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Background: Although clinicians and patients with extremity bone and soft tissue (EBST)
are increasingly interested in limb salvage surgery (LSS), because of the minimal damage
to physical appearance and function, however, there is still a lack of large-scale population
studies on whether LSS improves the prognosis of patients.

Purpose: The aim of this study was to compare the survival of patients with EBST
sarcomas after receiving LSS and amputation.

Methods: To conduct the population-based study, we identified 6,717 patients with a
histologically diagnosed bone sarcoma and 24,378 patients with a histologically
diagnosed soft tissue sarcoma from the Surveillance, Epidemiology, and End Results
database. We analyzed overall survival (OS), cancer-specific survival (CSS), and non-
sarcoma survival (NSS) using the Kaplan-Meier method, log-rank test or Gray test, Cox
regression model, propensity score-matched analysis, and landmark analysis.

Results: LSS could improve the prognosis in patients with most EBST subtypes, except
for Ewing sarcomas and MPNST. However, in the subgroup without distant metastases,
limb salvage increased CSS only for patients with osteosarcoma, Ewing sarcoma, and
leiomyosarcoma, as well as NSS for patients with chondrosarcoma and synovial sarcoma.
Landmark analysis further demonstrated that sarcoma survivors surviving <10 years could
benefit from LSS but not for long-term survivors >10 years. Moreover, for patients with
distant metastases, LSS could improve survival of osteosarcoma patients but worsen
CSS among patients with MPNST. Landmark analysis further demonstrated that LSS
improved survival among osteosarcomas patients with distant metastases only within 1
year after surgery. Moreover, patients receiving LSS and those receiving amputation had a
high risk of dying from different non-sarcoma diseases during the postoperative follow-up.

Conclusions: The impact of limb salvage on the prognosis of patients depends on the
pathological subtype and stage of EBST sarcomas.
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INTRODUCTION

Although extremity bone and soft tissue (EBST) sarcomas
comprised a collection of rare malignant tumors that arise
from mesenchymal tissue (1, 2), they were responsible for
more deaths than testicular cancer, Hodgkin’s disease, and
thyroid cancer combined due to their more recurrent and
metastatic nature (3). Historically, amputation has been the
primary treatment of sarcoma, but since the 1980s, limb
salvage has been considered a clinically acceptable treatment
for the local control of EBST sarcomas, which is attributed to the
improved imaging techniques and adjuvant chemotherapy (4, 5).
However, in some cases, such as distant metastases of sarcomas,
amputation remains an effective option (6, 7).

Despite the conventional wisdom that radical surgery reduces
recurrence rate and complications (8), limb salvage surgery (LSS)
has become increasingly attractive to orthopedists and patients
with EBST sarcomas because of the minimal impairment to
physical appearance and function. However, there remained a
question as to whether LSS has a detrimental effect on the
survival of sarcoma patients (9, 10). In a comparative study
encompassing 1,220 patients with osteosarcoma treated with
neoadjuvant chemotherapy, 36% and 20% of patients
developed local recurrence following limb salvage with
intralesional margins and marginal margins, respectively, but
no events were observed among patients receiving amputation
(11). Depending on the severity of recurrence and complications
after LSS, patients may potentially need to undergo a secondary
amputation, which could result in a poor prognosis compared
with patients receiving primary limb salvage or primary
amputation (12, 13). However, using the National Cancer
Database, Daniel et al. analyzed the outcomes of 2,442 patients
with primary osteosarcoma in the United States, including 1,855
patients receiving LSS and 587 patients receiving amputation,
and reported a significant survival advantage for LSS compared
to amputation (14). Moreover, no difference in overall survival
(OS) was observed among patients with soft tissue sarcomas, as
reported by Mavrogenis et al. (15) and Alamanda et al. (16).

Previous studies on the use of limb salvage among patients
with EBST sarcomas were limited by small sample sizes and data
collected mostly at single institutions (10, 14, 17, 18). There are
few retrospective studies with results to inform clinical practice.
To address this gap, we conducted the large population-based
study using data from the Surveillance, Epidemiology, and End
Results (SEER) database. First, we analyzed recent trends in the
incidence of LSS among patients with EBST sarcomas. Second,
we aimed to identify the characteristics of patients who were
more likely to receive LSS. Finally, we sought to compare the
survival of patients who underwent LSS with those who
underwent amputation.

PATIENTS AND METHODS

The SEER program was established by the National Cancer
Institute for the evaluation of population-based cancer
statistics in the United States. The database comprised 18

geographic registries, covering approximately 28% of the US
population (19). This retrospective study cohort initially
consisted of patients diagnosed with EBST sarcomas between
January 1, 1973, and December 31, 2017, from the SEER
database. Through the exclusions depicted in Figure 1, we
identified the final study cohort. Patients diagnosed with EBST
sarcomas before 1988 were also excluded, as these cases lacked
treatment information for surgery.

