
History of lymphedema

Yes 5 (15%)

No 29 (85%)
Tuamor size

<5 cm 19 (56%)

>5cm 15 (44%)
Tumor sample

Primary tumor 22 (65%)

Recurrent tumor 11 (32%)

Metastatic tumor 1 (3%)

disease; the median number of disease sites was 1 (range,
1--3). Among the 26 patients with localized disease treated
with surgical resection, complete and incomplete resection
was performed for 14 and 7 patients, respectively. For the
remaining 5 patients, information on the completeness of
resection was unavailable. After surgical resection, 10
patients received adjuvant radiotherapy, 4 patients were
administered adjuvant interleukin-2 immunotherapy, and 1
patient received adjuvant chemotherapy (CyVADIC regi-
men). Among the 8 patients with metastatic tumors, 6
patients were treated with surgical resection, 3 patients
were administered interleukin-2 immunotherapy, 2 patients
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received radiotherapy, 1 patient was administered ther-
motherapy, and 1 patient received best supportive care. The
median overall survival time was 26.7 months (range, 0.3~
152.6 months).

Tissue Samples and Immunohistochemical Staining
and Evaluation

Tissue samples were obtained from core-needle biopsy
samples or surgical specimens. All hematoxylin-and-eosin-
stained surgical specimens were reviewed by experienced
pathologists (K.T., T.H.), and the tissue samples were
confirmed to contain adequate amounts of cancer tissue for
use in the present study.

Formalin-fixed, paraffin-embedded tissue samples were
sectioned (4 pm thick) and mounted on charged slides. All
tissue sections were then heat-treated with an antigen
retrieval solution (Target Retrieval Solution Low pH;
Dako, Carpinteria, CA), except for the sections used for
anti-podoplanin staining. Immunohistochemical staining
for KIT (polyclonal A4502; Dako), PDGFR-a (polyclonal
sc-338; Santa Cruz Biotechnology, Inc., Santa Cruz, CA),
PDGFR-f (polyclonal sc-339; Santa Cruz), CD34 (clone
QBEnd10; Dako), and podoplanin (clone D2-40; Dako)
were performed by using the polymer method (EaVision
FLEX system; Dako). Immunohistochemical staining for
VEGFR-1 (polyclonal AF321; R&D Systems, Minneapo-
lis, MN), VEGFR-2 (clone 55B11; Cell Signaling
Technology, Danvers, MA), and VEGFR-3 (polyclonal
AF349; R&D Systems) were performed by using an
enhanced polymer method combined with a linker reagent
(EnVision FLEX+ system; Dako).

Pathological and immunohistochemical examinations
were conducted by experienced pathologists (K.T., T.H.)
who were unaware of the clinical courses of the patients.
Staining for immunohistochemical markers for tumor cells
was evaluated with regard to intensity and proportion. The
intensity of immunohistochemical marker staining of
tumor cells was evaluated by a sliding scale from 0 to 3+
(0 = negative staining, 1+ = weak, 2+ = intermediate,
3+ = strong). The percentage of each intensity score was
determined (0-100%). For each marker, pg, p1, p2, and ps
(o + p1 + p2 + p3 = 100 and 0 < po, p1, pa, p3 < 100)
were defined as the percentages of immunohistochemical
intensity scores of 0, 1, 2+, and 3, respectively. A total
score t =po X 0+ p; x 1 4+ p, x 2 4+ p3 x 3 was then
calculated. On the basis of the calculated total score, each
patient was categorized into one of the following groups:
group 0, t=0; group 1, 0<r<100; group 2,
100 < r < 200; and group 3, 200 < ¢ < 300. For example,
the total score was O when py = 100%, while the total
score was 300 when p; = 100%; therefore, the range of

total scores was 0-300. This method was adapted from a
previous study.”

