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Chemotherapy Is Associated With Improved Survival in
Adult Patients With Primary Extremity Synovial Sarcoma

Fritz C. Eilber, MD,¶ Murray F. Brennan, MD,* Frederick R. Eilber, MD,¶ Jeffery J. Eckardt, MD,�
Stephen R. Grobmyer, MD,* Elyn Riedel, MA,‡ Charles Forscher, MD,# Robert G. Maki, MD, PhD,†

and Samuel Singer, MD*

Purpose: To determine if ifosfamide-based chemotherapy (IF) of-
fers a survival benefit to adult patients with primary extremity
synovial sarcoma.
Patients and Methods: Prospectively collected patient data from 2
institutions was used to identify all adult patients (�16 years) with
�5 cm, deep, primary, extremity, synovial sarcoma that underwent
surgical treatment of cure from 1990 to 2002. A total of 101 patients
were identified and the median follow-up for survivors was 58
months. Clinical, pathologic, and treatment variables were analyzed
for disease-specific survival (DSS), distant recurrence-free survival
(DRFS), and local recurrence-free survival (LRFS).
Results: Sixty-eight (67%) patients were treated with IF and 33
(33%) patients received no chemotherapy (NoC) for the primary
tumor. The characteristics of the IF-treated patients �median tumor
size � 7.2 cm; monophasic n � 46 (68%)� were similar to NoC
patients �median tumor size � 7 cm; monophasic n � 23 (70%)�.
The 4-year DSS of the IF-treated patients was 88% compared with
67% for the NoC patients (P � 0.01). Smaller size (HR � 0.3 per
5-cm decrease, P � 0.0001) and treatment with IF (HR � 0.3
compared with NoC, P � 0.007) were independently associated
with an improved DSS. Treatment with IF was independently
associated with an improved DRFS (HR � 0.4, P � 0.03) but not
associated with an improved LRFS (P � 0.39).
Conclusion: Ifosfamide-based chemotherapy was associated with
an improved DSS in adult patients with high-risk, primary, extrem-
ity, synovial sarcoma and should be considered in the treatment of
such patients.

(Ann Surg 2007;246: 105–113)

Synovial sarcoma comprises 10% to 15% of adult soft
tissue sarcomas (STSs) with the extremity being the most

common site of primary disease.1–8 This unique spindle cell
tumor occurs predominately in young adults, is by definition
histologically high grade and has been considered to present
a poor prognosis compared with other STS histologies.9–13

Synovial sarcoma is divided into 2 histologic subtypes, bi-
phasic and monophasic. Biphasic synovial sarcomas are com-
posed of both spindle cell and epithelial components, whereas
monophasic subtypes are entirely composed of spindle cells,
with no epithelial component. In virtually all cases, synovial
sarcomas contain a characteristic translocation (X;18;p11;
q11) representing the fusion of SYT (18q11) with either
SSX1 or SSX2 (both at Xp11).14,15 The resulting 2 gene
fusions, SYT-SSX1 or SYT-SSX2, appear to be mutually
exclusive and concordant in primary and metastatic tumors.16

Multiple studies have identified a number of prognostic
factors associated with disease specific survival such as age,
size, margin, mitotic activity, bone or neurovascular invasion,
histologic subtype, p53 overexpression, Ki-67 proliferative
index, and SYT-SSX fusion type.9–13,16,17 The relative pre-
dictive value of each of these prognostic factors remains
controversial; however, large tumor size has consistently
proven to be associated with the development of distant
metastasis and decreased disease-specific survival.9–13,16,17

In patients with primary extremity synovial sarcoma that are
�5 cm in size, distant metastasis occur in up to 53% of the
patients with a resultant 5-year tumor-related mortality of
37%.11 Although surgery and radiation therapy have achieved
excellent local control, distant metastasis remains the primary
problem limiting survival.

