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Abstract

Background Established prognostic factors influencing
survival in soft tissue sarcomas include tumor stage, his-
topathologic grade, size, depth, and anatomic site. The
presence of tumor near or at the margin of resection
increases the risk of local recurrence but whether a positive
surgical margin or local recurrence affect overall survival
is controversial.

Questions/purposes We explored the impact of micro-
scopic margin on local recurrence, metastasis, and overall
survival in patients with intermediate- to high-grade soft
tissue sarcomas of the extremities. We then determined
whether local recurrence decreases overall survival.
Methods We retrospectively reviewed the medical
records of 248 patients who had soft tissue sarcomas of the
extremities treated surgically from 1995 to 2008. We
estimated survival, local recurrence, and distant metastasis
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and examined factors potentially influencing these out-
comes. The minimum followup was 0.4 years (median,
4.4 years; range, 0.4—13 years).

Results The 5-year cumulative incidence of local recur-
rence was 4.1%. Patients who presented with positive
margins or a margin of 2 mm or less had a worse survival
than patients who had margins of greater than 2 mm and
wide margins (5-year survival, 47% versus 70% and 72%).
In addition to surgical margin, developing metastasis,
tumor response of less than 90% necrosis, high histopath-
ologic grade, high AJCC stage (Stage III), increasing age,
and male gender were associated with decreased overall

survival. Local recurrence independently predicted
decreased overall survival.
Conclusions Microscopic surgical margin and local

recurrence after surgical treatment should be included as risk
factors predicting decreased overall survival for intermedi-
ate- to high-grade soft tissue sarcomas of the extremities.
Level of Evidence Level II, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Soft tissue sarcomas (STS) are a heterogeneous group of
relatively rare malignant neoplasms that arise in mesen-
chymal tissue. In the United States, it is estimated around
10,600 new cases will be diagnosed and 3820 patients will
die of soft tissue sarcomas in the year 2009 [18]. Con-
ventional treatment of soft tissue sarcomas of the
extremities includes wide margin surgery and radiotherapy.
This multimodality approach has replaced amputation as
the primary surgical treatment of choice [5, 11, 22, 25, 26].
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Several analyses of prognostic factors influencing both
local recurrence and overall survival in patients with
extremity soft tissue sarcomas show tumor stage, grade,
size, depth, and anatomic site are most important for
patient survival [6, 13, 24, 26]. Negative surgical margin,
low histologic grade, and use of radiotherapy are the most
important factors in achieving local disease control [6, 8,
10, 12, 23, 27, 30, 33]. However, the effect of positive
margin and local recurrence as independent prognostic
factors for metastasis-free survival and overall survival is
still a matter of debate [9, 10, 16, 21, 23, 25, 28, 29].

Several studies in the past have addressed these issues
with conflicting conclusions. Some authors believe a neg-
ative microscopic surgical margin enhances local disease
control but does not measurably improve overall survival
[3, 4, 28]. In contrast, recent reports argued surgical exci-
sion with negative margins not only improves local control
but also enhances overall survival [9, 23, 27]. In one of the
largest published series of 2084 patients, Stojadinovic et al.
[27] reported a positive margin nearly doubled the risk of
local recurrence and increased the risk of distant metastasis
and disease-related death [27].

Local recurrence is a devastating event associated with
substantial morbidity and thus should be avoided. How-
ever, the influence of local recurrence on the overall
survival in soft tissue sarcomas of the extremities is not
clear [10, 16, 25, 31]. Two previous prospective studies
have concluded local recurrences had no influence on
survival. Rosenberg et al. [25] prospectively randomized
patients with extremity soft tissue sarcomas and compared
amputation with limb-sparing surgery associated with
radiation. There was a 20% rate of local recurrence in the
limb salvage group and none in the amputation group.
However, there was no difference in overall survival.
Brennan et al. [3] showed, despite lower rates of local
recurrence in patients who underwent surgical resection
with adjuvant brachytherapy, the overall survival was not
different from patients who received surgical resection
alone. In contrast, several other studies have recognized
local recurrence as a major factor associated with
decreased overall survival [10, 21, 23]. The question
therefore remains as to whether increasing morbidity and
cost with a multimodality aggressive approach to obtain
appropriate local tumor control would have an impact on
local and distant disease-free survival and overall survival
in patients with soft tissue sarcomas. Ideally we would
want to precisely identify patients with high risk for distant
recurrence and for poor survival to justify the use of these
aggressive therapies.

