
Annals of Oncology 24: 2916–2922, 2013
doi:10.1093/annonc/mdt374

Published online 7 October 2013

Advanced chondrosarcomas: role of chemotherapy
and survival
A. Italiano1, O. Mir2,†, A. Cioffi3,‡, E. Palmerini4, S. Piperno-Neumann5, C. Perrin6, L. Chaigneau7,
N. Penel8, F. Duffaud9, J. E. Kurtz10, O. Collard11, F. Bertucci12, E. Bompas13, A. Le Cesne14,
R. G. Maki3,‡, I. Ray Coquard15 & J. Y. Blay15
1Department of Medical Oncology, Institut Bergonié, Bordeaux; 2Department of Medical Oncology, Hôpital Cochin, Paris, France; 3Sarcoma Service, Memorial Sloan
Kettering Cancer Center, New York, USA; 4Department of Medicine, Istituto Rizzoli, Bologna, Italy; 5Department of Medical Oncology, Institut Curie, Paris; 6Department of
Medical Oncology, Centre Eugène Marquis, Rennes; 7Department of Medical Oncology, University Hospital Centre of Besançon, Besançon; 8Department of Medicine,
Centre Oscar Lambret, Lille; 9Department of Medical Oncology, Hôpital La Timone, Marseille; 10Department of Medical Oncology, University Hospital Centre of Strasbourg,
Strasbourg; 11Department of Medical Oncology, Institut de Cancérologie de la Loire, Saint Priest en Jarez; 12Department of Medical Oncology, Institut Paoli Calmettes,
Marseille; 13Department of Medical Oncology, Centre René Gauducheau, Nantes; 14Department of Medicine, Institut Gustave Roussy, Villejuif; 15Department of Medicine,
Centre Léon Bérard, Lyon, France

Received 28 March 2013; revised 28 June 2013; accepted 29 July 2013

Background: There are limited data about the role of chemotherapy in patients with advanced chondrosarcomas.
Methods: The medical charts of 180 patients with advanced chondrosarcomas having received chemotherapy in 15
participating institutions between 1988 and 2011 were reviewed.
Results:Median age was 52 years. Sixty-three percent of patients had conventional chondrosarcoma and 88% had
metastatic disease. Combination chemotherapy was delivered in 98 cases (54.5%). One hundred and thirty-one patients
(73%) received an anthracycline-containing regimen. Using RECIST, the objective response rate was significantly different
according to histological subtype, being 31% for mesenchymal chondrosarcoma, 20.5% for dedifferentiated
chondrosarcoma, 11.5% for conventional chondrosarcoma and 0% for clear-cell chondrosarcoma (P = 0.04). Median
progression-free survival (PFS) was 4.7 months [95% confidence interval (CI) 3–6.5]. Performance status (PS) ≥2,
number of metastatic sites ≥1 and single-agent regimen were independently associated with poor PFS. Median overall
survival (OS) was 18 months (95% CI 14.5–21.6). PS, number of metastatic sites and palliative surgery were
independently associated with OS.
Conclusions: Conventional chemotherapy have very limited efficacy in patients with advanced chondrosarcoma, the
highest benefit being observed in mesenchymal and dedifferentiated chondrosarcoma. These data should be used as a
reference for response and outcome in the assessment of investigational drugs in advanced chondrosarcoma.
Key words: chondrosarcoma, chemotherapy, prognosis, treatment

introduction
Chondrosarcoma is the most common bone sarcoma in adults.
Several histological subtypes have been described, including
conventional, dedifferentiated, mesenchymal and clear-cell
chondrosarcoma [1].
Conventional chondrosarcomas represent ∼85% of all

chondrosarcomas and can be categorized according to their
location in bone into primary central and secondary peripheral
chondrosarcomas. Histological grade is the most powerful

prognostic factor for metastatic relapse which is observed in
about 70% of cases of grade 3 [1, 2]. Moreover, recurrent case
may exhibit a higher grade of malignancy than the original
lesion increasing therefore the risk of metastasis.
Dedifferentiated chondrosarcoma represent 9%–10% of all

chondrosarcomas and is characterized from a histological point
of view by conventional low-grade chondrosarcoma with abrupt
transition to foci that have dedifferentiated into a higher grade,
more aggressive component [1]. Patients with dedifferentiated
chondrosarcoma are older than those with conventional lesions.
Metastatic relapse is very frequent and the prognosis is poor
with a 5-year survival rate <10%–25% [1–3].
Mesenchymal chondrosarcoma and clear-cell