During the last several decades, neoadjuvant/adjuvant
chemotherapy has been used to improve the outcome of
patients with high-risk extremity STS as they have a signif-
icant risk of harboring subclinical micrometastasis at presen-
tation. Because of the toxicity of these treatments and limited
impact on survival, their use in patients with primary disease
has been controversial.18,19 Ifosfamide-based chemotherapy
(IF) was introduced as a promising treatment of patients with
primary STS in the early 1990s. The few randomized con-
trolled clinical trials performed using ifosfamide have con-
flicting results and are limited in their impact due to the
inclusion of multiple, nonextremity tumor sites, heterogeneity
of histologic types, and small sample sizes.20–22
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Although several studies have suggested that IF offers
a survival benefit to some high-risk patients with primary
extremity STSs, these studies were designed to examine the
impact of chemotherapy on a collection of many different
histologies, making it difficult to assess the potential benefit
to a specific histology.22–25 While IF has been shown to
generate impressive responses in the treatment of meta-
static synovial sarcoma, its effect on the survival of adult
patients with primary disease remains unclear.26 –30 The
objective of this study is to determine if IF offers a
survival benefit to adult patients with high-risk extremity
synovial sarcoma.

PATIENTS AND METHODS
Prospectively collected patient data from Memorial

Sloan-Kettering Cancer Center (MSKCC) (1982–2002) and
the University of California, Los Angeles (UCLA) (1975–
2002) was used to identify all adult patients (�16 years) with
�5-cm, deep, primary, extremity synovial sarcoma that un-
derwent surgical treatment of cure (n � 157). Clinical,
pathologic, and treatment information was verified and up-
dated through continuous follow-up. Clinical variables in-
clude age at diagnosis, sex, and site. Lower extremity was
defined as a tumor at, or distal to, the groin or gluteal region.
Upper extremity was defined as a tumor at, or distal to, the
shoulder. Pathologic characteristics included tumor size, his-
tologic subtype, and microscopic margins. Histologic subtype
was assigned by the published criteria of the World Health
Organization Classification of Tumors of Soft Tissue and
Bone and classified as biphasic or monophasic.31 In patients
that received neoadjuvant chemotherapy, tumor size was
defined as maximum diameter measured by magnetic reso-
nance imaging or computed tomography prior to treatment. In
patients that received adjuvant chemotherapy or no chemo-
therapy, tumor size was defined as maximum diameter at
pathologic examination. Margin status was determined as
part of the histopathologic assessment and positive micro-
scopic margins were defined as tumor at the inked margin.

Treatment modalities administered to the primary tu-
mor were analyzed and included the surgical procedure,
radiation therapy, and neoadjuvant/adjuvant chemotherapy.
All patients underwent complete surgical resection of their
primary tumor at either MSKCC or UCLA. Radiation therapy
included external-beam radiation or brachytherapy. Patients
were grouped as either having been treated with radiation
therapy or not been treated with radiation therapy. Type of
neoadjuvant/adjuvant chemotherapy was grouped into one of
3 treatment groups: patients that received no neoadjuvant/
adjuvant chemotherapy for the primary tumor (NoC), patients
that were treated with IF, and patients that were treated with
doxorubicin-based chemotherapy (DOX). IF-treated patients
were defined as patients that were treated with ifosfamide
chemotherapy (neoadjuvant or adjuvant) for the primary
tumor either alone or in combination with other agents.
DOX-treated patients were defined as patients that were
treated with doxorubicin chemotherapy (neoadjuvant or ad-
juvant) for the primary tumor either alone or in combination
with other non–ifosfamide-containing regimens. Although

the patients from UCLA were treated with neoadjuvant che-
motherapy on study protocols, the treatments at both UCLA
and MSKCC were nonrandomized and administered at the
discretion of the multidisciplinary sarcoma research group at
each institution.

Since IF was first used to treat patients in 1990, a
contemporary cohort of all patients treated from 1990 to 2002
(n � 103) was used to examine the effect of IF on disease-
specific survival (DSS), distant recurrence-free survival
(DRFS), and local recurrence-free survival (LRFS). During
this time period, 68 patients were treated with IF, 2 patients
with DOX, and 33 received NoC. The 2 patients treated with
DOX were excluded, resulting in 101 patients for the analysis.