The purposes of this investigation were to (1) define the
effect of microscopic surgical margins on local recurrence,
distant metastasis, and overall survival in patients with
extremity soft tissue sarcoma; (2) determine whether various
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characteristics of the patient and tumor and local recurrence
influenced overall survival in patients with intermediate- to
high-grade soft tissue sarcomas of the extremities.

Patients and Methods

We identified 726 patients who underwent surgery for soft
tissue sarcoma between 1995 and 2008 in the tumor reg-
istry of our institution. We included in the study only
patients with a primary, deep, and intermediate- or high-
grade soft tissue sarcoma located at the lower or upper
extremity. Of the 726 patients, we excluded those with
metastatic disease, secondary sarcoma, superficial located
in relation to the compartment fascia, low histologic grade,
and axial, pelvic, or retroperitoneal sarcoma. We also
excluded patients younger than 18 years and those who
received initial surgical treatment outside our institution.
These exclusions left 248 patients with intermediate- or
high-grade soft tissue sarcoma of the extremities (Table 1).
We then reviewed the medical records including operative
and pathologic reports and recorded the following infor-
mation: patient demographics, treatment received, tumor
anatomic location, size, histopathologic subtype, American
Joint Committee on Cancer (AJCC) stage [15], and tumor
response to adjuvant therapy. No patients were recalled
specifically for this study; all data were obtained from the
medical records. Approval from the Institutional Review
Board at our institution was obtained before this investi-
gation was begun.

Tumor size was determined as the greatest diameter of the
resected tumor. Tumors were divided into three sizes: small
(< 5 cm), intermediate (5-9.9 cm), or large (> 10 cm).

The closest surgical margin was determined by the
pathologist after gross examination of the specimen. The
entire external surface of the specimen was then inked and
the specimen was cut perpendicularly to the inked margin.
Under microscopic examination, the distance between the
tumor and the inked margin was measured. The surgical
margins, as described in the pathologic reports, were
recorded and categorized as follows: positive for tumor
present at the inked border of the specimen; close but clear
for margins of 2 mm or less; negative for margins between
2 mm and 1.9 cm; and wide for margins of greater than
2 cm. For the purpose of this study, we elected to consider
positive and close but clear margins as a group (inadequate
margin) to compare with negative margin and wide margin
(adequate margin). Tumor viability was determined by the
percentage of viable tumor cells in relation to necrotic
tumor in histologic examination. We divided the tumors
in two categories by percentage of viable tumor cells:
(1) those with greater than or equal to 90 percent of
necrosis and (2) those with less than 90 percent of necrosis.
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Table 1. Demographics and tumor characteristics

Characteristic Number of patients

Total 248

Gender
Male 134 (54%)
Female 114 (46%)

Age group
18-29 years 18 (7.3%)
30-39 years 24 (9.7%)
40-49 years 38 (15.3%)
50-59 years 38 (15.3%)
60-69 years 50 (20.2%)
70-79 years 49 (19.8%)
80-89 years 27 (10.9%)
90 + years 4 (1.6%)

Tumor location

Lower extremity 195 (78.6%)

Upper extremity 53 (21.4%)
Histologic grade
Grade 2 41 (16.5%)
Grade 3 68 (27.4%)
Grade 4 139 (56%)
Tumor size
0-4.99 cm 18 (7.3%)
5-9.99 cm 89 (39.5%)
10.0 + cm 132 (53.2%)
AJCC clinical stage
1A 2 (0.8%)
2A 38 (15.3%)
2B 20 (8.1%)
3 188 (75.8%)
Margin
Positive margin (inside the tumor) 5 (2%)
< 2 mm but clear margin 44 (17.7%)
> 2 mm but < 2 cm 164 (66.1%)
Wide margin (> 2 cm) 35 (14.1%)
Viability
No viable tumor 25 (10.1%)
> 90% necrosis 113 (45.6%)
50%—-89% necrosis 65 (26.2%)
0%—-49% necrosis 45 (18.1%)

AJCC = American Joint Committee on Cancer.

