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ABSTRACT

Background and Objectives. It is unclear whether the quanti-
tative width of the surgical margin influences outcomes in
patients with extremity and truncal soft tissue sarcoma (STS)
treated with radiotherapy (RT).
Methods.We performed a retrospective review of 382
patients with localized extremity or truncal STS who under-
went limb-sparing surgery and RT from 1983 to 2010, and we
analyzed the significance of resection margin status and
quantitative margin width on outcomes.
Results. Surgical margins were positive in 68 (18%) patients
and negative in 314 (82%) patients. For those patients with a
reported quantitative margin width (n 5 235), the width of
the negative margin was #1 mm (n 5 128), .1 mm and
#5mm(n579),and.5mm(n528).Atamedianfollow-upof
82months, the local recurrence rateswere 5.4%and 11.8% for

margin-negative and margin-positive patients, respectively.
There were no differences in the rates of local or distant
recurrence nor of any survival outcome based on the
quantitative width of the surgical margin, provided that it
was negative.
Conclusions. In patients undergoing RT and limb-sparing
surgery for STS, achieving a negative margin is essential for
optimizing both local control and survival. However, the
absolute quantitative width of the negative margin does not
significantly influence outcome, and so attempts at wide
margins of resection appear to be unnecessary. Importantly,
the conclusions drawn from this study must not be applied to
thosepatientsundergoing surgeryaloneasthe local treatment
of their STS, in which case wider margins of resection may be
necessary. The Oncologist 2016;21:1269–1276

Implications for Practice: In patients undergoing radiation therapy and limb-sparing surgery for soft tissue sarcoma, the
quantitativewidth of the negativemargin does not influence outcome, and so attempts atwidemargins of resection appear to be
unnecessary, especially when such attempts compromise the functional outcome. Importantly, the conclusions drawn from this
studymust not be applied to those patients undergoing surgery alone as the local treatment of their soft tissue sarcoma, in which
case wider margins of resection may be necessary.

INTRODUCTION

The primary treatment of localized extremity and truncal soft
tissue sarcoma (STS) is wide excision of the tumor, together
with a rim of normal tissue to ensuremicroscopically negative
resectionmargins. Indeed, it iswell established that the extent
of resection influences the local control of STS, with several
authors demonstrating that tumors resected with positive
margins have a significantly higher rate of local recurrence
[1–9]. Incases inwhich themarginsof resectionareanticipated
to be narrow, if not microscopically positive, such as along
critical neurovascular structures, radiation therapy (RT) is
considered appropriate to optimize local control and to
permit function-preserving, limb-sparing surgery. Adjuvant RT

deliveredbyexternal beamorbrachytherapyhasbeenshown in
prospective randomized trials to improve the rates of local
control for extremity and truncal STS [6, 10]. Although some
authorshave reportedthatmargin statusdoesnot influencethe
risk of local recurrence (LR) when RT is given [11], many others
have found an increased risk of LR when RT is administered in
conjunction with surgical resection with positive margins [4,
12–14]. Together, these findings suggest that although micro-
scopic disease left behind at the time of surgery may in some
cases be sterilized by RT, thismay be incomplete, and LR is still a
significant risk under such circumstances, and so achieving an
optimal, negative surgical margin is paramount.
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The real question is what constitutes an “optimal”
margin? How wide a surgical margin is needed to ensure
the lowest risk of LR while still preserving function? This
question has never been satisfactorily addressed in the
literature, such that the National Comprehensive Cancer
Network guidelines for surgery for STS conclude the
following: “The surgical procedure necessary to resect the
tumor with appropriately negative margins should be used.
Close margins may be necessary to preserve uninvolved
critical neurovascular structures, bones, joints, etc.” [15].
What constitutes an “appropriate” negative margin? Is a 1-mm
margin (or less) adequate, or is a 2-mm, 5-mm,or someother
quantitative margin width most appropriate? Two groups to
our knowledge have attempted to address this issue of the
optimal quantitative margin width for STS. Dickinson et al.
[16], in a single institution retrospective study, concluded
that the widest surgical margin possible should be attemp-
ted to improve local control and overall survival. However,
these authors did not include the distribution of the grades
of the tumors included in their analysis nor other important
treatment factors, such as which patients received adjuvant
RT and/or chemotherapy. In another single-institution
retrospective study, McKee et al. [17] found that margins
$10mm independently predicted a longer local recurrence-
free interval and were thus deemed “optimal” for extremity
STS resection. However, althoughmost patients in this study
had large, deep, high-grade tumors, few (38%) received RT,
which we would argue is not in keeping with the standard
approach to such sarcomas in most specialized centers
today. Furthermore, it is virtually impossible to achieve a
marginwidth of 10mmormore for the vastmajority of large,
high-grade, deep-seated STS, and so defining an optimal
margin width of 10 mm is not clinically feasible in most
patients.

