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Abstract

Background Although pediatric lower extremity sarcoma
once was routinely treated with amputation, multiagent che-
motherapy as well as the evolution of tumor resection and
reconstruction techniques have enabled the wide adoption of
limb salvage surgery (LSS). Even though infection and tumor
recurrence are established risk factors for early amputation
(< 5 years) after LSS, the frequency of and factors associated
with late amputation (= 5 years from diagnosis) in children
with sarcomas are not known. Additionally, the resulting
psychosocial and physical outcomes of these patients com-
pared with those treated with primary amputation or LSS that
was not complicated by subsequent amputation are not well
studied. Studying these outcomes is critical to enhancing the
quality of life of patients with sarcomas.

Questions/purposes (1) How have treatments changed over
time in patients with lower extremity sarcoma who are in-
cluded in the Childhood Cancer Survivor Study (CCSS), and
did primary treatment with amputation or LSS affect overall
survival at 25 years among patients who had survived at least
5 years from diagnosis? (2) What is the cumulative incidence
of amputation after LSS for patients diagnosed with pediatric
lower extremity sarcomas 25 years after diagnosis? (3) What
are the factors associated with time to late amputation (= 5
years after diagnosis) in patients initially treated with LSS for
lower extremity sarcomas in the CCSS? (4) What are the
comparative social, physical, and emotional health-related
quality of life (HRQOL) outcomes among patients with sar-
coma treated with primary amputation, LSS without
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amputation, or LSS complicated by late amputation, as
assessed by CCSS follow-up questionnaires, the SF-36, and
the Brief Symptom Inventory-18 at 20 years after cancer
diagnosis?

Methods The CCSS is a long-term follow-up study that
began in 1994 and is coordinated through St. Jude
Children’s Research Hospital. It is a retrospective study
with longitudinal follow-up of more than 38,000 partici-
pants treated for childhood cancer when younger than 21
years at one of 31 collaborating institutions between 1970
and 1999 in the United States and Canada. Participants
were eligible for enrollment in the CCSS after they had
survived 5 years from diagnosis. Within the CCSS cohort,
we included participants who had a diagnosis of lower
extremity sarcoma treated with primary amputation (547
patients with a mean age at diagnosis of 13 * 4 years) or
primary LSS (510 patients with a mean age 14 * 4 years).
The LSS cohort was subdivided into LSS without ampu-
tation, defined as primary LSS without amputation at the
time of latest follow-up; LSS with early amputation, de-
fined as LSS complicated by amputation occurring less
than 5 years from diagnosis; or LSS with late amputation,
defined as primary LSS in study patients who subsequently
underwent amputation 5 years or more from cancer di-
agnosis. The cumulative incidence of late amputation after

primary LSS was estimated. Cox proportional hazards re-
gression with time-varying covariates identified factors
associated with late amputation. Modified Poisson re-
gression models were used to compare psychosocial,
physical, and HRQOL outcomes among patients treated
with primary amputation, LSS without amputation, or LSS
complicated by late amputation using validated surveys.

Results More study participants were treated with LSS than
with primary amputation in more recent decades. The
overall survival at 25 years in this population who survived 5
years from diagnosis was not different between those treated
with primary amputation (87% [95% confidence interval
[CI] 82% to 91%]) compared with LSS (88% [95% CI 85%
to 91%]; p = 0.31). The cumulative incidence of amputation
at 25 years after cancer diagnosis and primary LSS was 18%
(95% CI 14% to 21%). With the numbers available, the
cumulative incidence of late amputation was not different
among study patients treated in the 1970s (27% [95% CI
15% to 38%]) versus the 1980s and 1990s (19% [95% CI
13% to 25%] and 15% [95% CI 10% to 19%], respectively;
p = 0.15). After controlling for gender, medical and surgical
treatment variables, cancer recurrence, and chronic health
conditions, gender (hazard ratio [HR] 2.02 [95% CI 1.07 to
3.82]; p=0.03) and history of prosthetic joint reconstruction
(HR 2.58 [95% CI 1.37 to 4.84]; p = 0.003) were associated
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with an increased likelihood of late amputation. Study patients
treated with a primary amputation (relative risk [RR] 2.04
[95% CI 1.15 to 3.64]) and LSS complicated by late ampu-
tation (relative risk [RR] 3.85 [95% CI 1.66 to 8.92]) were
more likely to be unemployed or unable to attend school than
patients treated with LSS without amputation to date. The
CCSS cohort treated with primary amputation and those with
LSS complicated by late amputation reported worse physical
health scores than those without amputation to date, although
mental and emotional health outcomes did not differ between
the groups.

Conclusion There is a substantial risk of late amputation
after LSS, and both primary and late amputation status are
associated with decreased physical HRQOL outcomes.
Children treated for sarcoma who survive into adulthood
after primary amputation and those who undergo late
amputation after LSS may benefit from interventions fo-
cused on improving physical function and reaching edu-
cational and employment milestones. Efforts to improve
the physical function of people who have undergone
amputation either through prosthetic design or integration
into the residuum should be supported. Understanding
factors associated with late amputation in the setting of
more modern surgical approaches and implants will help
surgeons more effectively manage patient expectations
and adjust practice to mitigate these risks over the life of
the patient.

Level of Evidence Level 111, therapeutic study.

