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BACKGROUND. Clear cell sarcoma (CCS) of tendons and aponeuroses (malignant
melanoma of soft parts) is a rare melanocytic soft tissue sarcoma. The objective of
this study was to determine the clinical features, prognostic factors, and optimal
treatment policy for patients with this rare disease.

METHODS. Seventy-five consecutive patients with histologically confirmed CCS
who received treatment between 1980 and 2004 were analyzed retrospectively.
RESULTS. There were 41 men and 34 women, and the median age was 36 years.
Sixty-five tumors were located in the extremities, and 10 tumors were located in the
trunk. The median tumor size was 4 cm. Seventy-one patients underwent surgical
excision, and 56 patients received chemotherapy. Sixteen patients developed local
recurrences, and 52 patients developed metastasis. The overall patient survival rates
was 47% at 5 years and 36% at 10 years. Univariate analysis showed that sex (P
= .018), tumor size (P =.001}), tumor depth (P =.002), TNM classification (P =.001),
and surgical margin (P =.042) were significant prognostic factors. Among the 52
patients who presented with localized disease, sex (P =.023), tumor size (P =.002),
tumor depth (P =.011), TNM classification (P =.004), and chemotherapy (P =.032)
were identified as significant prognostic factors. Multivariate analysis showed that
tumor size remained an independent prognostic factor in both groups.
CONCLUSIONS. The current results supported the contention that early diagnosis
and initial wide excision are essential for a favorable outcome of CCS. The role of
chemotherapy for CCS should be investigated further. Cancer 2007;109:109-16.
© 2006 American Cancer Society.

KEYWORDS: clear cell sarcoma, malignant melanoma of soft parts, prognostic fac-
tors, tumor size, chemotherapy.

lear cell sarcoma (CCS) of tendons and aponeuroses is a rare ma-
lignant tumor that occurs most commonly in the extremities of
young adults. Since its first description as a distinct clinicopathologic
entity by Enzinger in 1965, a number of studies of its histogenesis
have been conducted. Because of its close histologic kinship with
malignant melanoma (the presence of melanin, ultrastructural evi-
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TABLE 1
Clinicopathologic Studies of Clear Cell Sarcoma
Reference Year No. of patients Five-year survival Prognestic factors
Sara et al,, 1990° 1990 17 40 Size
El-Naggaret al., 1991° 1991 11 NA DNA content
Lucas et al,, 1992'° 192 35 67 Size, necrosis
Montgomery et al., 1993 1993 58 63 Size,* necrosis*

. Deenik et al,, 1399 1998 30 30 Size, radiotherapy
Finley et al., 2001' 2001 8 55 “Size
Ferrari et al., 2002" 2002 28 66 Size, site, IRS group
Takahira et al., 2004’ 2004 14 3 Mitosis

Current study 75

Ly

Size,* depth, sex, TNM stage, surgical margin

NA indicates not available; IRS group, Intergroup Rhabdomyosarcoma Study group.

* Multivariate analysis.

dence of melanosomes, and immunohistochemical
staining for 5-100 protein and melanoma-associated
antigen HMB-45), Chung and Enzinger proposed the
name malignant melanoma of soft parts.? More recent
molecular genetic characterization of the 2 diseases
(the presence of translocation t[12;22]{q13;q12], result-
ing in a chimeric EWS/ATF1 gene only in CCS and not
in cutaneous malignant melanoma; the presence of
activating mutations in the kinase domain of the BRAF
gene only in cutaneous malignant melanoma and not
in CCS) have led to the supposition that CCS and ma-
lignant melanoma constitute 2 separate entities de-
spite their histologic resemblance.>*® Compared with
the extensive literature regarding the histopathologic
nature of the disease, very little is known about the
clinical features of CCS.

The main obstacle to gaining a thorough under-
standing of the clinical behavior of CCS is the rarity of

the disease. Even among studies from major referral -

centers, the majority have dealt with less than a few
dozen patients who were treated over a long period
(Table 1)."'* These limitations have impeded the
establishment of well-founded prognostic factors and
treatment policies for CCS. Here, we report a series of
75 patients with CCS who received treattment during
the era of modern multidisciplinary therapy that pro-
vides useful new information on the clinical behavior
of the disease and promising treatment strategies.

MATERIALS AND METHODS

Between January 1980 and March 2004, 75 patients
with histologically confirmed CCS were admitted to our
Japanese Musculoskeletal Oncology Group-affiliated
institutdons. Complete data on patients, tumor charac-
teristics, treatment, and follow-up were available for all
patients. The histologic criteria for the diagnosis of

CCS were those described by Enzinger.! Confirmation
of the diagnosis was made by immunohistochemistry
(immunoreactivity for S-100 protein, HMB-45, and
neuron-specific enolase) and, in selected patients
(diagnostically difficult cases for which snap-frozen tu-
mor tissues had been preserved), by molecular genetic
techniques (reverse transcriptase-polymerase chain
reaction for detection of the chimeric EWS/ATF1 gene)
and/or molecular cytogenetic techniques (fluores-
cence in situ hybridization for the detection of t{12;22]
[q13;q12]) >>1¢

The following demographic and treatment factors
were examined for prognostic importance: patient age
(<30 years, >30 years), sex, tumor size (<5 cm, >5 cm),
location, depth, symptoms, clinical staging, microscopic
surgical margin, chemotherapy, and radiotherapy. With
respect to tumor location, proximal sites included the
trunk and proximal extremities (upper arm and thigh),
and distal sites included distal exiremities (below or at
the elbow and below or at the knee joint). Tumor depth
was classified as superficial or deep in relation to the
investing muscle fascia and was determined by surgery
and radiographic findings. The microscopic surgical
margin was determined histologically on the resected
specimens and was classified as negative (no tumor
cells at the inked margin) or positive (tumor cells at the
inked margin). Clinical staging was assessed according
to the American Joint Committee on Cancer/Interna-
tional Union Against Cancer TNM staging system.’