Fisher exact test and Wilcoxon rank sum tests were
used to analyze the association of treatment with clinical and
pathologic variables. DSS was defined as time from surgery
date to death due to disease or last follow-up. DRFS was
defined as time from surgery date to date of first distant
recurrence (DR) or last follow-up. LRFS was defined as time
from surgery date to date of first local recurrence (LR) or last
follow-up. The association of the clinical, pathologic, and
treatment variables on these endpoints were analyzed using
the log-rank test for categorical variables and score test for
continuous variables. Two-year and four-year estimates of
DSS, DRFS, and LRFS and the corresponding 95% confi-
dence intervals are reported after the estimates in parentheses.
To examine the association of treatment on DSS, DRFS, and
LRFS while adjusting for important prognostic factors, the
variables significant univariately at the 0.10 level were en-
tered into a Cox proportional hazards model.

RESULTS

Clinical, Pathologic, and Treatment Variables
Clinical, pathologic, and treatment variables for all 101

patients are listed in Table 1. The median follow-up for
survivors was 58 months (range, 12–185 months). There were
49 (49%) males and 52 (51%) females, with a median age of
34 years (range, 16–75 years). The more prevalent tumor site
was lower extremity (n � 71, 70%) with upper extremity
being less common (n � 30, 30%). The median tumor size
was 7 cm (range, 5–25 cm). The more prevalent histologic
subtype was monophasic (n � 69, 68%) with biphasic being
less common (n � 32, 32%).

Fifty (50%) patients were treated at MSKCC and 51
(50%) were treated at UCLA. Ninety-four (93%) patients
underwent surgical resection of the primary with 7 (7%)
requiring amputation. Ninety-five percent (89 of 94) of the
patients that underwent limb-sparing surgery received adju-
vant radiation therapy and 5% (5 of 94) did not. Of the 5
patients that did not receive radiation therapy, 3 received
NoC and 2 received treatment with IF. Ninety-four patients
(93%) had a negative microscopic margin and 7 (7%) had a
positive microscopic margin. Sixty-eight (67%) patients were
treated with IF and 33 (33%) received NoC. The IF-treated
patients received a median of 4 cycles of ifosfamide at a
median dose of 12 g/m 2 per cycle. Eighty-five percent
(n � 58) received neoadjuvant treatment and 15% (n � 10)
received adjuvant treatment. The IF regimens used were:
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ifosfamide/doxorubicin/mesna (n � 31, 45%), ifosfamide/
doxorubicin/cisplatin/mesna (n � 25, 37%), and ifosfamide/
doxorubicin/dacarbazine/mesna (n � 12, 18%).

The clinical, pathologic, and treatment variables of
each treatment group are also listed in Table 1. The median
tumor size was 7.2 cm (range, 5–25 cm) for the IF-treated
patients and 7 cm (range, 5–18 cm) for the NoC patients. The
histologic subtypes of the IF-treated patients were 68% (n �
46) monophasic and 32% (n � 22) biphasic. The histologic
subtypes of the NoC patients were 70% (n � 23) monophasic
and 30% (n � 10) biphasic. Seventy-one percent (n � 48) of
the IF patients were treated at UCLA and 29% (n � 20) at
MSKCC. Ninety-one percent (n � 30) of the NoC patients
were treated at MSKCC and 9% (n � 3) at UCLA. Although
more patients were treated with IF at UCLA, a significant
portion of the patients from MSKCC were also treated with
IF (20 of 50, 40%). The median follow-up was 54 months
(range, 16–185 months) for the IF-treated patients and 83
months (range, 12–138 months) for the NoC patients, with
the difference resulting from the fact that more patients were
given IF in the late 1990s and early 2000s.

Disease-Specific Survival
For all 101 patients, 25 died of disease at last follow-up.

