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Abstract 

Background The standard curative treatments for extremity soft tissue sarcoma (ESTS) include surgical resection 
with negative margins and perioperative radiotherapy. However, the optimal resection margin remains controversial. 
This study aimed to evaluate the outcomes in ESTS between microscopically positive margin (R1) and microscopically 
negative margin (R0) according to the Union for International Cancer Control (UICC) (R + 1 mm) classification.

Methods Medical records of patients with localized ESTS who underwent primary limb‑sparing surgery and post‑
operative radiotherapy between 2004 and 2015 were retrospectively reviewed. Patients were followed for at least 
5 years or till local or distant recurrence was diagnosed during follow‑up. Outcomes were local and distal recurrences 
and survival.

Results A total of 52 patients were included in this study, in which 17 underwent R0 resection and 35 underwent R1 
resection. No significant differences were observed in rates of local recurrence (11.4% vs. 35.3%, p = 0.062) or distant 
recurrence (40.0% vs. 41.18%, p = 0.935) between R0 and R1 groups. Multivariate analysis showed that distant recur‑
rences was associated with a Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) grade (Grade III vs. 
I, adjusted hazard ratio (aHR): 12.53, 95% confidence interval (CI): 2.67–58.88, p = 0.001) and tumor location (lower vs. 
upper extremity, aHR: 0.23, 95% CI: 0.07–0.7, p = 0.01). Kaplan–Meier plots showed no significant differences in local 
(p = 0.444) or distant recurrent‑free survival (p = 0.161) between R0 and R1 groups.

Conclusions R1 margins, when complemented by radiotherapy, did not significantly alter outcomes of ESTS as R0 
margins. Further studies with more histopathological types and larger cohorts are necessary to highlight the path 
forward.
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Background
Soft tissue sarcomas (STS) are rare tumors of mesenchy-
mal origin, accounting for approximately 1% of all adult 
malignancies in the United States in 2021 [1]. The stand-
ard treatment of primary localized extremity STS (ESTS) 
includes limb-sparing surgical resection with negative 
margins alone or combined with perioperative radio-
therapy and/or chemotherapy to prevent local recurrence 
with maintaining optimal function [2, 3]. Adjuvant radi-
otherapy has been reported to effectively prevent local 
recurrence in STS [4].

The optimal resection margin to prevent local recur-
rence still remains controversies in the clinical practice. 
Many studies showed that a negative margin is essential 
for achieving the best local control [5–9]. The tumors 
should be resected with a sufficiently wide margin of the 
surrounding normal tissue, because a positive surgical 
margin increases the risk of local recurrence, even with 
radiotherapy [4, 10]. However, some studies showed that 
positive resection margin achieved good local control 
and survival as negative margin and avoided a radical 
approach [11–14]. Considering the maximal postopera-
tive function and minimal morbidity, sometimes a nega-
tive surgical margin is hard to achieve if tumors are near 
uninvolved critical neurovascular structures, bones, and 
joints. Therefore, this retrospective study aimed to assess 
the impact of resection margin on outcome in ESTS 
treated with limb-sparing surgery and postoperative 
radiotherapy between microscopically negative resection 
(R0) and microscopically positive resection (R1).

Materials and Methods
Study design
We retrospectively reviewed medical records of patients 
diagnosed with localized ESTS from the cancer registra-
tion database of Chang Gung Memorial Hospital using 
International Classification of Diseases, Ninth Revision 
and Tenth Revision, Clinical Modification (ICD-9-CM, 
ICD-10-CM) codes (ICD-9: 171.2, 171.3; ICD-10: C47.10, 
C47.11, C47.12, C49.10, C49.11, C49.12, C47.20, C47.21, 
C47.22, C49.20, C49.21, C49.22). Inclusion criteria were: 
1) Age > 18 years old; 2) Underwent primary limb-sparing 
surgery with R0 or R1 resection and postoperative radio-
therapy at our institution between 2004 and 2015; 3) No 
distant metastasis in primary diagnosis; 4) Follow-up ≧ 
5 years, or the local/distant recurrence diagnosed within 
5 years after the primary surgery. Exclusion criteria were: 
1) Patients received the definitive surgical resection at 
other institutions; 2) Had metastatic disease diagnosed at 
the time of primary diagnosis; 3) Underwent an incom-
plete (R2) resection; 4) Did not receive postoperative 
radiotherapy; 5) Lost follow-up. Resection margin was 
defined according to the Union for International Cancer 

Control (UICC) (R + 1  mm classification) [15]. R1 was 
defined if the resection margin to tumor was within 
1 mm of the inked border, and R0 was with at least 1 mm 
of normal tissue between the tumor and the inked resec-
tion margin. Patients were followed up for at least 5 years 
or till local or distant recurrence diagnosed during fol-
low-up. The study protocol was reviewed and approved 
by the Institutional Review Board, and ethics commit-
tee specifically waived the requirement for informed 
consent.

