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Abstract
Background Chondrosarcoma is the second most frequent
primary sarcoma of bone and frequently occurs in the
pelvis. Surgical resection is the primary treatment with the
two main operative modalities being limb-sparing re-
section and amputation. Contemporary management has
trended toward limb-sparing procedures; however,
whether this approach has an adverse effect on long-term
survival is unclear.

Questions/purposes (1) What are the 5- and 10-year sur-
vival rates after limb-sparing surgery and amputation? (2)
What factors are associated with survival after contempo-
rary surgical management of pelvic chondrosarcoma?
Methods The 2004-2014 National Cancer Database, a
nationwide registry that includes approximately 70% of all
new cancers in the United States with requirement for 90%
followup, was reviewed for patients diagnosed with pelvic
chondrosarcoma who had undergone limb-sparing surgery
or amputation. To compare survival, patient demograph-
ics, tumor attributes, and treatment characteristics were
used to generate one-to-one propensity score-matched
cohorts. Other factors associated with survival were de-
termined through multivariable Cox regression. Three
hundred eighty-five patients (75%) underwent limb-
sparing surgery and 131 (25%) underwent amputation.
Propensity score matching resulted in two balanced
cohorts of 131 patients.
Results With the numbers available, we could not
demonstrate a difference in overall survival between
limb-sparing procedures and amputation. The 5-year
survivorship was 70% (95% confidence interval [CI],
62%-79%) for limb-sparing surgery versus 70% (95%
CI, 62%-79%) for amputation. The 10-year survivorship
was 60% (95% CI, 48%-75%) for limb-sparing surgery
versus 59% (95% CI, 48%-72%) for amputation.
Kaplan-Meier survival analysis did not demonstrate a
difference in survival (p = 0.9). Older age (hazard ratio
[HR] = 1.029, p < 0.001), higher Charlson/Deyo
comorbidity score (HR = 3.039, p = 0.004), higher
grade (HR = 2.547, p = 0.005 for Grade 2; HR = 7.269,
p < 0.001 for Grade 3; HR = 10.36, p < 0.001 for Grade
4), and positive surgical margins (HR = 1.61, p = 0.039)
were associated with decreased survival.
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Conclusions Our findings support the trend toward in-
creased use of limb-sparing surgery for patients with pelvic
chondrosarcoma. Orthopaedic oncologists may use our
results when counseling their patients regarding treatment
options. However, the choice of limb-sparing surgery
versus amputation for these challenging patients should
still be a highly individualized decision with careful dis-
cussion between the patient and the surgeon.
Level of Evidence Level III, therapeutic study.

Introduction

Chondrosarcoma is a malignant primary bone tumor with
cartilaginous differentiation. It is the second most common
primary bone tumor in adults and is located in the pelvis in
22% to 39% of patients [12, 29]. Pelvic bone neoplasms are
difficult to resect with wide surgical margins as a result of
their location, local extension, large size, and complex re-
gional and local anatomy [18]. Affected patients have a
poorer survivorship than has been observed with similar
neoplasms in the extremities [2, 4, 8, 13, 14, 41].

Numerous reasons have been identified for this poor
survivorship [4, 8, 12, 14, 18, 19, 29, 35, 37, 39, 41]. There
is a frequent delay in diagnosis, as tumors can grow to a
large size before causing symptoms due to the absence of
major anatomic barriers to tumor extension in the pelvis
[13]. The large size of these lesions, which itself is a well-
known prognostic factor for worse survival, leads to poor
compartmentalization in the pelvis [4, 35]; they may cross
the sacroiliac joint or involve the surrounding neuro-
vascular and visceral structures [8, 12]. This contributes to
the difficulty of achieving adequate margins and can also
limit the ability to establish reconstructions that are durable
and allow maximum patient function [8, 19]. Resections
are also complicated by high rates of infection, local re-
currence, and poor wound healing [12].

Chondrosarcoma is distinct from other primary bone
tumors because it is both radioresistant and chemoresistant;
its primary treatment is therefore surgical resection in-
volving either limb-sparing surgery or amputation [35].
As a result of the complexity of pelvic anatomy, most
pelvic chondrosarcomas were treated with amputation in
the past [4, 12], which was associated with reduced func-
tion [41, 42]. Recent advances in imaging and surgical
planning have expanded indications for limb-sparing sur-
gery [4]. However, as a result of the low incidence of
chondrosarcoma, studying the impact of limb-sparing
surgery on survival has involved small retrospective se-
ries, often spanning periods of > 20 years and with limited
ability to match for confounding prognostic variables such
as grade [4, 9, 12, 13, 22, 29].