The overall DSS was 93% (88%–98%) at 2 years and 81%
(73%–89%) at 4 years. Treatment with IF was significantly
associated with DSS (P � 0.01). The 2- and 4-year DSS of
the IF-treated patients was 96% (91%–100%) and 88%
(79%–96%) compared with 87% (76%–99%), and 67%
(50%–84%) for the NoC patients (Fig. 1). Univariate analysis
of the clinical, pathologic, and treatment variables prognostic
for DSS revealed that younger age, smaller size, and treat-
ment with IF were associated with an improved DSS. Mul-
tivariate analysis revealed that smaller size (HR � 0.3 per 5

cm decrease, P � 0.0001) and treatment with IF (HR � 0.3
compared with NoC, P � 0.007) were independently associ-
ated with an improved DSS (Table 2). The 4-year DSS of the
�7 cm IF-treated patients was 92% (81%–100%) compared
with 73% (50%–96%) for the �7 cm NoC patients. The
4-year DSS of the �7 cm IF patients was 83% (70%–97%)
compared with 61% (36%–85%) for the �7 cm NoC patients
(Fig. 2).

Distant Recurrence
For all 101 patients, 39 (39%) developed a DR at last

follow-up. Thirty-four (87%) were to the lung, 3 (8%) to

TABLE 1. Clinical, Pathologic, and Treatment Characteristics

Characteristic Category All Patients Ifosfamide None

n 101 68 (67%) 33 (33%)

Age (yr) Median (range) 34 (16–75) 33 (16–64) 38 (19–75)

Sex Male 49 (49%) 31 (46%) 18 (54%)

Female 52 (51%) 37 (54%) 15 (46%)

Site Upper 30 (30%) 25 (37%) 5 (15%)

Lower 71 (70%) 43 (63%) 28 (85%)

Size (cm) Median (range) 7 (5–25) 7.2 (5–25) 7 (5–18)

Histologic subtype Monophasic 69 (68%) 46 (68%) 23 (70%)

Biphasic 32 (32%) 22 (32%) 10 (30%)

Institution MSKCC 50 (50%) 20 (29%) 30 (91%)

UCLA 51 (50%) 48 (71%) 3 (9%)

Procedure Resection 94 (93%) 62 (91%) 32 (97%)

Amputation 7 (7%) 6 (9%) 1 (3%)

Radiation therapy* Yes 89 (95%) 60 (97%) 29 (91%)

No 5 (5%) 2 (3%) 3 (9%)

Microscopic margin Positive 7 (7%) 2 (3%) 5 (15%)

Negative 94 (93%) 66 (97%) 28 (85%)

Follow-up survivors (mo) Median (range) 58 (12–185) 54 (16–185) 83 (12–138)

*Patients that underwent amputation were not treated with radiation therapy. The 94 patients that underwent limb-sparing
surgery were candidates for radiation therapy.

FIGURE 1. Disease-specific survival by treatment.
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abdomen/retroperitoneum, and 2 (5%) to bone/soft tissue.
The overall DRFS was 74% (65%-82%) at 2 years and 64%
(54%–74%) at 4 years. Treatment with IF was significantly
associated with DRFS (P � 0.002). The 2- and 4-year DRFS
of the IF-treated patients was 79% (69%–89%) and 74% (63%–
84%) compared with 63% (46%–80%) and 46% (28%–64%)
for the NoC patients (Fig. 3). Multivariate analysis revealed that
both smaller size (HR � 0.3 per 5-cm decrease, P � 0.0001) and
treatment with IF (HR � 0.4, P � 0.03) were independently
associated with an improved DRFS (Table 3).

Local Recurrence
For all 101 patients, 12 (12%) developed a LR at last

follow-up. The overall LRFS was 91% (85%–96%) at 2 years
and 87% (79%–94%) at 4 years. Treatment with IF was not
associated with LRFS (P � 0.39). The 2- and 4-year LRFS of
the IF-treated patients was 91% (84%–98%) and 89% (81%–
97%) compared with 90% (79%–100%) and 81% (66%–
96%) for the NoC patients, respectively (Fig. 4). Univariate
and multivariate analysis of the clinical, pathologic, and
treatment variables prognostic for LRFS revealed that no
variable was associated with an improved LRFS (Table 4).