Introduction

Bone and soft tissue sarcomas represent 10% to 15% of
childhood cancers [2, 20]. Historically, the surgical treatment
for appendicular sarcomas was limb amputation. Beginning
in the 1970s, neoadjuvant chemotherapy protocols sub-
stantially increased overall survival for patients with localized
disease [12, 27, 34, 39]. These developments, in addition to
advances in surgical techniques, imaging, and implant design,
changed the surgical paradigm such that limb salvage surgery
(LSS)—tumor resection with reconstruction of limb
anatomy—could achieve comparable oncologic outcomes
and became widely adopted by the 1990s [2, 3, 9, 25, 40, 41].
A fraction of patients today is treated with primary amputation
when anatomically or functionally necessary [11, 42]. As
more children who were treated for sarcomas achieve long-
term survival, there is a need for ongoing clinical surveillance
of treatment sequelae. Survivors of pediatric cancers face
challenges in multiple domains as they age [4, 29], and
children treated for sarcoma, specifically, have worse health
outcomes than children treated for other cancers [24, 46].
Previous studies have evaluated whether primary am-
putation or LSS impacts long-term psychosocial and
physical health outcomes, with mixed conclusions
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depending on the study population and the outcome mea-
sure used [25, 26, 32, 33, 35, 37, 43]. Durability of the
oncologic reconstruction is also a challenge in children
with sarcomas because children treated for sarcomas are
likely to live for many years [13, 25, 31, 48]. Late ampu-
tation after failure of LSS is a potentially devastating out-
come occurring years after the primary surgery. Although
tumor recurrence and postoperative infection account for
most amputations performed within 5 years after primary
LSS, even long-term studies of LSS do not report specific
medical and surgical cancer treatment exposures that may
be associated with amputation 5 or more years from LSS
using multivariable models [14, 19, 30]. Additionally,
psychosocial outcome studies on this rare group of patients
undergoing late amputation are limited [10, 37].

We therefore asked, (1) How have treatments changed
over time in patients with lower extremity sarcoma who are
included in the Childhood Cancer Survivor Study (CCSS),
and did primary treatment with amputation or LSS affect
overall survival at 25 years among patients who had survived
at least 5 years from diagnosis? (2) What is the cumulative
incidence of amputation after LSS for patients diagnosed with
pediatric lower extremity sarcomas 25 years after diagnosis?
(3) What are the factors associated with time to late amputa-
tion (= 5 years after diagnosis) in patients initially treated
with LSS for lower extremity sarcomas in the CCSS? (4)
What are the comparative social, physical, and emotional
health-related quality of life (HRQOL) outcomes among pa-
tients with sarcoma treated with primary amputation, LSS
without amputation, or LSS complicated by late amputation,
as assessed by CCSS follow-up questionnaires, the SF-36,
and the Brief Symptom Inventory-18 (BSI-18) at 20 years
after cancer diagnosis?

Materials and Methods
Study Design and Setting

The CCSS is a long-term follow-up study that began in 1994
and is funded by the United States National Cancer Institute.
Coordinated through St. Jude Children’s Research Hospital
in Memphis, TN, USA, it is a retrospective study with lon-
gitudinal follow-up of more than 38,000 5-year survivors of
childhood cancer who were younger than 21 years at di-
agnosis and treated at one of 31 collaborating institutions
from 1970 to 1999 in the United States and Canada. Cancer
diagnosis and treatment data including chemotherapy, ra-
diotherapy, and surgery were abstracted from medical re-
cords at treating institutions using standardized CCSS
protocols. Study participants completed baseline surveys
and follow-up questionnaires at published intervals.
Detailed descriptions of the CCSS study design and cohort
characteristics have been published [23, 38].

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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Participants

Participants in the CCSS with lower extremity bone sar-
coma or soft tissue sarcoma were eligible for inclusion in
this study. Lower extremity was defined as tumors at or
distal to the hip according to ICD-9 diagnosis codes.
Inclusion criteria for the study were treatment with either
primary amputation or primary LSS within 1 year of di-
agnosis. Of 1301 patients with eligible diagnoses, 12%
(155) were excluded because they were treated without
surgery, 6% (83) were excluded because surgical treatment
occurred more than 1 year from diagnosis, and 0.05% (6)
were excluded because the date or age at surgical treatment
was not available (treated as missing), leaving 1057
available for analysis. For HRQOL outcomes, analysis was
restricted to the participants aged 25 years or older at the
time of study follow-up. Of the eligible patients, 58% (587
of 1012) responded to the SF-36 (41% [241 of 587] pri-
mary LSS and 59% [346 of 587] primary amputation), and
53% (535 of 1012) responded to the BSI-18 (44% [234 of
535] LSS and 56% [301 of 535] primary amputation)
survey instruments.

Description of Experiment, Treatment, or Surgery

Study patients were assigned to primary amputation—
defined as amputation at any level as the index procedure
for tumor control—or LSS treatment groups. The LSS
cohort was subdivided into LSS with early amputation,
defined as LSS complicated by amputation occurring < 5
years from diagnosis; LSS with late amputation, defined as
patients undergoing primary LSS who subsequently un-
derwent amputation = 5 years from cancer diagnosis; and
LSS without amputation, defined as study patients treated
with primary LSS who had not undergone subsequent
amputation at the time of last follow-up. For descriptive
purposes, the demographics of early amputation survivors
were collected, but these survivors were excluded from
subsequent multivariable analyses to focus on factors as-
sociated with late amputations.

Variables, Outcome Measures, Data Sources, and Bias
Additional Clinical Variables

Additional covariates included gender, race, or ethnicity
(according to participants’ self-report), cancer diagnosis,
age and year of diagnosis, and chronic health conditions.
Information about chronic health conditions was obtained
from organ-specific questions covering cardiovascular,
endocrine, respiratory, gastrointestinal, renal, neurologic,
immunologic, and hematologic systems. These conditions

were graded for severity using the National Cancer
Institute’s Common Terminology for Adverse Events
v4.3, including Grade 1 (mild or asymptomatic), Grade 2
(moderate), Grade 3 (severe and/or disabling), and Grade
4 (life-threatening) [29]. For the current analysis, we
limited reporting to Grades 3 and 4 because all
participants reported a Grade 1 to 2 condition, and prev-
alent amputation is a Grade 2 condition. ICD-9 procedure
codes were used to determine whether a prosthetic joint
reconstruction had been performed in association
with LSS.

