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Prognostic Significance of Bcl-2, C-Myc, Survivin and
Tumor Grade in Synovial Sarcoma

Sinovyal Sarkom Olgularinda Bcl-2, C-Myc, Survivin ve
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ABSTRACT

Objective: We aimed to determine the prognostic value of bcl-2,
c-myc and survivin in synovial sarcoma cases and to evaluate the
relationship between the conventional morphological findings with
prognosis.

Material and Method: In this study, we evaluated 81 synovial sarcoma
cases referred to our tertiary tumor center during a period of 20 years.
We applied bcl-2, c-myc and survivin immunohistochemically and
investigated the relationship with prognosis for those 65 cases with
follow-up. The relationship between the conventional morphological
findings (mitosis, necrosis, grade) with prognosis was also
investigated.

Results: Five-year disease free survival rate was 44% and ten-year
progression free survival rate was 38%, reflecting the aggressive
behavior of synovial sarcoma. Tumor grade (according to FNCLCC)
was the most significant prognostic input in this study. We obtained
a significant difference between grade II (40 cases) and grade III (24
cases) group regarding progression-free survival and overall survival
(p<0.001 and p<0.001 respectively). Grade II was divided into two
groups according to mitotic index and necrosis (grade Ila and IIb)
and there was a significant difference between them regarding
prognosis (p=0.013 for progression free survival, p=0.003 for overall
survival). There was a significant relationship between bcl-2 negative
plus focally weak positive cases (9 cases) and focally strong cases
(21 cases) and diffuse strong cases (35 cases) (p=0.042 and p=0.016
respectively). There was a significant relation between c-myc negative
cases (25 cases) and nuclear positive cases (17 cases) regarding overall
survival (p=0.043) and between c-myc negative cases and cytoplasmic
positive cases (23 cases) regarding progression free survival (p=0.05).
The relation between survivin and prognosis was not significant.

Conclusion: Tumor grade was the most significant prognostic
parameter in this study. The grade Ila group (with less than 10
mitoses in 10 HPE, without necrosis) had a better prognosis than
both the grade IIb and III groups. The grade IIb group was closer to
grade III regarding the prognosis. Bcl-2 and c-myc (nuclear and/or
cytoplasmic) immunohistochemical positivity had prognostic value
but this finding has to be confirmed by large series.
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Amag: Bcl-2, c-myc ve survivinin sinovyal sarkom olgularinda
prognostik degerini saptamak ve konvansiyonel morfolojik bulgularin
prognoz ile iliskisini degerlendirmeyi amagladik.

Gereg ve Yontem: Bu ¢aligmada, yaklasik 20 yilda tigiincii basamak
timor merkezimize bagvuran 81 sinovyal sarkom olgusunu
degerlendirdik. Immiinhistokimyasal yontemle bcl-2, c-myc ve
survivin calisarak takibi bilinen 65 olguda prognoz ile iliskisini
aragtirdik. Konvansiyonel morfolojik bulgular (mitoz, nekroz, derece)
ile prognoz arasindaki iligki de arastirildi.

Bulgular: Bu ¢aligmada; bes yillik hastaliksiz sagkalim orani %44, 10
yillik hastaliksiz sagkalim orani %38 olarak bulunmustur ki sinovyal
sarkomun agresif davranigini yansitmaktadir. Bu ¢aliymada timor
derecesi (FNCLCC’ye gore) en anlamli prognostik belirleyiciydi.
Derece II (40 olgu) ile, derece III grubu (24 olgu) arasinda hastaliksiz
sagkalim ve sagkalim agisindan anlamli fark saptandi (sirasiyla
p<0,001ve p<0,001). Derece II grubu mitotik indeks ve nekroz
bulgularina gore iki gruba ayrildi (ITa ve IIb) ve iki grup arasinda
prognoz agisindan fark saptandi (hastaliksiz sagkalim i¢in p=0,013,
sagkalim i¢in p=0,003). Bcl-2 negatif ve fokal pozitif olgular (9 olgu)
ile fokal giiglii pozitif (21 olgu) ve yaygin giiglii pozitif (35 olgu)
olgular arasinda hastaliksiz sagkalim ac¢isindan anlaml iliski saptand:
(swrasiyla p=0,042 ve p=0,016). C-myc negatif olgular ile (25 olgu)
niikleer pozitif olgular (17 olgu) arasinda sagkalim agisindan, c-myc
negatif olgular ile sitoplazmik pozitif olgular (23 olgu) arasinda
ise hastaliksiz sagkalim agisindan anlamli fark saptandi (sirasiyla
p=0,043 ve p=0,05). Survivin ekspresyonunun prognoz ile iligkisi
anlamli degildi.

