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Abstract
Background Dedifferentiated chondrosarcoma is a chon-
drosarcoma subtype associated with high rates of recurrence
and a poor prognosis. Others have proposed treatment of
dedifferentiated chondrosarcoma using osteosarcoma proto-
cols, including perioperative chemotherapy. However, the
rarity of this condition poses difficulties in undertaking single-
institution studies of sufficient sample size.
Question/purpose Is perioperative chemotherapy associ-
ated with improved overall survival in patients with
dedifferentiated chondrosarcoma?

Methods We queried the Surveillance, Epidemiology, and
End Results (SEER) 1973 to 2016 database for patients
with a diagnosis of dedifferentiated chondrosarcoma (n =
308). As dedifferentiated chondrosarcoma was only clas-
sified as a distinct entity in SEER starting in 2000, only
patients treated in 2000 and later were included. We ex-
cluded from our analyses those patients with distant disease
at diagnosis, a primary site of disease other than bone or
joints, and those who did not receive cancer-directed sur-
gery. These criteria yielded 185 dedifferentiated
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chondrosarcoma patients for inclusion. We used Kaplan-
Meier analyses and Cox proportional hazards models to
assess the association of clinical, demographic, and treat-
ment characteristics on overall survival (OS).
Results After controlling for confounding variables, in-
cluding age, sex, tumor size, stage, grade, location, and
radiation treatment status, and after adjusting for missing
data, no overall survival benefit was associated with receipt
of chemotherapy in patients with dedifferentiated chon-
drosarcoma (hazard ratio 0.75 [95% confidence interval
0.49 to 1.12]; p = 0.16).
Conclusion Chemotherapy treatment of dedifferentiated
chondrosarcoma was not associated with improved OS.
These results must be viewed cautiously, given the limited
granularity of information on chemotherapy treatment, the
concerns regarding chemotherapy misclassification in SEER
data, and the small sample of patients with dedifferentiated
chondrosarcoma, all of which limit the power to detect a
difference. Ourfindings are nevertheless consistent with those
of prior reports in which no benefit of chemotherapy could be
detected. Lack of clear benefit from perioperative chemo-
therapy in dedifferentiated chondrosarcoma argues that it
should be used only after careful consideration, and ideally in
the context of a clinical trial.
Level of Evidence Level III, therapeutic study.

Introduction

Chondrosarcomas represent approximately 25% of bone
sarcomas [12]. Conventional chondrosarcoma is the most
common subtype [43]. Dedifferentiated chondrosarcomas
(DDCS) represent approximately 10% to 15% of chon-
drosarcomas [8, 38]. DDCS is characterized histologically
by the presence of a conventional, lower-grade chon-
drosarcoma, with an abrupt change to a high-grade, non-
chondrogenic sarcoma component [12]. DDCS is
aggressive, with high rates of recurrence and metastasis
and a poorer prognosis than conventional chondrosarcoma
[10, 13, 20, 23, 26, 28, 34]

The primary treatment of chondrosarcomas is surgical
resection [3, 11]. Low-grade lesions of the extremities may
bemanaged with more conservative forms of local therapy,
including intralesional curettage [5, 17, 40]. Radiotherapy
is used in the management of central lesions not amenable
to surgery, and proton therapy is an area of investigation in
this radioresistant tumor [1, 21].

As distant disease is the dominant mode of treatment
failure in DDCS, perioperative systemic therapy might be
considered to mitigate this risk. Chondrosarcomas are
considered relatively resistant to conventional cytotoxic
agents, although this view is based on limited data [32].
Systemic therapy may have meaningful activity in some
chondrosarcoma subtypes, including DDCS [22].

Perioperative chemotherapy has been considered in
patients with DDCS. A recently published report of an
observational assessment of aggressive perioperative che-
motherapy in DDCS indicated that administration was
feasible and exhibited favorable outcomes versus prior
reports [18]. However, this study was noncomparative and
enrolled those with both localized and metastatic DDCS.
Achievement of a surgical complete remission was the only
factor associated with prolonged overall survival (OS).
Previous studies assessing perioperative chemotherapy
have demonstrated mixed results regarding improvements
in relapse-free survival and OS [10, 24, 27, 28, 34]. These
retrospective studies all had small sample sizes due to the
rarity of the condition.