Therefore, the primary purpose of this investigation was
to use a nationwide oncology registry to compare overall

survival between limb-sparing surgery and amputation for
pelvic chondrosarcoma. We asked two questions: (1) What
are the 5- and 10-year survival rates of limb-sparing
surgery and amputation after controlling for potentially
confounding variables? (2) What factors are associated
with survival after surgical management of pelvic
chondrosarcoma?

Materials and Methods

Data from 2004 to 2014 were acquired from the bone and
joint sarcoma participant use file of the National Cancer
Database (NCDB), a collaborative effort between the
American Cancer Society and the American College of
Surgeons’ Commission on Cancer. Established in 1989,
the NCDB is a nationwide cancer registry that includes
information on approximately 70% of all new cancer di-
agnoses in the United States from > 1500 Commission on
Cancer-approved centers. Hospitals submitting patient data
to the NCDB are required to maintain a followup rate of
90%, although there have been variations to how well this
is followed [52]. Compared with other national cancer
registries such as the Surveillance, Epidemiology, and End
Results (SEER) database, the NCDB records several key
variables including systemic adjuvant therapies, margin
status, surgical approach, hospital identifiers (blinded), and
hospital characteristics [33]. Although the NCDB currently
contains the largest number of patients compared with
other cancer registries, the requirement to be an accredited
cancer center may restrict its generalizability to the entire
population [33]. Despite this potential limitation, the
NCDB has been utilized for an increasing number of
investigations in sarcoma [11, 16, 20, 21, 28, 31, 36, 40,
51] as a result of the detailed information it collects on
treatment variables, which facilitates its use as a benchmark
for improvement in performance [33]. Because the NCDB
does not contain any patient-identifying information and
therefore does not constitute human subjects research, our
study was granted an exemption from institutional review
board review.

We included patients diagnosed with pelvic chon-
drosarcoma between 2004 and 2014 who had undergone
limb-sparing surgery or amputation. Exclusion criteria
were missing vital status (unknown whether deceased or
alive), missing margin status, and multiple primary tumors.

Limb-sparing surgery (radical resection with limb sal-
vage or internal hemipelvectomy) and amputation (hind-
quarter amputation and hemipelvectomy, used
synonymously in the NCDB) were identified using pre-
viously validated definitions [40]. Relevant patient de-
mographic information (age, sex, race, Charlson/Deyo
comorbidity score, zip code-level median household in-
come, percentage of population with a high school degree,
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primary payer), tumor attributes (size, metastasis, grade),
and treatment variables (hospital treatment volume, surgi-
cal margins, adjuvant radiation and chemotherapy) were
extracted. Because the NCDB prohibits the reporting of
parameter counts fewer than 10 (for example, “seven
patients with Grade 4 tumors”), all such parameters were
combined with other counts so that reported totals were >
10. This was the case for Charlson/Deyo score higher than
1, Grade 3 or 4 tumors, Stage 3 or 4 tumors, and
radiation/chemotherapy. However, inferential statistics
such as Cox regression were performed on the original
separate levels (that is, Grade 3 and 4 tumors were separate
covariates in the regression).

Of the 726 patients with pelvic chondrosarcoma man-
aged with limb-sparing surgery or amputation identified
within the NCDB, 516 patients met inclusion criteria (Fig.
1), and 210were excluded as a result of missing vital status,
margin status, and multiple primary tumors. Of these, 385
(75%) underwent limb-sparing surgery and 131 (25%)
underwent amputation. Median followup was 49 months
(interquartile range [IQR], 25-79) for patients undergoing
limb-sparing surgery and 43 months (IQR, 20-82) for
patients undergoing amputation. Mean age of the entire
cohort was 50 years (SD 16) with patients being pre-
dominantly male (63%). Average tumor size was 10.3 cm
(SD 6.0) with 24% of tumors being Grade 3 or 4 and 5% of
patients presenting with American Joint Committee on
Cancer Stage 3 or 4 cancer [3]. Surgical margins were
positive in 15% of patients, and a minority of patients re-
ceived adjuvant therapy (9%).