Sonug: Bu ¢alismada, timor derecesi en anlamli prognostik
belirleyiciydi. Derece IIa grubu (Nekrozu olmayan ve 10 BBAda 10
dan az mitoz gdsteren grup) prognoz agisindan hem derece IIl hem de
IIb grubundan daha iyi prognoza sahipti. Derece IIb grubu prognoz
agisindan derece IITe daha yakindi. Bcl-2 ve c-myc (niikleer ve/veya
sitoplazmik) imminhistokimyasal pozitifligi prognoz ile iligkilidir
ancak bu bulgunun daha genis seriler ile teyit edilmesi gereklidir.

Anahtar Sozciikler: Yumusak doku timorii, Prognoz, Immiinhisto-
kimya, Bcl-2, Myc
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INTRODUCTION

Malignant soft tissue tumors can cause high mortality and
morbidity with local recurrences and systemic metastases.
Synovial sarcoma makes up 5 to 10% of malignant soft tissue
tumors. It is typically seen at the thigh, knee or foot in the
adolescent-young adult period. Histologically, it has two
major types as biphasic and monophasic. The monophasic
type largely consists of the fibrous type. Poorly differentiated
synovial sarcoma may develop with the progression of these
histological types. The biphasic type is usually histologically
recognizable but the help of immunohistochemical (IHC)
markers is required for the diagnosis of the monophasic
fibrous and poorly differentiated types (1). Pancytokeratin
and epithelial membrane antigen are IHC determinants
used for the diagnosis of synovial sarcoma. Some studies
report that cytokeratin 7 is more specific for synovial
sarcoma (2). The THC marker TLE-1 with high sensitivity
for synovial sarcoma has been used in some recent studies
(3). However some studies report the specificity as low (4).
The gold standard for the diagnosis of synovial sarcoma is
showing the specific translocation (t (X; 18) (SYT-SSX)) (5).

The prognosis of synovial sarcomas is generally poor and the
5- and 10-year survival rates have been reported as 36-76%
and 20-63% respectively (1,6-11). The factors associated
with a good prognosis are younger age (younger than 15 or
20 years of age), small tumor size (smaller than 5 or 7 cm),
distal extremity location, low tumor stage and appropriate
excision of the tumor. Having less-differentiated areas in
the tumor, presence of tumor necrosis, and high mitotic
activity (= 10 mitoses/10 HPF) have been reported as
negative morphological prognostic parameters (1,6-12).

The immune expressions of bcl-2, c-myc and survivin in
different types of sarcoma and synovial sarcoma cases
and their relationship with the prognosis have previously
been investigated (13-17). Our aim in this study was to
immunohistochemically evaluate the relationship between
bcl-2, c-myc, survivin expression and the prognosis
of synovial sarcoma because literature findings on the
relationship of bcl-2 and c-myc immune expression with
the prognosis are not clear. In addition, the relationship
between conventional morphological parameters and
prognosis was investigated.

MATERIAL and METHODS

A total of 81 cases who had pancytokeratin or EMA
positivity and were suitable for immunohistochemistry
(IHC) evaluation among the cases diagnosed with or were
thought to indicate synovial sarcoma at our center between
1982 and 2010 were included in the study.
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The general information, follow-up durations and the
information regarding the disease outcomes (recurrence,
metastasis, survival data, etc.) of the cases were obtained
from the Orthopaedics and Traumatology Department
records, Radiation Oncology Department records, hospital
records, and Cancer Monitoring and Control Centre
(KIDEM) records.