Outcomes

The main outcome of interest was a medical record or self-
report of late amputation after primary LSS. Secondary
outcomes including ability to work, attend school, drive,
and manage routine needs of daily living, as well as im-
paired physical performance, were obtained from partici-
pants’ responses to CCSS follow-up surveys (available at:
https://ccss.stjude.org/tools-documents/questionnaires/baseline-
and-follow-up-questionnaires.html). Physical performance was
determined based on published methods [28]. Questions
on physical limitation assessed the duration of such
limitation (none, 3 months or less, or more than 3 months)
based on six questions, where scores range from 6 (most
physical limitation) to 18. Respondents with scores in the
10th percentile of a healthy control group (score = 15)
were defined as having a physical limitation. We
evaluated HRQOL using the SF-36, which provides
subscale scores for eight domains of HRQOL: mental
health, physical health, emotional role function, physical
role function, social health, pain, vitality and energy, and
health perceptions. Raw scores from the SF-36 were
converted to T scores (range 0 to 100) and dichotomized
so that a score at or below 40 (1 SD below the population
mean) was classified as a poor HRQOL outcome. We
measured emotional distress with the BSI-18, a measure
of depression, somatization, anxiety, and global mental
health. Participants with T-scores of 63 or more on a
particular scale were classified as having poor emotional
health [28]. The median (range) follow-up time for survey
data collection was 23 years (15 to 34) from the primary
diagnosis. All-cause mortality for participants in the
CCSS cohort was compared between the primary ampu-
tation and LSS groups. Vital status was determined up to
2017 using linkage with the National Death Index [6].

Ethical Approval
We obtained ethical approval for this study from our

institutions.
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Statistical Analysis

Demographic and treatment characteristics were organized
around surgical treatment groups. The cumulative in-
cidence of late amputation, with death as a competing risk,
was calculated from the date of CCSS cohort entry to the
last follow-up, amputation, or death. All amputations oc-
curring within 5 years from diagnosis in the LSS cohort
were included in the cumulative incidence estimation as
prevalent procedures, starting at 5 years after cancer
diagnosis.

We used a univariable Cox proportional hazards model to
examine the impact of demographic and treatment variables,
cancer recurrence, as well as Grades 3 and 4 chronic health
conditions on the hazard ratio of late amputation after LSS
(Supplementary Table 1; http://links.Iww.com/CORR/A796).
Cancer recurrence and Grades 3 and 4 chronic health
conditions were treated as time-varying covariates. Factors
from the univariable analysis with a p < 0.1 were included in a
multivariable regression analysis. Because histologic diagnosis
and treatment era were confounded by cancer treatments
(Supplementary Table 2; http:/links.Iww.com/CORR/A797),
models including these variables were run separately. The
analysis was performed first with baseline covariates alone and
then the time-varying covariates (cancer recurrence and
chronic health conditions in this study) were added. The results
were equivalent; thus, we report the results of the full model.

We estimated the overall survival rate using the Kaplan-
Meier product-limit estimator and implemented using
PROC LIFETEST (SAS Institute). We compared the re-
stricted mean survival times (restricted at 20 years from
CCSS cohort entry) between treatment groups by applying
the generalized estimating equation approach to pseudo-
values [22].

A modified Poisson regression approach [51] was used
to estimate the relative risk of psychosocial, physical or
functional, and HRQOL impairments (binary outcomes
defined earlier) among treatment groups, adjusted for age at
the time of evaluation. All analyses were conducted in SAS
9.4 (SAS Institute), R Studio (RStudio Inc), and GraphPad
Prism 8.3.1 (GraphPad Software).

Results
Demographic, Treatment, and Survival Characteristics

Fifty-two percent (553 of 1057) of participants with lower
extremity sarcoma were men, 73% (773 of 1057) were
White, and 84% (888 of 1057) were diagnosed with oste-
osarcoma (Table 1). As expected, a greater percentage of
study patients were treated with LSS than with primary
amputation in more recent decades. Although 78% (222 of
284) of the study cohort from the 1970s were treated with
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primary amputation, 72% (265 of 367) of the cohort from
the 1990s were treated with primary LSS (Supplementary
Table 3; http:/links.lww.com/CORR/A798). When
comparing by primary surgical treatment, there was no
difference in the overall survival at 25 years in this
population who had survived 5 years from diagnosis: 87%
(95% confidence interval [CI] 82% to 91%) for primary
amputation compared with 88% (95% CI 85% to 91%; p =
0.31) for LSS (Fig. 1).

Cumulative Incidence of Amputation After LSS

The cumulative incidence of amputation at 25 years from
diagnosis in the primary LSS cohort was 18% (95% CI
14% to 21%) (Fig. 2A). With the numbers available, there
was no difference in the 25-year cumulative incidence of
amputation among patients treated with LSS in the 1970s
(27% [95% CI 15% to 38%]) versus those in the 1980s
(19% [95% CI 13% to 25%]) and 1990s (15% [95% CI
10% to 19%]; p = 0.15) (Fig. 2B).

Factors Associated with Late Amputation (= 5 Years
After Diagnosis)

After controlling for variables associated with late amputation
including gender, chemotherapy exposure, prosthetic joint
reconstruction, and chronic health conditions, being a man
(hazard ratio [HR] 2.02 [95% CI 1.07 to 3.82]; p = 0.03) and
history of prosthetic joint reconstruction (HR 2.58 [95% CI
1.37 to 4.84]; p = 0.003) were associated with an increased
likelihood of late amputation (Table 2). With the data avail-
able, treatment in the 1970s compared with treatment in the
1990s (HR 2.33 [95% CI 0.99 to 5.45]; p = 0.05) was not
associated with an increased likelihood of late amputation
(Supplementary Table 4; http:/links.lww.com/CORR/A799)
and neither was primary histologic diagnosis (Supplementary
Table 5; http://links.Iww.com/CORR/A800).