A much larger study assessed outcomes in 337 DDCS
patients treated at nine European referral centers [13]. In a
univariable Cox analysis, chemotherapy treatment was not
associated with improved OS (HR 1.317 [95% CI 0.931 to
1.86]; p = 0.12). In a subanalysis limited to patients with
potentially curable disease treated with surgery, chemo-
therapy was also not associated with improved OS.

Despite this limited evidence, patients receive primary
treatment for DDCS according to osteosarcoma protocols,
including chemotherapy [43]. The National
Comprehensive Cancer Network guidelines recommend
that primary DDCS treatment follow osteosarcoma proto-
cols [32]. This is a Category 2B recommendation (“Based
upon lower-level evidence ...”). However, treatment of
another high-risk bone sarcoma, osteosarcoma, was revo-
lutionized by the addition of perioperative chemotherapy
[2, 25, 36]. No such evidence base exists to support the use
of perioperative chemotherapy in DDCS treatment.

We therefore asked: Is perioperative chemotherapy as-
sociated with improved overall survival in patients with
dedifferentiated chondrosarcoma?

Patients and Methods

Study Population

This study conformed to the Strengthening the Reporting
of Observational Studies in Epidemiology criteria for co-
hort studies [42]. The target study population was patients
with DDCS of osseous origin who received surgical
treatment with curative intent. A similar population of
patients with osteosarcoma was assembled for comparison.
This parallel analysis was intended to confirm that the
known benefit of perioperative chemotherapy in osteosar-
coma could be detected among the patients derived from
the Surveillance, Epidemiology, and End Results (SEER)
database used for this retrospective study. SEER is a
population-based collection of individual-level data on
patients with cancer, representing approximately 35% of
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the US population [31]. We queried the SEER 1973 to
2016 database for patients with sarcoma using SEER*Stat
[30]. This identified 308 patients with a diagnosis of DDCS
and 6844 with osteosarcoma.

We used histologic-type International Classification of
Diseases for Oncology, 3rd edition (ICD-O-3), code 9243
to identify patients with DDCS. The following subtypes
were included in the parallel analysis of osteosarcoma
patients: osteosarcoma, not otherwise specified (ICD-O-3
code 9180); chondroblastic osteosarcoma (ICD-O-3 code
9181); fibroblastic osteosarcoma or osteofibrosarcoma
(ICD-O-3 code 9182); telangiectatic osteosarcoma (ICD-
O-3 code 9183); osteosarcoma in Paget disease of bone
(ICD-O-3 code 9184); small cell osteosarcoma or round
cell osteosarcoma (ICD-O-3 code 9185); central osteo-
sarcoma, conventional central osteosarcoma, or medul-
lary osteosarcoma (ICD-O-3 code 9186); high-grade
surface osteosarcoma (ICD-O-3 code 9194); and intra-
cortical osteosarcoma (ICD-O-3 code 9195). Only 14
patients with high-grade surface osteosarcoma met eligi-
bility criteria out of 2261 eligible patients. No eligible
patients with intracortical osteosarcoma were identified
(Supplementary Table 1; http://links.lww.
com/CORR/A639). Although the latter two entities are
exceedingly rare, they do possess metastatic capacity, and
chemotherapy use is reported in their management [15].
Patients (n = 357) with the following osteosarcoma
subtypes were excluded because they displayed low- to
intermediate-grade, indolent behavior, and distinct
biology: intraosseous well-differentiated osteosarcoma

or intraosseous low-grade osteosarcoma, parosteal oste-
osarcoma or juxtacortical osteosarcoma, and periosteal
osteosarcoma [4, 14-16, 46].