The WHO (for histological type) and FNLCC (French
National Cancer Center) criteria were used as the basis
for determining grade of the tumor (differentiation,
mitotic index and necrosis) (18). The histological type was
evaluated in four groups as epithelial predominant, biphasic,
monophasic fibrous and poorly differentiated (Figure 1,2).
All cases received three points for tumor differentiation
during the grading (1). Mitoses were counted at 10 HPF
for mitotic activity. The Nikon Eclipse 80i microscope was
used. During scoring, 1 point was given for 0-9 mitoses,
2 points for 10-19 mitoses and 3 points for 20 or more
mitoses. Cases without necrosis were given 0 points, cases
with less than 50% necrosis 1 point and cases with more
than 50% necrosis 2 points. Cases with a score of 4 points
were evaluated as grade Ila, 5 points as grade IIb and 6 or
more points as grade III.

Five micron thick serial sections were obtained from the
paraffin-embedded blocks belonging to the selected suitable
preparations fixed with formalin to study cytokeratin 7, bcl-
2, c-myc and survivin with the IHC method on positively

Figure 1:
Synovial

| sarcoma, biphasic
| type. Epithelial

' component that
occasionally
forms fusiform
gland-like
structures among
the fusiform
spindle cells
(H&E, x200).

Figure 2:
Synovial sarcoma,
monophasic
fibrous type.
Cellular bundle
structures created
by monotonous
spindle-fusiform
cells (H&E,
x100).
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charged slides and one for hematoxylin-eosin staining. The
cytokeratin 7 (clone OVTL 12-30, Santa Cruz, 1:100 dilu-
tion), bcl-2 (clone 100, Santa Cruz, 1:50 dilution), c-myc
(clone 9E10, Santa Cruz, 1: 25 dilution) and survivin (clone
SPM331, Santa Cruz, 1:50 dilution) primary antibodies
were investigated with IHC examination in the sections.
The biotin-free, HRP multimer -based, hydrogen peroxide
substrate and 3, 3’-diaminobenzidine tetrahydrochloride
(DAB) chromogen containing ultraView™ Universal DAB
Detection Kit (Catalog number 760-500, Ventana Medical
Systems, Tucson, AZ) and a full automated immunohisto-
chemistry staining device (Ventana BenchMark XT, Ven-
tana Medical Systems, Tucson, AZ) were used as the IHC
staining system.

Tissue profiles were taken on electrostatically charged
slides (X-traTM, Surgipath Medical Industries, Richmond,
Ilinois, USA) and dried at 60 °C for at least two hours. The
whole THC staining process including deparaffinization
and antigen revealing procedures were performed at the
BenchMark XT and fully automated IHC staining device.
Only the primary antibodies cytokeratin 7 (OVTL 12-30),
bcl-2 (100), c-myc (9E10) and survivin (SPM331) were
manually placed as drops and incubated at 37 °C for 32
minutes. The counter staining of the sections for which
the counter staining was performed with hematoxylin and
bluing solution in the device was followed by dehydration
after which the sections were made transparent with xylene
and the process was concluded with manual coverslip
closure.

Cytoplasmic positivity as well as the diffuseness of the
staining for bcl-2 were semi-quantitatively evaluated as
diffuse (= 50%) or focal (less than 50) and the severity of
the staining as 1 or 2 positive. Statistical evaluation was
performed on three groups as negative focal faint positive,
focal strong positive, and diffuse strong positive.

Cytoplasmic or nuclear positivity (more than 5% positivity)
as well as the diffusion of c-myc were semi-quantitatively
evaluated as diffuse (50% and over) or focal (less than 50%)
and the severity of the staining as 1 or 2 positive. Statistical
evaluation was performed on a total of three groups as a
negative group, cytoplasmic positive group and nuclear
positive group.

Cytoplasmic positivity and/or nuclear positivity (more than
5% positivity) as well as the diffuseness of the staining for
survivin were semi-quantitatively evaluated as diffuse (50%
and over) and focal (less than 50%) and the severity of the
staining as 1 and 2 positive and the statistical evaluation
was performed on a total of three groups as negative group,
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nuclear evident stained group and cytoplasmic evident
stained group.

Statistical analysis was performed with the SPSS (Version
15.0) package software “Kaplan-Meier” survival analysis
and “Cox Regression” analysis were used in the study. A p
value below 0.05 was considered significant for the analyses.