Of the 248 patients, 195 (79%) presented with lower
extremity soft tissue sarcoma and 53 (21%) with tumor
located on the upper extremity. One hundred fifty-one
patients (61%) had the tumor in the thigh, which was the
most common anatomic site followed by the calf. The most
frequent histopathologic type was malignant fibrous histi-
ocytoma, diagnosed in 68 (27.4%) of the patients. The

mean tumor size (greatest diameter measured in the
excised specimen) was 11.9 cm. The tumor measured less
than 5 cm in 18 (7%) patients, between 5 and 9.9 cm in
98 (40%), and 10 cm or more in 132 (53%). We used a
four-grade scale of histopathologic malignancy grading:
41 tumors (17%) were intermediate-grade (Grade II) and
207 (83%) were high-grade (Grades III or IV) lesions.
The AJCC stage of disease at presentation to our insti-
tution was I in two (1%) patients, II in 58 (23%), and III
in 188 (76%). Ninety-five percent of the surgical proce-
dures involved limb-sparing techniques. Eleven patients
were initially treated with an amputation. The adjuvant
therapy applied during the study period was not uniform.
The decision to use either chemotherapy or radiation
varied during the long time period and was made by a
multidisciplinary team. Surgery alone was performed on
55 (22%) patients. Surgical treatment was supplemented
with radiotherapy in 85 (34%) and chemotherapy in 19
(8%). Eighty-nine (36%) patients received preoperative
chemotherapy and radiation therapy, and surgical treat-
ment. In 110 patients (44%) less than 90% of tumor
necrosis was observed while 138 (56%) patients had more
than 90% of tumor necrosis. Among the 248 patients in
the cohort, the minimum followup was 0.4 years (median,
4.4 years; range, 0.4—13 years).

The data were summarized and reported using conven-
tional methods: variables comprised of continuous data are
reported as mean = SD, and variables based on discrete
data are reported as count (percentage). The analysis
focused on the end points of local recurrence, metastasis,
and survival (all-cause death). The rate of occurrence of
these end points was estimated using the method of Kaplan
and Meier [19]. The association of potential prognostic
factors with local recurrence, metastasis, and survival was
analyzed using Cox proportional-hazards regression mod-
els [7]. All risk factors (gender, age, histology, viability,
grade, AJCC stage, tumor size, radiation, and margin) were
initially analyzed univariately. Local recurrence and
metastasis were also evaluated as risk factors for decreased
survival; this was accomplished by incorporating these
outcomes into the Cox models as time-dependent covari-
ates. The effect of local recurrence on survival was
displayed graphically using a landmark survival curve [1]
in which patients who were alive and under observation at
1 year postsurgery were divided into two groups: those
who had experienced a local recurrence within the first year
postsurgery and those who had not; the Kaplan-Meier
curve was then drawn for these groups starting at the 1-year
landmark. In addition, multivariable analysis was con-
ducted for survival and for metastasis (the small number of
local recurrences precluded meaningful multivariable
analysis for this end point). Starting with the risk factors
with p < 0.05 univariately, variable selection for the final
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Table 3. Surgical margin and local recurrence, metastasis, and survival

Outcome Margins Number Events  1-year rate 5-year rate 10-year rate P value
(95% CI) (95% CI) (95% CI)

Local recurrence  Positive or < 2 mm 49 5 4.2% (0, 9.8) 11.6% (0, 22.4) 11.6% (0, 22.4) 0.002
>2mmand <2cm 164 2 0.6% (0, 1.8) 2.4% (0, 6) 2.4% (0, 6)
> 2 cm 35 0 0% (0, 0) 0% (0, 0) 0% (0, 0)

Metastasis Positive or < 2 mm 49 19 21.3% (8.6, 32.3) 52.2% (28.3, 68.1)  52.2% (28.3, 68.1)  0.07
>2mmand <2cm 164 34 13.9% (8, 19.4) 26.5% (17.9, 34.2)  28.1% (19, 36.2)
>2cm 35 7 11.2% (0, 22.4) 29.7% (8, 46.3) 29.7% (8, 46.3)

Overall survival ~ Positive or < 2 mm 49 25 89.1% (80.5, 98.6)  46.6% (32.1, 67.5) 18.3% (7.1, 47.1) 0.005
>2mmand <2cm 164 42 93.5% (89.5,97.7) 69.7% (61.5, 78.9)  54.6% (43.7, 68.2)
> 2 cm 35 10 100% (100, 100) 72.3% (55.3,94.4)  39.4% (19.1, 81.2)

CI = confidence interval.