Except for histologic subtype, all other inclusion and
exclusion criteria were applied identically to the chon-
drosarcoma and osteosarcoma datasets (Fig. 1). The
SEER database did not specifically classify the diagnosis
of DDCS until the year 2000. Therefore, all patients
with a diagnosis before 2000 were excluded. SEER pa-
tient identification numbers were used to identify du-
plicate entries; these patients (DDCS = 0,
osteosarcoma = 46) were excluded due to inability to
reconcile the duplicate records. As OS was the primary
endpoint, six DDCS and 95 osteosarcoma patients
without OS data were excluded. This study also focused
on tumors of osseous origin; patients with primary tu-
mors not involving the bones and joints (SEER variable
“site recode ICD-O-3/WHO 2008” for “bones and
joints”) were excluded (DDCS = 25, osteosarcoma =
339). One DDCS and 429 osteosarcoma patients with
tumor location of the skull (SEER variable “primary site-
labeled” for “C41.0-bones of skull and face and associ-
ated joints” or “C41.1-mandible”) were also excluded.
As stage information was important to identify those
patients potentially eligible for curative surgical treat-
ment, 82 DDCS and 1034 osteosarcoma patients with
distant or unknown stage were excluded. As curative
therapy in DDCS and osteosarcoma is generally con-
sidered to rely on surgery, those patients classified as
either not receiving cancer-directed surgery or with

Fig. 1 A-B These flowcharts show selection of patients in the (A) dedifferentiated chondrosarcoma and (B) osteosarcoma groups.
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unknown surgical status were excluded (DDCS = 9,
osteosarcoma = 249).

Variables

The following demographic and clinicopathologic charac-
teristics were abstracted from the SEER database: sex, race,
age at diagnosis, primary tumor size, SEER stage (local
versus regional), tumor grade, histologic subtype (for oste-
osarcoma), and primary tumor location. Age at the time of
diagnosis was dichotomized according to the median age for
the respective disease (DDCS or osteosarcoma). Tumor
grade was classified as either low (Grades I and II) or high
(Grades III and IV). The primary tumor location was cate-
gorized as involving either the extremities (SEER variable
“primary site-labeled” for “C40.0-long bones: upper limb,
scapula, and associated joints,” “C40.1-short bones of upper
limb and associated joints,” “C40.2-long bones of lower limb
and associated joints,” “C40.3-short bones of lower limbs
and associated joints,” “C40.8-overlap of bones, joints, and
cartilage of limbs,” or “C40.9-bones of limbs, not otherwise
specified”) or nonextremities (SEER variable “primary site-
labeled” for “C41.2-vertebral column,” “C41.3-rib, sternum,
clavicle, and associated joints,” “C41.4-pelvic bones, sa-
crum, coccyx, and associated joints,” or “C41.9-bone, not
otherwise specified”). Treatment modalities evaluated in-
cluded surgery, radiation therapy, and chemotherapy. For
radiation therapy and chemotherapy, SEER classifies treat-
ment as either “yes” versus “no/unknown.” SEER does not
make a distinction between nonreceipt and unknown treat-
ment status for these modalities.

Baseline Characteristics

A total of 185 patients with DDCS and 2261 patients
with osteosarcoma met the criteria for study inclusion
(Fig. 1). Patients in the DDCS cohort were older (median
age 66 versus 17 years; p < 0.001) and more likely to be
white (94% [173 of 185] versus 75% [1703 of 2261]; p <
0.001) than those with osteosarcoma (Table 1). Seventy-
two percent (134 of 185) of patients with DDCS had
primary tumors located on extremities compared with
89% (2008 of 2261) of patients with osteosarcomas.
DDCS patients had a higher proportion of those with
high grade tumors (78% [144 of 185]) than did osteo-
sarcoma patients (73% [1641 of 2261]; p = 0.002). There
were no differences between the groups in sex, primary
tumor size, or stage. Patients with DDCS were more
likely to receive radiation therapy (20% [37 of 185]
versus 4% [101 of 2261]; p < 0.001) and less likely to
receive chemotherapy (32% [60 of 185] versus 89%
[2002 of 2261]; p < 0.001) as part of their primary

treatment than those in the osteosarcoma cohort. Among
the eight osteosarcoma histologic subtypes included,
three subtypes (osteosarcoma not otherwise specified,
chondroblastic osteosarcoma, and fibroblastic osteosar-
coma) comprised 90% (2026 of 2261) of this group.

In theDDCSgroup, themedian (range) follow-up timewas
13months (1 to 170), and 70%(130of 185) of patients died. In
the osteosarcoma group, the median follow-up time was
53months (1 to 203), and 32% (715 of 2261) of patients died.