Patients’ demographic information and tumor profiles 
were collected from medical charts. Histologic diagno-
sis, tumor grade dependent on a Fédération Nationale 
des Centres de Lutte Contre le Cancer (FNCLCC) grad-
ing [16] system, and tumor size were obtained from the 
pathology reports evaluated by pathologists with exper-
tise in soft tissue sarcomas. Patients were regularly fol-
lowed at 1 month and 3 months after the primary surgery, 
then every 3 months for the next 3 years, every 6 months 
for the 4th and 5th years, and then yearly after that, typi-
cally until year 10. During follow-up period, each patient 
received computed tomography of the chest to monitor 
the presence of pulmonary metastases and magnetic res-
onance imaging of the primary site to detect the presence 
of local recurrent annually, or when needed.

Radiotherapy
Postoperative radiotherapy was delivered through a 
6MV linear accelerator to the target volume by three-
dimensional conformal radiotherapy (3DCRT), intensity 
modulated radiotherapy (IMRT), or volumetric modu-
lated arc therapy (VMAT), in a schedule of 2  Gy/frac-
tion, five fractions per week. An initial dose of 50 Gy was 
delivered after surgical wound healing (generally between 
6–8  weeks after surgery) with the target volume to the 
surgical bed, which was expanded with a 1.5  cm radial 
margin and a 4–5 cm cranio-caudal margin to encompass 
microscopic disease in the surrounding tissues; the last 
boost dose of 10–20 Gy was applied to the original tumor 
bed with a 1–1.5 cm radial margin and a 2–3 cm cranio-
caudal margin.

Endpoints
The primary endpoints were local recurrence and distant 
recurrence. Local recurrence was defined as any tumor 
recurrence at the primary tumor site, and distant recur-
rence was defined as all other tumor recurrences. Local 
recurrence-free survival was calculated from the date of 
the surgery to the date of first local recurrence diagnosed 
or censored at the date of last follow-up assessment in 
local recurrence-free patients. Distant recurrence-free 
survival was calculated from the date of the surgery to 
the date of first distant recurrence diagnosed or censored 
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at the date of last follow-up assessment in distant recur-
rence-free patients.

Statistical analysis
Descriptive statistics of patients’ demographic and clini-
cal characteristics are presented as number (n) and per-
centage (%) and performed by the chi-squared test or 
Fisher Exact test. Continuous data with normal distri-
bution are presented as mean ± standard deviation (SD) 
using Student’s test. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) produced by Cox regression analy-
sis were used to evaluate associations between covariates 
and event occurrence. Any variable whose univariate 
analysis had a p-value < 0.15 was input as a candidate for 
the multivariable analysis. Kaplan Meier plot and log-
rank test were conducted to compare the patients with 
ESTS underwent postoperative radiotherapy between 
R1 and R0. The results were considered statistically sig-
nificant at p < 0.05, and all statistical analyses were per-
formed using the statistical package SPSS for Windows 
(Version 21.0, SPSS Inc., IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics
Patients’ baseline characteristics and tumor profiles 
are presented in Table  1. A total of 52 patients were 
included in this study, in which 35 patients underwent 

R1 and 17 patients underwent R0. Patients’ mean age 
was 51.0 ± 18.7  years and 53.8% were male. The mean 
follow-up duration was 67.9 ± 44.9  months. Compared 
to patients in R0 group, those in R1 group had a higher 
percentage of tumor occurrence in the lower extremities 
(94.3% vs. 70.6%, p = 0.031). Detailed information about 
tumor histopathology and grade of the study popula-
tion is listed in Table  2. Liposarcoma (25%, 13/52) was 
the most predominant one, and only 2 were low-grade 
liposarcoma.