RESULTS

The 81 cases consisted of 42 (51.9%) males and 39 (48.1%)
females. The age range was 13 to 71 years and the mean
age 33.6£14.9 years. The tumor location was known in 80
cases and was the lower extremity in 53 (65.4%), upper
extremity in 12 (14.8%), the torso in 10 (12.3%), the head
and neck in 3 (3.7%) and intra-abdominal in 2 (2.5%). The
tumor diameter range was 1 to 23 cm and the mean tumor
diameter was 7.7 £ 4.3 cm.

Pancytokeratin or EMA positivity was present in all cases
on immunohistochemical evaluation. A positive result was
obtained in 54 cases and a negative result in 27 cases with
cytokeratin 7.

Follow-up information was present in 65 (80.2%) of the 81
cases. No local recurrence or metastasis was found in 26
(40%) of these 65 patients. Nine (14%) had local recurrence
but no metastasis. Five (8%) had local recurrence and
metastasis. Twenty-five (38%) had recurrence and/or
metastasis and died because of the tumor. The mean disease-
free survival duration was 34.2 + 39.4 months in cases with
local recurrence or metastasis and 89.5 + 69.4 months in
cases with no local recurrence or metastasis. The mean
disease-free survival duration was 111.8 + 16.1 months. The
disease-free survival rate was 44% for five years and 38% for
10 years. The survival rate was 57% for five years and 48%
for 10 years. The survival duration range in the 40 live cases
among the 65 cases where follow-up could be found was 2 to
264 months and the mean survival duration was 82.9 + 68.2
months. The survival duration range of the 25 cases who
died was 12 to 132 months and the mean survival duration
was 35.3 + 25.8 months. The mean survival duration of all
cases with follow up was 150.6 + 16.8 months.

The relationship of gender and age distribution parameters
with disease-free survival or survival duration was not
statistically significant.

The distribution of histological subtypes in the 81 cases was
epithelial predominantin two (2.5%), biphasicin 15 (18.5%),
monophasic fibrous in 60 (74.1%) and poorly differentiated
in 4 (4.9%) cases. No local recurrence and/or metastasis was
found in the two epithelial predominant cases and both were
alive. Local recurrence and/or metastasis was present in 11
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of 14 biphasic cases (78.6%) and absent in 3 (21.4%). Eight
of fourteen biphasic type cases (57.1%) were alive while six
(42.9%) had died. Local recurrence and/or metastasis was
found in 24 of 45 monophasic fibrous type cases (53.3%)
and was absent in 21 (46.7%). 29 of the monophasic fibrous
type cases (64.4%) were alive and 16 (35.6%) had died.
Local recurrence and/or metastasis was detected in all of
the four poorly differentiated synovial sarcoma cases. One
(25%) was alive and three (75%) had died. Although the
disease-free survival and survival durations were shorter in
the biphasic type synovial sarcoma cases compared to the
monophasic fibrous type, this difference was not statistically
significant.

The mean number of mitosis was 7.8 + 7.8 in the 26 cases
with no local recurrence or metastasis. The mean number
of mitoses was 14 + 9.4 in the 29 cases with local recurrence
and/or metastasis. The relationship between mitosis and
disease-free survival was statistically significant (p=0.01).
The number of mitoses in the 40 cases who were alive
was 8.9 * 8.5. The number of mitoses in the 25 cases who
died was 15.6 + 9.2. The relationship between mitosis and
survival was statistically significant (p=0.01).

Necrosis was evaluated in 64 (79%) of 81 cases. 17 (21%)
cases were excluded from the evaluation as they contained

DEMIR D et al: Synovial Sarcoma

post-treatment changes associated with neoadjuvant
therapy. No necrosis was found in 39 (60.9%) of the 64
cases. Necrosis under 50% was observed in 25 (39.1%)
cases. The mean survival duration was 217.3 + 18.8 months
and the mean disease-free survival duration 146.2 + 22.1
months in the group without necrosis when evaluated in 50
of the 64 cases with follow-up. The mean survival duration
was 60.4 + 12.2 months and the mean disease-free survival
duration 45 + 10.5 months in the group with necrosis. The
relationship of the necrosis status of the tumor with survival
duration and disease-free survival duration was statistically
significant (p<0.001 and p=0.0013 respectively).