The available baseline variables were assessed by lo-
gistic regression for their association with receipt versus
nonreceipt of chemotherapy/unknown chemotherapy
treatment (Supplementary Table 2; http://links.lww.
com/CORR/A640). For DDCS, age older than 66 years
was associated with a lesser likelihood of chemotherapy
treatment (odds ratio [OR] 0.34; p < 0.01); size greater
than 8 cm was associated with an increased likelihood of
chemotherapy treatment (OR 2.13; p = 0.04). For osteo-
sarcoma, age older than 17 years (OR 0.11; p < 0.01), low
tumor grade (OR 0.07; p < 0.01), primary location on the
trunk or not otherwise specified (OR 0.22; p < 0.01), and
receipt of radiation therapy (OR 0.33; p < 0.01) were
associated with a lesser likelihood of chemotherapy
treatment. Size greater than 8 cm (OR 1.47; p = 0.01) and
the presence of regional disease at the initial diagnosis
(OR 1.81; p < 0.01) were associated with an increased
likelihood of chemotherapy treatment.

The only missing data were in primary tumor size and
tumor grade (Supplementary Table 3; http://links.lww.
com/CORR/A641). For the DDCS cohort, 77% (142 of
185) had complete tumor size and grade data. For the
osteosarcoma cohort, 66% (1501 of 2261) had complete
data. Missing data with respect to these variables were not
correlated with one another for DDCS but were positively
correlated for osteosarcoma (r = 0.0917, p = 0.21 and
r = 0.1474, p < 0.01, respectively).

Ethical Approval

Because the SEER database is a publicly available database
of deidentified patient data, no ethics committee review
was required for its use in this project.

Statistical Analyses

Demographic and clinical characteristics were compared
using a Fisher exact test for categorical variables and
Wilcoxon rank sum test for continuous variables.
Univariable logistic regression analysis compared the as-
sociation between baseline clinicopathologic variables and
receipt or nonreceipt of chemotherapy/unknown status (see
description under Baseline Characteristics).
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Table 1. Baseline demographic and clinicopathologic characteristics

Characteristic

Dedifferentiated
chondrosarcoma

(n = 185)
Osteosarcoma
(n = 2261) p value

Sex

Male 57 (106) 55 (1252) 0.65

Racea < 0.001

White or unknown 94 (173) 75 (1703)

Black 2 (4) 15 (331)

Other (Native American, Alaska
native, Asian, Pacific Islander)

4 (8) 10 (227)

Age in years

< 0.001Median (range) 66 (18-95) 17 (3-91)

0-66 51 (94)

> 66 49 (91)

0-17 52 (1179)

> 17 48 (1082)

Size in mm 0.280

Median (range) 90 (7-420) 90 (4-888)

# 8 cm 36 (67) 35 (781)

> 8 cm 50 (92) 47 (1056)

Missing 14 (26) 19 (424)

SEER stage 0.053

Local 36 (67) 44 (988)

Regional 64 (118) 56 (1273)

Tumor grade 0.002

I and II 10 (19) 6 (141)

III and IV 78 (144) 73 (1641)

Missing 12 (22) 21 (479)

Primary tumor location < 0.001

Extremities 72 (134) 89 (2008)

Trunk or bone, NOS 28 (51) 11 (253)

Subtype N/A

Osteosarcoma, NOS 68 (1541)

Chondroblastic osteosarcoma 16 (356)

Fibroblastic osteosarcoma 6 (129)

Telangiectatic osteosarcoma 4 (95)

Osteosarcoma in Paget disease of
bone

1 (16)

Small cell osteosarcoma 1 (18)

Central osteosarcoma 4 (92)

High-grade surface osteosarcoma 1 (14)

Radiation < 0.001

No/unknown 80 (148) 96 (2160)

Yes 20 (37) 4 (101)

Chemotherapy < 0.001

No/unknown 68 (125) 11 (259)

Yes 32 (60) 89 (2002)

Data presented as % (n), unless otherwise indicated.
aSelf-reported; NOS = not otherwise specified.
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The association of chemotherapy treatment with OS was
explored preliminarily with Kaplan-Meier analyses, with the
log-rank test used for statistical comparison (Fig. 2) and with
univariableCox proportional hazardsmodels (Supplementary
Table 4; http://links.lww.com/CORR/A642). When OS in
DDCS was compared with respect to chemotherapy
treatment, there was no difference in OS (chemotherapy
median OS: 18 months [95% CI 13 to 42] versus
no/unknown: 14 months [95% CI 11 to 21]; hazard ratio =
0.77 [95%CI 0.53 to 1.13]; p = 0.18) (Fig. 2A). In contrast to
DDCS, chemotherapy was associated with improved OS
among the osteosarcoma study population (chemotherapy
median OS: not reached [95% CI not calculable] versus
chemotherapy no/unknown: not reached [95% CI 89 m-not
calculable]; HR 0.70 [95% CI 0.57 to 0.86]; p = 0.001).