Statistical Analysis

Correlations among the 6 markers and between the 6
biomarkers and clinical variables (age, gender, PS, primary
site, status at diagnosis, previous history of radiation, his-
tory of lymphedema, and tumor size) were examined by
Fisher’s exact test. Overall survival (OS) was defined as the
time from diagnosis of angiosarcoma to the time of death
due to any cause and was estimated by the Kaplan-Meier
method. OS among the 4 groups was compared by the log-
rank test. For each biomarker, multivariate Cox regression
analyses on the basis of the patient categories, and the total
score were performed. The clinical factors that were
included were as follows: age (< 65 vs. > 65), gender
(female vs. male), PS (0 vs. 1), primary site (skin vs. other),
status at diagnosis of angiosarcoma (primary vs. meta-
static), previous history of radiation (no vs. yes), history of
lymphedema (no vs. yes), and tumor size (<5 cm
v8. > 5 cm). For the log-rank test and multivariate Cox
regression analyses for PDGFR-«, KIT, and VEGFR-3, we
categorized the patients into 2 groups to avoid groups with
small numbers of patients. A 2-sided P < 0.05 was con-
sidered statistically significant. All analyses were
performed by SAS software, version 9.2 (SAS Institute,
Cary, NC).

RESULTS

Table 2 shows the frequency distributions of the 4
groups for KIT, PDGFR-«, PDGFR-f, VEGFR-1, VEGFR-
2, and VEGFR-3 expression (Fig. 1). The percentages of
patients with positive expression (i.e., patients in groups
1-3) for each biomarker were 14.7%, 11.8%, 88.2%,
61.8%, 94.1%, and 100.0%, respectively.

Table 3 shows the contingency table for group 0 and
groups 1-3 for pairs of biomarkers and the P value based
on Fisher’s exact test. As shown in Table 3, no statistically
significant correlations were observed between any 2 bio-
markers. Table 4 shows correlations between biomarker
expression and clinical variables. No significant correla-
tions were observed between the biomarkers and clinical
variables, other than a correlation between PDGFR-o and
age.

Figure 2 shows the Kaplan-Meier curve for OS for each
biomarker and the P value based on the log-rank test.
Significance differences were observed in OS among the 4
groups for VEGFR-2 and VEGFR-3. For each biomarker,
the hazard ratio (HR) and the 95% confidence interval (CI)
were estimated by multivariate Cox regression analysis
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TABLE 2 Immunohistochemical expression in angiosarcoma

Marker Group n (%)
KIT 0 29 (85.3)
1 1 (2.9)
2 4 (11.8)
3 0 (0.0)
PDGFR-a 0 30 (88.2)
1 3(8.8)
2 129
3 0 (0.0)
PDGFR-f 0 4 (11.8)
“1 11 (32.4)
2 11 (32.4)
3 8 (23.5)
VEGFR-1 0 13 (38.2)
1 11 (32.4)
2 4(11.8)
3 6 (17.7)
VEGFR-2 0 2(5.9)
1 10 (29.4)
2 5(14.7)
3 17 (50.0)
VEGFR-3 0 0 (0.0)
1 129
2 7 (20.6)
3 26 (76.5)

including clinical variables (Table 5). A statistically sig-
nificant positive correlation was observed between OS and
the total score for PDGFR-f3, and a significant negative
correlation was observed between OS and the total score
for VEGFR-2. Furthermore, as the total score increased,
the HR for PDGFR-f significantly increased (P = 0.017,
contrast test), while the HR for VEGFR-2 significantly
decreased (P = 0.006, contrast test).