Social, Physical, and Emotional HRQOL Outcomes

Participants treated with primary amputation and those
who underwent late amputation after LSS fared worse than
those without amputation after LSS on nearly all physical
function metrics in CCSS surveys (Table 3). Specifically,
after controlling for age, we found that participants with
primary amputation (relative risk [RR] 2.76 [95% CI 1.29
to 5.89]; p =0.009) and late amputation (RR 4.45 [95% CI
1.44 to 13.70]; p = 0.009) were more likely to need help
with routine needs than were participants without ampu-
tation after LSS. Patients treated with primary amputation
or LSS with late amputation were also more likely to be

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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Table 1. Demographic and treatment characteristics of lower extremity sarcoma survivors treated with primary amputation or LSS

Characteristics Primary amputation (n = 547) Primary LSS (n = 510)
Women 45 (244) 51 (260)
Race®
White, non-Hispanic 75 (409) 71 (364)
Black, non-Hispanic 7 (41) 6 (31)
Asian/Pacific Islander 1(8) 3(17)
Other 16 (89) 19 (98)
Age at diagnosis in years
<10 22 (123) 14 (70)
10-14 41 (227) 42 (213)
15+ 36 (197) 45 (227)
Age at last follow-up or death in years 42 =1 37 £10
Decade of diagnosis
1970s 41 (222) 12 (62)
1980s 41 (223) 36 (183)
1990s 19 (102) 52 (265)
Diagnosis
Ewing sarcoma 9 (48) 17 (85)
Osteosarcoma 89 (488) 78 (400)
Soft tissue sarcoma 2 (10) 4 (20)
Other bone tumors 0.2 (1) 1(5)
Chronic medical condition
Any Grade 3-4° 25 (136) 26 (130)
Treatment
Surgery only 15 (84) 8 (42)
Surgery + chemotherapy 82 (448) 80 (408)
Surgery + leg RT 0.5 (3) 0.2 (1)
Surgery + chemotherapy + leg RT 2(12) 12 (59)
Prosthetic joint reconstruction 2 (10) 25 (126)
Chemotherapy exposure
Any 85 (467) 93 (476)
Anthracycline 82 (446) 88 (451)
Alkylating agent 61 (332) 72 (368)
Platinum 39 (215) 58 (298)
Vinca alkaloid 42 (230) 38 (194)
Antimetabolite 65 (358) 67 (340)
Topoisomerase inhibitor or 83 (456) 92 (471)
antitumor antibiotic
Cancer recurrence 21 (115) 12 (63)

Data presented as % (n) or mean = SD.

Race according to study participants’ self-report.

PNational Cancer Institute’s Common Terminology for Adverse Events v4.3, including Grade 1 (mild or asymptomatic), Grade 2
(moderate), Grade 3 (severe and/or disabling), and Grade 4 (life-threatening); leg RT = external beam radiation, specifically the
operative extremity.

unable to work or attend school (RR 2.04 [95% CI 1.15 to Study patients generally reported no differences in
3.64]; p = 0.02 and RR 3.85 [95% CI 1.66 to 8.92]; mental and emotional health outcomes on the SF-36 and
p = 0.002, respectively). BSI-18, regardless of surgical treatment group (Table 4).
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Table 2. Multivariable analysis of risk factors for late amputation after initial LSS (model includes treatment modalities
chemotherapy and radiation)

Variable HR (95% Cl) p value
Men (vs women) 2.02 (1.07-3.82) 0.03
Alkylating agent exposure (vs no 2.14 (0.86-5.30) 0.10
exposure)

Vinca alkaloid exposure (vs no 1.76 (0.93-3.35) 0.08
exposure)

Prosthetic joint reconstruction (vs no 2.58 (1.37-4.84) 0.003
reconstruction)

Cancer recurrence (vs no recurrence) 0.92 (0.42-2.01) 0.83
Grades 3-4 chronic health condition (vs 1.71 (0.72-4.06) 0.22

Grades 1-2)?

“National Cancer Institute’s Common Terminology for Adverse Events v4.3, including Grade 1 (mild or asymptomatic), Grade 2
(moderate), Grade 3 (severe and/or disabling), and Grade 4 (life-threatening); all study participants reported a Grade 1 to Grade 2
chronic health condition.

pain scores (RR 1.50 [95% CI 1.10 to 2.06]; p = 0.01 and
RR 2.33 [95% CI 1.27 to 4.26]; p = 0.006, respectively)
than those without amputation after LSS.

Discussion

The advent of preoperative chemotherapy protocols, in
addition to advances in surgical techniques, imaging, and
implant design, ushered in the wide adoption of LSS in-
stead of amputation for most primary pediatric lower ex-
tremity sarcomas [2, 3, 8, 9, 12, 25, 27, 40, 41]. As more
children with these diagnoses achieve long-term survival,

there is a need for ongoing clinical surveillance of
treatment-related sequelae. Previous studies have evalu-
ated whether primary amputation or LSS impacts long-
term psychosocial and physical health outcomes, with
mixed conclusions depending on the study population and
the outcome measure used [25, 26, 32, 33, 35, 37, 43].
Additionally, even long-term studies of LSS do not report
on patient or clinical variables associated with late ampu-
tation after limb salvage and infrequently on the outcomes
of this rare group of patients undergoing late amputation
[10, 14, 19, 30, 37]. Using the CCSS cohort (individuals
who had survived 5 years from cancer diagnosis at en-
rollment), we found that the cumulative incidence of

Table 3. Physical and social outcomes for cohort participants treated with primary amputation and LSS complicated by late

amputation assessed by CCSS follow-up surveys

Modified Poisson regression adjusted for age at physical function

Outcome Yes RR (95% Cl) p value®
Limited physical performance
LSS with late amputation 74 (14 of 19) 1.81(1.29-2.52) 0.001
Primary amputation 47 (189 of 403) 1.1 (0.89-1.37) 0.37
Help needed for routine needs
LSS with late amputation 24 (4 of 17) 4.45 (1.44-13.7) 0.009
Primary amputation 15 (57 of 372) 2.76 (1.29-5.89) 0.009
Cannot work or attend school
LSS with late amputation 35 (6 of 17) 3.85 (1.66-8.92) 0.002
Primary amputation 20 (73 of 372) 2.04 (1.15-3.64) 0.02
Driver's license (older than 16 years of
age)
LSS with late amputation 19 (3 of 16) 2.59 (0.82-8.21) 0.11
Primary amputation 9 (32 of 367) 1.55 (0.70-3.43) 0.28

Data presented as % (n).
“The reference group is the LSS group without amputation to date for all comparisons.
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Table 4. HRQOL and psychosocial outcomes based on the Medical Outcomes SF-36 and BSI-18 for cohort participants treated with
primary amputation and LSS complicated by late amputation adjusted for age at evaluation