We extracted the data of demographic characteristics including
age at diagnosis, sex (female and male), race (white, black, and
other), calendar year of diagnosis (1988-1999, 2000-2009, and
2010-2017), marital status at diagnosis (married, unmarried,
and unknown), insurance status (insured, any Medicaid,
uninsured, and unknown), and socioeconomic indicators (income
and educational status). Income (median family income) and
educational level (percentage of residents >25 years of age with at
least a high school degree) from county-level data were calculated by
linking to the 2000 United States Census and categorized into
tertiles (20). The tumor-related characteristics included laterality
(left, right, and others), primary site (upper limb and lower limb),
grade (Grade I-1V), clinical stage of sarcoma (local, regional,
distant, and unknown), and information regarding treatment. All
sarcomas were classified into ten histological subtypes according to
the International Classification of Disease for Oncology third
revision (ICD-O-3) (21, 22), including chondrosarcoma,
osteosarcoma, Ewing sarcoma, liposarcoma, malignant fibro
histiocytoma (MFH), leiomyosarcoma, fibrosarcoma, synovial
sarcoma, and Malignant Peripheral Nerve Sheath Tumor
(MPNST) and others (ICD-O-3 codes are listed in Table 1).
Survival time and cause of death were also available.

To analyze the changes in the incidence of limb salvage over the
calendar years, we conducted the joinpoint regression analysis
program. The joinpoint model was used to calculate Annual
Percentage Change (APC), mean APC, and corresponding 95%
CIs of surgery rate. Statistical significance of the APC was
determined by t-test compared with zero. To determine the
subgroups of sarcoma patients who tended to receive LSS, we also
calculated odds ratios (ORs) with 95% ClIs based on the logistic
regression model.

We used the Student’s t-test for continuous variables and
Pearson’s chi-square test for categorical variables to compare the
differences between groups. We analyzed OS, cancer-specific
survival (CSS), and non-sarcoma survival (NSS) using the
Kaplan-Meier method and log-rank analysis. Cumulative
incidence curves were plotted and compared using the Gray
test. We constructed logistic regression models to identify factors
for higher incidence of LSS among sarcomas patients.

The propensity score-matched analyses were performed to
compare the outcomes of patients receiving LSS and those
receiving amputation. One-to-one matching without replacement
was completed using the nearest-neighbor match on the logit of the
propensity score for amputation administration (derived from age,
sex, race, year, marital status, socioeconomic indicators, insurance
status, primary site, laterality, grade, stage, histology type,
radiotherapy, and chemotherapy). The caliper width was 0.05
times the standard deviation of the logit of the propensity score,
which could eliminate greater than 99% of the bias due to
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FIGURE 1 | Flowchart describing initial dataset and exclusions leading to final study cohorts.

confounding factors (23, 24). Patient characteristics were well
balanced among all covariates (Table 1).

To account for potential biases favoring the administration of
LSS to patients with more favorable baseline prognoses,
sequential landmark analyses assessing the survival of patients
receiving LSS and amputation were performed for patients
surviving a minimum of >1, =3, =5, and =10 years
from diagnosis.

The number of deaths from non-cancer diseases divided by
person-years of survival was calculated as the mortality rate of
non-cancer diseases. For comparison, the mortality data of the
general US population collected by the National Center for
Health Statistics spanning from 1969 to 2018 were used.
Standardized mortality rates (SMRs) were calculated as the
ratios of the observed to the expected number of deaths, which
provided the relative risk of death from non-sarcoma diseases for
cancer patients compared with the general US population after
adjusting the basic confounding factors including age, sex, and
race (25, 26). A 5-year age range was used for standardization,
and the 95% CI of SMR was determined using the Poisson
distribution approximation.

Observations were censored if patients did not die from indicated
events at the time of the last follow-up. The survival time was from
diagnosis until the occurrence of all-cause death, cancer death, or
censor events, and that recorded as 0 month in the SEER database was
converted to one-half of a month based on accepted epidemiologic
practices (27). All statistical tests were two-sided, and values with p <
0.05 were considered statistically significant.

The SEER database was accessed using SEER*Stat software 8.3.8.
The Student’s f-test, Pearson’s chi-square test, propensity score
matching, logistic regression analyses, Cox regression analyses,
Fine-Gray model, Gray tests, subgroup analysis, and interaction
test were conducted using R version 4.0.3. The Kaplan-Meier
survival curves, cumulative incidence curves, and log-rank
analysis were performed using GraphPad Prism 8.0.