In this single-institution retrospective study, we sought to
determine the prognostic significance of the surgical margin
status and of the quantitative margin width on LR, distant
recurrence (DR), and survival in a homogeneous cohort of
patients with predominantly large, high-grade tumors treated
with limb-sparing surgery and RT.

MATERIALS AND METHODS

From our institutional sarcoma database, we identified 382
patients who underwent complete macroscopic (R0 or R1)
resection and RTof a localized STS of the trunk or extremity at
theMassachusettsGeneralHospital (MGH) from1983to2010.
Patients were excluded if they underwent their definitive
surgical resection at a facility other than MGH, underwent an
incomplete (R2) resection, or had an amputation. Patients
werealsoexcluded if theyhadmetastaticdiseaseat the timeof
presentation or if they did not receive RT as a component of
their treatment. Patients who received some or all of their RT
at a facility other than MGH were included. Patient follow-up
was complete andwas obtained fromclinical chart review and
tumor registry information. Each patient was thoroughly
evaluated prior to treatment with a history and physical
examination, routine blood tests, either computed tomogra-
phy (CT) of the chest or chest x-ray to exclude the presence of
pulmonary metastases, and magnetic resonance imaging of
the primary site (at least for those patients treated in themore

recent time period). The histologic diagnosis was established
by a review of the pathology slides by a pathologist with
expertise in soft tissue sarcomas. Note that the pathology
slides were not rereviewed for the purpose of this study,
such that the histologic classification of a sarcoma as a
malignant fibrous histiocytoma (MFH) was not reclassified.
Data concerning pathologic findings were obtained from
the pathology reports, with special emphasis on the status
of themicroscopicmargin, including the numerical width of
the closest margin. Tumor size was measured as the
maximum diameter of the fresh resected tumor specimen,
and tumor grade was classified according to the National
Cancer Institute grading system using three tiers, and
tumors with overlapping grades were classified at the
higher tier. Pathology reports of surgical specimens were
evaluated in conjunction with operative reports to de-
termine the type of resection andmargin status. Resections
were classified as being R0 (macroscopically complete with
negative microscopic margins), R1 (macroscopically com-
plete with positive microscopic margins), or R2 (macro-
scopically incomplete). A positive microscopic margin was
defined as tumor present at the inked surface of the
specimen. The closest identified margin of resection was
classified as positive (tumor at ink), #1 mm, .1 mm and
#5 mm, or.5 mm.

For those patients receiving neoadjuvant therapy, surgical
resection was planned approximately 4–6 weeks after the
completion of preoperative RT or preoperative chemoradia-
tion therapy. Tumors were resected with the intent of limb
salvage with negative margins (R0 resection). The biopsy site
was excised en bloc with the definitive surgical specimen. The
wounds were either closed primarily or reconstructed with
rotational flaps,with orwithout a skin graft. For those patients
receivingpostoperativeRT, thiswastypically initiated from4to
8 weeks after surgery.

