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Abstract
Background: Historically, amputation was the primary surgical treatment for osteosarcoma of the
extremities; however, with advancements in surgical techniques and chemotherapies limb salvage has
replaced amputation as the dominant treatment paradigm. This study assessed the impact of the type of
surgical resection on overall survival in the era of modern limb salvage. 

Methods: Utilizing the largest registry of primary osteosarcoma, the National Cancer Database (NCDB),
we retrospectively analyzed patients with high grade osteosarcoma of the extremities from 2004 through
2015. Unadjusted �ve-year overall survival between patients who received limb salvage and amputation
was assessed utilizing Kaplan Meier curves. A multivariate Cox proportional hazard model and
propensity matched analysis was used to determine the variables independently correlated with survival. 

Results: From a total of 3,421 patients, 2,634 underwent limb salvage and 787 underwent amputation.
After controlling for confounders, limb salvage was associated with a signi�cant survival bene�t over
amputation (HR: 0.70; p<0.001). This survival bene�t remained signi�cant after propensity matched
analysis of all signi�cantly different independent variables (HR: 0.74; p=0.001). Chemotherapy and
negative surgical margins were also independently associated with survival.

Conclusion: Limb salvage is associated with a signi�cant survival bene�t over amputation, even when
controlling for potentially confounding variables and differences between cohorts. 

Background
Osteosarcoma is an aggressive bone cancer and the most common primary malignancy of bone.[1–4] A
cancer that was previously considered a death sentence, improvements in chemotherapeutic and surgical
treatment have dramatically improved �ve year overall survival for non-metastatic osteosarcoma from
22% in 1950 to 70% presently.[4–6] The previous gold standard for surgical treatment was amputation;
however, with advances in surgical procedures and chemotherapeutic agents, limb salvage has become a
possibility.[5, 6] In 1984, the National Institute of Health deemed limb salvage an equal treatment option
to amputation, leading to some debate as to which procedure was the more effective treatment.[7]
Although limb salvage offers both cosmetic and functional advantages, no consensus exists on whether
limb salvage results in clinical survival bene�ts.[6–8]

Efforts to establish the bene�ts of limb salvage over amputation have yielded con�icting results in
relation to survival, functional recovery, and psychological effects.[6, 7] Due to the rarity of osteosarcoma,
many of the studies are low quality, have had small sample sizes, assess different outcome variables,
and have limited scopes, all of which have restricted our ability to perform effective meta-analyses.
Existing meta-analyses[6, 9] that have been performed have found that limb salvage improved survival;
however, all of these analyses remain limited by low study numbers and sample sizes, and there is a
continued need for studies that leverage larger data sets.
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The National Cancer Database (NCDB) is a clinical oncology database that captures 70% of all new
cancer diagnoses in the United States.[10] While osteosarcoma is rare, this database provides an
opportunity to better investigate this cancer with adequate sample size while better controlling for
confounders by normalizing variables and outcomes across cohorts.[10] In the present study we used the
National Cancer Database to determine if there is a difference in survival in patients that receive radical
resection (i.e. limb salvage surgery) versus those that receive amputation for osteosarcoma. We
hypothesized that patients undergoing limb salvage in the modern era would experience increased overall
survival versus amputation even when controlling for potentially confounding variables.

Methods
Study Cohort:

We retrospectively queried the NCDB for all osteosarcoma cases between 2004 and 2015. Cases met
inclusion criteria if they had the following features: (1) undergone surgical resection or amputation for
osteosarcoma; 2) osteosarcoma was the primary cancer; 3) the primary tumor site was in the extremities;
4) and had histological diagnosis with a histological grade of 3 or greater (Figure 1).. Cases were
excluded that had incomplete or missing treatment data. Patients were also excluded that did not
undergo radical resection or amputation.

Variables:

The demographic factors we considered included age, sex, race, insurance status, Zip code income
quartile, Zip code educational quartile, rural/urban, distance from hospital in miles, and year of diagnosis.
Age was considered as both a continuous and categorical variable, which was split into three categories
(<18, 18–40, >40). Race was classi�ed as Caucasian, African-American, Latinx/Hispanic, Asian/Paci�c
Islander, and other. Insurance status was classi�ed as uninsured, insured, Medicaid, and Medicare. Year
of diagnosis was parsed into before 2006, 2006–2010, and 2011–2015. Clinicopathological factors
included American Joint Commission on Cancer (AJCC) clinical stage at diagnosis, upper/lower
extremity, long/short bone, tumor size (cm), metastases at diagnosis, comorbidities at diagnosis,
adjuvant chemotherapy, chemotherapy/surgery treatment sequence, surgical margins, unplanned
readmission after surgery, length of inpatient stay after surgery, days from diagnosis to surgery, and
number of days from diagnosis to treatment commencing. The primary outcome of interest was overall
survival (OS).