RESULTS

A total of 31,095 patients diagnosed with EBST sarcomas (6,717
individuals with bone sarcomas and 24,378 individuals with soft
tissue sarcomas) from 1988 to 2017 were identified in this study,
followed by 2,619,290 person-years. In the study cohort, 3,327
patients (10.7%) underwent amputation for EBST sarcomas with
a median follow-up time of 42 months (interquartile range
[IQR], 15-117 months), and 27,768 (89.3%) patients
underwent LSS for sarcomas with a median follow-up time of
62 months (IQR, 23-131 months).

The Incidence of Limb Salvage

With Calendar Year Among Patients

With EBST Sarcomas

Using the joinpoint model, Figure 2 demonstrated that the
percentage of LSS procedures increased significantly from
65.5% in 1988 to 76.7% in 1995 (APC, 1.9%; 95% CI, 1 to 2.7;
p <0.05), and then showed a nonsignificant increase from 1995
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TABLE 1 | Patient information based on their baseline characteristics before and after 1:1 PSM among subgroups receiving limb salvage and amputation.

Characteristic Before PSM After PSM

Total No. Amputation No. (%) Limb Salvage No. (%) P value Total No. Amputation No. (%) Limb Salvage No. (%) P value

All patients 31095 3327 (100) 27768 (100) - 6654 3327 (100) 3327 (100)
Age (years)
Median 53 44 54 <0.001 44 44 44 0.873
Year <0.001 0.837
1988-1999 5740 819 (25) 4921 (18) 1622 819 (25) 803 (24)
2000-2009 14042 1511 (45) 12531 (45) 3045 1511 (45) 1534 (46)
2010-2017 11313 997 (30) 10316 (37) 1987 997 (30) 990 (30)
Sex <0.001 0.635
Female 14138 1334 (40) 12804 (46) 2687 1334 (40) 1353 (41)
Male 16957 1993 (60) 14964 (54) 3967 1993 (60) 1974 (59)
Race® <0.001 0.340
White 25011 2630 (79) 22381 (81) 5304 2630 (79) 2674 (80)
Black 3407 433 (13) 2974 (10) 849 433 (13) 416 (13)
Others 2677 264 (8) 2413 (9) 501 264 (8) 237 (7)
Marital status <0.001 0.473
Married 15146 1274 (38) 13872 (50) 2504 1274 (38) 1230 (37)
Unmarried 14568 1939 (58) 12629 (46) 3927 1939 (58) 1988 (60)
Unknown 1381 114 (3) 1267 (5) 223 114 (3) 109 (3)
Education® <0.001 0.881
High 10736 1246 (38) 9490 (34) 2497 1246 (38) 1251 (38)
Median 10318 1109 (33) 9209 (393) 2231 1109 (33) 1122(33)
Low 10041 972 (29) 9069 (33) 1926 972 (29) 954 (29)
Income® <0.001 0.351
High 9965 973 (29) 8992 (32) 1894 9783 (29) 921 (28)
Median 9191 985 (30) 8206 (30) 1981 985 (30) 996 (30)
Low 11939 1369 (41) 10570 (38) 2779 1369 (41) 1410 (42)
Insurance <0.001 0.993
Insured 10468 822 (25) 9646 (35) 1639 822 (25) 817 (25)
Any Med 2308 362 (11) 1946 (7) 729 362 (11) 367 (11)
Uninsured 501 53 (2) 448 (2) 108 53 (2) 55 (2)
Unknown 17818 2090 (63) 15728 (57) 4178 2090 (63) 2088 (63)
Location® <0.001 0.523
Upper Limb 8554 762 (23) 7792 (28) 1546 762 (23) 784 (24)
Lower Limb 22541 2565 (77) 19976 (72) 5108 2565 (77) 2543 (76)
Laterality 0.699 0.189
Left 15715 1674 (50) 14041 (51) 3326 1674 (50) 1652 (50)
Right 15337 1650 (50) 13687 (49) 3325 1650 (50) 1675 (50)
Unknown 43 3(0) 40 (0) 3 3(0) 0(0)
Grade® <0.001 0.843
Grade | 4555 173 (5) 4382 (16) 336 173 (5) 163 (5)
Grade Il 4821 374 (11) 4447 (16) 770 374 (11) 396 (12)
Grade Il 5185 687 (21) 4498 (16) 1389 687 (21) 702 (21)
Grade IV 8369 1172 (35) 7197 (26) 2341 1172 (35) 1169 (35)
Unknown 8165 921 (28) 7244 (26) 1818 921 (28) 897 (27)
Stage <0.001 0.909
Localized 20599 1273 (38) 19326 (70) 2555 1273 (38) 1282 (38)
Regional 7005 1370 (41) 5635 (20) 2721 1370 (41) 1351 (41)
Distant 2178 499 (15) 1679 (6) 996 499 (15) 497 (15)
Unknown 1313 185 (6) 1128 (4) 382 185 (6) 197 (6)
Histology® <0.001 0.633
Chondrosarcoma 2431 324 (10) 2107 (8) 685 324 (10) 361 (11)
Osteosarcoma 3534 927 (28) 2607 (9) 1877 927 (28) 950 (29)
Ewing sarcoma 745 119 (4) 626 (2) 251 119 (4) 132 (4)
Liposarcoma 5377 141 (4) 5236 (19) 254 141 (4) 113 (3)
MFH 4041 316 (9) 3725 (13) 648 316 (9) 332 (10)
Leiomyosarcoma 2619 120 (4) 2499 (9) 243 120 (4) 123 (4)
Fibrosarcoma 2043 108 (3) 1935 (7) 221 108 (3) 113 (3)
Synovial sarcoma 1852 332 (10) 1520 (6) 622 332 (10) 290 (9)
MPNST 714 70 (2) 644 (2) 140 70 (2) 70 (2)
Others 7739 870 (26) 6869 (25) 1713 870 (26) 843 (25)
Radiation <0.001 0.666

