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Background  
Dedifferentiated chondrosarcoma (DCS) is a rare and aggressive malignancy with a poor 
prognosis. The purpose of this investigation was to describe our treatment and outcomes 
of 16 DCS patients at our institution and provide a review of the current literature. 

Methods  
This study was a retrospective review over a consecutive twenty-year period. Data 
including treatment details and outcomes were recorded. 

Results  
A total of 16 cases from 2000 to 2018 were identified. The median age (IQR) was 62 years 
(52; 69) and the majority of DCS arose in the femur (50%, n=8) and pelvis (25%, n=4). 
Fourteen (88%) cases underwent limb salvage/wide margin resection (n=13) or 
intralesional surgery (n=1). For all DCS, the median survival (IQR) was 46 months (12; 
140), with both a five and ten-year probability of 32.1% (95% CI, 7.3% to 57.0%). At study 
conclusion, 81.3% (n=13) were deceased and 18.7% (n=3) were alive. 

Conclusions  
Our findings confirm the poor prognosis of DCS patients, with a five-year estimate of 
32%. Together with existing literature, our data might help enable future strategic 
recommendation of these patients. 

Cartilaginous tumors exist in benign or malignant forms. 
Chondrosarcoma, the malignant form, is a heterogenous 
tumor class that includes conventional, clear cell, mes-
enchymal, or dedifferentiated types.1 Dedifferentiated 
chondrosarcoma (DCS), which accounts for approximately 
10% of all chondrosarcomas, is a rare and exceedingly ag-
gressive subtype associated with high rates of metastasis 
and poor survival.2 

The histologic findings of DCS include a low-grade car-
tilage tumor juxtaposed with a non-chondroid, high-grade 
sarcoma.3 On radiography, DCS appears as a destructive le-
sion often with an associated soft tissue mass. Despite its 
well-described radiographic and histologic profile, however, 
clinical data to inform the management of patients with 
DCS are sparse. Notably, the disease course is aggressive, 
with five-year survival ranging from 7% to 24% according 

to the literature.4–9 Furthermore, DCS tends to metastasize 
and locally recur despite wide margin surgery and modern 
adjuvant treatment strategies. 
Given the lack of clinical outcome data and the poor 

prognosis of DCS, there is a need for studies that describe 
the natural disease course. Here we describe our institu-
tion’s experience in management and outcomes for 16 pa-
tients with dedifferentiated chondrosarcoma and review 
the current literature. We demonstrate poor survival rates 
that are in line with the current, existing literature. 

MATERIAL AND METHODS 
SELECTION 

Following Institutional Review Board approval, a muscu-
loskeletal pathologist used natural language search to iden-
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tify cases of dedifferentiated chondrosarcoma within our 
pathology reports. A total of 23 patients from 2000 to 2018 
with DCS over 18 years of age were identified. The following 
patients were excluded: duplicate record (4.3%, n=1), equiv-
ocal histopathological evidence of DCS (10%, n=4), index 
surgical treatment at an outside facility (4.7%, n=1), and 
loss to follow-up before one year without death occurrence 
(4.7%, n=1). Electronic medical records of the remaining 16 
cases were reviewed. 

CHARACTERISTICS 

Pooled characteristics of the included cases are summa-
rized in Table 1 . The median age of all patients was 62 
years (interquartile range [IQR], 52;69) at diagnosis. At the 
initial encounter, 12.5% (n=2) had pathological fracture and 
18.8% (n=3) had metastases to the spine (n=1) or lungs 
(n=2). The majority of patients were biopsied (core needle: 
56%, n=9; incisional: 14.3%, n=2; excisional: 14.3%, n=2; 
core needle plus fine-needle aspiration: 6.3%, n=1). Biopsy 
was omitted in one patient with aggressive bony destruc-
tion of the humerus due to DCS diagnosed radiographically, 
and in one case of pelvic DCS where resection was indicated 
outright. DCS was suspected in 43.7% (n=7) of biopsies, 
though was misdiagnosed as undifferentiated pleomorphic 
sarcoma (UPS) in 12.5% (n=2) of cases, and low-grade chon-
drosarcoma in 31.2% (n=5) of cases. 
The most common locations of DCS were the femur 

(50%, n=8) and pelvis (25%, n=4), followed by one case each 
in the ribs, tibia, humerus, and near the scapula. Five cases 
were associated with known enchondromas. The high-
grade sarcoma component was most frequently UPS (37.5%, 
n=6), followed by osteosarcoma (31.3%, n=5), rhab-
domyosarcoma (6.3%, n=1), and mixed (features of UPS, fi-
brosarcoma, and osteosarcoma; 6.3%, n=1) Figure 1 . The 
high-grade sarcoma component was unspecified in two 
cases, and furthermore, the case of periscapular DCS was 
noted to have initial “low-grade” dedifferentiation. How-
ever, this tumor eventually recurred as a low-grade chon-
drosarcoma, and when reoperated on appeared to be adja-
cent to the scapula rather than arising from the bone itself. 