Patients were routinely seen in follow-up at our multidis-
ciplinary Connective Tissue Oncology Clinic. Patients were
typically seen at 1 month and 3 months after the end of
treatment, then every 3 months for the next 2 years, every 4
months during year 3, every 6 months for years 4 and 5, and
then yearly thereafter, typically until year 10. Of course, the
radiographic follow-up evolved over the long time period of
this study such that in the more recent time period we
routinely obtained imaging of the chest (typically by chest CT
scan) at least every 6 months for the first 5 years of follow-up,
and magnetic resonance imaging of the primary site was
obtained as clinically indicated.

Datawere analyzed for associations betweenmicroscopic
margin status and numerical margin width and outcomes,
including ratesof LR,DR, local recurrence-freesurvival (LRFS),
disease-free survival (DFS), and overall survival (OS). Local
recurrence was defined as any tumor recurrence at the same
tumor site as the primary tumor. All other tumor recurrences
were defined as distant metastases. Dates of death for
patientswith social security numberswereobtained fromthe
Social Security Death Index (SSDI). LRFS was calculated from
the date of treatment initiation to the date of first local
recurrence. DFS was calculated from the date of treatment
initiation to the date of documented recurrence of any kind.
OSwas calculated from thedate of treatment initiation to the
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date ofdocumenteddeathby SSDI. Censoring occurred at the
earlier date of death or date of last contact. Estimates for
LRFS, DFS, and OS rates were calculated by using themethod
of Kaplan and Meier. Unadjusted intergroup comparisons
basedoneachoutcomeweremadebyusing the log-rank test.
Multivariate analyses of patient and tumor characteristics
relative to survival and recurrence-free intervals were per-
formed by the Cox Proportional Hazards Model. All reported
p values are two sided, using a significance threshold of .05.
Statistical analyses were performed by using SPSS 20.0 (IBM,

Chicago, IL, http://www-01.ibm.com/support/docview.wss?
uid5swg24029274).

RESULTS

Patient, Tumor, and Treatment Characteristics
Patient, tumor, and treatment characteristics are detailed in
Table 1. The median age of the cohort was 49 years, and 53%
were male. The majority (69%) of the tumors were located in
the lowerextremity.Themostcommontumorhistologieswere

Table 1. Patient, tumor, and treatment characteristics according to resection margin status

Characteristic Total (n5 382) Positive margins (n5 68) Negative margins (n5 314) p value

Age (median, years) 49 49 49 .77

Gender .92

Male 203 (53%) 37 (54%) 166 (53%)

Female 179 (47%) 31 (46%) 148 (47%)

Grade .61

1 18 (5%) 2 (3%) 16 (5%)

2 156 (41%) 26 (38%) 130 (41%)

3 208 (54%) 40 (59%) 168 (54%)

Size (median, cm) 7.2 6.0 7.1 .89

0–4.9 86 (23%) 17 (25%) 69 (22%)

5.0–9.9 117 (31%) 25 (37%) 92 (29%)

.10.0 120 (31%) 16 (24%) 104 (33%)

Missing data 59 (15%) 10 (14%) 49 (16%)

Median follow-up (months) 82 63 81 .12

Tumor site .09

Trunk 17 (4%) 3 (4%) 13 (4%)

Upper extremity 101 (26%) 25 (37%) 76 (24%)

Lower extremity 265 (69%) 40 (59%) 225 (72%)

Histology .29

MFH 131 (34%) 24 (35%) 107 (34%)

Liposarcoma 79 (21%) 9 (13%) 70 (22%)

Myxoid 46 (12%) 5 (7%) 41 (13%)

Round cell 11 (3%) 1 (1%) 10 (3%)

Pleomorphic 4 (1%) 1 (1%) 3 (1%)

Mixed 10 (3%) 0 (0%) 10 (3%)

Dedifferentiated 2 (0.5%) 2 (3%) 0 (0%)

NOS 6 (1.5%) 0 (0%) 6 (2%)

Leiomyosarcoma 29 (8%) 8 (12%) 21 (7%)