The limb-sparing cohort had a higher proportion of
females (40.0% versus 29.0% in amputation, p = 0.032), a

lower proportion of patients with high-grade cancer (22%
Grades 3 or 4 in limb-sparing versus 31% in amputation,
p = 0.002), a lower proportion of Stage 3 or 4 cancer (4%
versus 10%, p = 0.001), and smaller tumor size (9.6 cm
versus 12.4 cm, p = 0.005) (Table 1). The limb-sparing
group had a higher proportion of positive margins (17%
versus 10%, p = 0.075). Propensity score matching resulted
in two cohorts (limb-sparing surgery and amputation ) of
131 patients each with negligible differences in de-
mographic, clinicopathologic, and treatment character-
istics (Table 1). Visual inspection of the propensity score
jitterplots and histogram (see Appendix, Supplemental
Digital Content) demonstrated improved balance. The
NCDB requires a 90% followup from its participating
hospitals, regardless of a patient’s vital status or disease
parameters; combined with multiple imputation to address
missing data, we made the assumption that there was
minimal differential loss to followup between limb-sparing
and amputation cohorts, which would potentially introduce
bias into our matched cohorts.

Our primary outcome, overall survival, was defined as
the patient’s vital status at last followup. All patients with
unknown vital status (unknown whether dead or alive) at
last contact were excluded from the analysis. The NCDB
reports only overall survival, not cause-specific survival.
Therefore, to remove causes of mortality from other ma-
lignancies, patients with primary malignancies other than
pelvic chondrosarcoma were excluded following pre-
viously validated methodology [31]. To determine low-,
intermediate-, and high-volume centers, the total volume of
patients with pelvic chondrosarcoma between 2004 and
2014 for each facility was calculated. Those in the first 25%
were labeled low-, between 25% and 75% intermediate-,
and the top 25% high-volume centers. Within the NCDB,
the margin status of surgical procedures is recorded as no
residual tumor, residual tumor not otherwise specified,
microscopic residual tumor, or macroscopic residual tu-
mor. For the purpose of this analysis, a report of any re-
sidual tumor was considered a positive margin. All patients
with missing margin status were excluded from analysis,
because we defined margin status as an outcome and did
not want to introduce uncertainty by imputing values
considered an outcome.

To provide a comprehensive review, all histologic
subtypes of chondrosarcoma were analyzed in the study
(Appendix 1), which included conventional, juxtacortical,
myxoid, mesenchymal, clear cell, and dedifferentiated
chondrosarcomas. The sarcoma data in the NCDB are di-
vided into two sections: (1) soft tissue; and (2) bone and
joint. Because we wanted to focus specifically on osseous
chondrosarcomas of the pelvis, our data query was strictly
limited to the bone and joint section of the NCDB.
Therefore, all patients with chondrosarcomas in our data
set, including myxoid and mesenchymal chondrosarcoma,

Fig. 1 The CONSORT diagram demonstrates patient inclusion-
exclusion criteria and propensity score matching.
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Table 1. Demographic, clinicopathologic, and treatment characteristics of patients pre- and postpropensity score matching

Prematch (complete) cohort Postmatch (1:1) cohort

Variable
Limb-sparing
(N = 385 [75%])

Amputation
(N = 131 [25%]) p value

Limb-sparing
(N = 131)

Amputation
(N = 131) p value

Age (years) 0.487 0.927

Mean (SD) 49.0 (16.0) 51.0 (16.0) 51.0 (15.0) 51.0 (16.0)

18-30 41 (11) 11 (8) 10 (8) 11 (8)

31-60 234 (61) 76 (58) 79 (60) 76 (58)

> 60 110 (29) 44 (34) 42 (32) 44 (34)

Gender 0.032 0.678

Male 231 (60) 93 (71) 97 (74) 93 (71)

Female 154 (40) 38 (29) 34 (26) 38 (29)

Race 0.997 0.842

White 339 (88) 116 (89) 118 (90) 116 (89)

Other 46 (12) 15 (11) 13 (10) 15 (11)

SES composite 0.341 0.959

1 90 (23) 29 (22) 31 (24) 29 (22)

2 113 (29) 38 (29) 35 (27) 38 (29)

3 108 (28) 46 (35) 45 (34) 46 (35)

4 74 (19) 18 (14) 20 (15) 18 (14)

Charlson/Deyo score 0.949 0.854

0 331 (86) 113 (86) 115 (88) 113 (86)

1 or more 54 (14) 18 (14) 16 (12) 18 (14)

Facility volume 0.188 0.925

Low 23 (6) 14 (11) 13 (10) 14 (11)