Statistical Analysis:

Utilizing site-speci�c surgical codes, patients were separated into the following two study arms: 1) those
who received radical resection with limb salvage and 2) those who received amputation. The
demographic and clinicopathologic characteristics of study arms were compared using a student’s T-test
for continuous variables and Chi2 for categorical variables. Unadjusted overall survival (OS) was
estimated using the Kaplan Meier method, with statistical comparisons based on the log-rank test.
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Univariate analyses to test for statistically robust associations between OS and patient demographic,
clinical, and treatment were assessed via Kaplan Meier; using the log rank test if categorical or a
univariate Cox regression if continuous. A multivariate Cox proportional hazard model was then used to
determine OS adjusted to control for signi�cant differences between study groups and potential
confounding. Demographic and clinicopathological variables of age, sex, insurance status, upper/lower
limb location, AJCC stage, tumor size, metastases at diagnosis, comorbidities, surgical margins, and
adjuvant chemotherapy were potential confounders and were controlled for in the multivariate Cox
analysis and were used to create the matched propensity score analysis. To account for clinician
selection bias between study arms a logit matched propensity score analysis was used to match the two
study arms on all demographic and clinicopathological variables that were signi�cantly different, with a
caliper distance of less than 0.1 standard deviations. A Cox regression was then used to analyze the
hazard ratio of the matched cohorts.

Ethical Approval:

Ethical approval was granted by the Duke IRB Pro00045337. Statistical analyses were conducted using
STATA 15 and statistical signi�cance was determined at a p-value < 0.05.

Results

Cohort Characteristics:
A total of 3,421 patients met the inclusion criteria. The patient cohort had a median age of 17 (IQR 13 –
30), and a majority (59.8%) of the patients were male. Average tumor size was 11.5 cm (11.1—11.8cm)
with metastases present in 489 (14.3%) of the patients. Of the patients that met the inclusion criteria,
2,634 patients underwent a radical resection while 787 patients underwent an amputation.

There were signi�cant demographic and clinicopathological differences between study arms.
Demographically, patients that underwent amputation were signi�cantly more likely to be older, male,
uninsured, and live in lower income Zip codes (p</ = 0.004) (Table 1).. Clinicopathologically, patients that
underwent amputation were signi�cantly more likely to have an earlier year of diagnosis, later stage
osteosarcoma, larger tumors, metastases and comorbidities at diagnosis, not receive adjuvant
chemotherapy, and have negative surgical margins (p</ = 0.023) (Table 2).. The incidence of limb
salvage vs amputation increased over the study period (Figure 2)..

Univariate Survival Analysis:
Unadjusted univariate Kaplan Meier and Cox analyses found a signi�cant difference in OS between study
arms (log rank p<0.001). The �ve-year overall survival rates were 67.8% and 53.7% for limb salvage and
amputation, respectively. The unadjusted hazard ratio for amputation was 1.667 (p<0.001).
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On univariate analysis improved survival after limb salvage was signi�cantly associated with patients
that were younger, female, insured, with lower AJCC stage, smaller tumor size, no metastases, no
comorbidities, had received chemotherapy, had negative surgical margins and a shorter time from
diagnosis to treatment commencing (p</ = 0.040). Improved survival after amputation was signi�cantly
associated with patients who were younger, from a higher income zip code, insured, had a lower AJCC
stage, osteosarcoma of the short bones or the lower limb, smaller tumor size, no metastases, no
comorbidities, received chemotherapy, and a shorter time from diagnosis to surgical treatment (p</ =
0.038).