DISCUSSION

The results of our study suggest that increased immu-
nohistochemical expression of PDGFR-f§ is correlated
with shorter OS, while that of VEGFR-2 is correlated with
longer OS in patients with angiosarcoma. However, the
present study has some limitations that should be noted.
Because the sample size in our study was relatively small,
and biomarker evaluation is exploratory and not yet
standardized, the results of the statistical analyses may
contain uncertainties. Additionally, the multiple biomarker
evaluations conducted as part of the Cox regression
analysis should also be considered in interpreting our
study. We were unable to use the primary tumor for all
test samples because of the small amount of the tumor

FIG. 1 Immunohistochemical pattern of PDGFR-f and VEGFR-2
expression in angiosarcoma. Diffuse strong staining of both PDGFR-
B (@) and VEGFR-2 (b) in the cytoplasm of a tumor cell (original
magnification, 100x)

blocks. Thus, further studies may be valuable to examine
these biomarkers in a larger number of patients with pri-
mary tumor samples and to examine the expression profile
changes in these biomarkers between primary, recurrent,
and metastatic disease. Such studies would reveal the
importance of these biomarkers more clearly in patients
with angiosarcoma.

The present study and previous reports have described
the individual frequencies of positive immunohistochemi-
cal expression for biomarkers in patients with angio-
sarcoma. Most studies have included small numbers of
patients, ranging from 2 to 60, because angiosarcoma is an
extremely rare tumor even among sarcomas; therefore, the
reported positive frequencies of these biomarkers vary
considerably. The individual frequencies of positive
immunohistochemical expression of KIT, PDGFR-,
VEGFR-1, VEGFR-2, and VEGFR-3 in angiosarcoma
have been reported to be 17-66%, 100%, 94%, 65-100%,
and 50-100%, respectively.5 »9-19 However, there have been
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TABLE 3 Contingency table for group 0 and groups 1-3 for biomarker pairs

PDGFR-« PDGFR-f VEGFR-1 VEGFR-2 VEGFR-3
Group 0 Groups P Group 0 Groups P Group 0 Groups P Group 0 Groups P Group 0 Groups P
1-3 1-3 1-3 1-3 1-3
XiT
Group 0 26 3 0.488 4 25 1.000 12 17 0.627 2 27 1.000 0 29 -
Groups 1-3 4 1 0 5 1 4 0 5 0 5
PDGFR-«
Group 0 4 26 1.000 12 18 1.000 1 29 0225 0 30 -
Groups 1-3 0 4 1 3 1 3 0 4
PDGFR-f
Group 0 2 2 0.627 0 4 1.000 © 4 -
Groups 1-3 11 19 2 28 0 30
VEGFR-1
Group 0 1 12 1.000 0 13 -
Groups 1-3 1 20 0 21
VEGFR-2
Group 0 0 2 -
Groups 1-3 0 32

— not evaluated

no previous reports regarding the immunohistochemical
expression of PDGFR-« in patients with angiosarcoma.
The variations in the frequencies of positive expression of
these biomarkers may have been caused by varying sample
sizes, immunohistochemical staining methods (including
the antibodies that were used), evaluation methods for
immunohistochemical staining, or cutoff levels for positive
or negative expression of these biomarkers. However, the
frequencies noted in the present study were consistent with
the results of most of the previous studies with regard to
VEGFRs; i.e., high expression of the VEGFR family
kinases was observed in patients with angiosarcoma.
Previous studies have reported that expression of
VEGFR family kinases, including VEGFR-2, in tumor
cells was a statistically significant poor prognostic factor
for various malignancies.’**? However, the present study
demonstrated that in patients with angiosarcoma, higher
expression of VEGFR-2 was significantly associated with a
more favorable OS. Interestingly, a previous study com-
prising 34 patients with angiosarcoma reported similar
results; i.e., patients expressing low or no VEGFR-2 had a
significantly unfavorable prognosis according to a log-rank
test and multivariate analysis, whereas VEGFR-1 and
VEGFR-3 were not significantly associated with progno-
sis.™* A previous study also demonstrated that both VEGF
and VEGFR-2 were highly expressed in patients with
angiosarcoma, and their expression was correlated with cell
proliferation.’® In addition, serum VEGF and VEGF-D
protein levels have been noted to increase with advancing
tamor stages in patients with angiosarcoma.”® Therefore,

the results of these studies suggested that VEGF/VEGFR-2
signals and VEGF-C and D/VEGFR-3 signals contribute to
cell proliferation and tumor progression as autocrine and
paracrine signals.' According to our present results and
those of previous studies, the expression of VEGFR-2 may
indicate cell differentiation and maturation in angiosar-
coma; it may thus play different biological roles than in
other malignancies, with correspondingly different prog-
nostic implications.