DISCUSSION
Ifosfamide-based chemotherapy for patients with pri-

mary STS was introduced in the early 1990s as a promising
therapy based on the responses generated in the treatment of

metastatic disease.32–34 The few randomized controlled clin-
ical trials performed using ifosfamide have conflicting results
and are difficult to interpret due to the inclusion of multiple,
nonextremity tumor sites, heterogeneity of histologic types,
and small sample sizes.20–22 The most encouraging of these
studies by Frustaci et al found a significant survival benefit at
4 years in 53 patients treated with IF.22 Although the 5-year
overall survival benefit remains statistically significant at 7
years of follow-up, an intent-to-treat analysis revealed that
this survival benefit is no longer statistically significant.35 In
addition, histologic subtype, a prognostic factor for survival,
was not stratified for in this study, and the resulting imbal-
ance between the treatment and no treatment arms may
account for the survival differences.

Several recent retrospective analyses have also found
that IF is associated with an improved survival in patients
with high-risk primary extremity STS.23–25 Eilber et al found
that 125 patients with treated with protocol, neoadjuvant, IF
had an increased pathologic response and improved survival
compared with patients treated with DOX-based protocols
(containing no ifosfamide).23 However, the various protocols
compared in this study were performed over different time
periods and the differences in histologic subtypes and other
prognostic factors were not accounted for. Grobmyer et al
analyzed patients from 2 institutions (1990–2001) who were
treated with surgery only (n � 282) or neoadjuvant chemo-

TABLE 2. Analysis of Clinical, Pathologic, and Treatment Variables for Disease-Specific Survival (DSS)

Total /No.
Events 2-Year DSS 4-Year DSS

Univariate
P

Multivariate
P

Hazard Ratio
(95% CI)

Overall 101/25 0.93 (0.88–0.98) 0.81 (0.73–0.89)

Age* 0.06 0.20

Sex

Male 49/13 0.90 (0.81–0.98) 0.80 (0.68–0.92) 0.53

Female 52/12 0.96 (0.91–1.00) 0.82 (0.70–0.93)

Site

Upper 30/5 0.93 (0.84–1.00) 0.89 (0.78–1.00) 0.35

Lower 71/20 0.93 (0.98–0.99) 0.78 (0.67–0.88)

Size* �0.0001 �0.0001 0.3 (0.2–0.5)†

Histologic subtype

Monophasic 69/17 0.93 (0.86–0.99) 0.84 (0.75–0.93) 0.60

Biphasic 32/8 0.94 (0.85–1.00) 0.73 (0.56–0.91)

Procedure

Resection 94/22 0.96 (0.90–0.99) 0.83 (0.75–0.91) 0.20

Amputation 7/3 0.71 (0.38–1.00) 0.54 (0.14–0.93)

Microscopic margins

Positive 7/3 0.69 (0.32–1.00) 0.51 (0.11–0.91) 0.16

Negative 94/22 0.95 (0.90–0.99) 0.83 (0.75–0.91)

Institution

MSKCC 50/16 0.94 (0.82–0.98) 0.80 (0.65–0.89) 0.17

UCLA 51/9 0.92 (0.80–0.97) 0.82 (0.66–0.91)

Chemotherapy

Ifosfamide 68/11 0.96 (0.91–1.00) 0.88 (0.79–0.96) 0.01 0.007 0.3 (0.1–0.7)

None 33/14 0.87 (0.76–0.99) 0.67 (0.50–0.84)

*Continuous variable.
†Size in 5-cm decrements.
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therapy containing doxorubicin/ifosfamide/mesna (AIM)
(n � 74).24 Adjusting for known prognostic factors, AIM
chemotherapy was associated with an improved DSS (P �
0.02). This improvement appears to have been driven by the
benefit of chemotherapy in patient with tumors �10 cm. The
3-ear DSS for tumors �10 cm was 62% for patients not
receiving chemotherapy and 83% for patients receiving AIM
chemotherapy.