Intermediate 146 (38) 49 (37) 52 (40) 49 (37)

High 216 (56) 68 (52) 66 (50) 68 (52)

Tumor size (cm) 0.005 0.89

Mean (SD) 9.6 (4.8) 12.4 (8.2) 12.2 (5.6) 12.4 (8.2)

# 8 164 (43) 37 (28) 35 (27) 37 (28)

> 8 221 (57) 94 (72) 96 (73) 94 (72)

Grade 0.002 0.816

1 138 (36) 26 (20) 30 (23) 26 (20)

2 164 (43) 64 (49) 63 (48) 64 (49)

3 or 4 83 (22) 41 (31) 38 (29) 41 (31)

AJCC stage 0.001 0.658

1 292 (76) 79 (60) 86 (66) 79 (60)

2 78 (20) 39 (30) 33 (25) 39 (30)

3 or 4 15 (4) 13 (10) 12 (9) 13 (10)

Surgical margins 0.075 0.106

Negative 320 (83) 118 (90) 108 (82) 118 (90)

Positive 65 (17) 13 (10) 23 (18) 13 (10)

Chemotherapy/
radiation

0.27 0.842

No 355 (92) 116 (89) 118 (90) 116 (89)

Yes 30 (8) 15 (11) 13 (10) 15 (11)

SES = socioeconomic score; AJCC = American Joint Committee on Cancer.
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were osseous tumors, not soft tissue sarcomas. Case reports
of myxoid chondrosarcoma and mesenchymal chon-
drosarcoma of bone exist in the literature but are rare [17,
53], and their frequencies were correspondingly low in our
data set (83% conventional; 11% dedifferentiated; and 4%
juxtacortical, myxoid, mesenchymal, and clear cell com-
bined). In addition, the goal of our analysis was to compare
survival between limb-sparing surgery and amputation, not
between histologic subtypes. Through propensity score
matching, we ensured that the distribution of subtypes was
not different between the limb-sparing and amputation
cohorts so that the results were not biased by a pre-
ponderance of a specific subtype.

A composite socioeconomic score (SES) was derived
with methodology derived from the literature [15, 31]. The
NCDB records median household income and percentage
of the population with only a high school degree, scaled to
2012 national census data, and categorizes them into
quartiles (1-4).

In particular, the NCDB estimates household income for
each patient’s area of residence bymatching the zip code of
the patient recorded at the time of diagnosis against files
derived from the 2012 American Community Survey data,
spanning years 2008 to 2012 and adjusted for 2012 in-
flation. A score of “1” corresponds to the lowest median
household income and highest percentage of population
with only a high school degree. We added the scores for
median household income and percentage of population
with a high school degree to calculate a composite SES
score ranging from 2 to 8. These scores were then further
categorized into four quartiles (2-3, 4-5, 6-7, 8 into
SES 1-4).

Statistical Analysis

Missing variables were addressed through multiple impu-
tation with number of imputations based on the proportion
of missing variables [23, 47]. In the overall data set, the
proportion of missing variables was 5.2% for tumor size
8.5% for stage, and 6.4% for grade. All other values
needing imputation were missing for < 3% of patients.
After obtaining a set of complete, imputed data sets, pro-
pensity scores for limb-sparing surgery or amputation were
derived from variables with different frequencies as well as
from those that were deemed relevant through review of
other studies [4, 8, 9, 11-13, 19, 26, 29, 35, 45, 46, 48] and
clinical judgment (age, gender, race, SES, Charlson/Deyo
score, facility volume, grade, stage, tumor size). Matching
was specifically not done for surgical margins, because we
determined that margins are a surgical outcome, not a
factor to be used to balance cohorts. Scores from each
imputed data set were pooled according to methods from
Mitra and Hill [24, 32]. Using these pooled scores, patients

were matched one to one with a greedy nearest neighbor
algorithm without replacement, which matches a treated
to a control subject based on the closest propensity score
[5]. Once a treated subject has been matched, that subject is
no longer eligible for future matches for other control
subjects [5]. Final cohort balance was assessed through
visual inspection of propensity score jitterplots/histograms,
which measure the distribution of propensity scores for
control and treated subjects. If balanced, these distributions
should appear similar [25]. A Kaplan-Meier survival
analysis was then performed on the matched cohorts, and
5- and 10-year survival rates were determined for limb-
sparing surgery and amputation. A stratified log-rank test
was used for survival comparison to address matching, a
methodology that has been validated for survival analysis
in propensity score-matched cohorts [6].