Patients received multimodality treatment, including
surgery, radiotherapy, and chemotherapy. Wide excision
of the primary tumor with a negative surgical margin was
attempted whenever possible. If necessary, amputation/
disarticulation was planned to achieve a negative sur-
gical margin. For potential margin-positive limb-spar-
ing resection, we preferred amputation/disarticulation
in the hope of obtaining a negative surgical margin.



Radiotherapy was received mainly by patients who
were at risk of local recurrence, because a negative sur-
gical margin could not be obtained despite this surgi-
cal principle. Different chemotherapeutic regimens
were used, partly because many different hospitals
were involved. The chemotherapeutic agents used in-
cluded doxorubicin, ifosfamide, cisplatin, dacarbazine,
cyclophosphamide, vincristine, bleomycin, interferon-
a, and caffeine.

Tumor response was judged from plain radiogra-
phy, computed tomography (CT), and magnetic reso-
nance imaging (MRI) findings according to World
Health Organization criteria.’® A complete response
was defined as the total disappearance of all clinically
and radiologically detectable disease for >4 weeks. A
partial response was defined as a reduction >50% in
the size (sum of the products of the 2 greatest perpen-
dicular dimensions) of measurable lesions with no
new lesions appearing. Stable disease was defined as a
reduction <50% or an increase <25% in the size of
measurable lesions with no new lesions appearing.
Progressive disease was defined as an increase >25%
in the size of measurable lesions or the appearance of
new lesions.

All time-to-event endpoints were computed by
using the Kaplan-Meier method.'® Patients who died of
causes unrelated to CCS were censored at the time of
death. Potential prognostic factors were identified by
univariate analysis using the log-rank test. Independent
prognostic factors were evaluated with Cox propor-
tional-hazards regression using a stepwise selection
procedure.?® To arrive at a parsimonious multivariate
model, covariates were selected into the model only if
they contributed significantly to the fit of the model.
The criterion used to select covariates into the model
was the score chi-square statistic. Differences at P <.05
were considered significant. Statistical analyses were
performed using the Statview 5 statistical package (SAS
Institute Inc., Cary, NC).

RESULTS
Tumor Characteristics
The study group comprised 41 men (55%) and 34
women (45%), and patients ranged in age from 10 years
to 71 years (median, 36 years). Sixty percent of patients
were aged <40 years, and 91% were aged <60 years.
Sixty-five tumors (87%) were located in the extre-
mities, and 10 tumors (13%) were located in the trunk.
The most common tumor site was the foot (22 tumors),
followed by the hand (13 tumors), and the thigh (9
tumors). Twenty-four tumors (32%) were considered
proximal, and 51 tumors (68%) were considered distal.
There were 2 CCS tumors arising from bone (1 in the
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ulna and 1 in the tibia).?! The tumor depth was super-
ficial in 24 patients (32%) and deep in 51 patients
(68%). The tumors ranged in size from 1 cm to 11 cm
(median, 4 cm). The tumors measured <5 cm in 40
patients (53%), between 5 cm and 10 c¢m in 25 patients
(33%), and >10 cm in 5 patients (7%). Tumor size was
unknown in 5 patients. All patients had a mass that
had been enlarging slowly for periods ranging from a
few months to 23 years (median, 12 months). Pain
and/or tenderness were observed in 16 patients (21%).
No patients had a history of melanoma or unusual pig-
mented skin lesions. A chimeric EWS/ATF1 gene was
detected in 7 of 9 patients examined.

Fifty-two patients (69%) presented with localized
disease, and 23 patients (31%) presented with meta-
static disease, including 12 patients with disease meta-
static to lymph nodes, 6 patients with disease
metastatic to the lung, and 5 patients with disease met-
astatic to both lymph nodes and lung. According to the
TNM staging system,'? 31 patients were classified with
stage IIA CCS (tumors <5 cm, no metastases), 2 pa-
tients were classified with stage IIB CCS (tumors >5 cm
and superficial, no metastases), 14 patients were classi-
fied with stage Il CCS (tumors >5 cm and deep, no me-
tastases), and 23 patients were classified with stage IV
CCS (tumors with metastases).

Treatment

In most (71) patients, the principal treatment consisted
of surgical excision of the primary tumor. Four patients
who did not undergo surgery had advanced disease
with multiple distant metastases. Fifty-six patients
underwent limb-sparing surgery, and 15 patients un-
derwent amputation/disarticulation. A negative micro-
scopic surgical margin was achieved in 60 patients, and
a positive margin was observed in 11 patients. Surgical
excision of the metastatic tumors was performed 35
times in 20 patients (19 lymph node resections, 8 pul-
monary resections, and 8 other resections).

Fifty-six patients (75%) received chemotherapy.
Thirty patients received chemotherapy with measure-
able disease, including 27 patients with measurable
metastatic disease and 3 patients with advanced locor-
egional disease. Twenty-nine patients received chemo-
therapy as adjuvant treatment before or after excision
of the primary tumor. Various chemotherapeutic regi-
mens for musculoskeletal sarcomas were employed,
including doxorubicin as a single agent (60-90 mg/m?);
combinations of doxorubicin and ifosfamide (doxo-
rubicin 60 mg/m? and ifosfamide 5-9 g/m?) or doxoru-
bicin and cisplatin (doxorubicin 60 mg/m?, cisplatin
120 mg/m?); combined sodium mercaptoethanesulfo-
nate (mesna) (10 g/m?), doxorubicin (60 mg/m?), ifos-
famide (7.5 g/m?, and dacarbazine (900 mg/m?; and
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FIGURE 1. Overall surviva of 75 patients with clear cell sarcoma.

combined cyclophosphamide (500 mg/m?), vincristine
(1.5 mg/m?), doxorubicin (50 mg/m?), and dacarbazine
(1200 mg/m?. Regimens for malignant melanomas
also were employed, including combined dacarbazine
(500 mg/m?), nimustine (60 mg/m?), and vincristine
(1.5 mg/m?; and interferon-a (5 x 10° U/m? per day
subcutaneously for 5 days).?>?* Caffeine-assisted
chemotherapy using cisplatin and doxorubicin was
received by 7 patients.?®?® Three to five courses of
cisplatin (120 mg/m?), doxorubicin (30 mg/m? per
day for 2 days), and caffeine (1.5 g/m® per day for
3 days) were administered to 4 patients with measura-
ble disease and to 3 patients without macroscopic
disease. The most common chemotherapeutic agents
used in the regimens were doxorubicin (n = 48), ifos-
famide (n = 27), and cisplatin (n = 25).