Univariate and multivariable survival analyses were 
preformed to evaluate the association between local 
recurrence and resection margin (Table 3). In univariate 
analysis, FNCLCC Grade had a significant association 
with local recurrence (Grade III vs I, HR: 10.95, 95% CI: 
1.29—92.63, p = 0.028). No significant difference in risk 
for local recurrence was displayed in R1 compared to R0 
(HR: 0.39, 95% CI = 0.11- 1.40, p = 0.151). After adjust-
ing for FNCLCC Grade, there was still no significance 
observed between R0 and R1 groups (adjusted HR (aHR): 
0.59, 95% CI: 0.15–2.30, p = 0.444).

Univariate and multivariable survival analyses were 
used to evaluate the association between distant recur-
rence and resection margin (Table  4). In univariate 
analysis, FNCLCC Grade had a significant association 
with distant recurrence (Grade III vs I, HR: 9.48, 95% 
CI: 2.08–43.24, p = 0.004). No significant difference was 

Table 1 Patient characteristics

Abbreviations: R0 microscopically negative margin, R1 microscopically positive margin, FNCLCC the French Federation of Cancer Centers Sarcoma Group

P-value < 0.05 is shown in bold
a The variable was test by Fisher Exact test

Characteristics Total (n = 52) R1 (n = 35) R0 (n = 17) P value

Age (mean, years) 51.0 ± 18.7 51.9 ± 17.3 49.2 ± 21.9 0.641

Gender 0.769

 Male 28 (53.8) 18 (51.4) 10 (58.8)

 Female 24 (46.2) 17 (48.6) 7 (41.2)

Duration of follow-up (month) 67.9 ± 44.9 62.6 ± 41.6 78.8 ± 50.6 0.226

Adjuvant chemotherapy 4 (7.7) 2 (5.7) 2 (11.8) 0.589a

Size (diameter) 1.000a

  ≤ 5 cm 5 (9.6) 3 (8.6) 2 (11.8)

  > 5 cm 47 (90.4) 32 (91.4) 15 (88.2)

Location (extremity) 0.031a

 Upper 7 (13.5) 2 (5.7) 5 (29.4)

 Lower 45 (86.5) 33 (94.3) 12 (70.6)

FNCLCC Grade 0.096

 Grade I 15 (20.6) 13 (37.1) 2 (11.8)

 Grade II 21 (40.4) 11 (31.4) 10 (58.8)

 Grade III 16 (30.8) 11 (31.4) 5 (29.4)

Local recurrence 10 (19.2) 4 (11.4) 6 (35.3) 0.062a

Distant recurrence 21 (40.4) 14 (40.0) 7 (41.2) 0.935
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Table 2 Histopathology and FNCLCC grade

Abbreviation: PNET Primitive neuro-ectodermal tumors

Histopathlogy Total number R0 resection R1 resection

FNCLCC Number FNCLCC Number

Liposarcoma 13

 Low‑grade liposarcoma 2 I 2

 Myxoid liposarcoma 9 I 1 I 6

II 1 II 1

 Pleomorphic liposarcoma 2 II 1

III 1

Leiomyosarcoma 6 II 1 II 1

III 4

Rhabdomyosarcoma 3 II 1

III 1 III 1

Myxofibrosarcoma 7 II 1 I 2

II 2

III 2

Malignant peripheral nerve sheath tumor 5 I 2

II 2 II 1

Synovial sarcoma 5 II 1 II 2

III 2

Malignant fibrous histiocytoma 2 I 1 II 1

Extraskeletal osteosarcoma 1 III 1

PNET/Ewing sarcoma 2 II 1 III 1

Spindle cell sarcoma 1 II 1

Alveolar soft part sarcoma 1 II 1

Sarcoma, high‑grade 2 II 1

III 1

Myofibroblastic sarcoma 1 II 1

Undifferentiated pleomorphic sarcoma 2 III 1 III 1

Extraskeletal myxoid chondrosarcoma 1 I 1

Table 3 Univariate and multivariable survival analyses for local recurrence

Abbreviations: R0 microscopically negative margin, R1 microscopically positive margin, FNCLCC the French Federation of Cancer Centers Sarcoma Group, NA no event 
occurred in a classified subgroup, HR hazard ratio, aHR adjusted hazard ratio, CI confidence interval