Multivariate Survival Analysis:
When controlling for potentially confounding variables, a multivariate Cox analyses found a signi�cant
difference in OS between study arms favoring limb salvage, with a hazard ratio of 1.41 (p<0.001) for
amputation, indicating a detriment on survival. This survival bene�t persisted even when controlling for
metastases at diagnosis and differences in treatment and tumor characteristics between patients. Across
all patients, when controlling for confounding variables, improved overall survival was associated with
patients that were younger (p<0.001), female (p = 0.003), received adjuvant chemotherapy (p = 0.003),
had a lower AJCC stage (p<0.001), smaller tumor size (p<0.001), negative surgical margins (p = 0.001),
and had no metastases at diagnosis (p<0.001).

Propensity Score Matched Survival Analysis:
An analysis was performed controlling for the likelihood of patients to receive certain treatments based
on their speci�c demographics and tumor characteristics. A matched propensity score analysis
demonstrated improved survival with limb salvage, having a �ve-year overall survival treatment bene�t of
10.7% (5.4—16.0%; p < 0.001) (Figure 3).. Cox regressions adjusted by linear matched propensity score
also revealed similar results with a hazard ratio of 1.35 (p < 0.001) for amputation. Within the propensity
score matched cohort improved survival was signi�cantly associated with patients that were younger,
lower AJCC stage, had osteosarcoma of the short bones or the lower limb, smaller tumor size, no
metastases, and received adjuvant chemotherapy (p</ = 0.001) (Table 3)..

Discussion
The advent of multi-agent chemotherapy revolutionized the care of osteosarcoma patients and made
limb salvage a possibility. However, there exists no data on the current state of amputation vs. limb
salvage and its impact on survival. Our study provides a modern update to the question of the impact of
amputation vs. limb salvage on overall survival in patients with high grade osteosarcoma. We found that
limb sparing resection rather than amputation was found to be signi�cantly associated with improved
�ve-year overall survival in univariate, multivariate, and matched propensity core adjusted multivariate
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analyses. On matched propensity score adjusted multivariate analyses receiving limb sparing resection
rather than amputation was associated with signi�cantly improved �ve-year overall survival, with a
treatment bene�t of 10.9%.

Historically, limb salvage surgery with chemotherapy was viewed as an equivalent surgical option to
amputation with regards to overall survival. A seminal study by Rougraff et al. investigated 227 patients
with nonmetastatic high grade osteosarcoma in a multicenter retrospective review [11]. They found that,
compared with amputation, limb salvage resulted in higher rates of reoperation and a higher functional
outcome without affecting long-term survival. These �ndings were supported by a study from Bacci et al.
investigating 560 patients with osteosarcoma of the extremities and found no difference in survival
between patients treated with limb salvage vs. amputation, �nding instead that response to
chemotherapy and surgical margins were a much better predictor of local recurrence and overall survival
[12]. They concluded that limb salvage is safe at institutions where patients will undergo margin negative
surgery with appropriate adjuvant therapies.

A recent study that was published by Traven et al [13] indicated that, in a propensity matched analysis,
amputation was associated with signi�cantly worse survival compared to limb salvage surgery, with a
hazard ratio of 1.7 for amputation. Their study similarly utilized advanced statistics to help control for
factors that are possible confounders, speci�cally the propensity to receive certain treatments based on
tumor and patient characteristics. Additionally, the SEER database allows for investigation of disease
speci�c survival, an important consideration that is not available in the NCDB. However, there are a
number of limitations with this study and many questions remain unanswered. The SEER database only
captures 30% of new cancer diagnoses, a factor that raises the concern that this study does not represent
the population as a whole. The �nal study cohort of limb salvage and amputation patients included only
2,820 patients. In contrast, the NCDB captures over 70% of new cancer diagnoses annually with strict
follow-up requirements. Additionally, information about treatment speci�cs, an important consideration
for patients with osteosarcoma, is limited in the SEER database. Finally, and perhaps most importantly,
the SEER database includes data ranging from 1975- 2016; nearly 60% were inadequately staged and
had a grade of “unknown.” Without proper exclusion, this introduces a signi�cant confounding variable,
as it stands to reason that the state of cancer care, supportive measures and technical skill has improved
between 1975 and 2016. Taken together, these limitations indicate additional studies are required to
understand the modern impact of limb salvage surgery versus amputation on survival.