Radiotherapy (external-beam irradiation with mega-
voltage beams) was received by 17 patients (preopera-
tively in 6 patients, postoperatively in 11 patients). The
median radiotherapy dose was 45 grays (Gy) (33 Gy for
preoperative irradiation, 60 Gy for postoperative irra-
diation).

Treatment Outcome

Follow-up ranged from 2 months to 243 months (aver-
age, 44 months). Metastatic disease developed in 52
patients; and local recurrence developed in 16 patients,
including 3 patients who developed metastasis earlier
than local recurrence, 3 patients who simultaneously
developed local recurrence and metastasis, and 7
patients who developed metastasis after local recur-
rence. The site of the first metastasis was the lymph
nodes in 24 patients, lung in 15 patients, bone in 3
patients, and multiple regions in 10 patients. Develop-
ment of lymph node metastasis, which was the most
frequent pattern of the first recurrence of the disease,

TABLE 2
Analyses of Overall Survival (All Patients)
§-year

Variable survival  Univariaste? CoxP  RR 95% CI
Sex

Men 31

Women 65 018
Age

<30y 51

>30y 45 589
Location

Proximal 39

Distal 51 281
Depth

Superficial 80

Deep 29 002
Size

<5cm 64

>5cm 19 001 021 5,65 1.28-2471
Symptom

Pain {negative} 43

Pain (positive} 56 574
TNM stage

11 72

i 24

v 25 001
Microscopic margin

Negative 4

Positive 20 042
Chemotherapy

Yes 53

No 20 .180
Radiotherapy

Yes 35

No 50 060

RR indicates relative risk; 95% Cl, 95% confidence interval.

generally preceded wide dissemination of the disease.
At the time of the current analysis, 34 patients had died
as a result of disseminated metastatic disease. The
median time to metastasis, local recurrence, and
cancer-specific death was 13 months, 19 months, and
20 months, respectively. '

The overall survival rate was 47% at 5 years and
36% at 10 years (Fig. 1). Univariate analysis showed
that sex (P =.018), tumor size (P =.001), tumor depth
(P =.002), TNM classification (P =.001), and surgical
margin (P =.042) were significant prognostic factors
for survival (Table 2). Other tumor- or therapy-related
variables (including identification of the EWS/ATF1
gene or t[12;22] translocation) were identified as not
significant. On multivariate analysis, only tumor size
(P =.021) emerged as a significant prognostic factor.

Of the 52 patients who presented with localized
disease, the overall survival rate was 55% at 5 years
and 41% at 10 years. Univariate analysis showed that



TABLE 3
Analyses of Overall Survival (Localized Disease)
5-year

Variable survival ~ UnivariateP  CoxP RR 95% Cl
Sex

Men 36

Women 3 023
Age

<30y 59

>30y 54 913
Location

Proximal 41

Distal 63 183
Depth

Superficial 90

Deep 39 01
Size

<5¢cm 7

>5cm 28 002 026 3.76 1.16-12.17
Symptom

Pain {negative) 51

Pain (positive) 64 606
TNM stage

1 72

it} 24 004
Microscopic margin

Negative - 59

Positive 33 539
Chemotherapy

Yes 66

No 22 032
Radiotherapy

Yes 51

No 56 248

BR indicates relative risk; 95% Cl, 95% confidence interval.

sex (P =.023), tumor size (P =.002), tumor depth (P
= .011), TNM classification (P =.004), and chemother-
apy (P =.032) were significant prognostic factors in
this group of patients (Table 3). Women had a signifi-
cantly better prognosis than men. Patients who had
tumors in deep sites and patients with tumors >5 cm
had a significantly worse prognosis compared with
other patients (Fig. 2). Patients who received adjuvant
chemotherapy appeared to have a better outcome
than patients who did not receive chemotherapy. On
multivariate analysis, only tumor size (P = .026)
remained a significant prognostic factor.

The cumulative probabilities of recurrence at
5 years and at 10 years were 22.3% for local recurrence
(recurrence) compared with 61.0% and 68.5% for dis-
tant recurrence (metastasis), respectively (Fig. 3). The
cumulative risk for metastasis was significantly greater
than that for local recurrence (P =.004).

Response to chemotherapy was evaluable in 30
patients who had measurable disease. Objective tu-
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FIGURE 2. Overall survival of 52 patients who presented without metastatic
disease according to tumor size (P =.002). Solid line indicates tumors <5 cm;
dotted line, tumors >5 cm.

Probability

FIGURE 3. Cumulative probabilities of recurrence are illustrated according
to types of failure (P = .004). Solid line indicates metastasis; dotted line, local
recurrence.

mor regression (partial response) was observed in 7
patients (23.3%: 95% confidence interval, 8.2-38.5%).
Seventeen patients had stable disease, and 6 patients
had progressive disease. Regimens that achieved an
objective response included caffeine-assisted chemo-
therapy using doxorubicin and cisplatin in 3 patients,
doxorubicin combined with cisplatin in 2 patients,
and a combination of doxorubicin, cisplatin, and ifos-
famide in 2 patients.