P-value < 0.05 is shown in bold

Any variable whose univariate analysis had a p-value < 0.15 was input as a candidate for the multivariable analysis

Variable Univariate Multivariable

HR 95% CI P-value aHR 95% CI P-value

Margins (R1 vs R0) 0.39 0.11—1.40 0.151 0.59 0.15—2.30 0.444

Age 1.01 0.97—1.05 0.638

Gender (Female vs Male) 0.46 0.12—1.79 0.262

Size (diameter)
(> 5 cm vs ≤ 5 cm)

NA NA NA

Location (extremity)
(Lower vs Upper)

0.46 0.10—2.16 0.322

FNCLCC Grade (vs I)

 Grade II 2.24 0.23—21.57 0.484 1.77 0.17—18.62 0.634

 Grade III 10.95 1.29—92.63 0.028 8.41 0.90—78.76 0.062

Chemotherapy (Yes vs No) 1.62 0.20—12.93 0.650
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displayed in risk for local recurrence in R1 compared to 
R0 (HR: 1.07, 95% CI: 0.43–2.66, p = 0.882). After adjust-
ing for location and FNCLCC Grade, there was still no 
significance observed between R0 and R1 groups (aHR: 
0.59, 95% CI: 0.15–2.30, p = 0.444). However, tumor loca-
tion in lower extremities (Lower vs upper, aHR: 0.23, 95% 
CI: 0.07–0.70, p = 0.010) and FNCLCC Grade (Grade III 
vs I, aHR: 12.53, 95% CI: 2.67–58.88, p = 0.001) had sig-
nificant association with distant recurrence. The Kaplan–
Meier plots showed that no significant differences in local 
recurrence-free survival (p = 0.444) and distant recur-
rence-free survival (p = 0.161) for 5 years were observed 
between R1 and R0 groups (Fig. 1).

Discussion
The present study showed that local or distant recur-
rence-free survivals of R1 resection, when completed by 
radiotherapy, are not inferior to R0 resection in patients 
with localized ESTS. Histological FNCLCC grade III and 
tumor location are associated with distant recurrence.

The results showed that R0/R1 resection margin is 
not associated with local or distant recurrence of local-
ized ESTS, which challenges the traditional emphasis on 
R0 resection. Similarly, several studies reported nega-
tive margin is not an independent factor of survivals 
[11–14]. Kim et al. reported no association between local 
recurrence and positive or close resection margin when 

Table 4 Univariate and multivariable survival analyses for distant recurrence

Abbreviations: R0 microscopically negative margin, R1 microscopically positive margin, FNCLCC the French Federation of Cancer Centers Sarcoma Group, NA no event 
occurred in a classified subgroup, HR hazard ratio, aHR adjusted hazard ratio, CI confidence interval

P-value < 0.05 is shown in bold

Any variable whose univariate analysis had a p-value < 0.15 was input as a candidate for the multivariable analysis

Variable Univariate Multivariable

HR 95% CI P-value aHR 95% CI P-value

Margins (R1 vs R0) 1.07 0.43—2.66 0.882 2.07 0.75—5.74 0.161

Age 1.02 0.99—1.04 0.215

Gender (Female vs Male) 0.65 0.27—1.57 0.340

Size (diameter)
(> 5 cm vs ≤ 5 cm)

NA NA NA

Location (extremity)
(Lower vs Upper)

0.39 0.14—1.06 0.066 0.23 0.07—0.70 0.010

FNCLCC Grade (vs I)

 Grade II 3.38 0.72—15.91 0.124 3.55 0.71—17.91 0.124

 Grade III 9.48 2.08—43.24 0.004 12.53 2.67—58.88 0.001
Chemotherapy (Yes vs No) 2.25 0.66—7.67 0.194