To determine other factors associated with long-term
survival, a multivariable Cox proportional hazard model
was constructed on the complete data set with 121 patients
who died. Inferential estimates (hazard ratio and confi-
dence intervals) were pooled from each data set according
to Rubin’s rules for inferences after multiple imputation
[43]. According to Rubin’s rules, several different values
are generated for each missing data point and then ana-
lyzed. Results from each analysis are then combined
following appropriate criteria to produce overall esti-
mates with confidence intervals and p values. The overall
estimates incorporate the missing data uncertainty as well
as sampling variation [30]. The proportional hazard as-
sumption of the multivariate Cox regression model was
validated by examining Schoenfeld residuals, which
must be independent versus time in a valid Cox
model [50].

Statistical analyses were performed with packages
MatchIt, mice, and survival in R (R Foundation, Vienna,
Austria; www.r-project.org) [10, 25, 49] and general data
processing was conducted in Python programming lan-
guage (Python Foundation, www.python.org). All statis-
tical testing was two-sided with a p value < 0.05 considered
significant.

Results

With the numbers available for analysis, we could not
demonstrate a difference in overall survival between limb-
sparing surgery and amputation. The 5-year survivorship
was 70% (95% confidence interval [CI], 62%-79%) for
limb-sparing surgery versus 70% (95% CI, 62%-79%) for
amputation. The 10-year survivorship was 60% (95% CI,
48%-75%) for limb-sparing surgery versus 59% (95% CI,
48%-72%) for amputation. Stratified log-rank test of the
Kaplan-Meier survival curve did not demonstrate a dif-
ference in survival (p = 0.9; Fig. 2).
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In a multivariable analysis designed to analyze other
independent factors associated with survival, we found that
increasing age (hazard ratio [HR], 1.029; 95% CI,
1.014-1.044; p < 0.001), Charlson/Deyo score $ 2 (HR,
3.039; 95% CI, 1.39-6.644; p = 0.005), grade (HR, 2.561,
95% CI, 1.318-4.919, p = 0.005 for Grade 2; HR, 7.269,
95% CI, 3.002-17.599, p < 0.001 for Grade 3; HR, 10.36,
95%CI, 4.024-26.669, p < 0.001 for Grade 4), and positive
surgical margins (HR, 1.61; 95% CI, 1.026-2.529; p =
0.041) were associated with decreased survival (Table 2).

Discussion

Despite increased utilization of limb-sparing surgery for
pelvic chondrosarcoma, assessing its impact on overall
survival has been limited by the low incidence of disease.
To help counsel patients with this condition, it would help
to identify factors associated with survival. Using a con-
temporary national oncology database, we therefore de-
termined (1) overall survival after limb-sparing surgery
compared with amputation using matched cohorts; and (2)
factors for long-term survival after surgical management of
pelvic chondrosarcoma. With the numbers available, we
could not demonstrate a difference in overall survival be-
tween limb-sparing surgery and amputation.and identified
several parameters associated with decreased survival.

Our analysis has several limitations. As a result of the
low incidence of malignant pelvic neoplasms, the majority
of studies on this subject are retrospective as is our in-
vestigation. Selection and observational bias during data
collection may have affected the results, although we
attempted to compensate for bias by propensity matching

for variables associated with treatment exposure and out-
come. Second, our analysis is limited to the data elements
within the NCDB, which does not report patterns of re-
currence, recurrence-free survival, and disease-specific
survival. However, for our primary outcome of overall
survival, we excluded patients with multiple primary ma-
lignancy to focus on pelvic chondrosarcoma, a methodol-
ogy followed by the literature. Additionally, some aspects
of chondrosarcoma treatment such as extent of surgical
resection might be heterogeneous across centers and thus
difficult to define. Fourth, the pathologic diagnosis of
sarcomas is challenging and might not be uniform across
centers (for example, use of different grading systems). We
made the assumption in our analysis that such heteroge-
neity in defining treatment and pathology would be dis-
tributed randomly across cohorts without a systematic bias
for limb-sparing surgery or amputation. Fifth, the NCDB
reports initial treatment, not salvage therapies performed
for disease progression or recurrence. Therefore, patients
with conversion to amputation after limb-sparing surgery
would not be reported, and our design thus reflects an
intention-to-treat analysis. However, previous research
suggests that the rate of conversion to amputation is small
with one investigation reporting 4% after 23 to 38 years of
followup [44]. We expect the effects of such conversion, if
any exist in the data set, to not skew our results. Sixth,
although it would be useful to stratify the results based on
exact location in the pelvis (periacetabular encroachment,
involvement of the ischium), which would further facilitate
propensity score matching, the NCDB does not include
information to do so. Such an analysis may become pos-
sible with future changes to the NCDB or a large, pro-
spective investigation of pelvic chondrosarcoma. As