The present study also revealed that the expression of
PDGER-f was statistically significantly associated with
shorter OS. Platelet-derived growth factor (PDGF) and
PDGEFR play a role in the invasion, metastasis, and pro-
liferation of solid tumors. Expression of PDGF and PDGFR
has been observed in various tumors, such as osteosarcoma,
Ewing sarcoma, and chondrosarcoma; it has also been
correlated with poor prognosis.**™% Qur results demon-
strated that the PDGFR and VEGFR family had no
statistical correlations with each other. On the basis of
current knowledge, it is difficult to hypothesize why the
receptors PDGFR-§ and VEGFR-2, both of which are
related to angiogenesis, had contrasting prognostic impli-
cations in patients with angiosarcoma.*?**% Thus, these
biomarkers should be further investigated for possible
breakthroughs in understanding of the nature and treatment
of angiosarcoma.

Taxanes are cytotoxic agents classified in the microtu-
bule-damaging category; on the basis of a preclinical study,
they currently appear to be the most potent antiangiogenic
agents.”’ A phase II tral for patients with unresectable



TABLE 4 Correlations between biomarker expression and clinical variables

Age (years) Gender PS Primary site Status at diagnosis Previous radiation History of lymphedema Tumor size (cm)

<65 =65 P Female Male P 0o 1 2P Skin Other P Primary Metastatic P No Yes P No Yes P <5 =5 P
KIT
Group 0 10 19 0348 21 8 1.000 26 3 0.146 12 17 0.627 22 7 1.000 24 0.268 26 3 0.146 17 12 0.634
Groups 1-3 3 2 4 32 1 4 4 3 3 2 3
PDGFR-«
Group 0 9 21 0015 21 9 0554 25 5 1.000 12 18 1.000 23 7 1.000 23 0559 25 5 1.000 18 12 0.299
Groups 1-3 4 0 4 40 1 3 3 4 4 1 3
PDGFR-f§
Group 0 1 3 1000 3 1 1000 4 0 1.000 1 3 1.000 2 2 0229 3 1.000 3 1 0.488 2 2 1.000
Groups 1-3 12 18 22 8 25 5 12 18 24 6 24 26 4 17 13
VEGFR-1
Group 0 7 6 0168 9 4 0704 12 1 0627 7 6 0.168 12 1 0.116 11 0.682 12 ! 0.627 9 4 029
Groups 1-3 6 15 16 17 4 6 15 14 7 16 17 4 10 11
VEGFR-2
Group 0 1 1 1.000 1 1 0465 2 0 1.000 O 2 0513 1 1 0421 2 1.000 2 1.000 2 0 0492
Groups 1-3 12 20 24 8 27 5 13 19 25 7 25 27 5 17 15
VEGFR-3
Group 0 0o 0 - 0 0 - 00 ~ 0 0 - 0 - 0 - 0 - 0 0 -
Groups 1-3 13 21 25 9 29 5 13 21 26 8 27 29 5 19 15

~not evaluated
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FIG. 2 Kaplan-Meier curves
for OS for each biomarker

angiosarcomas reported a response rate of 18% for paclit-
axel, with a time to progression of 4 months.
molecularly targeted drugs have shown modest activity in a
phase II trial of patients with metastatic sarcoma. For
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sorafenib, the overall response rate was 5% (n = 6/122) in
patients with metastatic or recurrent sarcoma; however,
most patients that demonstrated a response (n = 5/6) had
angiosarcomas.>® Another study conducted both kinase and