Fig. 1 Kaplan–Meier curves display the estimate survival of (A) local recurrence‑free survival and (B) distant recurrence‑free survival according 
to resection margin status. R0, microscopically negative margin; R1, microscopically positive margin; aHR, adjusted hazard ratio; CI, confidence 
interval
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adjuvant radiotherapy was used in 150 patients with 
extremity or truncal STS, but R0 resection group had 
better distant metastasis-free survival [11]. Harati et  al. 
reported comparable survivals between R0 and R1 mar-
gins in 164 patients with leiomyosarcoma [12] and 120 
patients with ESTS [13], in which postoperative radio-
therapy was not associated with survival. Olson et al. also 
reported similar local recurrence-free survival between 
R0 and R1 resection in 97 patients with well-differenti-
ated liposarcoma [14]. Noticeably, another retrospec-
tive study by Harati et al. focusing on 110 patients with 
chest wall STS underwent surgical treatment reported 
that although patients with R0 margins had better 5-year 
overall survival compared to positive margins, R0 margin 
was not associated with survival in multivariate analysis 
[17]. The authors proposed that positive resection mar-
gin was more frequent in patients with high histological 
grade, therefore it may be a result rather than a cause of 
tumor aggressiveness.

The role of adjuvant radiotherapy in the treatment of 
localized STS remains clarification. Several recent stud-
ies discussed the impact of quantitative width of the 
negative margin with adjuvant radiotherapy. Ahmad 
et  al. evaluated the correlation between quantitative 
resection margin width and outcomes in 382 patients 
with localized extremity or truncal STS who underwent 
limb-sparing surgery and radiotherapy [9]. They reported 
no significant differences in local recurrence rate or 
survival in the groups with a negative margin of width 
of ≤ 1  mm, > 1  mm, ≤ 5  mm, and > 5  mm. With adjuvant 
radiotherapy, the quantitative width of the negative mar-
gin does not influence the outcome, and it is unneces-
sary to attempt a wider negative resection margin. Harati 
et  al. also reported that close and wide negative mar-
gins led to similar local recurrence-free survival in 643 
patients with primary ESTS among categorized (1  mm 
vs. 1–5  mm vs. > 5  mm) negative margins, while 270 
patients (42%) with adjuvant radiotherapy had similar 
local outcomes with different widths of the negative mar-
gin [18]. A systemic review by Strander et al. showed that 
the combination of limb-sparing surgery and adjuvant 
radiotherapy had a 90% local control rate in patients with 
STS of extremities and trunk who underwent resection 
with negative, marginal, or minimal microscopic positive 
surgical margins [4]. Taken together, surgical resection 
should achieve R0 for the low local recurrence when the 
condition is feasible. If tumors are near critical neurovas-
cular structures, bones, or joints, planned resection with 
close margin plus postoperative radiotherapy may also 
achieve good local control.

Our study showed that high FNCLCC grade is asso-
ciated with distal recurrence. The incidence of distant 
recurrence is about 25% in patients with ESTS [1, 4]. 

Pulmonary metastasis is the most common form of 
metastatic disease. Risk factors for distant recurrence 
are tumor profiles including tumor size, grade, and his-
tologic subtype, showing that tumor-related factors are 
more important than treatment-related factors to distant 
recurrence [19–24].

Limitations
The study has several limitations. First, the small sample 
size is the critical limitation to draw robust conclusions. 
Second, more caution in data interpretation and generali-
zation is needed because of the predominance of liposar-
comas in the sample. Third, it lacks a non-radiotherapy 
control group to clarify the role of radiotherapy in the 
outcomes of R0/R1 resection. Fourth, it has the limita-
tions inherent to the retrospective nature.

Conclusions
The present study showed R1 margins, when comple-
mented by radiotherapy, did not significantly alter out-
comes of ESTs as in R0 margin. Histological FNCLCC 
grade and primary tumor location are associated with 
distant recurrence. Further studies involving more 
diverse sarcoma types and larger cohorts are necessary to 
better highlight the path forward and confirm the results 
in broader clinical contexts.

Abbreviations
ESTS  Extremity soft tissue sarcoma
UICC  Union for International Cancer Control
3DCRT   Three‑dimensional conformal radiotherapy
IMRT  Intensity modulated radiotherapy
VMAT  Volumetric modulated arc therapy
SD  Standard deviation
HRs  Hazard ratios
Cis  Confidence intervals

Acknowledgements
None

Authors’ contributions
Chun‑Chieh Chen: Conception and design; Acquisition of data; Analysis and 
interpretation of data; Critical revision of the manuscript; Final approval of 
the manuscript; statistical analysis; clinical studies; Supervision. Yao‑Yu Wu: 
Acquisition of data; Critical revision of the manuscript; Final approval of the 
manuscript; Drafting of the manuscript; literature research. Jo‑Ting Kao: 
Analysis and interpretation of data; Final approval of the manuscript; literature 
research. Chih‑Hsiang Chang: Acquisition of data; Final approval of the manu‑
script; Drafting of the manuscript; Drafting of the manuscript; clinical studies. 
Shih‑Chiang Huang: Acquisition of data; Critical revision of the manuscript; 
Final approval of the manuscript; definition of intellectual content. Hsin‑Nung 
Shih: Conception and design; Critical revision of the manuscript; Final approval 
of the manuscript.