chondrosarcoma represent two rare variants of chondrosarcoma
occurring in younger patients than for conventional or
dedifferentiated chondrosarcoma [1]. Local and distant
recurrences of mesenchymal chondrosarcomas are frequent
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while clear-cell chondrosarcoma is a low-grade malignant
tumor with unfrequent metastatic relapse.
Surgery is the cornerstone of the primary management of

chondrosarcoma. There is no standard treatment of patients
with advanced disease. In fact, due to the rarity of this
condition, data regarding the outcome of patients with
advanced disease and the potential impact of chemotherapy are
almost nonexistent. The aim of this multi-institutional,
retrospective study was to address these specific points.

methods and patients
patients
This study was based on retrospectively retrieved data from medical records
of patients with unresectable and/or metastatic chondrosarcoma who were
treated at 15 European and American institutions. These institutions are
major referral centers for sarcomas and agreed to cooperate for this study.
Inclusion criteria were: age ≥18 years, histologically proven conventional,
dedifferentiated, mesenchymal or clear-cell chondrosarcoma, unresectable
and/or metastatic disease, and first-line systemic treatment with a cytotoxic
agent started between 1988 and 2011. In all cases, the histological diagnosis
was established according to the World Health Organization Classification
of Tumours [1] by an expert pathologist.

treatments and evaluation
The best response to treatment was evaluated according to Response
Evaluation Criteria in Solid Tumors (RECIST) [4]. Routine follow-up was
similar across all centers. Progression-free survival (PFS) was defined as the
time from the start of treatment until disease progression, death or last
patient contact. Overall survival (OS) was defined as the time from the start
of treatment until death or last patient contact.

statistical analysis
The cut-off date for statistical analysis of baseline demographic data and
clinical outcome was the 31 August 2012. Survival rates were estimated using
the Kaplan–Meier method. Descriptive statistics were used to show the
distribution of variables in the population. Differences between groups were
evaluated by Chi square test or Fisher’s exact test for categorical variables
and Student’s test for continuous variables. Prognostic factors were planned
to be identified by univariate and multivariate analyses using a Cox
regression model. Variables tested in univariate analysis included: age,
gender, histological subtype, grade, number of metastatic sites, performance
status (PS), single-agent versus combination therapy, anthracycline-
containing regimen versus anthracycline-free regimen and surgical resection
of metastatic disease. Variables associated with PFS and OS with a P-value
<0.05 in the univariate analysis were planned to be included in the
multivariate analysis. Analyses were carried out using SPSS 18.0 statistical
software (IPSS, Inc., Chicago, IL, USA). All statistical tests were two sided,
and P < 0.05 indicated statistical significance.

results

patients
One hundred eighty patients were included in this study. Their
characteristics are described in Table 1.

treatments
Combination chemotherapy was delivered in 98 cases (54.5%)
and single agent in 82 cases (45.5%), respectively. One hundred

thirty-one patients (73%) received an anthracycline-containing
regimen. Chemotherapy regimens are described in Table 2.

response
One hundred sixty-three patients were assessable for response.
Using RECIST, 2 patients (1%) had complete response, 22
(14%) had partial response and 67 (41%) had stable disease.
Progressive disease was observed in 72 (45%) patients. No
objective response was observed in patients with grade 1
disease. Moreover, the objective response rate was significantly
different according to histological subtype, being 31% for
mesenchymal chondrosarcoma, 20.5% for dedifferentiated
chondrosarcoma, 11.5% for conventional chondrosarcoma and
0% for clear-cell chondrosarcoma (P = 0.04). The objective
response rate was also higher for patients treated with
combination therapy than for patients treated with single
agent, although this difference did not reach significance (20%
versus 11%, P = 0.09).

progression-free survival
The median follow-up was 38 months (range 28–48 months).
Median PFS was 4.7 months [95% confidence interval (CI)

Table 1. Patients’ characteristics (n = 180)

n %

Age at diagnosis (years)
Median 52
Range 17–84

Gender
Male 112 62.0
Female 68 28.0

Histological subtype
Conventional chondrosarcoma 113 63.0
Dedifferentiated chondrosarcoma 42 23.5
Mesenchymal chondrosarcoma 17 9.5
Clear-cell chondrosarcoma 2 1.0
Unknown 6 3.0