Synovial sarcoma 59 (15%) 8 (12%) 51 (16%)

MPNST 17 (4%) 4 (6%) 13 (4%)

Other 67 (18%) 15 (22%) 52 (17%)

Radiotherapy ,.01

Preoperative 160 (42%) 6 (9%) 154 (49%)

Postoperative 84 (22%) 30 (44%) 54 (17%)

Both 138 (36%) 32 (47%) 106 (34%)

Chemotherapy .05

Yes 100 (26%) 11 (16%) 89 (28%)

No 280 (73%) 57 (84%) 223 (71%)

Unknown 2 (1%) 0 (0%) 2 (1%)

Abbreviations: MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; NOS, not otherwise specified.
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MFH (34%), liposarcoma (21%), and synovial sarcoma (15%).
Themedian tumorsizewas7.2cm,and95%of thetumorswere
either grade 2 or 3.

All patients received radiotherapy, including 160 (42%)
who underwent preoperative RT, 84 (22%) who received
postoperative RT, and 138 (36%) who received both pre-
operative and postoperative RT. Although the treatment
regimensvaried slightly, themedian totaldose receivedwas59
Gy, and therapy was administered in a median number of 28
fractions. Those receiving preoperative RT received a median
of 48.8 Gy, with 138 patients receiving a median of 18 Gy as
additional postoperative therapy. Those receiving postopera-
tive RT alone were administered a median of 64 Gy. Most
therapy was delivered as external beam radiation, but 13
patients receivedbrachytherapyvia implants and4underwent
intraoperative administration as part of their regimen. One
hundred (26%) patients also received chemotherapy with a
variety of regimens, although a majority of patients received
both preoperative and postoperative mesna, doxorubicin,
ifosfamide, and dacarbazine, according to a protocol carried
out at our institution for many years [18].

Overall, 82% of the patients had margin-negative (R0)
resections, and 18% of the patients had margin-positive (R1)

resections. Patients with positive margins did not differ
significantly from those with negative margins in terms of
demographic data or the histopathological characteristics of
their tumors (Table 1). However, patients who had nega-
tive margins were significantly more likely to have received
preoperative RT than were patients who had positive margins
(83% vs. 56%; p , .01). The R1 resection rate for patients
receiving all of their RT postoperatively was 39%, whereas
those receiving some or all of their RT preoperatively had a
much lower R1 resection rate of 13% (p, .01). A quantitative
marginwidthwasnotavailable for 79of the314 (25%)patients
who underwent negative-margin resections for the following
reasons: 62 patients had no residual tumor in the resected
specimen, and so calculating amarginwidthwasobviously not
possible in these cases; 8 patients had separately excised final
margins fromwhich an accurate numerical width could not be
determined; and 9 patients had margins reported simply as
“negative”without a numeric width. For those patients with a
reportedquantitativemarginwidth (n5235), thewidthof the
negative margin was #1 mm in 128 (55%) patients, .1 mm
and #5 mm in 79 (33%) patients, and .5 mm in 28 (12%)
patients. The three quantitative margin width groups were
similar in most respects, although the tumor size was

Table 2. Patient, tumor, and treatment characteristics according to resection margin width

Characteristic £1 mm (n5 128) >1 mm & £5 mm (n5 79) >5 mm (n5 28) p value

Age (median, years) 46 49 52 .594

Gender .639

Male 70 (55%) 38 (48%) 14 (50%)

Female 58 (45%) 41 (52%) 14 (50%)

Grade .913

1 8 (6%) 4 (5%) 1 (4%)

2 45 (35%) 31 (39%) 9 (32%)

3 75 (59%) 44 (56%) 18 (64%)

Size (median, cm) 10.0 8.0 5.0 .004

Median follow-up (months) 87 62 84 .076

Tumor site .228

Trunk 1 (1%) 5 (6%) 1 (4%)

Upper extremity 28 (22%) 18 (23%) 5 (18%)