Funding
None.

Availability of data and materials
No datasets were generated or analysed during the current study.



Page 7 of 7Chen et al. World Journal of Surgical Oncology          (2024) 22:113  

Declarations

Ethics approval and consent to participate
The study protocol was reviewed and approved by the Institutional Review 
Board of Chang Gung Memorial Hospital, and signed informed consent was 
waived.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Orthopedic Surgery, Chang Gung Memorial Hospital, Linkou, 
No. 5, Fuxing Street, Guishan District, Taoyuan City 333, Taiwan. 2 Department 
of Radiation Oncology, Chang Gung Memorial Hospital, Keelung, No. 222, 
Maijin Rd., Anle Dist, Keelung City 204, Taiwan. 3 Department of Anatomic 
Pathology, Chang Gung Memorial Hospital, Linkou, No. 5, Fuxing Street, 
Guishan District, Taoyuan City 333, Taiwan. 4 College of Medicine, Chang Gung 
University, No. 259, Wenhua 1 Road, Guishan District, Taoyuan City 333, Taiwan. 
5 Bone and Joint Research Center, Chang Gung Memorial Hospital, Linkou, 
No. 5, Fuxing Street, Guishan District, Taoyuan City 333, Taiwan. 6 Hejiang 
Orthopedic Clinic, No. 200, Zhongzheng E. Rd., Zhubei City, Hsinchu County 
302, Taiwan. 

Received: 8 January 2024   Accepted: 6 April 2024

References
 1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer 

J Clin. 2021;71(1):7–33.
 2. Dangoor A, Seddon B, Gerrand C, Grimer R, Whelan J, Judson I. UK 

guidelines for the management of soft tissue sarcomas. Clin Sarcoma Res. 
2016;6:20.

 3. Grimer R, Judson I, Peake D, Seddon B. Guidelines for the management of 
soft tissue sarcomas. Sarcoma. 2010;2010: 506182.

 4. Strander H, Turesson I, Cavallin‑Ståhl E. A systematic overview of radiation 
therapy effects in soft tissue sarcomas. Acta Oncol. 2003;42(5–6):516–31.

 5. Chouliaras K, Patel N, Senehi R, Ethun CG, Poultsides G, Grignol V, et al. 
Impact of resection margin on outcomes in high‑grade soft tissue sarco‑
mas of the extremity‑A USSC analysis. J Surg Oncol. 2021;123(2):479–88.

 6. Gronchi A, Lo Vullo S, Colombo C, Collini P, Stacchiotti S, Mariani L, 
et al. Extremity soft tissue sarcoma in a series of patients treated at 
a single institution: local control directly impacts survival. Ann Surg. 
2010;251(3):506–11.

 7. Kainhofer V, Smolle MA, Szkandera J, Liegl‑Atzwanger B, Maurer‑Ertl W, 
Gerger A, et al. The width of resection margins influences local recurrence 
in soft tissue sarcoma patients. Eur J Surg Oncol. 2016;42(6):899–906.

 8. Novais EN, Demiralp B, Alderete J, Larson MC, Rose PS, Sim FH. Do surgi‑
cal margin and local recurrence influence survival in soft tissue sarcomas? 
Clin Orthop Relat Res. 2010;468(11):3003–11.

 9. Ahmad R, Jacobson A, Hornicek F, Haynes AB, Choy E, Cote G, et al. The 
width of the surgical margin does not influence outcomes in extremity 
and truncal soft tissue sarcoma treated with radiotherapy. Oncologist. 
2016;21(10):1269–76.

 10. Jebsen NL, Trovik CS, Bauer HC, Rydholm A, Monge OR, Hall KS, et al. 
Radiotherapy to improve local control regardless of surgical margin 
and malignancy grade in extremity and trunk wall soft tissue sarcoma: 
a Scandinavian sarcoma group study. Int J Radiat Oncol Biol Phys. 
2008;71(4):1196–203.