Although these studies suggest that ifosfamide-based
therapy offers a survival benefit to some high-risk patients

with primary extremity STS, the benefit may well be histol-
ogy and size-specific. Unfortunately, it is difficult to identify
the potential benefit to a specific histology in studies that
group all histologic subtypes together. Because of the diver-
sity and rarity of STS, no institution has been able to accrue
an adequate number of high-risk patients at a rate that would
permit histology specific randomized treatment comparisons.
Despite this difficulty, the importance of identifying histol-
ogy specific treatment is becoming increasingly important in
the current era where STSs are being classified and treated
based on their molecular and genetic characteristics.14–17,31

Recently, several investigators have begun to examine
the impact of chemotherapy in a histology-specific manner
through the use of large sarcoma databases. Ferrari et al28

performed a retrospective analysis of synovial sarcomas of all
ages. Although this paper uses a historical control and only
examines the influence of chemotherapy on 23 high-risk adult
patients, they do demonstrate a significant improvement in
metastasis-free survival. Eilber et al examined the impact of
chemotherapy on the survival of patients with high-grade pri-
mary extremity liposarcoma.36 In this contemporary cohort anal-
ysis, DOX was found not to be associated with an improved
DSS and IF was found to be associated with an improved DSS.

To determine whether IF offers a survival benefit to a
synovial sarcoma, we used the prospectively collected patient
data from MSKCC (1982–2002) and UCLA (1975–2002) to
identify all adult patients with high-risk extremity synovial
sarcoma that underwent surgical treatment of cure. In addi-
tion to its unique molecular genetics, synovial sarcoma was

FIGURE 2. Disease-specific survival by
treatment and size.

FIGURE 3. Distant recurrence-free survival by treatment.
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chosen based on the significant responses generated in the
treatment of metastatic and pediatric disease, suggesting the
potential for a survival benefit in adult patients with primary
disease.26–30 Since IF was first used to treat patients with
primary disease in 1990, a contemporary cohort of all patients
treated from 1990 to 2002 (n � 101) was used to examine the
impact of IF on outcome.

With a median follow-up of 58 months for survivors,
treatment with IF was found to be significantly associated
with DSS (P � 0.01). The 4-year DSS was 88% in the
IF-treated patients and 67% in the NoC patients (Fig. 1). By
multivariate analysis, smaller size and treatment with IF were
independently associated with an improved DSS. Patients
that did not receive IF had a 3-fold increased risk of death
from disease compared with patients that received IF.

Additional analysis was performed to determine
whether there was a tumor size range that benefited most
from treatment with IF. Interestingly, there was about a 20%
survival benefit associated with IF in both patients with �7
cm and �7 cm tumors. While this survival benefit may be
clinically significant, it will be important for future studies to
determine if there is a subset of patients that is more likely to
benefit from IF based on the molecular/genetic features of the
primary tumor. Although we did not have enough transloca-
tion data at the time of this study, an obvious initial analysis
would be to determine if one of the fusion types (SYT-SSX1
or SYT-SSX2) benefited more from treatment.

Thirty-nine percent developed a DR at last follow-up.
Most of these DRs were in the lung (87%). As with DSS,
smaller size and treatment with IF were independently asso-
ciated with an improved DRFS. With 12% of the patients
having developed a LR at last follow-up, treatment with IF
was not associated with an improved LRFS. Although we
continue to believe that a negative microscopic margin is

TABLE 3. Analysis of Clinical, Pathologic, and Treatment Variables for Distant Recurrence Free Survival (DRFS)

Total/No.
Events 2-Year DRFS 4-Year DRFS

Univariate
P

Multivariate
P

Hazard Ratio
(95% CI)

Overall 101/39 0.74 (0.65–0.82) 0.64 (0.54–0.74)