(Continued)
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TABLE 1 | Continued

Characteristic Before PSM After PSM
Total No. Amputation No. (%) Limb Salvage No. (%) P value Total No. Amputation No. (%) Limb Salvage No. (%) P value
Yes 12149 451 (14) 11698 (42) 890 451 (14) 439 (13)
No/Unknown 18946 2876 (86) 16070 (58) 5764 2876 (86) 2888 (87)
Chemotherapy <0.001 0.769
Yes 8510 1645 (49) 6865 (25) 3302 1645 (49) 1657 (50)
No/Unknown 22585 1682 (51) 20903 (75) 3352 1682 (51) 1670 (50)

PSM, Propensity score-matched; MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor.

40thers included American Indian/AK Native, Asian/Pacific Islander and unknown race.
PEdlucation status and income level were categorized into tertiles.

“Upper Limb included C40.0-C40.1, C47.1 and C49.1; Lower Limb included C40.2-C40.3, C47.2 and C49.2.
9Grade I, Well differentiated; Grade Il, Moderately differentiated; Grade Ill, Poorly differentiated: Grade IV, Undifferentiated; anaplastic.
€ICD-0O-3: Chondrosarcoma, 9220-9243; Osteosarcoma, 9180-9200; Ewing sarcoma, 9260; Liposarcoma, 8850-8858; MFH, 8830; Leiomyosarcoma, 8890-8891 and 8896; Synovial

sarcoma, 9040-9044; MPNST, 9540 and 9561.

Percentage of Limb Salvage

0857 B Observed percentage of Limb salvage

== 1988-1995: APC = 1.9 (110 2.7)*

0804 — 1995-2017:APC=0.2(0 :o 03)
]

0.754

Percetage

0.704

0.654

AAPC = 0.6 (0.4 10 0.8)"

0

. T T 1 1
1980 1990 2000 2010 2020
Year of diagnosis

significantly different from zero at alpha = 0.05 level.

to 2017 (APC, 0.2%; 95% CI, 0 to 0.3; p < 0.06). The proportion
of amputation decreased remarkably from 19.3% in 1988 to
10.5% in 1991 (APC, —12.4%; 95% CI, —19 to —5.3; p < 0.05), and
then slowly returned from 1991 to 7.1% in 2017 (APC, —2.4%;
95% CI, —2.9 to -1.8; p < 0.05).

The Subgroups of Sarcoma Patients
Tending to Receive Limb Salvage
Procedures

Table 2 shows the ORs of patients who were more likely to
receive limb salvage, stratified by subgroups. The younger
patients had a higher OR for the tendency to receive LSS
compared to older patients (OR = 0.997; 95% CI [0.995-
0.999]; p = 0.007). Patients with upper limb sarcoma had an
OR of 1.254 (95% CI [1.147-1.373]) compared to those with
lower limb sarcoma. Compared with those with
chondrosarcoma, patients with fibrosarcoma (OR = 2.529; 95%
CI [2.011-3.205]; p < 0.001), leiomyosarcoma (OR = 3.352; 95%
CI [2.683-4.212]; p < 0.001), liposarcoma (OR = 4.999; 95% CI
[4.060-6.184]; p < 0.001), malignant fibro-histiocytoma (OR =

Percentage of Amputation

0257 ® Observed percentage of Amputation

== 1988-1991: APC =-12.4 (-19to -5.3)*

020 = 1991-2017:APC=-2.4(-29t0-1.8)"

0.154

Percentage

0.10

0.05-

AAPC =35 (43 10 -26)"
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Year of diagnosis

* Indicated that the annual percentage change (APC) or average APC (AAPC) are

FIGURE 2 | Incidence of limb salvage and amputation with calendar year among all patients with EBST sarcomas.