Overall Survival

100

80

Percent

0 2 4 6 8 10
Years from Surgery

Fig. 1 A Kaplan-Meier survivorship curve shows overall survival
rates with 95% Cls at 2, 5, and 10 years postsurgery. The Kaplan-
Meier 5-year estimated rate of survival for the entire cohort was
65.1% (95% CI, 58.1%—-72.9%).

Local recurrence, metastasis, male gender, increasing
age at diagnosis, and AJCC stage independently predicted
decreased survival (Table 4). Patients who had local
recurrence within the first 12 months after surgery had
worse survival than those who did not (Fig. 3).

Discussion

Since the development of limb salvage treatment, tumor
size, depth, histologic grade, and anatomic site have been
well-accepted prognostic factors affecting local recurrence
and survival in patients with STS. The role of microscopic
surgical margin and local recurrence is still controversial.

Percent

N Positive margin or <= 2mm
2mm < margin <= 2cm
Margin >=2cm .

o - p=0.005
T T T T

0 2 4 6 8 10
Years from Surgery

Fig. 2 A Kaplan-Meier survivorship curve illustrates the effect of
microscopic surgical margin on overall survival. The 5-year estimated
rate of overall survival was lower (p = 0.005) for patients with an
inadequate margin (46.6%, 95% CI, 32.1%—-67.5%) compared to
those with a margin between 2 mm and 1.9 cm (69.7%, 95% CI,
61.5%—78.9%) and with a wide margin (72.3%, 95% CI, 55.3%—
94.4%).

Table 4. Multivariate analysis: factors associated with decreased
overall survival

Factor Hazard ratio P value
(95% CI1)

Metastases 20.2 (11.8, 34.5) < 0.001

Local recurrence 32.4 (9.9, 105.3) < 0.001

Male versus female 0.4 (0.2, 0.6) < 0.001

Age at diagnosis 1.1 (1.0, 1.1) < 0.001

AJCC Stage III versus Stages I 2.6 (1.4, 4.8) 0.004

and II

CI = confidence interval; AJCC = American Joint Committee on
Cancer.
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Fig. 3 A Kaplan—-Meier survivorship curve shows overall survival
using a 12-month landmark. Patients were grouped into those who
had local recurrence within the first year and those who were free of
local recurrence at 12 months. Patients who had local recurrence
within the first 12 months had worse survival than those who did not.

We defined the effect of microscopic surgical margin
on local recurrence, distant metastasis, and overall survival
in patients with intermediate- to high-grade STS of
the extremities. We also analyzed local recurrence and
tumor and patient related characteristics as predictors of
decreased overall survival.

We note some limitations to our study. First is the lack
of standardization of adjuvant therapy. Nevertheless,
radiotherapy was used in 70% and chemotherapy in 36% of
our patients. This is higher than previous investigations [8,
23, 28]. Second is the small number of local recurrences.
We included only patients with primary tumors treated
at our institution. This limited the number of local recur-
rences; however, it avoided confounding factors associated
with presentation after inadequate surgical resection. Our
median followup of 4.4 years is consistent with previous
studies that showed 2/3 of patients will present with a local
recurrence within 2 years after resection of a STS and 90%
will recur within 4 years [10].

An inadequate microscopic surgical margin (positive
margin or a margin of 2 mm or less) was associated with
local recurrence when compared to negative (between
2 mm and 2 cm) and wide margins (> 2 cm). The ideal
margin width that enhances local control is controversial
[14, 16, 17, 23, 28]. Most studies classify margin as positive
or negative [10, 20, 27]. Others emphasized the extent and
quality of the margin [9, 16] (Table 5). Dickinson et al. [9]
reported increasing the width of resection improves local
control and overall survival. We elected to consider positive
and close margins (< 2 mm) as one group, which included
20% of our patients. The simple presence of residual disease
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does not imply the tumor will locally recur. Despite the 20%
rate of inadequate margin, the cumulative rate of local
recurrence was only 4.1% at 5 years. This is inferior to the
12% to 15% recurrence rate previously reported [11, 20,
28]. One explanation may be 70% of our patients received
either radiation therapy compared to 40% in the series
reported by Pisters et al. [23].