Grade
1 15 8.5
2 86 46.0
3 62 36.0
Unknown 17 9.0

PS ECOG
0 52 29.0
1 71 39.5
2 26 14.5
3 1 0.5
Unknown 30 16.5

Number of metastatic sites
0 22 12.0
1 106 59.0
≥2 52 29.0

Sites of metastasis
Lung 135 75.0
Bone 40 22.0
Liver 8 4.5
Other 39 21.5
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3–6.4] (Figure 1). The 3-month, 6-month and 1-year PFS rates
were 58% (95% CI 51–65), 44.5% (95% CI 37–52) and 21%
(95% CI 15–27), respectively. On univariate analysis, age,
number of metastatic sites, PS and type of chemotherapy

(combination therapy versus single agent) were significantly
associated with PFS (Table 3). On multivariate analysis, PS,
number of metastatic sites and combination therapy remained
independently associated with PFS (Table 4, Figure 1).

Table 2. Chemotherapy regimens in patients with chondrosarcomas (n = 180)

Protocol Drugs n (%)

Anthracycline-containing regimen (n = 131)

Doxorubicin Doxorubicin 50–75 mg/m2 21 days cycle 32 (18)
Pegylated liposomal doxorubicin Pegylated liposomal doxorubicin 40–50 mg/m2 28 days cycle 9 (5)
AI Doxorubicin 20–25 mg/m2 (d1–d3) Ifosfamide 2.5–3 g/m2 (d1–d3) 21 days cycle 34 (19)
API Doxorubicin 60 mg/m2 (d1) Ifosfamide 5 g/m2 (d1) Cisplatin 100 mg/m2 (d2) 21 days cycle 20 (11)
AP Doxorubicin 60 mg/m2 (d1) Cisplatin 80–100 mg/m2 (d1–d3) 21 days cycle 21 (11.5)
Others regimens Doxorubicin +miscellaneous cytotoxic or investigational agent 15 (8.5)

Nonanthracycline regimen (n = 49)
Ifosfamide Ifosfamide 5–9 g/m2(d1) 21 days cycle 8 (4.5)
IP Ifosfamide 2.5 g/m2/day (d1–d3) Cisplatin 80–100 mg/m2 (d1) 21 days cycle 6 (3)
Gemcitabine Gemcitabine 1000 mg/m2 d1, d8, d15 28 days cycle 8 (4.5)
Others regimens Imatinib, sirolimus-cyclophosphamide, trabectedin, docetaxel–gemcitabine or investigational agents 27 (15)

Figure 1. Progression-free survival of the entire cohort of patients (A), and according to performance status (PS) (B), number of metastatic sites (C) and type
of chemotherapy regimen (D).
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overall survival
At the time of analysis, 133 patients (74%) had died and 47 (26%)
were still alive. The median OS for the entire cohort of patients
was 18 months (95% CI 14.5–21.5). The 6-month, 1-year and
2-year OS rates were 83% (95% CI 77–88), 64% (95% CI 57–71)
and 37% (95% CI 30–44), respectively. On univariate analysis, age,
PS, grade, number of metastatic sites and surgery of metastases
were significantly associated with OS (Table 3). On multivariate
analysis, PS, number of metastatic sites and surgery of metastases
remained independently associated with OS (Table 4, Figure 2).

patient care after first-line chemotherapy
After completion of first-line chemotherapy, 116 patients (88
patients in the anthracycline group, 18 in the nonanthracycline
group) received at least one new line of chemotherapy. Several
types of chemotherapy regimen were used. Nine of these
patients (five in the anthracycline group) had objective response
on second-line therapy. None of them had objective response
on first-line treatment. Regimens associated with objective
response on second-line treatment were gemcitabine-based
combination (n = 3), dacarbazine (n = 2), oral etoposide (n = 1),

Table 4. Significant prognostic factors on progression-free survival and overall survival (multivariate analysis n = 180)

Variables PFS OS

HR 95% CI P HR 95% CI P

Performance status

≤1 1 0.02 1 <0.0001
≥2 1.7 [1.1–2.8] 3.1 [1.9–5.2]

Number of metastatic sites
0 1 1
1 2.3 [1.2–4.3] 0.008 3.7 [1.7–7.8] 0.001
2 2.5 [1.3–4.9] 0.007 5 [2.4–10.6] <0.0001

Combined chemotherapy
Yes 1 0.006 – – –

No 1.7 [1.2–2.4]
Palliative surgery
Yes – – – 1 0.004
No 1.9 [1.2–3.1]

CI, confidence interval; HR, hazard ratio; NS, not significant.