TABLE 5 Multivariate Cox regression analyses

Variable KIT PDGFR-« PDGER-f VEGER-1 VEGER-2 VEGFR-3
HR 95% C) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CD P HR (95% CI) P
Group 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00 Lor2 100
Tor2 11.84 0.006 1lor2 435 0091 1 113 0894 1 359 0049 1 0.9 0015 3 0.23 0.009
(2.01-69.78) (0.79-23.84) (0.19-6.61) (1.01-12.79) (0.01-0.62) (0.08-0.69)
2 5.86 0043 2 080 0818 2 002 0.002
(1.06-32.43) (0.12-5.53) (0.00-0.24)
3 615 0052 3 161 0562 3 0.10 0.013
(0.98-38.58) (0.32-7.99) (0.02-0.62)
Age <65 1.00 1.00 1.00 1.00 1.00 1.00
(years) >65 12.41 0.001 5.83 0004 640 0.001 5.20 0004 487 0.009 4.01 0.006
(2.99-51.60) (1.78-19.07) (2.17-1891) (1.70-15.90) (1.49-15.92) (1.50-10.71)
Gender Female 1.00 1.00 1.00 1.00 1.00 1.00
Male 2.15 0.114 327 0.021 2.17 0.146 3.00 0.030 2.36 0.074 1.91 0.184
(0.83-5.56) (1.20-8.94) (0.76-6.18) (1.11-8.07) (0.92-6.06) (0.74-4.93)
PS 0 1.00 1.00 1.00 1.00 1.00 1.00
1 0.14 0.022 0.64 0.580 057 0.451 0.18 0.122 0.66 0.625 0.63 0536
(0.03-0.75) (0.13-3.12) (0.13-2.49) (0.02-1.60) (0.13-3.43) (0.15-2.71)
Primary site  Skin 1.00 1.00 1.00 1.00 1.00 1.00
Other 0.45 0227 091 0.866 1.46 0.543 0.74 0679 075 0.684 1.51 0472
(0.12-1.65) (0.28-2.89) (0.44-4.88) (0.17-3.16) (0.19-2.96) (0.49-4.68)
Status at Primary 100 1.00 1.00 1.00 1.00 1.00
diagnosis  perastatic  2.08 0.165 1.65 0319 444 0.024 0.92 0.858 123 0.720 1.13 0.786
(0.74-5.82) (0.62-44.40) (1.22-16.13) 0.36-2.36) (040-3.77) (0.46-2.79)
Radiation No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 0.60 0.310 1.13 0.793 0.33 0.076 0.70 0475 0.81 0.643 1.07 0.887
(0.23-1.60) (0.45-2.83) 0.10-1.12) 0.27-1.86) (0.33-1.99) (0.44-2.59)
History of No 1.00 1.00 1.00 1.00 1.00 1.00
lymphedema  yeg 0.86 0.862 3.14 0.128 0.84 0.847 3.34 0.121 247 0.186 3.06 0.105
(0.16-4.65) (0.72-13.69) 0.15-4.85) (0.73-15.32) (0.65-9.40) (0.79-11.84)
Tumor size < 1.00 1.00 1.00 1.00 1.00 1.00
(cm) >5 2.85 0034 1779 0.258 1.86 0212 405 0.020 254 0.060 1.81 0.232
(1.09-7.51) (0.65-4.91) (0.70-4.96) (1.25-13.16) (0.96-6.73) (0.68-4.78)
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cellular assays for sorafenib, which potentially inhibited c-
kit, PDGFR-f, and VEGFR-23° In a preclinical study,
angiosarcomas showed distinct up-regulation of VEGFR-2
and 10% of angiosarcomas exhibited activating mutations
in VEGFR-2, encoding proteins whose autophosphoryla-
tion is blocked by VEGFR-2 antagonists.** On the basis of
the high frequencies of expression of VEGFR and PDGER-
B kinases, we hypothesize that angiogenesis may play an
important role in angiosarcomas, with corresponding
progunostic implications. Thus, the previous study and our
results support the potential efficacy demonstrated by the
phase I trials described above. Further, our results suggest
that PDGFR-f is a statistically significant prognostic factor
that may aid in identifying high-risk patients who would
benefit from molecularly targeted treatment. We therefore
expect that antiangiogenic agents, particularly molecularly
targeted drugs for PDGFR-f and VEGFR kinases, may be
promising candidates for drug development either for use
as single agents or in combination with paclitaxel for
treatment of patients with angiosarcoma.
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Hemoglobin (G4) 13%
Transaminases {G4) 30%
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Neurotoxicity 5%
‘Ototoxicity 140%
Cardiac toxicity 0.4%