We observed only a trend toward the association of
inadequate margin and development of metastasis. The
observed HR for development of metastasis between
patients with an inadequate margin and patients with a
wide margin was 1.86. A power analysis revealed to have
80% power to detect this HR as being statistically signifi-
cant would have required 76 patients with inadequate
margins and 28 with wide margins. Nevertheless, this large
HR and the trend toward statistical significance (p = 0.07)
suggest inadequate margin may be an important factor in
the development of metastasis. Pisters et al. [24] reported
the prognostic factors associated with an increased risk
for local recurrence were different from those associated
with an increased risk of metastasis. In their series of
1041 patients with STS of the extremities, positive margin
was associated with local recurrence and tumor-related
mortality but not directly to metastasis. In contrast, in a
long-term study of patients with extremity STS, positive
margin was adversely associated with disease-specific
survival and was a predictor of metastasis in patients who
were alive at 5 years [20].

We found an inadequate surgical margin was associated
with decreased overall survival. This association has been
questioned in the past in a series of 95 patients that found
no difference in the 5-year overall survival for patients with
negative and positive margins after surgical excision of a
STS of the extremities [28]. However our findings are
supported by others [9, 17, 20, 23, 27]. In the largest single-
institution investigation, microscopic resection margin was
reported as an independent predictor of distant recurrence-
free and disease-specific survival [27]. In another series of
extremity STS, patients with positive surgical margins
were at increased risk for subsequent tumor-related mor-
tality [23]. The goal to obtain an adequate surgical margin
may be limited by anatomic constraints, such as tumor
abutting critical neurovascular structures. In fact, we were
not able to achieve an adequate margin in 20% of our
patients. Treatment options to improve local control may
increase the rate of treatment complications. Some authors
have questioned the role of increasing morbidity to obtain
an adequate margin favoring the biologic aggressiveness of
the tumor as a more important predictor of survival [2, 32].
Nonetheless, we showed a microscopic surgical margin of
greater than 2 mm is a factor reducing the risk of local
recurrence and improving overall survival in intermediate-
to high-grade STS of the extremities.
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Table 5. Results of microscopic surgical margin on local recurrence, metastasis, and survival for patients with STS

Study Number  Sarcoma Margin Local Metastasis Overall Comments
of site categories recurrence survival
patients at 5 years (%) at 5 years (%)
Dickinson 279 All sites Contaminated NA NA NA Contaminated margins led to
et al. [9] > 20 mm higher rate of local recurrence;
10-19 mm failure to achieve a
5.9 noncontaminated margin led to
— mm decrease overall survival
1-4 mm
< 1 mm
Eilber et al. 753 Extremity  Positive 18 NA NA Positive versus negative surgical
[10] Negative margin (HR = 2.1; p = 0.2;
95% CI = 0.67-6.61) for
patients with primary STS;
positive surgical margin was not
a factor for developing local
recurrence.
Herbert et al. 74 Extremity  Grossly positive 45 45 58 In a multivariate Cox regression
[17] Microscopically analysis, the importance of
positive surgical resection margins
Close (5 mm) 20 )8 7 (nega}tive versus close or
positive) was confirmed
Negative 0 10 89 (p = 0.02)
p = 0.003 p=0.05 p=0.09
Lewis et al. 911 Extremity p = 0.0019 p = 0.007 p = 0.009
(21] RR = 1.6 RR = 1.6
Cl =1.1-25 Cl=1.1-22
Lewis et al. 495 Extremity  Positive Overall 13 25 79 A positive microscopic margin
[20] Negative p = 0.01 p=0009 p=001 was adversely associated with
local recurrence and 5-year
disease-specific survival and a
predictor for development of
metastasis
Pisters et al. 1041 Extremity  Positive (I mm) 80 74 77.6 Included patients who presented
[23] Negative 59.9 703 68.6 with primary sarcomas and
p = 0.001 p=013 p =000l patients who presented with a
local recurrence
Stojadinovic = 2084 All sites Positive 35 32 70 By multivariate analysis,
et al. [27] Negative 18 24 30 microscopic margin remained
p <001 p <001 p<00l associated with the rate .of local
recurrence and metastasis
Tanabe et al. 95 Extremity  Positive 38 NA 30 A negative surgical margin
[28] Negative 9 35 enhanced local disease control
p = 0.005 p=09 but qid not measurably improve
survival
Trovik et al. 559 Trunk Inadequate 25 NA An inadequate surgical margin was
[30] Extremity (intralesional a risk factor for local recurrence
or marginal) but not for metastasis
Wide 75
p < 0.001 p=006
Novais et al. 248 Extremity  Inadequate: 11.6 52.2 46.6 A surgical margin < 2 mm was a
[current positive risk factor for local recurrence
study] and < 2 mm) and decreased overall survival;
> 2 mm 24 27 69.7 the association of inadequate
but < 2 cm margin and metastasis was not
-~ significant
Wide (>2cm) 0 30 723 signtican
p = 0.002 p=0.07 p=0.0045