Table 3. Significant prognostic factors on progression-free survival and overall survival (univariate analysis n = 180)

Variables PFS OS

Median (months) 95% CI P Median (months) 95% CI P

Whole population
4.7 [3–6.5] – 18 [14.5–21.6] –

Age (years)
≤52 7.7 [4.5–11] 0.002 22.3 [18.1–26.6] 0.04
>52 3.1 [2.3–4] 13.7 [10.8–16.6]

Grade
1 – – NS 27.8 [8–47.7] 0.006
2 22.3 [17.4–27.3]
3 12.2 [8.8–15.7]

Number of metastatic sites
0 7.5 [0–16.9] 0.02 35.5 [3.6–67.4] 0.006

1 4.3 [2.5–6] 19.9 [14.7–25.1]
≥2 4.6 [2.2–7] 10.4 [5–15.8]

Performance status
≤1 5.2 [3.1–7.4] 0.04 23.4 [19.1–27.7] <0.0001
≥2 2.3 [1.7–2.9] 8.6 [2.3–15]

Combined chemotherapy
Yes 6.8 [4.4–9.2] <0.0001 – – NS
No 3 [2.6–3.4]

Palliative surgery
Yes – – – 27.8 [15.2–40.5] 0.01
No 15.1 [11–19.2]

CI, confidence interval; NS, not significant.
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ifosfamide (n = 1), ifosfamide-etoposide (n = 1) and
temozolomide-irinotecan (n = 1).

discussion
We report here the first large series of chondrosarcoma patients
treated with chemotherapy in the advanced setting.
In this study, the treatment characteristics are dominated by a

very large majority of anthracycline-containing regimen
administered (73%). The second most frequently used agent was
cisplatin. Preclinical data regarding the sensitivity of
chondrosarcoma cells to anticancer agents are scarce. A recent
study has shown that although some chondrosarcoma cell lines
may display some sensitivity to doxorubicin, resistance to cisplatin
was the rule [5]. Interestingly, chondroid matrix does not hinder
doxorubicin from entering the nuclei of the tumor cells. In our
series, we did not find a significant difference in terms of objective
response rate between patients treated with or without
anthracyclines. However, none of the patients of the
nonanthracyline group received cisplatin as a single agent. Indeed,
a majority of them were managed with a regimen containing drugs

that have shown activity in other soft-tissue or bone sarcomas such
as ifosfamide or gemcitabine. There are no preclinical data
regarding the activity of these two drugs in chondrosarcoma. Our
results showing the occurrence of objective response in the first-
line setting as well as in the second-line setting in patients with
primary resistance to anthracyclines suggest that they may have a
potential although modest clinical activity.
Our results suggest that chemotherapy may be more effective

in mesenchymal chondrosarcoma, and in dedifferentiated
chondrosarcoma than in conventional chondrosarcoma. The
response rate we found in dedifferentiated chondrosarcomas
was similar to that observed in a previous series of patients
treated in the neoadjuvant setting (15%) [6]. However, the
objective response rate we observed in patients with
mesenchymal chondrosarcoma was somewhat lower than that
reported by the CWS and COSS study groups showing an
objective tumor response in four of seven children and young
adult patients treated also in the neoadjuvant setting [7]. In
these small studies as well as in our series, various combinations
of various drugs were prescribed. We found that combination
chemotherapy was associated with a higher objective response

Figure 2. Overall survival of the entire cohort of patients (A), and according to performance status (PS) (B), number of metastatic sites (C) and palliative
surgery (D).
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rate and PFS, but did not improve OS. This in line with what is
also reported in the field of soft-tissue sarcomas [8–13]. This
underscores the crucial need for further collaborative efforts in
order to identify the most effective chemotherapy regimens for
patients with advanced chondrosarcoma and particularly those
with potentially chemosensitive subtypes.
The median OS of patients with advanced chondrosarcoma