DISCUSSION

CCS is a rare melanocytic tumor that accounts for 1%
of all soft tissue sarcomas.’? The rarity of the disease
makes it difficult to draw conclusive statements



114 CANCER January 1, 2007 / Volume 109 / Number 1

regarding its clinical behavior, prognostic factors, and
ideal treatment. To our knowledge, the current study
represents the largest reported series of patients with
CCS treated during the era of modern multidisciplin-
ary treatment. The results confirmed the known clini-
cal features of CCS originally reported by Enzinger:
arising primarily in young adults, predominance in
distal extremities, and presenting as a slowly enlar-
ging mass that has been evident for several months or
even years." Our findings also revealed several impor-
tant factors that predict the clinical behavior of CCS
and disclosed problems awaiting solution.

In our series, the 5-year survival rate was 47%, and
the 10-year survival was only 36%. Survival data from
other studies also suggest an unsatisfactory outcome,
generally with a 5-year survival rate <50%. Lucas et al.
reported a 5-year survival rate of 67%, but the rate
decreased to 33% at 10 years.'’

Development of late metastases after a long dis-
ease-free interval was not rare in patients with CCS.
The pattern of metastasis, with a preference for lymph
node metastasis compared with pulmonary metastasis,
also was a unique feature. The finding that a substan-
tial percentage of patients develop initial extrapulmon-
ary metastasis has implications for the staging workup
and subsequent monitoring for this specific subtype of
sarcoma. In addition to the regular check-ups for pul-
monary metastasis, close workups and monitoring of
lymph node, abdomen/pelvis, and skeletal metastasis
using CT, MRI, bone scan, and possibly positron emis-
sion tomography are recommended for patients with
CCs.

The role of regional lymph node dissection in CCS
has not been established to date. Some authors recom-
mend prophylactic elective lymph node dissection,
whereas others suggest lymphadenectomy only in pa-
tients who show clinical lymphadenopathy.!*** Con-
sistent lymph node dissection was not performed in
the current study, because it was a retrospective case
series. Sentinel lymph node biopsy, which has been
used successfully for the staging of patients with breast
cancer and melanoma, may allow early detection of
lymph node metastasis in patients with CCS.2"?8 It is
quite possible that, with diligent staging using sentinel
node biopsy, some patients who are believed to have
localized disease in the current series will turn out not
to have localized disease, and this would have a signifi-
cant impact on the analyses. Further investigations of
the usefulness of sentinel lymph node biopsy in CCS
are warranted.

There is little information available in the litera-
ture with regard to prognostic factors in CCS. The
only factors that have been associated significantly
with survival are tumor size, site, the presence of ne-
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FIGURE 4. Overall survival of patients who had stage IlA tumors (solid line)
compared with overall survival of patients: who had stage 1B or Iil tumors
(dashed line) and patients who had stage IV tumors (dotted line; P =.002).

crosis, mitotic rate, DNA content, complete surgical
resection, and perhaps adjuvant radiotherapy.®*’° In
our study, we observed that tumor size, tumor depth,
sex, TNM classification, and surgical margin had prog-
nostic value for patients with CCS in a univariate anal-
ysis. In a multivariate analysis, tumor size emerged as
the only significant variable associated with survival.
Patients with CCS tumors >5 cm had a significantly
worse prognosis than patients with smaller tumors.
Considering the types of failure, tumors >5 cm had a
significantly higher rate of metastases than smaller
tumors (79% vs 48%, respectively; P = .012), whereas
the rate of local recurrence did not differ significantly
(13% vs 29%, respectively; P =.287). Figure 4 shows the
survival curve of patients with stage IIA tumors (no
metastasis, <5 cm) compared with the survival curve
of patients with stage IIB or III tumors (no metastasis,
>5 cm) and with stage IV tumors (with metastasis).
The survival curve for patients with stage IIA tumors
stands apart considerably from the curves for patients
with tumors at other stages. Patients who had nonme-
tastatic tumors >5 cm had slightly better survival up
to 2 years compared with patients who had metastatic
tumnors, but the 2 survival curves became equivalent
after 3 years (P =.318). These results indicate that it
probably should be assumed that patients with CCS
tumors >5 cm have micrometastasis at the time of
presentation, even if no findings of metastatic disease
are evident at the time. These patients have a great
propensity to develop macroscopic metastases within
a few years, and they have a grim prognosis. Thus,
stratification based on tumor size (<5 cm or >5 cm)
may help to identify patients with CCS at greater risk
of metastases who may benefit from adjuvant therapy.



However, it is disappointing that the traditional
doxorubicin-based chemotherapy used for other non-
small round cell soft tissue sarcomas has not been
effective for patients with CCS.}>'* Deenik et al. ob-
served that chemotherapy like doxorubicin, doxorubicin
combined with ifosfamide, or doxorubicin combined
with dacarbazine did not have any appreciably benefi-
cial effect in CCS." Finley et al. reported that multiagent
chemotherapy (doxorubicin, vincristine, cyclophospha-
mide, dacarbazine, and ifosfamide) administered to
6 patients with CCS had no impact on outcome.'?

There are only isolated reports of CCS responding
to chemotherapy. In 1 such report, a patient with ad-
vanced CCS showed a marked response to a combina-
tion of vincristine and bleomycin.? In another report, a
patient with recurrent CCS achieved complete remission
that lasted for 17 months after intralesional administra-
tion of interferon-«.>® Although these cases represented
a unique and marked response of CCS to these agents,
few studies have demonstrated similar results.

In the current series, we observed an objective tu-
mor response to chemotherapy in 23% (7 of 30) of
patients with advanced disease. Moreover, patients who
received adjuvant chemotherapy appeared to have a
better outcome than patients who did not receive
chemotherapy. Although the treattment regimens were
too variable for statistical analysis, these findings indi-
cate that CCS has a certain degree of chemosensitivity.