The most important �nding in our study of 3,421 patients with high grade osteosarcoma was that
amputation was approximately 1.4 times more likely to result in mortality than limb salvage in our
propensity matched analysis. These �ndings are similar to those of Traven et al [13]. Importantly, our
study represents the most modern cohort to date, capturing patients from 2004 to 2015. While consistent
with the results of Traven et al. these �ndings differ from the �ndings of many of the early studies
investigating limb salvage and amputation, which demonstrated no difference in survival between the
two groups [11, 12]. While it is notable that limb salvage carries a survival bene�t, it is important to note
that these �ndings do not imply causation and that there may be factors attributable to this survival
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bene�t, particularly as patients undergoing amputation are likely to be sicker and have larger tumors,
factors that certainly impact survival. This also begs to the question of how to contextualize this
information into modern clinical practice. We suggest that, when possible, limb salvage remains the gold
standard of care for patients undergoing management for osteosarcoma of the extremities and does not
appear to have a detrimental association with survival. Amputation should be chosen if patient and
clinical factors make a favorable outcome with LSS unlikely; the mainstay of all conversations around
the surgical management of osteosarcoma should involve a patient centered approach discussing the
risks and bene�ts of each surgical option as well as expected functional outcomes and possible
complications. As a part of this conversation, physicians may include that modern limb salvage
techniques may be associated with improved survival overall.

In addition to corroborating the potential clinical bene�t of limb salvage our study also con�rms the
importance of chemotherapy, which was found to be a protective factor in a multivariate analysis.
Conversely, positive margin status was found to be a negative predictor of outcome in a multivariate
analysis. The importance of good chemotherapeutic response and margin-negative surgery in the
treatment of high-grade osteosarcoma has been well established in the literature [12, 14, 15]. We also
found that low tumor grade and lower AJCC staging was also prognostic for improved overall survival.
These factors have similarly been previously demonstrated as important prognostic factors for survival in
osteosarcoma [16, 17]. Interestingly, female gender was similarly found to a favorable prognostic factor,
results which are in concordance with prior studies.[18, 19] Taken as a whole, these �ndings a�rm the
importance of these factors in the management and treatment of high-grade osteosarcoma.

While this study provides important support as to the modern state of limb salvage surgery versus
amputation, it is not without its own limitations. Importantly, this is a retrospective database review. The
quality of the database is only as strong as the quality of the data entry. It should be noted that the NCDB
employs advanced quality screening metrics and mandates that contributing centers maintain at least
70% follow-up. Nonetheless, it is possible the data is inputted inaccurately. Additionally, the retrospective
nature of this database cannot imply causation and is inherently subject to selection bias and possible
confounding biases not otherwise addressed in this study. This is notable limitation as there are limits to
the granularity of the data available in the NCDB. It stands to reason that there are tumor and patient
speci�cs that contribute to the decision for amputation vs. LSS that simply cannot be captured by the
basic socioeconomic and tumor/ treatment variables noted in this database. For instance, it stands to
reason that patients with extensive neurovascular involvement, poor chemotherapeutic response or for
whom life expectancy is not expected to be very long may be precluded from receiving LSS. Despite this,
we made every limitation to control for the variables available and provide the most robust data analysis
possible using propensity matched methods. Another limitation of the NCDB is that it does not include
data about local recurrence or disease-speci�c survival. This is an important consideration when
discussing amputation vs. local recurrence and must be acknowledged, particularly as multiple prior
studies have suggested an increased risk of local recurrence with limb salvage [11, 20–22]. Finally, the
NCDB lacks speci�cs regarding resections, such as neurovascular involvement or response to
chemotherapy; these may be important considerations in the decision-making towards limb salvage.
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Nonetheless, we feel that this study is an important update as to the current state of surgical intervention
for osteosarcoma; multivariate and propensity score matched statistics were used help control for the
retrospective nature of the study and potentially confounding variables to better identify the true impact
of limb salvage on overall survival vs. amputation.

Conclusions
Using the largest modern patient cohort to date, this study suggests that patients with high grade
osteosarcoma undergoing limb salvage surgery may demonstrate improved survival as compared to
amputation, even when controlling for confounding variables and propensity to receive certain
treatments. This study also con�rms the importance of chemotherapy and negative surgical margins in
the treatment of osteosarcoma. Further investigation is necessary to help inform proper decision- making
so surgeons can ensure appropriate utilization of limb salvage surgery.
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Figure 1

Flow chart demonstrating the selection criteria for patients included in this study
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Figure 2

Incidence of limb salvage vs amputation over the study period
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Figure 3

Kaplan Meier survival for limb salvage vs. amputation adjusted for propensity score cohort matched
analysis
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