Lower extremity 99 (77%) 56 (71%) 22 (79%)

Histology .247

MFH 44 (34%) 27 (34%) 13 (46%)

Liposarcoma 38 (30%) 13 (17%) 5 (18%)

Leiomyosarcoma 4 (3%) 3 (4%) 1 (4%)

Synovial sarcoma 17 (13%) 15 (19%) 6 (21%)

MPNST 7 (6%) 2 (3%) 0 (0%)

Other 18 (14%) 19 (24%) 3 (11%)

Radiotherapy .120

Preoperative 61 (48%) 36 (46%) 21 (75%)

Postoperative 20 (15%) 12 (15%) 2 (7%)

Both 47 (37%) 31 (39%) 5 (18%)

Chemotherapy .397

Yes 47 (37%) 24 (30%) 7 (25%)

No 81 (63%) 55 (70%) 21 (75%)

Abbreviations: MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor.
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significantly smaller for tumors in which wider margins were
achieved (5.0 cm for margins.5 mm vs. 10.0 cm for margins
#1 mm; p5 .004) (Table 2).

Influence of Surgical Margins on Outcomes
Themedian follow-upwas 82months (range: 1–328months),
and 60%of the patientswere followed for at least 5 years.The
overall recurrence rate was 37%, with a median disease-free
survival of53months. Local recurrencesoccurred in25 (6.5%)
patients, including 17 (5.4%) patients with a negative mar-
gin and 8 (11.8%) patients with a positive margin, and the
median time to LR was 54 months. Positive microscopic
margins were associated with a significantly higher rate of
local recurrence (hazard ratio [HR], 3.25; 95% confidence
interval [CI], 1.00–10.59; p5 .003) and an inferior 10-year LRFS
rate (83% vs. 93%; p5 .002) (Table 3; Fig. 1A). For patientswith
microscopically negativemargins, the 10-year LRFSwas 89% for
patients with margins #1 mm, 93% for those with margins
.1mmand#5mm, and 100% for those withmargins.5mm
(Table 3; Fig. 1B). These differences were not statistically
significant onmultivariate analysis, controlling for pathologic
variables, including tumor size, grade, and histology, and for
treatment variables, such as chemotherapy and radiother-
apy. The presence of a local recurrence did not lead to a
significantly worse overall survival, because the overall
survival rate was 52% for those patients who developed a
local recurrence, in comparison with 61% for those who did
not develop a local recurrence (p5 .380). Distantmetastases
were diagnosed in 74 (19%) patients at amedian disease-free
survival interval of 52 months. The presence of a DR was
associated with a significantly worse overall survival rate
(18%) in comparison with those patients without a DR (76%)
(p, .01). Positivemicroscopic margins were associated with
a significantly higher rate of distant recurrence (HR 2.07; 95%
CI, 1.08–3.97; p5 .005).

There were significant differences in the 10-year disease-
free and overall survival rates between patients with positive
and negative microscopic resection margins. Patients with
positive margins had significantly worse 10-year DFS (44% vs.
69%; p, .001) and 10-year OS (57% vs. 73%; p5 .009) rates
than did patients with negativemargins (Table 3; Figs. 2A, 3A).
The median overall survival was 108 months in comparison
with 180 months (p , .01), and the median disease-free
survival was 27 months in comparison with 82 months (p 5
.01) for the positive and negative margin groups, respectively.
However, for patients who had a negative-margin resection,
the width of the surgical margin had no influence on 10-year
DFS, which was 66% for those with#1 mm margins, 68% for
those with .1 mm and #5 mm margins, and 74% for those
with.5 mmmargins (Table 3; Fig. 2B). Similarly, the width of
the surgicalmargin had no influence on 10-year OS, whichwas
68%for thosewith#1mmmargins,65%for thosewith.1mm
and#5 mmmargins, and 93% for those with.5 mmmargins
(p5 .064) (Table 3; Fig. 3B).