2.535; 95% CI [2.120-3.032]; p < 0.001), and MPNST (OR =
1.624; 95% CI [1.229-2.172]; p = 0.001) were more prone to
receive LSS after sarcoma diagnosis.

Comparison of Survival Among Patients
After Limb Salvage and Amputation Due to
EBST Sarcomas

Patients who underwent LSS had improved OS and CSS compared
with those who underwent amputation (Supplementary Table 1),
and there was no statistically significant difference in NSS between
the two groups (Figure 3). A propensity score analysis was
performed to match 3,327 patients who underwent LSS with
3,327 patients who underwent amputation. This matched analysis
demonstrated a significant association between LSS and
improvements in overall OS (p < 0.001), CSS (p < 0.001), and
NSS (p < 0.001) in sarcoma patients.

Using the initial cohort, we conducted the subgroup analysis
based on subtypes of sarcomas. Survival curves and cumulative
incidence curves are drawn in Supplementary Figure 1. In the
subgroup analysis, the OS of receiving limb salvage did not differ
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TABLE 2 | Odds ratios of limb salvage procedures compared with amputation among patients with sarcomas. .

Logistic regression model

Odds ratio 95%Cl P value
Age at diagnosis 0.997 (0.995, 0.999) 0.007
Sex
Male -
Female 1.269 (1.174,1.371) <0.001
Race
White -
Black 0.957 (0.852, 1.078) 0.468
Other 1.124 (0.977, 1.298) 0.105
Year of diagnosis
1988-1999 -
2000-2009 1.546 (1.395,1.713) <0.001
2010-2017 1.741 (1.5611, 2.005) <0.001
Marital status
Unmarried -
Married 1.182 (1.083, 1.290) <0.001
Unknow 1.024 (0.833, 1.269) 0.824
Education
High -
Median 1.103 (0.994, 1.223) 0.065
Low 1.251 (1.113, 1.406) <0.001
Income
High -
Median 0.912 (0.826, 1.008) 0.070
Low 0.979 (0.876, 1.093) 0.706
Insurance
Any Medicaid -
Insured 1.506 (1.303, 1.737) <0.001
Uninsured 1.272 (0.930, 1.769) 0.141
Unknown 1.219 (1.047,1.418) 0.010
Location
Lower Limb -
Upper Limb 1.254 (1.147,1.373) <0.001
Laterality
Left -
Right 0.985 (0.913, 1.062) 0.695
Others 2.565 (0.895, 10.831) 0.125
Grade
Grade IV -
Grade | 1.918 (1.597, 2.313) <0.001
Grade Il 1.325 (1.157, 1.520) <0.001
Grade Il 0.951 (0.855, 1.059) 0.363
Unknown 1.152 (1.040, 1.276) 0.007
Stage
Distant -
Localized 2.854 2.525, 3.221 <0.001
Regional 1.035 0.916, 1.167 0.579
Unknow 1.553 1.283, 1.887 <0.001
Histology
Chondrosarcoma -
Osteosarcoma 0.726 0.614, 0.858 <0.001
Ewing sarcoma 1.208 0.940, 1.559 0.144
Liposarcoma 4,999 4.060, 6.184 <0.001
MFH 2.535 2.120, 3.032 <0.001
Leiomyosarcoma 3.352 2.683, 4.212 <0.001
Fibrosarcoma 2.529 2.011, 3.205 <0.001
Synovial sarcoma 0.809 0.674, 0.971 0.023
MPNST 1.624 1.229,2.172 0.001
Others 1.390 1.194,1.614 <0.001