The primary objective of this study was to assess the as-
sociation between chemotherapy treatment andOS in patients
with DDCS, using adjusted multivariable Cox models. We
analyzed SEER patients with osteosarcoma as a parallel
analysis because concerns have been raised regarding mis-
classification of chemotherapy and radiation treatment in the
SEER database [33] and because osteosarcoma treatment
protocols are proposed as a model for DDCS treatment [32].
Univariable Cox models were used to select variables for
inclusion in the multivariable models (Supplementary
Table 4; http://links.lww.com/CORR/A642). To allow
comparison, identical models were developed for the
DDCS and osteosarcoma cohorts. The only exception was
for the variable age, which was dichotomized at a median of
66 years for patients with DDCS and 17 years for those with
osteosarcoma, reflecting the differing age distributions of the
two conditions. Variables were included as adjustment
variables in the multivariable Cox models for each cohort if
the 95%CI of the univariableHRdid not include 1.0 for either
cohort. Histologic subtypes of osteosarcoma were not

included as a variable in multivariable modeling because
the DDCS cohort included only one histologic subtype.
Chemotherapy treatment status was included as the variable
of primary interest.

Age was the only variable associated with OS in the
DDCS cohort. In the osteosarcoma cohort, sex, age, tumor
size, SEER stage, tumor grade, primary tumor location, and
radiation therapy treatment status were associated with OS.
Race was not associated with OS in either cohort, and
therefore, it was not included in multivariable analyses.
The selected covariates included all variables statistically
associated with receipt or nonreceipt/unknown chemo-
therapy treatment status (Supplementary Table 2; http://
links.lww.com/CORR/A640).

To confirm the suitability of the selected covariates for
the multivariable models, they were assessed for pro-
portional hazard assumption violations using Schöenfeld
residuals and examination of log-log plots. For the DDCS
cohort, only the primary tumor location term violated the
proportional hazard assumptions (p < 0.01). Examination
of the corresponding log-log plot indicated that this was
because of a limited number of patients with prolonged
survival in the nonextremity site (data not shown). Because
this was an adjustment variable and not of primary interest,
we did not undertake a specific adjustment.

For the osteosarcoma cohort, age, primary tumor location
and chemotherapy covariates violated the proportional hazard
assumptions (p = 0.02, p = 0.04, and p < 0.01, respectively).
The log-log plots for these variables indicated that this was
related to a limited number of patients with shorter survival
(data not shown). Because the log-log normal graph indicated
that only a limited number of patients explained the di-
vergence, and there was no crossing of the curves (data not
shown), no specific adjustment was made. To assess the
significance of adjustment variables in the multivariable

Fig. 2 A-B Kaplan-Meier curves representing overall survival by (+) receipt or (-) nonreceipt of chemotherapy or unknown
treatment status. (A) This figure shows dedifferentiated chondrosarcoma (log-rank p = 0.17). (B) This figure shows osteosarcoma
(log-rank p < 0.01).
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models, we conducted the likelihood ratio test to compare the
full models with models reduced by excluding chemotherapy
treatment. The results of this test did not change the conclu-
sions of the primary analyses (data not shown).

Multivariable Cox models assessing the association
between chemotherapy treatment and OS for both cohorts
included sex, age, tumor size, SEER stage, tumor grade,
tumor location, and receipt of radiation as adjustment
covariates. There were missing data for tumor size (11%
[21 of 185] of DDCS and 12% [281 of 2261] of osteosar-
coma) and tumor grade (9% [17 of 185] for DDCS and 15%
[336 of 2261] for osteosarcoma). In the primary study
analysis, missing data for these two variables were con-
sidered as a separate classification.