Outcomes Poor outcome RR (95%Cl) p value®
HR-QOL?
Physical health
Physical functioning
LSS with late amputation 71 (12 of 17) 2.46 (1.66-3.63) < 0.001
Primary amputation 38 (132 of 346) 1.34 (1.04-1.72) 0.02
Physical role
LSS with late amputation 47 (8 of 17) 1.87 (1.06-3.30) 0.03
Primary amputation 22 (75 of 346) 0.87 (0.64-1.19) 0.38
Bodily pain
LSS with late amputation 47 (8 of 17) 2.33 (1.27-4.26) 0.006
Primary amputation 30 (104 of 346) 1.50 (1.10-2.06) 0.01
General health
LSS with late amputation 47 (8 of 17) 1.98 (1.10-3.56) 0.02
Primary amputation 23 (71 of 303) 1.00 (0.72-1.38) 0.99
Mental health SF-36
Vitality
LSS with late amputation 35 (6 of 17) 1.59 (0.78-3.24) 0.20
Primary amputation 25 (76 of 303) 1.15 (0.83-1.59) 041
Social functioning
LSS with late amputation 24 (4 of 17) 1.39 (0.56-3.47) 0.48
Primary amputation 17 (60 of 346) 1.03 (0.71-1.49) 0.89
Role-emotional
LSS with late amputation 12 (2 of 17) 0.68 (0.18-2.62) 0.58
Primary amputation 22 (76 of 346) 1.28 (0.90-1.82) 0.17
Mental health
LSS with late amputation 35 (6 of 17) 2.20 (1.07-4.52) 0.03
Primary amputation 22 (67 of 303) 1.39 (0.95-2.01) 0.087
BSI-18°¢
Depression
LSS with late amputation 19 (3 of 16) 0.95 (0.86-1.06) 0.39
Primary amputation 15 (45 of 300) 0.97 (0.94-1.00) 0.08
Anxiety
LSS with late amputation 0 (0 of 16) NA NA
Primary amputation 9 (28 of 300) 0.99 (0.96-1.01) 0.37
Somatic
LSS with late amputation 19 (3 of 16) 0.96 (0.86-1.07) 043
Primary amputation 14 (42 of 300) 0.98 (0.95-1.01) 0.20

Data presented as % (n).

9SF-36: Raw scores were converted to T scores (range 0 to 100) and dichotomized so that a score at or below 40 (1 SD below the

population mean) was classified as a poor HRQOL outcome.
PThe reference group is the LSS group without amputation to date for all comparisons.
“BSI-18: Participants with T-scores of 63 or more on a particular scale were classified as having poor emotional health.

amputation after LSS was 17.9% at 25 years from cancer with an increased likelihood of late amputation. Lastly, we
diagnosis. We identified gender (men) and prosthetic joint established that study participants treated with primary
reconstruction procedures as independently associated amputation for tumor control and those who undergo late
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amputation after LSS are less likely to attend school or be
employed than those without amputation after LSS, and
they also report greater degrees of physical impairments
(but not mental or emotional) across multiple patient out-
come metrics.

Limitations

Our study has several limitations. Given the 25 years of
follow-up, it was not possible for us to report on compa-
rable long-term outcomes for current state-of-the-art LSS
procedures. Our results are generated from a cohort of
patients with sarcoma diagnosed between 1970 to 1999,
and surgical techniques, endoprosthetic implant design,
and manufacturing have evolved over this period.
However, in many respects, the clinical experience of pa-
tients with sarcoma and the risks both for late amputation
and poor health outcomes remain unchanged. Improved
metallurgy has not eliminated the extensive surgical ex-
posures needed to resect sarcoma nor has it perfected the
fixation of implant to host bone [17]. Prosthetic socket
design has not changed in decades, so patients undergoing
amputation today for sarcoma treatment face similar
functional challenges as those in our study [7, 15, 18].
Finally, although neoadjuvant chemotherapy was a critical
advance at its inception, the drug regimens in use today are
very similar to the treatment exposures in our cohort. We
also lacked information on the specific method of re-
construction employed for a given patient or the cause of an
amputation after LSS. We were unable to capture surgical
site infection as a dependent variable because it is not in-
cluded in CCSS follow-up questionnaires. Nonetheless,
establishing a cumulative incidence of late amputation after
LSS in a large cohort with long-term follow-up and factors
associated with late amputation is an important step for-
ward for our understanding of the limitations of limb
salvage.

We also could not reliably specify transtibial versus
transfemoral status. However, we know that patients who
have undergone transtibial amputation experience similar
degrees of socket-related issues and dissatisfaction as pa-
tients whose amputations were at the transfemoral level
[16], and physical activity outcomes in the CCSS cohort
are not different based upon transfemoral versus transtibial
amputation status [46]. Additionally, follow-up survey
data rely on accurate self-report. Further, additional study
follow-up may see patients currently in the LSS without
amputation cohort convert to the late amputation cohort.
Our data are limited by the last health outcomes assess-
ment. It is worth noting that we are likely underestimating
the effect size of a truly successful primary limb salvage
because, if a patient who underwent LSS has a future
amputation—which our data suggest is associated with a

decline in quality of life—that will likely reduce the size of
the beneficial effect we are currently attributing to long-
term limb salvage. Lastly, although this is one of the largest
cohorts assembled to study late amputation, our ability to
examine the association of some rarer treatment factors
with late amputation was still limited. Future studies on
factors associated with late amputation will require multi-
institutional collaborations to assemble the study cohort
size needed to draw additional conclusions.

Demographic, Treatment, and Survival Characteristics

Our cohort included study participants with a diagnosis
between 1970 and 1999 and reflects the evolution in sar-
coma care during that period [2]. Although most partici-
pants (78%) in the 1970s were treated with amputation for
tumor control, 72% of participants with a diagnosis in the
1990s were treated with LSS. We affirmed that in children
who survived 5 years from sarcoma diagnosis, the index
surgical procedure was not associated with any difference
in long-term survival. Similar oncologic outcomes, in-
cluding overall survival after LSS or amputation for lower
extremity sarcoma, had been shown in studies of patients
with a new diagnosis of sarcoma and intermediate-term (5
to 10 years) follow-up [40, 41]. Our study cannot be a direct
extension of these, since CCSS eligibility criteria includes
5-year survival from the date of cancer diagnosis, so future
studies designed to compare overall and disease-specific
survival between LSS and primary amputation beyond 10
years should include all patients from the time of diagnosis
followed longitudinally.