included in our series was poor (18 months) indicating that
such a disease is not an indolent one. Interestingly, we found
that surgery of metastases was significantly associated with
improved outcome. This is in line with several reports
suggesting that resection of pulmonary and extrapulmonary
metastases is associated with long-term survival in soft-tissue
sarcoma patients [14]. Surgery or alternative locoregional
treatments of metastases are now considered as an option in
selected patients with advanced soft-tissue sarcomas [15]. Our
results suggest that this may represent also a therapeutic
approach in chondrosarcoma patients with resectable
metastasis. However, as for soft-tissue sarcomas, the design of
our study is not randomized. Therefore, we cannot exclude that
survival improvement was not related to metastasectomy per se
but to disease’s biology and natural history.
One other aim of this study was to provide data that could be

used as a reference for response and outcome in the assessment
of investigational drugs in chondrosarcomas. There is indeed an
urgent need for improved therapeutics in chondrosarcomas.
One strategy consists in targeting the hedgehog pathway.
Indeed, several studies have shown activation of hedgehog
signaling in chondrosarcoma. Two in vitro and in vivo studies
showed that hedgehog inhibitors (triparanol and IPI926)
blocked chondrosarcoma cell proliferation in cell culture
and also in xenografted human chondrosarcoma cell tumors
[16, 17]. These results represented the rationale for one phase II
trial we have conducted on behalf on the French Sarcoma
Group and which assessed the activity of the hedgehog inhibitor
GDC-0449 in patients with advanced chondrosarcoma [18].
GDC-0449 did not meet the primary endpoint of this trial.
However, results suggested some activity in a subset of patients
with progressive grade 1 or 2 conventional chondrosarcoma.
Further studies assessing its role in combination with
chemotherapy are warranted. Several other therapeutic targets
are currently under investigation. For instance, mTOR
inhibitors have shown preclinical efficacy in an orthotopic rat
grade II chondrosarcoma model [19]. A clinical trial is under
discussion. Another strategy may consist in interacting with the
peroxisome proliferator-activated receptor-γ (PPARγ), which is
highly expressed in chondrosarcoma cells. Preclinical data have
shown that PPAR-γ activation results in the suppression of
chrondrosarcoma proliferation and induction of apoptosis by
regulating the Bcl-2 family of proapoptotic and antiapoptotic
proteins [20]. New generation of PPAR-γ agonist is currently
under investigation in early phase clinical trials. Such drugs may
be worth for testing in chondrosarcoma patients. Other studies
have suggested also that chondrosarcomas may be sensitive to
hormonal therapy [21], histone deacetylase inhibitors [22] or
angiogenesis inhibitors [23]. These preliminary but highly
interesting data warrant further studies.
In conclusion, we showed here that conventional

chemotherapy have very limited efficacy in patients with

advanced chondrosarcoma, the highest benefit being observed
in mesenchymal and dedifferentiated chondrosarcoma. On
multivariate analysis, the number of chemotherapeutic agents
used in a regimen (single agent versus combination) did not
correlate with improved OS. Our results should serve as a
reference for response and outcome in the assessment of new
investigational drugs.
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Background: Pre-clinical data have suggested a therapeutic role of Hedgehog (Hh) pathway inhibitors in
chondrosarcoma.
Methods: This phase II trial included patients with progressive advanced chondrosarcoma. They received GDC-0449
150 mg/day (days 1–28, 28-day cycle). The primary end point was the 6-month clinical benefit rate (CBR) defined as the
proportion of patients with non-progressive disease at 6 months. A 6-month CBR of 40% was considered as a
reasonable objective to claim drug efficacy.
Results: Between February 2011 and February 2012, 45 patients were included. Twenty had received prior
chemotherapy. Thirty-nine were assessable for efficacy. The 6-month CBR was 25.6% (95% confidence interval
13.0–42.1). All stable patients had grade 1 or 2 conventional chondrosarcoma with documented progression within
the 6 months before inclusion. All but one with available data also had overexpression of the Hh ligand. Median
progression-free and overall survivals were 3.5 and 12.4 months, respectively. The most frequent adverse events were
grade 1 or 2 myalgia, dysgeusia and alopecia.
Conclusions: GDC-0449 did not meet the primary end point of this trial. Results suggest some activity in a subset of
patients with progressive grade 1 or 2 conventional chondrosarcoma. Further studies assessing its role in combination
with chemotherapy are warranted.
ClinicalTrials.gov Identifier: NCT01267955.
Key words: chondrosarcoma, Hedgehog pathway, treatment, GDC-0449
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