(Ferrari § et. J Clin Oncol 2005; 23: 8845-52)*

= Cardiac toxicity

« Ototoxicity

. Neurotoxicity

+ Respiratory failure’

« Thyroid dysfunction

» Pregnancy problems

« Height and weight problems
- Pgychological problems

= Second malignancy.
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RS TFY7AvrEd s ORREREOBRRT

7R U7 ALV & BUHERMENRBRET
High total curmulative dosé of ADR

High peak serum level of ADR

Combination with other cardiotoxic drugs

Mediastinal radiation therapy
Age at time of exposure
History of cardiac diseases

DAREEEE TR O 12101

Limiting the cumulative dose of ADR less
than 450 mg/m?*

- Anthracycline analogues (EPI, pirarubicin)

.

s

Continuous slow infusion
Antioxidants and chelating agents
Hematopoietic cytokines

4 BHR - WIEEI ST 5 K0 AREDWE

Primary Institute Period N SMNs Interval
Bone -

s St. Jude 1962-1996 334 -9 (2.7%) median 6.3y Cancer 1997

0S MSKCC 19732000 509 14 (28%) median55y Cancer 2002

oS Rizzoli 1972-2001 1205 26 (2.19%) median 7.6 y JPH Oncof 20062

ES CESS. 1981-1991 674 8 (12%) NA 1JR Oncol 1998%

ES Rizzoli 1972-1699 597 14 (2.3%) mean8ly JPH Oncol 2005%

ES St Jude 1979-2004 237 12 (5.1%) NA. Eur J Canicer 20085

0S+ES COG 1976-2005 2842 17(0.6%) median 7y Cancer 2008

*solid SMN (exclude hematologic ralignancies)

Soft tissue

STS Tel-Aviv 1995-1999 375 28 (7.5%) before 14, after 14 Caricer 2001%

STS NCCH 1962-2003 406 35 (8.6%) before 15, after 20 JICO 20054

Child STS  SEER 1973-2000 1499 27 (1.8%) NA Cancer 2005

STS 19582004 818 164 (20%) before 90, after 113 Br J Cancer 2006

Lund®

*National Swedish Cancer Registry

SMN; second malignant neoplasm, OS: osteosarcoma, ES: Ewing’s sarcoma, STS: soft tissué sarcoma
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#5 Ewing BB 2 ZRNAFRE OB

Primary  Institute Period N SMNs Leukaemia  Solid tumor
ES CESS® 1981-1991 674 3 5 3(Sa* 3)
ES Rizzoli® 1972-1999 597 14 3 11(05* 8,Ca 3)
ES St. Jude® 1979-2004 237 12 8 4(05* 2,Ca 2)
ES CCG/POGP 1988~1992

Regimen A (VDCA) 262 5 3 2
Regimen B (VDC-IE) 256 4 2 2
Regimen C (higher dose) 256 6 6 0

*Sarcoma (Sa) or osteosarcoma {OS) which developed in previous radiation field, Ca: cancer

[HEEAE 218 58 srEnen ved ~scom |

Cumulative Dose
MTX 160g/m?
ADR 280mg/m?
CODP 400mg/m?
IFO 108g/m?

¢ 5 = =

R.f
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