Age* 0.13

Sex

Male 49/19 0.67 (0.54–0.80) 0.62 (0.49–0.76) 0.62

Female 52/20 0.80 (0.69–0.91) 0.66 (0.52–0.80)

Site

Upper 30/8 0.80 (0.65–0.94) 0.75 (0.59–0.91) 0.16

Lower 71/31 0.71 (0.60–0.82) 0.60 (0.48–0.72)

Size* �0.0001 �0.0001 0.3 (0.2–0.5)†

Histologic subtype

Monophasic 69/28 0.76 (0.66–0.86) 0.64 (0.52–0.76) 0.85

Biphasic 32/11 0.69 (0.52–0.85) 0.65 (0.49–0.82)

Procedure

Resection 94/36 0.75 (0.66–0.84) 0.65 (0.55–0.75) 0.60

Amputation 7/3 0.57 (0.20–0.94) —

Microscopic margins

Positive 7/3 0.43 (0.06–0.80) — 0.19

Negative 94/35 0.76 (0.67–0.85) 0.66 (0.56–0.76)

Institution

MSKCC 50/28 0.65 (0.50–0.77) 0.49 (0.34–0.63) 0.001 0.17

UCLA 51/11 0.82 (0.68–0.90) 0.80 (0.66–0.89)

Chemotherapy

Ifosfamide 68/19 0.79 (0.69–0.89) 0.74 (0.63–0.84) 0.002 0.03 0.4 (0.2–0.9)

None 33/20 0.63 (0.46–0.80) 0.46 (0.28–0.64)

*Continuous variable.
†Size in 5-cm decrements.

FIGURE 4. Local recurrence-free survival by treatment.
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associated with decreased LR, the numbers from this study
were too small to translate into statistical significance with
only 7 patients total (2 IF patients and 5 NoC patients) having
a positive microscopic margin. Similarly, it is difficult to
make any definite conclusion regarding LR as only 12 pa-
tients developed a LR (7 IF patients (10%) and 5 NoC
patients (15%). However, the fact that there was no signifi-
cant impact on LRFS, but a significant improvement in DRFS
would suggest that the improvement in DSS associated with
IF is due to the treatment of subclinical systemic disease. In
the patients who received NoC, 3 of 13 patients (23%)
developed a DR more than 6 years after diagnosis, empha-
sizing the propensity of synovial sarcoma patients to recur
with late DR. In the group of patients treated with IF, there
was no instance of DR after 5 years. Based on the 54-month
median follow-up time for patients treated with IF, it is
difficult to determine if this chemotherapy regimen has com-
pletely eliminated subclinical systemic disease preventing the
development of DR or whether it has just significantly slowed
its growth delaying the detection of clinical DR. Long-term
follow-up of this patient cohort should prove useful for this
important distinction.

The most evident limitation of this study is that it is a
retrospective cohort study, not a randomized trial. Although it
is not possible to eliminate all selection bias in such a study,
to minimize it we used a contemporary cohort of a uniform
population of patients and adjusted for the significant prog-

nostic factors. The clinical and pathologic characteristics of
the IF-treated patients, including age, size, and histologic
subtype, were very similar to the NoC-treated patients. The
major difference between these treatment groups was insti-
tutional treatment. The majority of the IF-treated patients
(71%, n � 48) were treated at UCLA. Patients from UCLA
were treated on a study protocol where all patients with �5
cm primary extremity synovial sarcomas received IF. Only 3
patients from UCLA did not receive IF and each case was
driven by the patient’s decision not to undergo treatment.
Only 29% (n � 20) of the IF-treated patients were treated at
MSKCC. Patients from MSKCC were not treated as part of a
protocol, and the decision to treat with chemotherapy was
administered at the discretion of a multidisciplinary sarcoma
disease management team. There was an apparent bias at
MSKCC to use IF-based chemotherapy in patients that had
slightly larger tumors (median tumor size IF � 8.2 cm vs.
NoC 7.2 cm) and that were slightly younger (median patient
age IF � 33 years vs. NoC 37 years). Although we feel this
bias factored somewhat against a treatment impact in the
MSKCC patients, it is difficult to assess and feel that it is
minimized or eliminated by adjusting for the significant
prognostic factors in the multivariate analysis.