Fig. 2 A Kaplan-Meier survival analysis of matched cohorts demonstrates equivalent overall
survival between limb-sparing surgery and amputation for pelvic chondrosarcoma.
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previously discussed, although the NCDB is the largest
cancer registry with requirements for 90% followup from
participating centers, the requirement for a participating
hospital to be an accredited cancer center may restrict the
generalizability of our results to the entire population [33].

Finally, although not statistically significant, our results
demonstrated a small difference in overall survival be-
tween limb-sparing surgery and amputation at 10 years.
Although it is possible that this difference may become
significant with a larger sample size, designing a study
capable of detecting a 1% difference in survival over 10
years at 80% power would require two cohorts each of over
19,000 patients, an unrealistic sample size even with a
national oncology database. The focus of this study was not
to suggest that the small difference in mortality would be
significant, but rather to show that there was no increased
mortality risk seen with limb-sparing approaches as com-
pared with amputation. Our investigation thus primarily
serves to support results from recent retrospective cohorts
such as the investigation by Bus et al. that examined 162
patients with pelvic chondrosarcomas treated with limb-
sparing surgery (135 patients) or amputation (27 patients)
and found no difference in survival [9].

With the numbers available, our investigation could
not demonstrate a difference in overall survival between
limb-sparing surgery and amputation for pelvic chon-
drosarcoma. Taken together, these results support the in-
creasing use of limb-sparing surgery for pelvic
chondrosarcoma. There are a number of findings and
observations in this report that merit further discussion.
The prevalence of limb-sparing surgery in our cohort
(75%) reflects its role as the preferred surgical modality in
contemporary management of pelvic chondrosarcoma. Our
survival data are consistent with previous investigations of
limb-sparing surgery and amputation on overall survival
[4, 7-9, 12, 13]. Lee et al., in a study of 32 patients with
high-grade pelvic chondrosarcoma managed mostly with
limb-sparing procedures between 1972 and 1994, reported
that 5-year survival was 63% [29]. Deloin et al., in a series
of 57 patients with pelvic chondrosarcoma managed sur-
gically between 1968 and 2003, showed that 5- and 10-year
overall survival was 66% at 5 years and 52% at 10 years
with no significant difference in survival between limb-
sparing surgery and amputation [12]. Surgery-related
complications such as infection and revision were higher
for pelvic chondrosarcoma managed with endoprosthetic
reconstructions in an investigation by Stihsen et al. [48];
however, a competing risk regression analysis demon-
strated that these factors did not affect long-term overall
survival. The majority of these investigations are restricted
to single centers, and reports are often based on outcomes
that span periods of > 20 years. In contrast, our in-
vestigation takes advantage of a robust national data set to
generate the largest sample size on pelvic chondrosarcoma

Table 2. Multivariable Cox regression analysis of prognostic
factors for survival