Gradingcould be performedin 64 (79%) of 81 cases. 17 (21%)
cases were excluded from the evaluation as they contained
post-treatment changes associated with neoadjuvant
therapy. Of the 64 cases, 40 (62.5%) were evaluated as grade
IT and 24 (37.5%) as grade III. The disease-free survival
duration was 192 + 24 months in the grade Ila group, 56
+ 13 months in the grade IIb group and 36 + 9 months in
grade III group at the evaluation performed on 50 patients
with follow-up out of 64 patients. The relationship between
grade ITa and grade IIb and between grade Ila and grade
III was statistically significant in terms of disease-free
survival (p = 0.013 and p < 0.001 respectively) (Figure 3).
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Figure 3: Kaplan-Meier disease-free survival analysis in different tumor grades of synovial sarcoma.
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Table I: Local recurrence, metastasis and survival information of tumor grades

Number of cases Local recurrence (-) Local recurrence Alive Exitus
(n)=50 and metastasis (-) and/or metastasis (+) (n=32) (n=18)
Grade Ila 60% (n=12) 17% (n=5) 53% (n=17) -
Grade IIb 20% (n=4) 23% (n=7) 22% (n=7) 22% (n=4)
Grade III 20% (n=4) 60% (n=18) 25% (n=8) 78% (n=14)
1.0+ — —t } i
Tumor Grade
0.8+ - 112
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Figure 4: Kaplan-Meier survival analysis in different tumor grades of synovial sarcoma.

x100).
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While disease-free survival duration was 159 months in the
grade II group (grade Ila + IIb) it was 36 months in the
grade III group. The difference between grade II and III was
significant in terms of disease-free survival (p<0.001). No
statistically significant difference was found between grade
IIb and grade IIT in terms of disease-free survival (p=0.13).
A statistically significant difference was found between
grade ITa and grade IIb and between grade Ila and grade III
in terms of survival (p = 0.003 and p < 0.001 respectively)
(Figure 4). The difference between grade II and III in
terms of survival was significant (p<0.001). No significant
difference was found between grade IIb and III regarding
survival (p=0.15). The grade-related metastasis, recurrence,
and survival information of the cases are presented in Table
L.
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Figure 6: Kaplan-Meier disease-free survival analysis with bcl-2 immunoexpression in synovial sarcoma.

x200).
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Bcl-2 was negative or faint positive in 9, focal strong
positive in 21 and diffuse strong positive in 35 of 65 patients
with follow-up (Figure 5). The Bcl-2 positivity distribution
and prognosis relationship is provided in Table II. The
relationship between the bcl-2 negative and faint positive
groups and between the focal strong positive and diffuse
strong positive groups was statistically significant in terms
of disease-free survival (p=0.042 and p=0.016 respectively)
(Figure 6).

C-myc was negative in 25, cytoplasmic positive in 23 and
nuclear positive in 17 of 65 cases with follow-up (Figure
7). C-myc positivity distribution and the relationship with
prognosis is provided in Table II. The relationship between
c-myc negative and cytoplasmic positive cases in terms
of disease-free survival and between c-myc negative and
nuclear positive cases in terms of survival was statistically
significant (p = 0.05 and p = 0.043 respectively) (Figure 8).

Survivin was negative in 23, nuclear positive in 18 and
cytoplasmic positive in 24 of 65 cases with follow-up
(Figure 9). The relationship between survivin expression
and prognosis was not statistically significant (Table II).
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Figure 8: Kaplan-Meier survival analysis with c-myc immunoexpression in synovial sarcoma.
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DISCUSSION

Synovial sarcoma basically has the appearance of spindle
cell sarcoma, but shows epithelial differentiation at the
morphological level as well as immunophenotypically.
Similar to the literature, about three-quarters of the cases
in our study consisted of the monophasic fibrous type.
Various findings have been reported in the literature in
terms of the relationship between the histologic type of
synovial sarcoma cases (monophasic fibrous type, biphasic
type) and prognosis (19,20). Although our findings were
not statistically significant, the prognosis of the biphasic
subtype was a bit worse than the monophasic fibrous type.
Local recurrence and/or metastasis were detected in all four
poorly differentiated synovial sarcoma cases, confirming
aggressive behavior similar to other sources.

Synovial sarcomas are usually aggressive tumors and the
five-year survival rate has been reported as 36% to 76% and
the 10-year survival rate as 20% to 63% in various studies
(1,6-11). The five-year survival rate was 57%, and the 10-
year survival rate 48% in our study, confirming the literature
information that synovial sarcomas are aggressive tumors.