Cumulative Incidence of Amputation After LSS

Our finding of an 18% incidence of amputation at 25 years
from diagnosis among children treated for sarcoma with
LSS supports findings from previous studies using smaller,
selected populations. Holm et al. [19] reported an ampu-
tation proportion of 12% at 14 years after tumor
resection in 50 patients undergoing endoprosthetic recon-
structions. Futani et al. [13] reported specifically on the
clinical outcome of LSS for 35 patients younger than 11
years of age who had a diagnosis of distal femur sarcoma
and were followed for more than 10 years. Among patients
who survived a minimum of 5 years from diagnosis, five
amputations (four for LSS complications, one for sarcoma
skip metastasis) were performed (14%). Our findings ex-
tend these studies using a considerably larger cohort and
longer duration of follow-up, affirming a substantial risk
for late amputation even after initial salvage from tumor.
This emphasizes the need for lifelong mitigation strategies
to reduce reconstruction complications. A study of similar
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size and follow-up with more detail on specific surgical
reconstructions and the complications directly leading to
loss of limb will better inform what those mitigation
strategies should be.

Factors Associated with Late Amputation (= 5 Years
After Diagnosis)

We found that being a man (compared with being a
woman) and undergoing prosthetic joint reconstruction
were independently associated with time to late amputation
after LSS. The etiology of the elevated risk associated with
gender likely is multifactorial and may include factors such
as higher BMI or activity levels [46] that place more de-
mand over time on oncologic reconstructions. It should be
noted that given the wide confidence interval that ap-
proaches 1 for this result, the actual effect size of gender on
late amputation may be small or negligible. In light of that,
we recommend that surgeons not consider gender as a
factor strongly associated with this endpoint. This finding
would benefit from further study of LSS complications
controlling for factors such as BMI and physical activity.

Limb salvage for lower extremity sarcoma often in-
cludes knee or hip reconstruction. Endoprosthetic joint
reconstruction has advantages such as immediate weight-
bearing, modularity, and inherent joint stability [48], but
these implants are prone to multiple mechanisms of failure,
including infection and aseptic loosening [17]. A recent
meta-analysis calculated that the mean time to infectious
complications was 2 years and for aseptic loosening it was
7 years [44]; thus, children will be adolescents or young
adults by the time of their first revision procedure, and
multiple revision procedures increase the likelihood that a
patient will eventually undergo amputation. In a study of
230 endoprosthetic reconstructions with 30-year follow-
up, patients underwent an average of 2.7 reoperations,
culminating in a 16% risk of late amputation [14].
Identifying prosthetic joint reconstruction as a factor as-
sociated with late amputation again identifies a group who
need lifelong clinical surveillance to identify and address
reconstruction complications. Understanding what specific
complications increase the risk of late limb loss will inform
improvements in implant design, manufacturing, fixation,
and resistance to infection.

Social, Physical, and Emotional HRQOL Outcomes

We found that primary and late amputation status is as-
sociated with an increased likelihood of impaired physical
function and diminished educational attainment com-
pared with LSS without amputation using CCSS follow-
up survey metrics and the physical health component of
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the SF-36. Overall, children with central nervous system
tumors, lymphoma, or bone or soft tissue sarcomas have
the lowest mean HRQOL scores compared with children
treated for other cancers and compared with sibling con-
trols without cancer [49]. The largest effect sizes with
respect to impaired physical functioning have been
demonstrated in children treated for sarcoma compared
with siblings without cancer [50]. Our results suggest
that a disproportionate burden of the poor physical out-
comes in these studies is borne by children treated with
primary amputation for sarcoma and those who un-
derwent late amputation after LSS. Patients treated with
primary amputation have, after all, been reported to have
worse physical function than those undergoing LSS [1], in
support of our finding.

Patients treated for sarcoma, specifically bone tumors,
have demonstrated more psychological distress, including
anxiety, somatization, and lower mental health scores on
the SF-36 subscales, than controls [49, 50]. In contrast to
our physical health and functional outcomes, we did not
find that these mental and emotional health outcomes
depended on the type or outcome of surgical treatment. We
did, however, note increased bodily pain scores among
respondents with a primary or late amputation. A recent
assessment of longitudinal pain symptoms and pain in-
terference in children treated for various cancers identified
that amputation increased the risk of severe recurrent pain
[21], supporting our findings. Our findings suggest that
interventions focused specifically on functional improve-
ment for oncologic patients with amputation and on am-
putation pain mitigation can help close the gap in health
outcomes compared with children treated with limb sal-
vage for sarcoma who survive into adulthood without late
amputation. Specific functional interventions may include
prosthetic design, rehabilitation protocols, or osseointe-
gration, which has been shown to substantially improve the
function of patients with transfemoral and transtibial am-
putations [36]. In addition to medical therapy, amputation
pain can be addressed intraoperatively with targeted mus-
cle reinnervation [45] or postoperatively with physical
therapy of the healthy and phantom limb [47].

Our finding that study participants who underwent pri-
mary amputation and those who underwent late amputation
were less likely to attend school or work compared with
participants who did not have an amputation after LSS is
worth emphasizing. A smaller, single-institution study of
38 patients younger than 20 years with osteosarcoma found
that patients with amputation were less likely than patients
without amputation to have a graduate degree (16% versus
42%) [32]. It is necessary to study why this disparity exists
and to what degree this is due to school or workplace
factors versus physical disability stemming from the am-
putation itself. Vocational rehabilitation should be a part of
recovery for all patients who undergo an amputation [5].
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Conclusion

There is a substantial risk of late amputation after LSS, and
both primary and late amputation status are associated with
decreased physical HRQOL outcomes. Children treated for
sarcoma who survive into adulthood after primary ampu-
tation and those who undergo late amputation after LSS
will benefit from interventions focused on improving
physical function and reaching educational and employ-
ment milestones. Efforts to improve the physical function
of people who have undergone amputation either through
prosthetic design or integration into the residuum should be
supported. Understanding factors associated with late
amputation in the setting of more modern surgical ap-
proaches and implants will help surgeons more effectively
manage patient expectations and adjust practice to mitigate
these risks over the life of the patient.