It is noteworthy that all chemotherapeutic regi-
mens that elicited a response included cisplatin. Cis-
platin has significant activity against pediatric and
bone sarcomas, but its reported single-agent response
rate in adult soft tissue sarcomas was <20%.>'"3* There
is no information available in the literature about the
effect of cisplatin on CCS. It also is noteworthy that
patients who received caffeine-assisted chemotherapy
with doxorubicin and cisplatin showed a marked tu-
mor response. Three of 4 patients with measurable
CCS who had received caffeine-assisted chemotherapy
showed objective regression of the tumor. Caffeine,
which has an inhibitory effect on DNA repair, en-
hances the cytocidal effects of anticancer drugs and
radiation. Tsuchiya et al recently reported an excellent
local response to caffeine-assisted chemotherapy in
various kinds of musculoskeletal sarcomas.?>2®

Although our favorable results still require confir-
mation, the use of cisplatin with or without caffeine
warrants further consideration in CCS, especially in
patients with metastatic disease or in patients with
tumors >5 cm, who have a high likelihood of develop-
ing metastases and a poor outcome. Prospective coop-
erative studies are needed to define the role of cisplatin
and caffeine in the treatment of CCS and to explore
new active agents for this rare malignant disease.
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In conclusion, the overall prognosis for patients
with CCS is poor mainly because of its high propensity
for distant metastasis. Our current results indicate that
tumor size is the most important predictive factor for
both distant metastasis and survival. CCS tumors >5 cm
are associated with a high metastatic rate; and, once
metastasis has occurred, the prognosis is dismal. Early
recognition of this disease and prompt wide excision of
small tumors are essential for a favorable outcome. To
improve the prognosis of patients who have CCS tumors
>5 cm, the establishment of an effective chemotherapy
regimen is necessary. In this regard, our finding that cis-
platin and caffeine may exert an antineoplastic effect
against CCS is of considerable interest. Prospective co-
operative studies are warranted to define the role of
such treatmment and to establish the best therapeutic
strategies for CCS.
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Dysadherin Expression as a Significant Prognostic Factor
and as a Determinant of Histologic Features in Synovial
Sarcoma: Special Reference to its Inverse Relationship
With E-cadherin Expression
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Abstract: Dysadherin is a cancer-associated cell membrane
glycoprotein, which down-regulates E-cadherin and promotes
metastasis. Synovial sarcoma is a very rare mesenchymal tumor
that exhibits an epithelial profile. To confirm the diagnosis of
synovial sarcoma, we evaluated several immunohistochemical
markers, or detected SYT-SSX fusion gene transcript. We
studied the clinicopathologic features in 92 synovial sarcoma
patients and also assessed the immunohistochemical expression
of dysadherin and E-cadherin to examine their possible
association with histologic subtype and biologic behavior.
Moreover, among 30 patients, for whom frozen materials were
available, dysadherin mRNA expression was examined by
reverse transcription-polymerase chain reaction and real-time
quantitative reverse transcription-polymerase chain reaction
analysis. Dysadherin-positive expression was significantly
correlated with E-cadherin—reduced expression (P = 0.0004).
Dysadherin-positive immunostaining was diffusely observed in
the membranes of tumor cells in 30/68 (44%) patients with
‘monophasic fibrous type and in 1/2 (50%) patients with poorly
differentiated type. However, in biphasic tumors, dysadherin
expression in the fibrous component was not diffusely observed,
but often sporadically or focally observed [20/22 (91%)
patients]. In addition, dysadherin mRNA expression in mono-
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phasic fibrous type was significantly higher than in biphasic type
(P = 0.0079). Synovial sarcoma patients with dysadherin
expression survived for a significantly shorter time than those
without dysadherin expression (P = 0.0006). Patients with
combined dysadherin-positive expression and E-cadherin—
reduced expression had a significantly worse prognosis than
those with other combinations of dysadherin and E-cadherin
expression (P = 0.0007). SYT-SSX fusion gene transcript was
detected in 39 patients. In our series, SYT-SSX fusion type was
found to have no correlation with histologic subtype, prognosis,
or dysadherin expression. In multivariate analysis, dysadherin
immunopositivity (£ = 0.0411) was an independent adverse
prognostic factor, in addition to a high MIB-1 labeling index
(=10%). We conclude that E-cadherin dysfunction by dysad-
herin is associated with reduced E-cadherin expression and
morphologic change from epithelioid to spindle phenotype.
Dysadherin expression is considered to be one of the determi-
nants of histologic subtype in synovial sarcoma. Moreover,
dysadherin expression is an excellent and independent prog-
nostic indicator.

Key Words: synovial sarcoma, dysadherin, E-cadherin, prog-
nosis, histologic features

(Am J Surg Pathol 2007;31:85-94)

Synovial sarcomas are known to have 2 major forms,
monophasic fibrous type, in which the tumors are
composed of spindle cells, and biphasic type, in which the
tumors contain both epithelial cells arranged in a
glandular structure and spindle cells. In an effort to find
the possible determinants of the histologic subtype of
synovial sarcoma, studies have focused on the chimeric
fusion transcripts, SYT-SSX1 and SSX2, that are caused
by a characteristic chromosomal translocation,
t(X;18)(p11;q11).!® It has been demonstrated that there
is a significant relationship between histologic subtype
and the type of fusion transcript, although the mecha-
nisms involved in epithelial differentiation in synovial
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sarcoma remain unclear."''® Dysadherin is a cancer-
associated cell membrane glycoprotein, which down-
regulates E-cadherin by a pl)osttranscriptional mechanism
and promotes metastasis.'> In the present study, we
assessed the immunohistochemical expression of dysad-
herin and E-cadherin in synovial sarcoma, and we
examined their possible association with histologic sub-
type and biologic behavior. In addition, we also examined
dysadherin mRNA expression in synovial sarcoma, and
compared its expression with dysadherin immunohisto-
chemical expression and histologic features. The aim of
this study was to evaluate the influence of dysadherin on
the progression of synovial sarcoma, with special
emphasis on its histologic subtype, and to clarify the
importance of dysadherin in the biologic behavior of
synovial sarcoma.