As a sensitivity analysis to explore the impact of these
missing data, we performed multivariable Cox analyses
using multiple imputation by chain equation to generate 50
individual datasets based on the covariates using the STATA

function (mi) (StataCorp) [19, 41, 44, 45]. Tumor grade and
size were treated as binary categorical variables. The calcu-
lations were based on sex, age, stage, tumor location, receipt
of radiation, receipt of chemotherapy, Nelson-Aalen survival
estimates, and a survival indicator variable.

A nominal p value of # 0.05 was designated for sta-
tistical significance. Stata Version 12.1 (StataCorp) was
used for all statistical analyses.

Results

Is Perioperative Chemotherapy Associated with Improved
OS in Patients with DDCS?

We fit a multivariable Cox model assessing the association
of chemotherapy treatment with OS among patients with
DDCS, adjusting for sex, age, tumor size, SEER stage,

Table 2. Multivariable Cox proportional hazards analyses of overall survival

Characteristics
Dedifferentiated chondrosarcoma

(n = 185) HR (95% CI) p value
Osteosarcoma

(n = 2261) HR (95% CI) p value

Sex 0.19 0.002

Male Referent Referent

Female 0.78 (0.53-1.13) 0.79 (0.68-0.92)

Age in years 0.09 < 0.001

0-66 Referent

> 66 1.40 (0.95-2.06)

0-17 Referent

< 17 1.58 (1.35-1.85)

Tumor size

# 8 cm Referent Referent

> 8 cm 1.26 (0.84-1.88) 0.26 1.22 (1.03-1.45) 0.02

Missing 1.82 (1.08-3.07) 0.03 1.15 (0.93-1.42) 0.19

SEER stage 0.57 < 0.001

Local Referent Referent

Regional 1.12 (0.76-1.64) 1.64 (1.40-1.93)

Tumor grade

Low (I and II) 0.86 (0.46-1.58) 0.62 0.36 (0.24-0.55) < 0.001

High (III and IV) Referent Referent

Missing 1.22 (0.73-2.03) 0.44 0.96 (0.79-1.15) 0.64

Primary tumor location 0.06 < 0.001

Extremities Referent Referent

Trunk or bone, NOS 0.66 (0.43-1.01) 1.97 (1.59-2.43)

Radiation 0.54 < 0.001

No/unknown Referent Referent

Yes 1.15 (0.74-1.79) 1.85 (1.41-2.42)

Chemotherapy 0.16 0.002

No/unknown Referent Referent

Yes 0.75 (0.49-1.12) 0.69 (0.55-0.88)

NOS = not otherwise specified.
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tumor grade, tumor location, and receipt of radiation.
Perioperative chemotherapy was not associated with im-
proved OS (HR 0.75 [95% CI 0.49 to 1.12]; p = 0.16)
(Table 2). To account for missing data in tumor size and
grade, we repeated the adjusted analysis using multiple
imputation (Supplementary Table 5; http://links.lww.
com/CORR/A643). Again, there was no OS benefit
associated with chemotherapy treatment in DDCS.

Given that it is well known that chemotherapy is asso-
ciated with improved survivorship of patients with osteo-
sarcoma, we wished to run an analysis among patients with
osteosarcoma similar to the one we ran in patients with
DDCS to confirm the face validity of our analysis on
chemotherapy in patients with DDCS. After adjusting for
sex, age, tumor size, SEER stage, tumor grade, tumor lo-
cation, and receipt of radiation, receipt of chemotherapy
was associated with improved OS in osteosarcoma (HR
0.69 [95% CI 0.55 to 0.88]; p < 0.01). Chemotherapy
remained associated with improved OS among osteosar-
coma patients, after accounting for missing data using
multiple imputation (Supplementary Table 5; http://links.
lww.com/CORR/A643).

Discussion

Primary management of DDCS remains controversial, and
the development of distant metastatic disease is the major
obstacle to improving long-term outcomes [27]. With the
success of perioperative chemotherapy in other high-grade
bone sarcomas, it is reasonable to consider such therapy in
patients with DDCS [25], particularly given the frequent
finding of an osteosarcomatous component in DDCS [34].
In this study, we found no improvement in OS for patients
with DDCS who received chemotherapy versus those who
did not. As expected, chemotherapy was associated with
improved OS in osteosarcoma. The latter analysis was
performed to verify the face validity of our analytic ap-
proach using the SEER database.