Marked tumor necrosis in the synovial sarcoma and high
mitotic activity (> 10 mitosis/10 HPF) have been reported
as negative prognostic factors (15, 16). The mitotic index
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Table II: bcl-2, c-myc and survivin positivity and relationship with prognosis in synovial sarcoma cases

Disease- Recurrence | Recurrence
free Survival or or Alive Dead

survival | (months) | metastasis - | metastasis + | (40 cases) | (25 cases)

(months) (26 cases) (39 cases)
Bcl-2
Negative and Focal faint + | 11 )9 | 513413 5 (56%) 4 (44%) 7 (78%) | 2 (22%)
(9 cases)
Focal strong + (21 cases) 93+21 132+21 8 (38%) 13 (62%) 14 (67%) | 7 (33%) | *p=0,042
Diffuse strong + (35 cases) 82+17 100+18 13 (37%) 22 (63%) 19 (54%) | 16 (46%) | **p=0,016
C-myc
Negative (25 cases) 149425 193+24 14 (56%) 11 (44%) 19 (76%) | 6 (24%)
Cytoplasmic + (23 cases) 73+20 114+20 8 (35%) 15 (65%) 14 (61%) | 9(39%) | ¥ p=0,05
Nuclear+ (17 cases) 59+13 67+13 4 (24%) 13 (76%) 7 (41%) | 10 (59%) |¥¥ p=0,043
Survivin
Negative (23 cases) 115425 | 15827 9 (39%) 14 (61%) | 15(65%) | 8 (35%)
Nuclear + (18 cases) 57+10 94+14 8 (44%) 10 (56%) 12 (67%) | 6(33%) | X p=0,95
Cytoplasmic + (24 cases) 7915 97+15 9 (38%) 15 (62%) 13 (54%) | 1146%) | X Xp=0,51

*Relationship of bcl-2 negative and focal faint positive and focal strong positive cases with disease-free survival **Relationship of bcl-2 negative and focal

faint positive and diffuse strong positive cases with disease-free survival.

¥ Relationship of c-myc negative and cytoplasmic positive cases with disease-free survival, ¥¥ Relationship of c-myc negative and nuclear positive cases

with survival

R Relationship of survivin negative and nuclear + cases with disease-free survival, X X Relationship of survivin negative and cytoplasmic positive cases

with survival.

and the necrosis status of the tumor was associated with
survival and disease-free survival and this relationship
was statistically significant in our study. The relationship
between the tumor grade (where necrosis and mitotic index
are used as parameters) and the prognosis was markedly
statistically significant. The relationship between the
tumor grade and prognosis in synovial sarcoma cases has
been reported in the literature (8,21). The differences in
prognosis between grade II and III cases are a well-known
finding. We divided grade II cases into two groups as Ila
and IIb according to the mitosis and necrosis status and
found no statistically significant difference between them
in terms of prognosis. Grade IIb was found closer to grade
III regarding prognosis.

Cytokeratin 7 is reported to react positively in synovial
sarcoma cases (2). One study evaluated synovial sarcoma
cases containing all subtypes and reported the staining
rates for cytokeratin 7 in the biphasic, monophasic
fibrous and poorly differentiated types as 100%, 79%
and 50% respectively (22). Cases found to be positive
for pancytokeratin or EMA were included in this study.
Positivity with cytokeratin 7 was found in two of three cases.
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The bcl-2 gene plays an important role in pathophysiological
processes as a mechanism ensuring the elimination of
unwanted apoptotic cells. The interruption of this function
creates one of the tumor development mechanisms. The
bcl-2 oncogene and the protein it encodes have been
reported for the first time in follicular lymphoma cases
(23). The bcl-2 gene and the protein product prolong the
life of the cell, and the correlation between the expression
level and prognosis has been studied in various tumors.
For example, a correlation has been found between bcl-2
expression and unfavorable histological parameters and
clinical course in tumors such as neuroblastoma and Ewing
sarcoma (24). Bcl-2 positivity in synovial sarcoma (highly
diffuse positive) is a well-known finding (6,25 -27) but its
relationship with prognosis is unclear (13). A correlation
has recently been found between the bcl-2 m-RNA level and
immunohistochemical expression severity and diffuseness
in 32 synovial sarcoma cases where the SS18/SSX1 or
SS18/SSX2 fusion gene was detected on PCR. A higher
metastasis rate and shorter life was found in cases with
more bcl-2 immunohistochemical expression in the same
study but this finding was not statistically significant (13).
The disease-free survival duration was significantly shorter
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in cases showing strong positively bcl-2 staining than in
bcl-2 negative and focal faint positive cases in our study.
Although bcl-2 staining is not specific for the diagnosis
of synovial sarcoma it may be contribute to determining
the diagnosis in addition it may have prognostic value.
However, we believe this finding needs to be verified in
larger series due to the low number of negative and focal
faint positive cases compared in our study.