Variable Hazard ratio (95% CI) p value

Age (increasing age, in years) 1.029 (1.014-1.044) < 0.001

Gender

Male Reference

Female 0.947 (0.626-1.432) 0.795

Race

White Reference

Black 0.704 (0.221-2.238) 0.552

Other 0.989 (0.395-2.48) 0.981

SES quartile

1 Reference

2 1.416 (0.81-2.477) 0.222

3 1.341 (0.767-2.344) 0.303

4 1.276 (0.678-2.404) 0.450

Charlson/Deyo comorbidities

0 Reference

1 0.991 (0.553-1.775) 0.975

2 or more 3.039 (1.39-6.644) 0.005

Facility volume

Low Reference

Intermediate 1.011 (0.481-2.123) 0.978

High 0.65 (0.308-1.374) 0.260

Tumor size (mm) 1.002 (0.999-1.005) 0.272

Grade

1 Reference

2 2.547 (1.318-4.919) 0.005

3 7.269 (3.002-17.599) < 0.001

4 10.36 (4.024-26.669) < 0.001

AJCC stage

1 Reference

2 0.783 (0.388-1.581) 0.496

3 2.207 (0.788-6.18) 0.132

4 2.143 (0.921-4.986) 0.077

Surgery

Limb-sparing Reference

Amputation 1.095 (0.727-1.649) 0.663

Surgical margins

Negative Reference

Positive 1.61 (1.026-2.529) 0.039

Radiation therapy

No Reference

Yes 1.608 (0.811-3.19) 0.173

Chemotherapy

No Reference

Yes 1.326 (0.682-2.577) 0.406

CI = confidence interval; SES = socioeconomic score; AJCC =
American Joint Committee on Cancer.
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to date while limiting the analysis to a contemporary time
period (2004–2014). Our sample size made it possible to
carry out a one-to-one matched-cohort analysis, which
would have been difficult with the smaller cohorts in pre-
vious literature.

In a separate multivariable analysis designed to analyze
other independent factors associated with survival, we
found that increasing age, higher Charlson/Deyo comor-
bidity score, higher grade, and positive surgical margins
were associated with poorer survivorship. The significance
of age and Charlson/Deyo comorbidity score highlights the
importance of preoperative health status to surgical risk
assessment and is consistent with Ogura et al. who found a
similar association between musculoskeletal oncology
surgery and comorbidity burden [38]. In particular, the
correlation between Charlson/Deyo score and survival is
important for risk stratification given that the score is based
on administrative coding (International Classification of
Diseases, 9th and 10th Revision codes) based on common
comorbidities, widely used in clinical practice, and has
been validated for musculoskeletal tumor surgery [27, 34,
38]. Our results may therefore enable physicians to assess
perioperative risk more accurately and better inform their
patients of their overall risk for surgery.

The most prognostic factor for survival was tumor
grade. Grading for pelvic chondrosarcoma has been de-
bated, because grading schemes for chondrosarcoma rely
on histologic interpretation and radiographic evidence,
which can vary across institutions [22, 35]. Therefore, its
prognostic value in survival has been found to be contro-
versial in the past [22, 35]. However, the distribution of
grade in our cohort of patients (31.4% Grade 1, 45.2%
Grade 2, 23.4% Grades 3 or 4) was consistent with those
from previous retrospective investigations. Pring et al.
[41], in a series of 64 patients with surgical management of
pelvic chondrosarcoma between 1975 and 1996, reported
51.6% Grade 1, 35.9% Grade 2, and 12.5% Grade 3 or
higher. Similarly, Deloin et al. in their investigation found
the distribution to be 11% Grade 1, 61% Grade 2, and 20%
Grade 3 or higher [12]. Both authors found higher grade to
be significantly prognostic for overall survival, corrobo-
rated by Giuffrida et al. in their analysis of the SEER da-
tabase [22].

Although multiple authors have found positive surgical
margins to be an important prognostic factor for survival,
like in our analysis, there has been some debate regarding
whether amputation achieves better margins compared
with limb-sparing surgery [12, 41, 45, 46]. Our comparison
of the two techniques demonstrated that amputation ach-
ieved moderately better margins; however, despite the
correlation between positive margins and decreased sur-
vival, limb-sparing surgery did not decrease overall sur-
vival. Donati et al. [13], in a study of 124 pelvic
chondrosarcomas over 20 years, and Bus et al. [9], in a

recent investigation of 162 patients over 28 years, both
reported a higher rate of inadequate margins and local re-
currence in patients after limb-sparing surgery. However,
neither author found that survival was worse after limb-
sparing resection. Further prospective investigation should
be performed in this regard, including how better func-
tional and psychologic outcomes after limb-sparing re-
section impact survival [35, 42].

With the numbers available, our study did not
demonstrate a difference in survival between limb-sparing
surgery and amputation for pelvic chondrosarcoma.
Overall, our findings support the trend toward increased
use of limb-sparing surgery for patients with pelvic chon-
drosarcoma. However, the choice of limb-sparing surgery
versus amputation for these challenging patients should
still be a highly individualized decision with careful dis-
cussion between the patient and the surgeon. Potential fu-
ture work includes a multicenter investigation with data on
functional outcomes, further anatomic stratification, and
detailed documentation on type of limb-sparing resection,
which would assist in better cohort matching. Although
such investigations may be challenging to conduct, they
may be facilitated by developments in national oncology
registries, possible through modifications in the NCDB to
include more detailed and specialized parameters.
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