Based on prospective randomized trials, it is the policy
at both MSKCC and UCLA to treat patients with �5 cm,
high-grade, deep, primary, extremity, soft tissue sarcomas
with radiation therapy.37–39 As such, 95% (89 of 94) of the

TABLE 4. Analysis of Clinical, Pathologic, and Treatment Variables for Local Recurrence
Free Survival (LRFS)

Total/No.
Events 2-Year LRFS 4-Year LRFS

Univariate
P

Overall 101/12 0.91 (0.85–0.96) 0.87 (0.79–0.94)

Age* 0.33

Sex

Male 49/4 0.93 (0.86–1.00) 0.91 (0.82–0.99) 0.29

Female 52/8 0.88 (0.79–0.97) 0.93 (0.86–1.00)

Site

Upper 30/3 0.93 (0.84–1.00) 0.88 (0.75–1.00) 0.65

Lower 71/9 0.89 (0.82–0.97) 0.86 (0.77–0.94)

Size* 0.28

Histologic subtype

Monophasic 69/8 0.92 (0.86–0.99) 0.87 (0.78–0.95) 0.81

Biphasic 32/4 0.87 (0.75–0.99) —

Procedure

Resection 94/12 0.90 (0.84–0.96) 0.86 (0.78–0.93) 0.36

Amputation 7/0 1.00 1.00

Microscopic margins

Positive 7/1 0.75 (0.33–1.00) — 0.69

Negative 94/11 0.92 (0.85–0.97) 0.87 (0.80–0.94)

Institution

MSKCC 50/7 0.91 (0.78–0.97) 0.83 (0.68–0.92) 0.53

UCLA 51/5 0.90 (0.77–0.96) —

Chemotherapy

Ifosfamide 68/7 0.91 (0.84–0.98) 0.89 (0.81–0.97) 0.39

None 33/5 0.90 (0.79–1.00) 0.81 (0.66–0.96)

*Continuous variable.
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patients that underwent limb-sparing surgery received radia-
tion therapy and only 5% (5 of 94) did not. Of the 5 patients
that did not receive radiation therapy, 3 received NoC and 2
received treatment with IF. The decision not to administer
radiation therapy was primarily driven by the individual
patient’s decision not to undergo treatment.

The fact that a median of 8 patients per year (1990–
2002) with high-risk, extremity, synovial sarcomas are being
treated at UCLA and MSKCC combined, illustrates how
difficult it would be to perform a histology specific random-
ized trial. Until a national or international, multicenter effort
can be organized to accrue a sufficient numbers of patients to
perform histology specific randomized treatment compari-
sons, the prospectively collected sarcoma databases from
such institutions will provide the best data to estimate sur-
vival benefit from neoadjuvant/adjuvant systemic treatment.

While we have intentionally placed the focus on ifosf-
amide by describing the treatment as IF, it is important to
recognize that all of the ifosfamide-treated patients were also
treated with doxorubicin. Previous analysis based on the evolu-
tion of treatment protocols at UCLA has suggested that ifosf-
amide is responsible for the improvement in survival among
these patients.23 However, the contribution of the individual
chemotherapeutic agents and/or the possible synergy between
ifosfamide and doxorubicin cannot be assessed by this study.

CONCLUSION
This analysis of patients with high-risk, primary, ex-

tremity synovial sarcoma found that IF was associated with
an improved DSS compared with patients that received no
chemotherapy. IF was associated with an improved DRFS but
not an improved LRFS. Treatment with IF should be consid-
ered in patients with �5 cm, primary, extremity synovial
sarcoma. Future molecular/genetic studies should be directed at
identifying the subset of patients most likely to benefit from IF.
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