Acknowledgment We thank Arin L. Madenci MD, MPH, PhD of the
Department of Surgery, Boston Children’s Hospital and Harvard Medical
School for his collaboration.

References

1. Aksnes LH, Bauer HC, Jebsen NL, et al. Limb-sparing surgery
preserves more function than amputation: a Scandinavian sar-
coma group study of 118 participants. J Bone Joint Surg Br.
2008;90:786-794.

2. Allison DC, Carney SC, Ahlmann ER, et al. A meta-analysis of
osteosarcoma outcomes in the modern medical era. Sarcoma.
2012;2012:704872.

3. Ayerza MA, Farfalli GL, Aponte-Tinao L, et al. Does increased
rate of limb-sparing surgery affect survival in osteosarcoma? Clin
Orthop Relat Res. 2010;468:2854-2859.

4. Bhakta N, Liu Q, Ness KK, et al. The cumulative burden of
surviving childhood cancer: an initial report from the St Jude
Lifetime Cohort Study (SJLIFE). Lancet. 2017;390:2569-2582.

5. Burger H, Marincek C. Return to work after lower limb ampu-
tation. Disabil Rehabil. 2007;29:1323-1329.

6. Centers for Disease Control and Prevention. National Center for
Health Statistics - National Death Index. Available at: https://
www.cdc.gov/nchs/ndi/index.htm. Accessed May 1, 2019.

7. Dudek NL, Marks MB, Marshall SC, et al. Dermatologic con-
ditions associated with use of a lower-extremity prosthesis. Arch
Phys Med Rehabil. 2005;86:659-663.

8. Eckardt JJ, Eilber FR, Dorey FJ, et al. The UCLA experience in
limb salvage surgery for malignant tumors. Orthopedics. 1985;8:
612-621.

9. Eilber FR, Mirra JJ, Grant TT, et al. Is amputation necessary for
sarcomas? A seven-year experience with limb salvage. Ann Surg.
1980;192:431-438.

10. Eiser C, Darlington AS, Stride CB, et al. Quality of life impli-
cations as a consequence of surgery: limb salvage, primary and
secondary amputation. Sarcoma. 2001;5:189-195.

11. Erstad DJ, Ready J, Abraham J, et al. Amputation for extremity
sarcoma: contemporary indications and outcomes. Ann Surg
Oncol. 2018;25:394-403.

12. Ferrari S, Smeland S, Mercuri M, et al. Neoadjuvant chemo-
therapy with high-dose Ifosfamide, high-dose methotrexate,
cisplatin, and doxorubicin for participants with localized

osteosarcoma of the extremity: a joint study by the Italian and
Scandinavian Sarcoma Groups. J Clin Oncol. 2005;23:
8845-8852.

13. Futani H, Minamizaki T, Nishimoto Y, et al. Long-term followup
after limb salvage in skeletally immature children with a primary
malignant tumor of the distal end of the femur. J Bone Joint Surg
Am. 2006;88:595-603.

14. Grimer RJ, Aydin BK, Wafa H, et al. Very long-term outcomes
after endoprosthetic replacement for malignant tumours of bone.
Bone Joint J. 2016;98-b:857-864.

15. Hagberg K, Branemark R. Consequences of non-vascular trans-
femoral amputation: a survey of quality of life, prosthetic use and
problems. Prosthet Orthot Int. 2001;25:186-194.

16. Haque R, Al-Jawazneh S, Hoellwarth J, et al. Osseointegrated
reconstruction and rehabilitation of transtibial amputees: the
Osseointegration Group of Australia surgical technique and
protocol for a prospective cohort study. BMJ Open. 2020;10:
¢038346.

17. Henderson ER, Groundland JS, Pala E, et al. Failure mode
classification for tumor endoprostheses: retrospective review of
five institutions and a literature review. J Bone Joint Surg Am.
2011;93:418-429.

18. Hernigou P. Ambroise Paré IV: the early history of artificial
limbs (from robotic to prostheses). Int Orthop. 2013;37:
1195-1197.

19. Holm CE, Bardram C, Riecke AF, et al. Implant and limb sur-
vival after resection of primary bone tumors of the lower ex-
tremities and reconstruction with mega-prostheses fifty
participants followed for a mean of forteen years. Int Orthop.
2018;42:1175-1181.

20. Jones DTW, Banito A, Griinewald TGP, et al. Molecular char-
acteristics and therapeutic vulnerabilities across paediatric solid
tumours. Nat Rev Cancer. 2019;19:420-438.

21. Karlson CW, Alberts NM, Liu W, et al. Longitudinal pain and
pain interference in long-term survivors of childhood cancer: a
report from the Childhood Cancer Survivor Study. Cancer. 2020;
126:2915-2923.

22. Klein JP, Gerster M, Andersen PK, et al. SAS and R functions to
compute pseudo-values for censored data regression. Comput
Methods Programs Biomed. 2008;89:289-300.

23. Leisenring WM, Mertens AC, Armstrong GT, et al. Pediatric
cancer survivorship research: experience of the Childhood
Cancer Survivor Study. J Clin Oncol. 2009;27:2319-2327.

24. Nagarajan R, Kamruzzaman A, Ness KK, et al. Twenty years of
followup of survivors of childhood osteosarcoma: a report from
the Childhood Cancer Survivor Study. Cancer. 2011;117:
625-634.

25. Nagarajan R, Neglia JP, Clohisy DR, et al. Limb salvage and
amputation in survivors of pediatric lower-extremity bone tu-
mors: what are the long-term implications? J Clin Oncol. 2002;
20:4493-4501.

26. Nagarajan R, Neglia JP, Clohisy DR, et al. Education, employ-
ment, insurance, and marital status among 694 survivors of pe-
diatric lower extremity bone tumors: a report from the childhood
cancer survivor study. Cancer. 2003;97:2554-2564.