 11. Kim YB, Shin KH, Seong J, Roh JK, Kim GE, Hahn SB, et al. Clinical signifi‑
cance of margin status in postoperative radio therapy for extremity and 
truncal soft‑tissue sarcoma. Int J Radiat Oncol Biol Phys. 2008;70:139–44.

 12. Harati K, Daigeler A, Lange K, Niggemann H, Stricker I, Steinau HU, 
et al. Somatic leiomyosarcoma of the soft tissues: A single‑institutional 
analysis of factors predictive of survival in 164 patients. World J Surg. 
2017;41(6):1534–41.

 13. Harati K, Kirchhoff P, Behr B, Daigeler A, Goertz O, Hirsch T, et al. Soft tissue 
sarcomas of the distal lower extremities: A single‑institutional analysis 
of the prognostic significance of surgical margins in 120 patients. Oncol 
Rep. 2016;36:863–70.

 14. Olson CR, Suarez‑Kelly LP, Ethun CG, Shelby RD, Yu PY, Hughes TM, et al. 
Resection status does not impact recurrence in well‑differentiated lipo‑
sarcoma of the extremity. Am Surg. 2021;87(11):1752–9.

 15. Endo M, Lin PP. Surgical margins in the management of extremity soft 
tissue sarcoma. Chin Clin Oncol. 2018;7(4):37.

 16. Trojani M, Contesso G, Coindre JM, Rouesse J, Bui NB, de Mascarel A, et al. 
Soft‑tissue sarcomas of adults; study of pathological prognostic vari‑
ables and definition of a histopathological grading system. Int J Cancer. 
1984;33(1):37–42.

 17. Harati K, Kolbenschlag J, Bohm J, Niggemann H, Joneidi‑Jafari H, Stricker 
I, et al. Long‑term outcomes of patients with soft tissue sarcoma of the 
chest wall: Analysis of the prognostic significance of microscopic mar‑
gins. Oncol Lett. 2018;15(2):2179–87.

 18. Harati K, Goertz O, Pieper A, Daigeler A, Joneidi‑Jafari H, Niggemann 
H, et al. Soft tissue sarcomas of the extremities: Surgical margins can 
be close as long as the resected tumor has no ink on it. Oncologist. 
2017;22(11):1400–10.

 19. Hoefkens F, Dehandschutter C, Somville J, Meijnders P, Van Gestel D. Soft 
tissue sarcoma of the extremities: pending questions on surgery and 
radiotherapy. Radiat Oncol. 2016;11(1):136.

 20. Pisters PW, Leung DH, Woodruff J, Shi W, Brennan MF. Analysis of prog‑
nostic factors in 1,041 patients with localized soft tissue sarcomas of the 
extremities. J Clin Oncol. 1996;14(5):1679–89.

 21. Sugiura H, Nishida Y, Nakashima H, Yamada Y, Tsukushi S, Yamada K. Surgi‑
cal procedures and prognostic factors for local recurrence of soft tissue 
sarcomas. J Orthop Sci. 2014;19(1):141–9.

 22. Trovik CS, Bauer HC, Alvegård TA, Anderson H, Blomqvist C, Berlin O, et al. 
Surgical margins, local recurrence and metastasis in soft tissue sarcomas: 
559 surgically‑treated patients from the Scandinavian Sarcoma Group 
Register. Eur J Cancer. 2000;36(6):710–6.

 23. Zagars GK, Ballo MT, Pisters PW, Pollock RE, Patel SR, Benjamin RS, et al. 
Prognostic factors for patients with localized soft‑tissue sarcoma treated 
with conservation surgery and radiation therapy: an analysis of 1225 
patients. Cancer. 2003;97(10):2530–43.

 24. Callegaro D, Miceli R, Bonvalot S, et al. Development and external valida‑
tion of two nomograms to predict overall survival and occurrence of 
distant metastases in adults after surgical resection of localised soft‑tissue 
sarcomas of the extremities: a retrospective analysis. Lancet Oncol. 
2016;17(5):671–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Impact of resection margin on outcome in soft-tissue sarcomas of the extremities treated with limb-sparing surgery and postoperative radiotherapy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and Methods
	Study design
	Radiotherapy
	Endpoints
	Statistical analysis

	Results
	Baseline characteristics

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