MATERIALS AND METHODS

Cases were selected from among more than 12,000
cases of bone and soft-tissue tumors registered in the
Department of Anatomic Pathology, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, Japan
between 1955 and 2004. Because written informed
consent had not been obtained, identifying information
for all patients was removed before analysis for the
purpose of strict privacy protection. There were 92
synovial sarcoma patients, suitable for immunohisto-
chemical study. Histologic subtypes comprised 68 pa-
tients with monophasic fibrous type, 22 patients with
biphasic type, and 2 patients with poorly differentiated
synovial sarcoma. The monophasic fibrous type synovial
sarcoma may resemble a number of other spindle cell
neoplasms such as fibrosarcoma, leiomyosarcoma, malig-
nant peripheral nerve sheath tumor, hemangiopericyto-
ma, and spindle cell carcinoma. To confirm the diagnosis
of synovial sarcoma, we evaluated several useful im-
munohistochemical markers such as cytokeratins (cyto-
keratin 7, cytokeratin 19, etc.), epithelial membrane
antigen, S-100 protein, myogenic markers, bcl-2 protein
and CD34,2627 or examined SYT-SSX fusion gene
transcript. Frozen materials were available in 30 patients
to detect SYT-SSX fusion gene transcript. Moreover,
formalin-fixed paraffin-embedded materials were avail-
able to try detecting SYT-SSX fusion gene transcript in
additional 43 patients. Clinical data for these 92 patients
were collected from the medical records. Survival data
were available for all 92 patients. Follow-up ranged from
1 to 278 months (mean, 56.2mo). To assess the
correlation between clinicopathologic factors and dysad-
herin expression, age, sex, the anatomic location of the
tumor, tumor depth, size, glandularity (histologic sub-
type), mitotic rate, tumor necrosis, the presence of
rhabdoid cells, SYT-SSX fusion type, FNCLCC (French
Fédération Nationale des Centres de Lutte Contre le
Cancer) grade and AJCC (American Joint Committee on
Cancer) stage, were analyzed. The influence of these
factors on prognosis has been previously reported.?® As
for histologic subtype, “presence of glandularity” implies
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biphasic type, whereas “absence of glandularity” includes
monophasic fibrous type and poorly differentiated type.
As for tumor depth, “superficial” tumor is located
exclusively above the superficial fascia without invasion
of the fascia, whereas “deep” tumor is located either
exclusively beneath the superficial fascia, or superficial to
the fascia with invasion of or through the fascia. As for
tumor location, “distal” tumor occurs in the distal
extremities (below knee or below elbow), whereas
“proximal” tumor occurs in the proximal region of the
extremities and in the trunk.

Immunohistochemistry

Immunohistochemical study was performed using
mouse IgG monoclonal antibodies against dysadherin!s
(NCC-M53, 1:1000, National Cancer Center, Tokyo),
E-cadherin (1:1000, BD Transduction Laboratories, San
Jose, CA), and Ki-67 (MIB-1, 1:100, Dako, Grostrup,
Denmark). Specimens are pretreated in an autoclave for
dysadherin (20 min, 120°C) or in a microwave oven for
E-cadherin and MIB-1 (20min for both antibodies).
Sections were incubated with the primary antibodies at
4°C overnight, followed by staining with a streptavidin-
biotin-peroxidase kit (Nichirei, Tokyo, Japan). Staining
for dysadherin and E-cadherin was localized within the cell
membranes. The pattern of dysadherin immunostaining in
tumors was compared with that observed in the basal cells
of normal skin tissue, endothelial cells and lymphocytes.
Dysadherin immunoreactivity was evaluated in the fibrous
component that was common to the 3 histologic subtypes,
even in the biphasic type containing glandular compo-
nents. Tumors were classified as dysadherin-positive when
more than 50% of the cells in the fibrous component were
stained.>?%3*3% Moreover, the proportion of dysadherin
positive cells was evaluated semiquantitatively and classi-
fied into 4 groups: 0% to 9% (1 +; sporadic), 10% to 29%
(2+; focal), 30% to 49% (3+), and > 50% (4+; diffuse).
E-cadherin immunoreactivity has been_described as_pre-
served (positive) when more than 90% of the cells were
stained within the membrane of the tumor cells.?’ The
proportion of E-cadherin positive cells was also evaluated
semiquantitatively and classified into 4 groups: 0% to 49%
(1+), 50% to 69% (2+), 70% to 89% (3+), and >90%
(4+). In biphasic types of synovial sarcoma, E-cadherin
immunoreactivities were evaluated in both the fibrous and
the glandular components, and if at least one component
was described as preserved (positive), then that case was
described as preserved (positive).”’ The MIB-1-labeling
index was estimated as the percentage of Ki-67-positive
cells based on a count of 1000 tumor cells within the
tumor. Dysadherin and E-cadherin expression were
evaluated independently by 3 of the authors (T.I, Y.O.,
and T.H.) without any knowledge of the clinical features in
each case.

RT-PCR and Real-time Quantitative RT-PCR to
Detect Dysadherin mRNA

Frozen materials were also available for 30 patients
with synovial sarcoma (20 patients with monophasic

© 2006 Lippincott Williams & Wilkins
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fibrous type, 8 patients with biphasic type, and 2 patients
with poorly differentiated type). Two synovial sarcoma
cell lines (HS-SY-II,*® and SYO-1'") were generously
provided by the coauthors for this study. HS-SY-II was
established from monophasic fibrous type, whereas
SYO-1 was established from biphasic type synovial
sarcoma. Total RNA was prepared, using Trizol Reagent
(Invitrogen Corp, Carlsbad, CA) according to the
manufacturer’s protocol. Five micrograms of RNA in
each sample were used for the subsequent reverse
transcription. Sequences of specific pairs of primers were
as follows: dysadherin (upper primer: 5-AGA GCA CCA
AAG CAG CTC AT-3¥; lower primer: 5-GGG TCT
GTC TGG ACG TCT GT-3'; product size, 85bp). The
PCR products were electrophoresed in 2.0% agarose gel
and visualized with ethidium bromide. cDNA from the
Li-7 human hepatoma cell line was used as a positive
control for dysadherin expression, and PLC/PRF/S was
used as a negative control.’’