DISCUSSION

Local control of extremity and truncal STS can be achieved in
90% ormore of patients with the combination of limb-sparing
surgery andRT [6, 19, 20].The goal of limb-sparing surgery is to
resect the STS with a cuff of normal tissue to ensure a R0
(margin-negative) resection while leaving intact the critical
neurovascular andbony structures that enable preservation of
a functional limb. In many circumstances, particularly in the
case of a large, deep-seated STS, achieving a “cuff of normal
tissue” around the tumor is difficult, if not impossible. In such
cases, RT is added to the best surgical resection possible to
enable limb salvagewhile still achieving excellent rates of local
control [19, 20]. However, even with the addition of RT,
patients with extremity STS resected with positive margins
have higher rates of local failure [13, 19, 20]. Thus, resecting a

Table 3. Survival rates according to resection margin status overall and surgical margin width

Survival 5-year follow-up 10-year follow-up p value

Local recurrence free Positive margin 83% Positive margin 83% .002

Negative margin 93% Negative margin 93%

Margin width Margin width .325

#1 mm 90% #1 mm 89%

.1 mm#5 mm 93% .1 mm#5 mm 93%

.5 mm 100% .5 mm 100%

Disease free Positive margin 46% Positive margin 44% ,.001

Negative margin 70% Negative margin 69%

Margin width Margin width .866

#1 mm 69% #1 mm 66%

.1 mm#5 mm 68% .1 mm#5 mm 68%

.5 mm 74% .5 mm 74%

Overall Positive margin 69% Positive margin 57% .009

Negative margin 82% Negative margin 73%

Margin width Margin width .064

#1 mm 81% #1 mm 68%

.1 mm#5 mm 68% .1 mm#5 mm 65%

.5 mm 100% .5 mm 93%

www.TheOncologist.com ©AlphaMed Press 2016

Ahmad, Jacobson, Hornicek et al. 1273

CM
E

http://www.TheOncologist.com


STS with a negative margin is critically important for achieving
thebest rate of local control.The real question, especially from
the standpoint of the surgeon, is how wide this negative
margin needs to be in patients treated with RT. This question
has yet to be satisfactorily addressed or answered in the
literature, and so we sought to answer it with this study.

Other authors have studied the significance of resection
margin width in STS, but these studies are limited by the
heterogeneity in the characteristics of the patients included
and in the treatments the patients received.McKee et al. [17]
studied 111 patients with predominantly deep, high-grade
tumorsmeasuring$5 cm in size. However, only 38% received
RT, and 34% received adjuvant chemotherapy. Remarkably,
they achieved a resection margin width of $10 mm in 53
(47%) patients and of 1–9 mm in another 45 (41%) patients.
They found thatmargins$10mm independently predicted a
longer local recurrence-free interval, although there was no
difference in the distant metastasis-free interval nor overall
survival according to margin width. They concluded that
adjuvant RT should be considered for all STS resected with
margins ,10 mm. The major limitation of this study is the

fact that very few patients received RT despite the high
percentage of patients with large, high-grade tumors. Argu-
ably, virtually all of these patients today receive RT, and most
major sarcoma centers deliver RTpreoperatively.The addition
of RT almost certainly decreases the width of the surgical
margin needed to achieve durable local control, and so this
study fails to clarify what the optimal margin width is for such
patients.

Dickinson et al. [16] also sought to assess the significance
of surgical margin width on outcomes for STS. They studied
279 patients with STS and examined outcomes according to
margin widths ranging from positive (“contaminated”) to
$20 mm. They reported similar outcomes in terms of local
recurrence, distant metastasis, and survival independent of
margin width, provided that the margin was negative.
However, the authors concluded that wider margins of
resection improve local control and overall survival despite
the lackof any statistical evidence to support this conclusion.
Furthermore, this study is limited by a curious lack of
important data, such as the distribution of the grades of the
tumors included in their analysis and important treatment

Figure 1. Local recurrence-free survival according to resection
margin status (A) and the width of the surgical margin (B).