Abbreviations: MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor.
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significantly from the OS of receiving amputation in patients with
Ewing sarcoma and MPNST (HR = 0.79; 95% CI [0.56-1.10]; p =
0.156 and HR = 0.85; 95% CI [0.60-1.22]; p = 0.391). For patients
with other sarcoma subtypes, limb salvage was associated with
improved OS (Figure 4). The limb salvage was also associated with
better CSS than amputation among patients with osteosarcoma (HR
=0.70; 95% CI [0.62-0.81]; p < 0.001), liposarcoma (HR = 0.46; 95%
CI [0.33-0.64]; p < 0.001), MFH (HR = 0.68; 95% CI [0.54-0.85]; p
=0.001), and leiomyosarcoma (HR = 0.53; 95% CI [0.38-0.72]; p <
0.001). Among patients with chondrosarcoma (HR = 0.81; 95% CI
[0.63-1.04]; p = 0.096), Ewing sarcoma (HR = 0.76; 95% CI [0.53-
1.09]; p = 0.141), fibrosarcoma (HR = 0.65; 95% CI [0.40-1.03]; p =
0.069), synovial sarcoma (HR = 0.77; 95% CI [0.60-1.00]; p =
0.046), and MPNST (HR = 0.81; 95% CI [0.51-1.28]; p = 0.360), no
CSS benefit could be demonstrated after limb salvage compared
with amputation. Using propensity score-matched cohorts, we
conducted the subgroup analysis based on the subtype and
metastatic status of sarcomas. For sarcoma patients without
distant metastases, LSS did not increase OS of patients with
MFH, fibrosarcoma, and MPNST but was associated with better
OS among patients with other sarcoma subtypes (Supplementary
Figure 2). Furthermore, LSS increased CSS among patients with
osteosarcoma (p = 0.023), Ewing sarcoma (p = 0.035), and
leiomyosarcoma (p < 0.001) but did not improve CSS of patients
with chondrosarcoma (p = 0.176), liposarcoma (p = 0.050), MFH (p
= 0.144), fibrosarcoma (p = 0.281), synovial sarcoma (p = 0.082),
and MPNST (p = 0.646). For patients with distant metastases, LSS
only improved the survival among osteosarcoma patients (OS: p <
0.001 and CSS: p = 0.001) but worsened the survival of patients with
MPNST (OS: p = 0.011 and CSS: p = 0.049). In addition, there was
no apparent improvement in survival in the group of patients with
other sarcoma subtypes who received LSS compared with those who
received amputation (Supplementary Figure 3).

T
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T T 1
200 300 400

Months

T 1 T
300 400 0 100

FIGURE 3 | As a whole, overall survival, cancer-specific survival, and non-sarcoma survival for patients receiving limb salvage or amputation after EBST sarcomas
using the initial cohort and cohort after PSM, respectively. PSM, propensity score-matched patients; OS, overall survival; CSS, cancer-specific survival; NSS, non-

Using data from the PSM cohort after adjusting for other
confounding factors, we found that for patients without distant
metastases, LSS was associated with improved OS and CSS for
survivors at =1, >3, and =5 years, as well as NSS for survivors at
>]1 and 23 years since diagnosis, compared to amputation
(Figure 5). For patients with distant metastases, in comparison
with amputation, LSS was associated with worse OS for survivors
of 23, 25, and =10 years and NSS for survivors of >3 and =5
years, while having no effect on CSS for survivors of 21, 23, =5,
and >10 years (Figure 6). For osteosarcoma patients with distant
metastases, LSS did not improve CSS for survivors of >1, >3, >5,
and 210 years (P=0.249, P=0.546, P=0.893, P>0.900).

Since amputation was associated with a worse prognosis
among sarcoma patients with distant metastases, we also
analyzed non-sarcoma death. A total of 5,644 patients with
EBST sarcomas died from non-sarcoma diseases. Of these,
cardiovascular diseases had the highest mortality rate, followed
by infectious diseases and chronic obstructive pulmonary disease
(COPD) (Supplementary Table 2). Compared with the general
US population, patients with EBST sarcomas had a higher risk of
dying from these non-cancer causes except for renal diseases
(Supplementary Table 3). Patients who had received LSS had a
higher risk of dying from cardiovascular diseases, COPD,
diabetes mellitus, and Alzheimer’s disease, and those who had
an amputation had a higher risk of dying from accident injuries,
infectious diseases, and suicide (Table 3).

DISCUSSION

The treatment of sarcoma patients is evolving with the
development of multimodality therapy, and advances in
imaging techniques and the use of neoadjuvant chemotherapy
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have resulted in a greater frequency of limb salvage procedures
(12, 28), which is consistent with our results in this study. Several
small samples or single-center clinical cohort studies have shown
that LSS had a better prognosis than amputation among patients
with EBST sarcomas (13, 29). In addition to the postoperative
survival rate, clinicians are increasingly concerned about the
higher recurrence rate and complications caused by limb salvage
procedures, as these are associated with a poorer prognosis (9,
10, 30). Some studies have reported no significant difference in