The c-myc protein functions as a transcription factor
ensuring the regulation of critical cellular processes such
as cell cycle regulation, cell differentiation, apoptosis,
adhesion and migration (28, 29). Contrary to the regulated
myc expression during normal cell proliferation, the
expression of myc protein is commonly sustained and
sometimes excessive in tumors. This can lead to continuous
transcription of critical target genes and subsequently to
neoplastic transformation. Oncogenic activation occurs
through gene amplification and chromosomal translocation.
C-myc expression has been reported to be associated
with a poor prognosis in solid tumors such as synovial
sarcoma, osteosarcoma, leiomyosarcoma, and liposarcoma
(30). C-myc overexpression has also been identified in
high-grade liposarcoma, chondrosarcoma, and uterine
leiomyosarcoma (31). A study evaluated 28 cases that were
histologically and immunohistochemically diagnosed
with leiomyosarcoma. C-myc expression was found to be
associated with survival and c-myc was identified as an
independent prognostic factor in multivariate analysis
(32). The relationship between c-myc and prognosis was
investigated in 27 synovial sarcoma cases with at least 24
months follow-up and c-myc nuclear positivity was reported
to be a negative prognostic indicator (33). Although c-myc
is a marker expected to give a nuclear reaction, it can also
show cytoplasmic staining (34). There was a statistically
significant relationship between c-myc negative cases and
the cytoplasmic and/or nuclear positive cases in this study.
Survival and disease-free survival duration was found
to be longer in c-myc negative cases. We think that this
finding should be verified with larger series as the statistical
significance was low.

Survivin is a member of the apoptosis inhibitor family
and shows its effect by inhibiting caspase activity. Survivin
can be detected in the cytoplasm and/or nucleus of tumor
cells. Cytoplasmic expression of survivin is reported to
be associated with apoptosis inhibition and control of
cell life and its nuclear expression with facilitating cell
proliferation. Some studies report that nuclear positivity
is associated with the prognosis while others report that
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both nuclear and cytoplasmic positivity is associated with
the prognosis (16,35,36). There are some studies indicating
the survivin expression is associated with the prognosis
in osteosarcoma, leiomyosarcoma and synovial sarcoma
(16,35). Survivin expression was linked to the prognosis in
osteosarcomas and nuclear positivity was found to result
in long-term survival (35). Both nuclear and cytoplasmic
immunohistochemical positivity of survivin have been
reported to be independent prognostic factors for synovial
sarcoma and leiomyosarcoma in 24 leiomyosarcoma and 26
synovial sarcoma cases (36). The survival or disease-free
survival durations in survivin-negative cases were longer
than the survivin-positive cases in our study but this was
not statistically significant.

In conclusion, necrosis and proliferative activity, and tumor
grade (where directly associated with these two parameters)
are important for predicting possible aggressive behavior.
We divided grade II synovial sarcoma cases into two
subgroups unlike the general approach reported in the
literature and found significant difference between these
two subgroups in terms of prognosis. Our results indicate
that cases with 10 or more mitoses on 10 HPF or containing
necrosis (grade IIb) show a relatively more aggressive
course (prognosis closer to grade III) or in other words
cases without necrosis and less than 10 mitoses per 10 HPF
(grade IIa) have a relatively better prognosis. Furthermore,
this finding highlights the importance of conventional
parameters such as mitosis and necrosis. We determined
that the immunohistochemical markers bcl-2 and c-myc
may have prognostic significance in synovial sarcoma cases
but the statistical value of the relationship between these
findings and the prognosis was borderline and should be
verified with larger series.
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