Limitations

This study is a retrospective analysis, a limitation imposed
by the rarity of DDCS, which has prevented the conduct of
adequately powered prospective studies of the question
posed herein. Retrospective studies are subject to several
biases, for which we have attempted to control. Selection
bias could play a role in our results. For example, the
population identified from SEER with DDCS may not re-
flect the DDCS population as a whole. However, SEER is a
population-based registry, as opposed to patients identified
at a single or small number of institutions, which is typi-
cally the case in other DDCS studies. We would anticipate

that DDCS patients identified in SEER better reflect the
actual diversity of DDCS than in institution-based studies.

This is also a study that compares outcomes of those
receiving chemotherapy for DDCSwith those not doing so.
We have controlled for a variety of variables that might be
associated with OS in this condition. The DDCS cohort
was limited to 185 patients. As this is a negative study, a
post hoc power calculation can be undertaken for illustra-
tive purposes. A prospective, randomized clinical study
using a similar DDCS cohort to detect an OS benefit for
chemotherapy as observed in the osteosarcoma group (HR
0.65) would have 74% power to detect such a benefit, if
such a benefit existed (two-sided alpha = 0.05, sample
size = 185, chemotherapy/no chemotherapy allocation
ratio = 0.48). Although not statistically rigorous, this cal-
culation suggests that the DDCS group under study could
reasonably have detected an OS benefit for chemotherapy
of a magnitude similar to that in the osteosarcoma group. If
the actual OS benefit of chemotherapy was less than that for
osteosarcoma, the power of this DDCS cohort to detect that
benefit would be correspondingly less, but the actual
clinical significance of such a benefit could be criticized.

Parenthetically, a sample size estimate also illustrates the
great difficulties facing any randomized clinical trial to assess
perioperative chemotherapy in DDCS. A randomized clinical
trial to assess a treatment regimen for the same HR would
require 178 patients (two-sided alpha = 0.05, power = 80%,
chemotherapy/no chemotherapy allocation ratio = 1).
Because our study using the SEERdatabase,which represents
one-third of the US population over a 16-year period, could
only identify 185 patients, it suggests that such a study could
be accomplished only with great difficulty. Development of
more active agents in DDCS or identification of patient sub-
sets with particular sensitivity to chemotherapy treatment
would be prerequisites to conducting successful studies.

Despite the small DDCS group size, this is the second-
largest study regarding the use of chemotherapy in this
condition [13]. Extending the period of eligibility earlier
could have increased patient numbers to some degree.
However, DDCS was not specified in the SEER database
before 2000, and a histologic diagnosis of DDCS would
have required imputation from a diagnosis of chon-
drosarcoma and high histologic grade. This would have
introduced unacceptable uncertainty into the analysis. In
addition, treatment in the selected time interval (2000 to
2016) likely reflects current treatment paradigms. Another
group analyzing DDCS using the SEER database similarly
limited the time period for eligibility, although this earlier
analysis did not address the impact of chemotherapy [37].

The detail of chemotherapy treatment provided by the
SEER database is limited to yes versus no/unknown.
Patients who did not receive chemotherapy and those with
unknown treatment status are combined into one group and
are indistinguishable. Patients in the no/unknown status
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group who, in fact, received chemotherapy would tend to
minimize differences versus the group receiving chemo-
therapy treatment. In this respect, the osteosarcoma com-
parison is important: The finding of a difference in
treatment effect when comparing the chemotherapy-treated
and the untreated/unknown groups suggests that the con-
flation of untreated and unknown status patients does not
prevent detection of a chemotherapy benefit.

Furthermore, SEER does not provide information re-
garding regimens administered, dose intensity, duration of
therapy, timing of other treatments (such as surgery), or other
data that might present a more granular characterization of
treatment in these patients. Other retrospective studies pos-
sessing more detailed chemotherapy treatment information
suggest significant variation inDDCS treatment regimens; it is
reasonable to assume that this cohort is similar [9, 13, 22, 24,
27, 34, 39]. This study assessed the benefit of chemotherapy in
DDCS, as administered for this condition to the SEER pop-
ulation. One might presume that treatment regimens admin-
istered favored those with activity against osteosarcoma, but
this cannot be ascertained. No OS benefit from chemotherapy
inDDCScould be detected.Whether there exists some formof
chemotherapy treatment from which DDCS patients could
benefit is beyond the capability of this dataset to assess.