Overall Survival Cause Specific Survival
Characteristics ~ Subgroup HR (95%Cl) P Pforinteraction Characteristics ~Subgroup a HR (95%Cl) P Pforinteraction
AllPatients - -> 0.70(0.66-0.74)  <0.001 All Patients - 067(0620.72)  <0.001
Subgroup Chondrosarcoma —_— 078(064-0.94) 0009 <0.001 Subgroup Chondrosarcoma —_— 081(083-1.04) 0,006 0.004
Osteosarcoma —— 070(0620.79)  <0.001 Osteosarcoma —— 070(0.62081) <0001
Ewing sarcoma —_— 079(056-1.10) 0156 Ewing sarcoma —_— 076(0.53-1.09)  0.141
Liposarcoma —_— 060(048:076)  <0.001 Liposarcoma —_— 046(0.33064)  <0.001
Malignant Fibrohistiocytoma —— 078(0.680.91)  0.001 Malignant Fibrohistiocytoma — 068(0.54-0.85)  0.001
Lelomyosarcoma —_— 068(053086) 0002 L 053(036072) <000t
Fibrosarcoma —_— 070(050097) 0,034 Fibrosarcoma —_— 065(0.40-1.03) 0,069
Synovial sarcoma —_— 073(059-089) 0,002 Synovial sarcoma —_—— 077(060-1.00)  0.046
MPNST —_—— e 085(060122) 0391 MPNST ——————————— 081(051128) 0360
Others —— 065(059072) <0001 Others —— 063(055073) <000t
| B S ] | E— —
025 05 075 1 025 05 075 1
Hazard Ratio Hazard Ratio
FavorsLimb Salvage < s Fayors Amputation FavorsLimb Salvage -~ w015 Amputation
FIGURE 4 | Based on Cox regression model, forest plots of the association between limb salvage after sarcomas and survival in different sarcoma subgroups. HR,
hazard ratio; Cl, confidence interval.

the incidence of local recurrence of sarcoma among patients who
underwent LSS and amputation (8, 29). However, several other
studies have implicated LSS with a higher incidence of local
recurrence and overall complications (31, 32). Therefore, there is
much debate about the impact of LSS on the survival of EBST
sarcomas. Moreover, due to the limitations of the small sample
or single center of these studies, no results were available to
inform clinical practice currently. To our knowledge, this
analysis represents the largest reported cohort of patients with
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FIGURE 5 | Subgroup analysis: Landmark analyses of overall survival, cancer-specific survival, and non-sarcoma survival for long-term survivors with localized and
regional sarcomas in the cohort after PSM. PSM, propensity score-matched patients; OS, overall survival; CSS, cancer-specific survival; NSS, non-sarcoma survival.
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FIGURE 6 | Subgroup analysis: Landmark analyses of overall survival, cancer-specific survival, and non-sarcoma survival for long-term survivors with advanced
sarcomas in the cohort after PSM. PSM, propensity score-matched patients; OS, overall survival; CSS, cancer-specific survival; NSS, non-sarcoma survival.

bone and soft tissue sarcoma treated with LSS or amputation.
Using data from the SEER database, we found that the impact of
LSS on the prognosis of patients with EBST sarcoma differed
markedly depending on the subtypes and clinical stage of
sarcoma. Our comparative study was inconsistent with the
traditional views of surgical radicality, in which amputation
and safe resection margin were critical for better prognosis and
lower local recurrence (33, 34). Considering the heterogeneity
among EBST sarcomas, we performed the subgroup analysis. We
found that LSS could improve the survival of patients with
osteosarcoma, regardless of whether they have distant

metastases. However, in general, patients with advanced
sarcomas are at an increased risk of dying from a range of
non-sarcoma diseases after LSS, such as cardiovascular diseases,
COPD, diabetes mellitus, and Alzheimer’s disease. For complete
removal of sarcoma, surgeons always recommend amputation to
patients with advanced osteosarcoma, equivalent to clinical stage
III (6). The results of this study highlighted a new concept that
surgeons should consider actively LSS for patients with
osteosarcoma at any stage for better prognosis.

For soft tissue sarcomas, subgroup analysis showed that LSS
increased the OS rate among patients with localized and regional

TABLE 3 | The comparison of the risk of dying from some non-cancer diseases between survivors after limb salvage and those after amputation.

CVD COPD Accidental death Infection DM Suicide AD ND

Amputation

Number of deaths 132 16 18 29 8 10 7 5
Mortality 626.20 75.90 85.39 137.57 37.95 47.44 33.21 23.72
SMR 1.97 1.67 213 5.87 1.53 3.61 2.08 1.82
95% Cl 1.66 t0 2.34 1.02t0 2.72 1.34 t0 3.38 4.08 to 8.45 0.76 to 3.06 1.94 t0 6.71 0.99 to 4.37 0.76 to 4.38

Limb Salvage

Number of deaths 1313 185 124 191 100 40 113 48
Mortality 665.84 93.82 62.88 96.86 50.71 20.28 57.30 24.34
SMR 1.39 1.29 1.35 3.00 1.33 1.41 1.96 1.14
95% Cl 1.32t0 1.47 1.12t0 1.49 1.13t0 1.60 2.611t0 3.46 1.09 to 1.62 1.03to 1.92 1.631t02.35 0.86 to 1.51