Real-time quantitative reverse transcription-poly-
merase chain reaction (RT-PCR) (TagMan PCR) for
dysadherin was performed using an ABI PRISM 7700
Sequence Detection System (Applied Biosystems, Foster
City, CA) and predeveloped TagMan assay reagents of
human dysadherin and GAPDH. The PCR reaction was
carried out according to the manufacturer’s protocol.'*
The standard curve was constructed with serial dilutions
of the cDNA samples of Li-7. All reactions of the samples
were triplicated and the data were averaged from the
values obtained in each reaction. To determine the
mRNA levels of dysadherin, we used an mRNA expres-
sion index (EI), which is a relative mRINA expression level
standardized by using the internal housekeeping gene,
GAPDH. The dysadherin mRNA EI was calculated as
follows [in arbitrary units (AU)): mRNA EI = (copy
numbers of dysadherin mRNA /copy numbers of GAPDH
mRNA) x 1000 AU.

Statistical Analysis

The survival curves were analyzed by the Kaplan-
Meier method and the outcome of the different groups of
patients was compared by the log-rank test. The Cox
proportional hazards regression with the stepwise proce-
dure was used in multivariate analysis of survival data.
The correlations between dysadherin and E-cadherin
immunoreactivity and glandularity were evaluated using
the Mann-Whitney U test. The correlation between
dysadherin and E-cadherin expression was evaluated

using Kendall rank correlation coefficient. Fisher exact
test was used to evaluate the association between 2
dichotomous variables. The correlations between each
group and dysadherin mRNA expression were determined
by using the Mann-Whitney U test. Probability values of
less than 0.05 were considered as significant.

RESULTS

The clinicopathologic findings of 92 patients with
synovial sarcoma are summarized in Table 1. Sixty
patients were affected at the proximal extremities or
trunk, whereas 32 patients had a tumor at the distal
extremities. Eighty-one tumors were deeply situated, and
11 were superficially situated. Histologically, 22 patients
were categorized as presence of glandularity (biphasic
type) and 70 patients as absence of glandularity (mono-
phasic fibrous type and poorly differentiated type).
Rhabdoid cells were detected in 9 patients, but were
absent in 83 patients. Among the 30 patients, for whom
frozen materials were available, 20 patients demonstrated
SYT-SSX1 fusion type, whereas 10 patients demonstrated
SYT-SSX2 fusion type. Among the 43 patients, for whom
only formalin-fixed paraffin-embedded materials were
available, high quality and quantity of total RNA suitable
for RT-PCR analysis could be extracted in 15 patients.
Fusion type was detected in 9 out of these 15 patients.
Eight patients demonstrated SYT-SSX1 fusion type,
whereas | patient demonstrated SYT-SSX2 fusion type.

Immunohistochemical Findings

The results of immunohistochemical study for
dysadherin and E-cadherin are summarized in Table 2.
As for glandularity, there was a strong relationship between
higher dysadherin expression and absence of glandularity
(P =0.0002), and a strong relationship between higher
E-cadherin expression and presence of glandularity
(P <0.0001). Dysadherin-positive staining was diffusely
(= 50%) and strongly observed in the membranes of tumor
cells in 30/68 (44%) patients with monophasic fibrous type
(Fig. 1B) and in 1/2 (50%) patients with poorly differ-
entiated type. E-cadherin membranous expression was
reduced (negative) in 56/68 (82%) patients with mono-
phasic fibrous type (Fig. 1C) or in 2/2 (100%) patients with
poorly differentiated type. In biphasic tumors, dysadherin
expression in the fibrous component was not diffusely
(= 50%) observed, but often sporadically (0% to 9%) or
focally (10% to 29%) observed [20/22 (91%) patients]

TABLE 1. Clinicopathologic Parameters in 92 Cases of Synovial Sarcoma

Age (y) Sex Location Depth Size (cm) Glandularity
<20 19 Male 35 Proximal 60 Deep 81 <5 35 Present 22
>20 73 Female 57 Distal 32 Superficial 11 >S5 57 Absent 70
Mitotic Rate (per 10 HPFs) Tumor Necrosis (%) Rhabdoid Cells Chimera Gene (39 Patients) FNCLCC Grade AJCC Stage
<15 59 <50 74 (+) 9 SYT-SSX1 | 28 Grade 2 41 Stage II 37
> 15 33 250 18 (=) 83 SYT-SSX 2 11 Grade 3 51 Stage III 42
Stage IV 13
© 2006 Lippincott Williams & Wilkins 87
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TABLE 2. Immunohistochemical Results for Dysadherin and E-cadherin

Histologic Subtype

Glandularity (Absent) Glandularity (Present)
(n = 70) (n=122)
Monophasic (n = 68) Biphasic
and Poorly (n = 2) =22
Dysadherin
> 50% (4+) (diffuse) 31 (1) 0
30%-49% (3+) 7 2
10%-29% (2+) (focal) 14 (1)* 8
0%-9% (1 +) (sporadic) 18 12
E-cadherin
>90% (4+) 12 20
70%-89% (3+) 4 1
50%-69% (2+) 12 0
0%-49% (1+) 42 (2)* ]

P = 0.0002 by Mann-Whimey U test [between dysadherin expression and glandularity (histologic subtype)}.
P < 0.0001 by:Mann-Whitney U test [between E-cadherin expression and glandularity (histologic subtype)].

*Poorly differentiated type.