STS = soft tissue sarcoma; NA = not available, HR = hazards ratio; CI = confidence interval.
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Table 6. Results of local recurrence on metastasis and survival for patients with STS

Study Number of Sarcoma Recurrence Metastasis (%) Overall survival Comments
patients site (%) at 5 years (%)
Eilber et al. [10] 607 Extremity Yes 10 29
(primary) No 90 77
p < 0.0001
Lewis et al. [21] 911 Extremity  Yes 33 38 (at 72 (at 24 Local recurrence is strongly
24 months) months) associated with metastasis and
disease-specific death
Lewis et al. [20] 495 Extremity  NA 25 79 Development of local recurrence
p = 0.009 p = 0.01 did not influence metastasis-free
or overall survival
Pisters et al. [23] 1041 Extremity  Yes 20 73.6 75.1 Included patients who presented
No 80 71.9 747 with primary sarcomas and
p = 0015 p = 0.003 Fatients who presented with a
ocal recurrence
Rosenberg 43 Extremity Difference in local recurrence rate
et al. [25] Amputation Yes (3/16) 78 38 betv&;egn Fhe grougs did.nolt
t
(= 16) No (13/16) result in improved surviva
Limb sparing Yes (6/27) 71 83
(n =27) No (21/27)
Stojadinovic 2084 All sites Yes 18
et al. [27] No 82
Tanabe et al. [28] 95 Extremity  Yes 15 57 Local control did not have a
No 85 68 measurable impact on overall
p=0.16 survival
Trovik et al. [30] 559 Trunk Yes 18 p < 0.001 NA Local recurrence was associated
Extremity  No 82 with an increased risk of
metastasis (HR = 4.4; 95%
CI = 2.9-6.8)
Novais et al. 248 Extremity  Yes 3
[current study] No 97

STS = soft tissue sarcoma; NA = not available, HR = hazards ratio; CI = confidence interval.

Local recurrence remained an independent predictor of
survival after adjusting for all major risk factors by mul-
tivariate analysis. Whether this is due to local control
directly affecting survival or higher biologic tumor
aggressiveness is speculative. We did not find an associa-
tion between local recurrence and metastasis. This may be
related to the low number of local recurrences. We cannot
draw any conclusions about the causal relationship
between local recurrence and decreased overall survival, as
already reported by several authors [10, 16, 21, 23]. A
strong correlation between local recurrence and metastasis
was reported in a series of patients with STS treated
exclusively by surgical resection [30]. However, the asso-
ciation of local recurrence with overall survival was
questioned in the past (Table 6). Rosenberg et al. [25]
prospectively randomized 43 patients with extremity STS
and compared amputation with limb-sparing surgery and
radiation. They reported a 20% rate of local recurrence in
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the limb salvage group and none in the amputation group,
but the higher rate of local recurrence in the limb salvage
group was not significant since the number of patients
available for comparison was small and the study likely
underpowered for that question. A similar consideration of
lack of statistical power apply to the study by Brennan
et al. [3] showing, despite lower rates of local recurrence in
patients who underwent surgical resection with adjuvant
brachytherapy, the overall survival was not different from
that in patients who received surgical resection alone.

The diagnosis of positive and close surgical margins
(< 2 mm) and of a local recurrence should be included as
prognostic factors in patient management decisions and in
clinical trials. The results of this study drive us in the
direction of further investigating the best strategy to man-
age patients with positive and close margins after surgery
and patients who develop a local recurrence in moderate-
and high-grade STS of the extremities.
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