CVD, cardiovascular diseases; COPD, chronic obstructive pulmonary diseases; DM, diabetes mellitus; AD, Alzheimer’s disease; KD, kidney disease; SMR, standardized mortality ratio; Cl,

confidence interval.
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liposarcomas, leiomyosarcomas, and synovial sarcomas
compared with amputation, but no survival difference was
observed among patients with advanced soft tissue sarcomas
other than MPNST. LSS had a deleterious effect on the survival of
those with advanced MPNST, one of the most challenging
mesenchymal malignancies to treat and predisposed to early
metastasis. In the early stage of disease, the relapse rates were
high following multimodality therapy. In advanced diseases, the
response rates to cytotoxic chemotherapy were low. In our study,
the poor survival of MPNST patients receiving LSS could be
attributed to the agressivity of the disease, high recurrence, and
lack of chemosensibility due to mutation of the NF1 gene (35,
36). Moreover, the landmark analysis for survivors with
advanced osteosarcomas of =1 year revealed no effect of LSS
on survival, which indicated that patients could benefit from LSS
only within 1 year after sarcoma diagnosis.

Using data from SEER database, we also found that the
patients receiving amputation after sarcomas had a higher risk
of suicide and accidental death than those receiving LSS. This
may be explained by the higher degree of depression and
demoralization caused by the altered gait, function, stability,
strength, and appearance resulting from amputation (37-39).
Therefore, clinicians should take some measures including long-
lasting follow up and psychological support to lower the risk of
death from non-sarcoma diseases such as suicide (39, 40).

There are some limitations in our study. First, the SEER
database does not contain detailed quantitative data on Patient
Reported Outcomes Measurement Information System
(PROMIS), including the acceptance of postoperative state,
ambulation, and pain levels, a new patient-reported scoring
system developed by the National Institutes of Health that is
being widely adopted. Considering that physicians’ and patients’
definitions of surgical success can vary widely, it is necessary to
explore the relationship between patient-reported outcomes and
LSS. Using a cohort of 43 sarcoma patients, Yannick et al. (10)
reported comparable mental wellbeing between patients with
LSS and those receiving amputation, although the functional
benefits of LSS over amputation were maintained at nearly 10
years of follow-up. However, we could not evaluate the impact of
LSS on the quality of life in these patients in detail using data
from the SEER program. The relationship between patient-
reported outcomes and LSS requires further study using the
population-based study cohort. Second, in the subgroup
analysis, we did not find any effect of LSS on NSS among
patients with advanced sarcomas, but the results of landmark
analysis were inconsistent with the subgroup analysis. A possible
hypothesis to explain this inconsistency was that the relatively
small number of non-sarcoma events reduced the statistical
power of the subgroup analysis and, therefore, the effect of LSS
on the risk of dying from non-sarcoma diseases requires further
investigation. Moreover, the SEER program did not provide
sarcoma-specific data, such as surgery margins and sarcoma
depth. Nevertheless, the present study is the first large
retrospective study to investigate the relationship between the
use of LSS and survival of sarcoma patients in a modern cohort,
and we believe that the results are reliable and can be utilized to
guide clinical practice (41).

CONCLUSION

Different from current clinical practice guidelines, osteosarcoma
patients could benefit from limb salvage procedures regardless of
whether the sarcoma has metastasized. Furthermore, clinicians
should pay more attention to the high risk of dying from different
non-sarcoma diseases among patients after amputation and
those after LSS during the postoperative follow-up.
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Supplementary Figure 1 | Subgroup analysis: the graph showed Kaplan-Meier
curves of overall survival, and cumulative incidence curves of death resulting from
sarcomas and death resulting from other non-sarcomas causes. MFH, malignant
fibro histiocytoma; MPNST, malignant peripheral nerve sheath tumors.

Supplementary Figure 2 | Using subgroup with localized and regional sarcomas
in the cohort after PSM, the graph showed Kaplan-Meier curves of overall survival,
and cumulative incidence curves of death resulting from sarcomas and death
resulting from other non-sarcomas causes. MFH, malignant fibro histiocytoma;
MPNST, malignant peripheral nerve sheath tumors.

Supplementary Figure 3 | Using subgroup with distant metastases in the cohort
after PSM, the graph showed Kaplan-Meier curves of overall survival, and
cumulative incidence curves of death resulting from sarcomas and death resulting
from other non-sarcomas causes. MFH, malignant fibro histiocytoma; MPNST,
malignant peripheral nerve sheath tumors.
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