(Fig. 1E) (Table 2). However, in the glandular component,
dysadherin and E-cadherin were frequently coexpressed in
20/22 (91%) patients (Figs. 1E, F). The correlations
between dysadherin immunoreactivity and E-cadherin
immunoreactivity (inverse relationship) are summarized in
Table 3. Kendall 1t value was calculated to be —0.339
(P <0.0001, by Kendall rank correlation coefficient),
indicating a significant negative correlation between
dysadherin expression and E-cadherin expression. The
correlations between dysadherin and E-cadherin immuno-
reactivity and clinicopathologic parameters are summarized
in Table 4. There was a strong relationship between absence
of glandularity and dysadherin-positive expression
(P <0.0001), and a strong relationship between presence
of glandularity and E-cadherin—preserved (positive) ex-
pression (P < 0.0001). Dysadherin-positive expresston was
also significantly correlated with a high age (> 20y), a large
tumor size (>5cm), and a high MIB-1 labeling index
(= 10%). E-cadherin—preserved (positive) expression was
significantly correlated with a low mitotic rate (<15 per
10 HPFs), a low MIB-1 labeling index ( < 10%) and a low
FNCLCC grade (grade 2). Other parameters including
the chimera gene (SYT-SSX fusion type) had no
statistically significant correlation with dysadherin or
E-cadherin expression.

Dysadherin mRNA Expression by RT-PCR
and Real-time Quantitative RT-PCR

The specificity of RT-PCR was confirmed and
visualized by the presence of dysadherin mRNA in the
Li-7 cell line and the absence of dysadherin mnRNA in the
PLC/PRF/5 cell line (Fig. 2). Dysadherin mRNA expres-
sion by RT-PCR in synovial sarcoma was observed in all
3 histologic subtypes, varying in density (Fig. 2).
Monophasic fibrous type tumors showed a higher
dysadherin mRNA expression compared with biphasic
type tumors.

The - comparison between histologic subtypes and
dysadherin mRNA Els by real-time quantitative RT-PCR

88

is summarized in Figure 3. Dysadherin mRNA ElIs in
monophasic fibrous type (median, 568.25AU) were
significantly higher than those in biphasic type (median,
56.07 AU) (P = 0.0079). In addition, the HS-SY-II cell
line established from monophasic fibrous type revealed a
higher dysadherin mRNA EI (286.10 AU) compared with
the SYO-1 cell line established from biphasic type
(60.86 AU). A comparison between dysadherin immuno-
reactivity and dysadherin mRNA Els is summarized in
Figure 4. Parallel to the immunohistochemical results,
dysadherin-positive patients showed statistically signifi-
cant higher dysadherin mRNA Els (median, 912.32 AU)
compared with those seen in dysadherin-negative cases
(median, 81.66 AU) (P = 0.0001).

Prognostic Value of Dysadherin Expression
Patients with dysadherin immunoreactivity survived
for a significantly shorter time_ than .those without
dysadherin immunoreactivity (P = 0.0006; Fig. 5).
Patients with diffuse dysadherin immunoreactivity (4+;
> 50%) had the worst survival, whereas patients with
sporadic dysadherin immunoreactivity (1+; 0% to 9%)
had the best survival (P = 0.0068; Fig. 6). The greater the
proportion of dysadherin positive cells, the worse the
prognosis turned out to be. Patients with combined
dysadherin-positive expression and E-cadherin-reduced
(negative) expression had a significantly worse prognosis
than those with other combinations of dysadherin and
E-cadherin expression (P = 0.0007; Fig. 7). In univariate
analysis, dysadherin-positive expression, E-cadherin—
reduced (negative) expression, large tumor size (> 5cm),
absence of glandularity, massive tumor necrosis (> 50%),
the presence of rhabdoid cells, a high MIB-1 labeling
index ( > 10%), a high FNCLCC grade (grade 3), and a
high AJCC stage (stages III and IV) were all significantly
correlated to a worse overall survival rate (Table 5).
Multivariate analysis revealed that dysadherin immuno-
positivity (P = 0.0411) and a high MIB-1 labeling index
(= 10%) (P < 0.0001) were independent poor prognostic

© 2006 Lippincott Williams & Wilkins



Am ] Surg Pathol * Volume 31, Number 1, January 2007 Dysadherin Expression in Synovial Sarcoma

FIGURE 1. The hematoxylin and eosin staining of a monophasic fibrous synovial sarcoma (A). Relatively plump spindle or small
ovoid tumor cells arranged in fascicles (A). In monophasic fibrous type, dysadherin-positive staining was diffusely (> 50% positive
cells) observed in the membranes of tumor cells in 30/68 (44%) patients (B). E-cadherin membranous expression was reduced
(negative) in 56/68 (82%) patients and aberrational nuclear staining for E-cadherin was often detected (C). The hematoxylin and
eosin staining of a biphasic synovial sarcoma (D). The fibrous component composed by plump spindle or small ovoid cells
admixed with variably sized “epithelioid glandular component (D). In biphasic type, dysadherin expression in the fibrous
component was not diffusely (> 50% positive cells) observed [0/22 (0%) patients], but often sporadically (0% to 9% positive
cells) or focally (10% to 29% positive cells) observed [20/22 (91%) patients] (E). However, in the glandular component,
dysadherin (E) and E-cadherin (F) were frequently coexpressed in 20/22 (91%) patients.

factors (Table 5). Other clinicobathologic prognostic
factors were not significant.

DISCUSSION

Dysadherin is a cancer-associated cell membrane
glycoprotein, which down-regulates E-cadherin by a
posttranscriptional mechanism and promotes metasta-
sis.!3 Dysadherin is expressed in a variety of cancer cells
and malignant melanoma cells,215:242534.35 however, it
has never been reported in the field of sarcomas.

© 2006 Lippincott Williams & Wilkins

Synovial sarcoma is a mesenchymal tumor that has
an epithelial profile, with cell shapes varying from
epithelioid to spindle phenotype. Recent reports have
demonstrated E-cadherin expression in sarcomas with
epithelioid features, such as synovial sarcoma, especially
in the glandular structures of biphasic type.20-2%.3244
A reduced E-cadherin expression by genetic and epige-
netic alterations in the E-cadherin gene has been shown
to cause cellular morphologic changes in epithelial cells,
from epithelioid features to a more spindle pheno-
type.3642 Initially, we identified mutational inactivation
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