27. Nesbit ME Jr, Gehan EA, Burgert EO Jr, et al. Multimodal
therapy for the management of primary, nonmetastatic Ewing’s
sarcoma of bone: a long-term followup of the First Intergroup
study. J Clin Oncol. 1990;8:1664-1674.

28. Ness KK, Gurney JG, Zeltzer LK, et al. The impact of limitations
in physical, executive, and emotional function on health-related
quality of life among adult survivors of childhood cancer: a report
from the Childhood Cancer Survivor Study. Arch Phys Med
Rehabil. 2008;89:128-136.

{J:}@Wolters Kluwer

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.


https://www.cdc.gov/nchs/ndi/index.htm
https://www.cdc.gov/nchs/ndi/index.htm

538

Geiger et al.

Clinical Orthopaedics and Related Research™

29.

30.

31

32.

33.

34.

3s.
36.

37.

38.

39.

40.

~~
iy
“

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

Oeffinger KC, Mertens AC, Sklar CA, et al. Chronic health
conditions in adult survivors of childhood cancer. N Engl J Med.
2006;355:1572-1582.

Ogura K, Fujiwara T, Morris CD, et al. Long-term competing
risks for overall and cause-specific failure of rotating-hinge distal
femoral arthroplasty for tumour reconstruction. Bone Joint J.
2021;103:1405-1413.

Ortiz-Cruz E, Gebhardt MC, Jennings LC, et al. The results of
transplantation of intercalary allografts after resection of tumors. A
long-term followup study. J Bone Joint Surg Am. 1997;79:97-106.
Ottaviani G, Robert RS, Huh WW, et al. Sociooccupational and
physical outcomes more than 20 years after the diagnosis of
osteosarcoma in children and adolescents: limb salvage versus
amputation. Cancer. 2013;119:3727-3736.

Pardasaney PK, Sullivan PE, Portney LG, et al. Advantage of
limb salvage over amputation for proximal lower extremity tu-
mors. Clin Orthop Relat Res. 2006;444:201-208.

Provisor AJ, Ettinger LJ, Nachman JB, et al. Treatment of non-
metastatic osteosarcoma of the extremity with preoperative and
postoperative chemotherapy: a report from the Children’s Cancer
Group. J Clin Oncol. 1997;15:76-84.

Refaat Y, Gunnoe J, Hornicek FJ, Mankin H. Comparison of
quality of life after amputation or limb salvage. Clin Orthop Relat
Res. 2002;397:298-305.

Reif TJ, Khabyeh-Hasbani N, Jaime KM, et al. Early experience
with femoral and tibial bone-anchored osseointegration pros-
theses. JB JS Open Access. 2021;6:¢21.00072.

Robert RS, Ottaviani G, Huh WW, et al. Psychosocial and
functional outcomes in long-term survivors of osteosarcoma: a
comparison of limb-salvage surgery and amputation. Pediatr
Blood Cancer. 2010;54:990-999.

Robison LL, Armstrong GT, Boice JD, et al. The Childhood
Cancer Survivor Study: a National Cancer Institute-supported
resource for outcome and intervention research. J Clin Oncol.
2009;27:2308-2318.

Rosen G, Marcove RC, Caparros B, et al. Primary osteogenic
sarcoma: the rationale for preoperative chemotherapy and
delayed surgery. Cancer. 1979;43:2163-2177.

Rougraff BT, Simon MA, Kneisl JS, et al. Limb salvage com-
pared with amputation for osteosarcoma of the distal end of the

=}, Wolters Kluwer

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

femur. A long-term oncological, functional, and quality-of-life
study. J Bone Joint Surg Am. 1994;76:649-656.

Simon MA, Aschliman MA, Thomas N, et al. Limb-salvage
treatment versus amputation for osteosarcoma of the distal end of
the femur. J Bone Joint Surg Am. 1986;68:1331-1337.
Stevenson MG, Musters AH, Geertzen JHB, et al. Amputations
for extremity soft tissue sarcoma in an era of limb salvage
treatment: local control and survival. J Surg Oncol. 2018;117:
434-442.

Stokke J, Sung L, Gupta A, et al. Systematic review and meta-
analysis of objective and subjective quality of life among pedi-
atric, adolescent, and young adult bone tumor survivors. Pediatr
Blood Cancer. 2015;62:1616-1629.

Thornley P, Vicente M, MacDonald A, et al. Causes and fre-
quencies of reoperations after endoprosthetic reconstructions for
extremity tumor surgery: a systematic review. Clin Orthop Relat
Res. 2019;477:894-902.

Valerio IL, Dumanian GA, Jordan SW, et al. Preemptive treat-
ment of phantom and residual limb pain with targeted muscle
reinnervation at the time of major limb amputation. J Am Coll
Surg. 2019;228:217-226.

Wampler MA, Galantino ML, Huang S, et al. Physical activity
among adult survivors of childhood lower-extremity sarcoma.
J Cancer Surviv. 2012;6:45-53.

Zaheer A, Malik AN, Masood T, et al. Effects of phantom ex-
ercises on pain, mobility, and quality of life among lower limb
amputees; a randomized controlled trial. BMC Neurol. 2021;21:
416.

Zeegen EN, Aponte-Tinao LA, Hornicek FJ, Gebhardt MC,
Mankin HJ. Survivorship analysis of 141 modular metallic
endoprostheses at early followup. Clin Orthop Relat Res. 2004,
420:239-250.

Zeltzer LK, Lu Q, Leisenring W, et al. Psychosocial outcomes
and health-related quality of life in adult childhood cancer sur-
vivors: a report from the childhood cancer survivor study. Cancer
Epidemiol Biomarkers Prev. 2008;17:435-446.

Zeltzer LK, Recklitis C, Buchbinder D, et al. Psychological status
in childhood cancer survivors: a report from the Childhood
Cancer Survivor Study. J Clin Oncol. 2009;27:2396-2404.

Zou G. A modified poisson regression approach to prospective
studies with binary data. Am J Epidemiol. 2004;159:702-706.