Figure 2. Disease-free survival according to resection margin
status (A) and the width of the surgical margin (B).
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factors, such as which patients received adjuvant RT and/or
chemotherapy.

In this study of patients with predominantly large, high-
grade tumors treated in a fairly homogeneous fashion with
limb-sparing surgery and RT,we demonstrate that achieving
a negative margin is essential for optimizing local control
and survival, but the absolute quantitative width of the
negative margin does not influence outcome. Indeed, we
found that resection of a sarcoma with a narrow margin (e.g.,
1 mm or less) confers similar outcomes as does resection
with a wider margin. The clinicopathologic and treatment
characteristics of patients whose sarcomas were resected
withmargins#1mmwere the same as those whose tumors
were resected with .1-mm and #5-mm margins and as
those with .5-mm margins with only one exception: The
median tumor size was significantly larger in the #1-mm
margin group than in the wider-margin groups. Despite this
fact, those patients whose tumors were resected with
#1-mmmargins had similar rates of LRFS, DFS, and OS as did
those whose tumors were resected with wider margins.
Importantly, one must note that all patients in this study

received radiation therapy preoperatively and/or post-
operatively. Accordingly, the conclusions drawn from this
study must not be applied to those patients undergoing
surgery alone as the local treatment of their STS, in which
case wider margins of resection may be necessary.

Our finding that positive surgical margins predicted
higher rates of both local and distant recurrence is consistent
with what prior authors have reported [4, 9, 11, 19–22].
Notably, however, there are published series that demon-
strate that even surgical resection with “planned” positive
margins along critical structures after radiation therapy is
not associated with worse outcomes in comparison with
wide resection [23] and that the adverse effect of positive
surgical margins on local recurrence is lost in patients who
receive preoperative chemotherapy and radiation therapy
[24]. The influence of surgical margins on survival, however,
has been controversial. In this study, we found that patients
with frankly positive margins had worse outcomes across
the board, including worse 10-year LRFS, DFS, and OS rates.
This finding is in keeping with that reported by several other
groups [6, 7, 9, 12, 21, 22], yet it contradicts the findings of
others [4, 17].

Our study has several limitations. First, 25% of our
patients who underwent negative-margin resections did
not have an available quantitative margin width, although
in the vast majority of these cases it was owing to the fact
that therewas no residual tumor in the resection specimen.
For the past several decades we have used a standardized
pathology report template that includes the quantitative
width of the negative surgical margin, perhaps explaining
why truly only 3% of the patients who underwent R0
resection in this study did not have amargin width included
in the pathology report. Second, the quality of the surgical
margin could not be deduced for the majority of patients
from the available records, and thus we could not comment
on this factor. Indeed, it is believed that the quality of the
margin is more important than the absolute width of the
margin. For example, most sarcoma experts agree that a
fascialmargin of 1mm is a superiormargin to a fat ormuscle
margin of several millimeters, because fascia is an excellent
barrier to tumor penetration [25, 26]. Third, although all
patients included in this study received radiation treat-
ment, the timing of such treatment was variable. Further-
more, there was heterogeneity among the patients in the
receipt of chemotherapy as well as in its timing (neo-
adjuvant vs. adjuvant) and regimens. What impact these
differences in treatment may have had on the results is not
certain, but note that therewereno statistical differences in
the receipt ofchemotherapyamongthedifferentmargin-width
groupings.

CONCLUSION
In summary, for patients undergoing RT and limb-sparing
surgery for STS, achieving a negative margin is essential to
optimizing both local control and survival. However, the
absolute quantitativewidthof the negativemargin does not
significantly influence outcome, and so attempts at wide
margins of resection appear to be less important than sim-
ply achieving a negative margin. Importantly, the conclu-
sions drawn from this study must not be applied to those

Figure3. Overall survival according to resectionmargin status (A)
and the width of the surgical margin (B).
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patients undergoing surgery alone as the local treatment
of their STS, in which case wider margins of resection may
be necessary.
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