Finally, this analysis cannot control for every possible
confounding factor. In comparing the outcomes of the mul-
tivariable analyses, all variables included in the multivariable
analysis remained significant in the osteosarcoma group, but
only age appeared to be significant in those with DDCS. The
choice of covariates for adjustment is limited to those avail-
able in SEER. Another SEER analysis of DDCS examined
the entire DDCS population, including those with metastatic
disease [37]. Although race, stage, tumor size, and the pres-
ence of distant disease at diagnosis were identified as factors
in a univariable analysis of disease-specific survival, only
metastasis at diagnosis remained significant in amultivariable
analysis. Thus, our findings in DDCS patients are consistent
with the prior analysis, given the differences in patient se-
lection, covariate selection, and endpoints.

Is Perioperative Chemotherapy Associated with Improved
OS in Patients with DDCS?

With the numbers available, we found no benefit in survival
associated with the administration of chemotherapy in the
primary treatment of DDCS. The study population was lim-
ited to those with local or regional disease who received
surgical treatment for their disease. This groupwas selected to
reflect patients whose disease was considered potentially
curable at the time of initial diagnosis. Some studies have
suggested that perioperative chemotherapy might be benefi-
cial in DDCS [9, 24, 27, 28, 35]. These studies identify spe-
cific clinicopathologic or treatment factors, such as a large

osteosarcomatous component [9] or primary disease arising in
the context of osteochondroma [35], as potentially helpful in
selecting patients for perioperative chemotherapy. Other
studies, including the two largest to date [13, 22], have found
no benefit [10, 13, 23, 34].

The largest of these, Grimer et al. [13], analyzed 242
potentially curable patients; 76 received perioperative
chemotherapy and 166 did not. Their cohort was recruited
from nine European referral centers between 1975 and
2005. Our DDCS data were accrued between 2000 and
2016, reflecting a large, more recent pool of patients from
numerous centers assessable via SEER. Both Grimer et al.
[13] and our study reached similar conclusions:
Chemotherapy was not associated with improved OS in
primary DDCS treatment.

Misclassification of chemotherapy and radiation ther-
apy treatment assignment, a recognized limitation of the
SEER database, could be one explanation for lack of a
detectable benefit for chemotherapy in DDCS [33]. The use
of SEER data for analyses such as that in our study has been
questioned [29]. Given the limited number of data sources
to address the question, and the ability to account for
misclassification in interpreting the analytical results, we
believe the use of SEER data to explore the role of che-
motherapy in primary DDCS treatment is reasonable [6, 7].

Our parallel analysis of chemotherapy treatment of osteo-
sarcoma patients was conducted, in part, to address this lim-
itation. Misclassification would minimize or eliminate
differences in OS outcomes when comparing those receiving
chemotherapy with those who did not or those in whom
treatment receipt was unknown. This is not what we observed.
For osteosarcoma, the two groups are clearly different in their
OS outcome, and those classified as receiving chemotherapy
exhibited the anticipated improvement in OS. However, the
magnitude of difference between the two groups is markedly
less than might be predicted, given historical osteosarcoma
cure rates of about 15% with surgery alone [25]. Although
unknown factors could explain this discrepancy, the simplest
explanation is that a substantial proportion of patients with
osteosarcoma whose therapy was classified as no or unknown
with respect to chemotherapy did, in fact, receive perioper-
ative chemotherapy. The results in the osteosarcoma cohort
suggest that some degree of misclassification might also be
present in the DDCS cohort. If so, there could still be differ-
ences in the magnitude of misclassification in the DDCS and
osteosarcoma groups.

Conclusion

We did not identify evidence to support the routine use of
chemotherapy in primary DDCS management. Although
chemotherapy was not associated with superior OS, we
cannot definitively state that perioperative chemotherapy
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does not have some beneficial association with survival
because of the limitations of the SEER database. Directions
for future progress include the identification of patient
subsets more likely to benefit from chemotherapy and de-
velopment of more active systemic therapies. Currently, we
believe that patients who are determined to be candidates
for chemotherapy should ideally receive it in the context
of a clinical trial. If chemotherapy is to be offered outside of
the experimental setting, a frank discussion should be
conducted with the patient regarding the very limited data
available to support its use in DDCS.
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