STATISTICAL ANALYSES 

Demographic and clinicopathologic data were analyzed us-
ing descriptive statistics. Continuous variables of interest 
were represented as the mean or median with range, in-
terquartile range (IQR), or standard deviation (SD). Cate-
gorical variables were compared with Chi-square test of in-
dependence or Fischer’s Exact test. Continuous variables 
were compared using a two-tailed t-test and represented 
with p-values. OS and RFS probabilities were estimated 
using Kaplan and Meier (e.g., log rank) methods. OS was 
recorded from the time of biopsy until date of death (event) 
or last known follow-up without death having occurred. 
RFS was calculated from the time of surgical intervention 
until date of local or systemic relapse (event). Due to the 
small size of our cohort, we were unable to perform a mean-
ingful statistically powered analysis. 

RESULTS 
MANAGEMENT 

Of the 16 total cases, 81.3% (n=13) underwent limb salvage 
or wide margin resection Figure 2 . An intralesional pro-
cedure was performed in one patient with pelvic DCS, and 
surgery was not pursued in two patients, both with initial 
metastases. The third case of initial metastasis had a pallia-
tive proximal femoral replacement to prevent pathological 
fracture. In total, 25% (n=4) had surgery alone, 43% (n=6) 
had surgery plus chemotherapy (neoadjuvant or adjuvant), 
and of the six cases with surgery and chemotherapy, four 
received radiation. 
Neoadjuvant chemotherapy and neoadjuvant radiation 

were used in two patients (one with pelvic DCS and initial 
metastasis, and one with localized lower extremity DCS). 
In each of the aforementioned cases with neoadjuvant 
chemotherapy, the regimen consisted of cisplatin and dox-
orubicin (AP), given over two days in a 21-day cycle for a to-
tal of six cycles. One case with neoadjuvant chemotherapy 
had minimal tumor necrosis after AP, and the other did not 
undergo surgical resection. The general adjuvant regimen 
varied by case, and included AP alone (n=2), methotrex-
ate and AP (MAP, n=1) and pazopanib plus proton radiation 
therapy (n=2). A regimen of AP and ifosfamide/etoposide 
(IE) was used in a patient with initial metastasis (and no 
surgery) but was changed to gemcitabine/docetaxel (GD) 
after disease progression. 
The pelvic DCS patient who underwent an intralesional 

procedure was given palliative radiation and observed, 
though underwent subsequent radical resection with sacral 
corpectomy and laminectomy for disease progression after 
two years. Among the index surgical cases, 43% (n=6) had a 
reoperation, and the local recurrence rate following surgery 
was 29% (n=4) at a median interval of 12.5 months. Among 
the recurrences, 50% (n=2) recurred as conventional chon-
drosarcoma and one recurred as DCS. The third case of 
local recurrence was diagnosed radiographically. Reopera-
tion was performed for local disease progression (n=4), fail-
ure of an intercalary allograft (n=1), and periprosthetic in-
fection of an allograft prosthetic composite after resection 
of pelvic DCS (n=1). On histopathological evaluation of sur-
gical resection specimens, 86% (n=12) recorded negative 
margins. Positive margins were recorded in an intralesional 
procedure for pelvic DCS, as well as in a case of DCS within 
the ribs in a patient who underwent an extended postero-
lateral thoracotomy with en bloc rib removal. 

OUTCOMES 

The median follow-up was 18.5 months (range, 1-140 
months). By study conclusion, 81% (n=13) were deceased, 
12.5% (n=2) were alive with relapsed disease, and one pa-
tient who was treated with a modular distal femoral endo-
prosthetic for DCS was alive and disease-free at 25 months 
follow-up. Among those without initial metastasis (n=13), 
38% (n=5) progressed to systemic disease at a median 20 
months. For all included patients, the median (IQR) OS was 
46 months (12;140) with a five and ten-year OS probability 
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Table 1. Pooled characteristics of included cases.      

Dedifferentiated chondrosarcoma (n = 16) Frequency (%) 

Age (years) † 62.5 (39-83) 

Race 

13 (81.3) 

3 (18.8) 

Sex 

7 (43.8) 

9 (56.3) 

Location 

8 (50) 

4 (25) 

1 (6.3) 

1 (6.3) 

1 (6.3) 

Initial metastasis 3 (18.8) 

Initial biopsy 14 (87.5) 

Neoadjuvant chemotherapy 2 (12.5) 

Neoadjuvant radiation 2 (12.5) 

Surgery 14 (87.6) 

13 (81.3) 

1 (6.3) 

Size (cm) ‡ 9.77 (5.02) 

Negative margins 

12 (75) 

2 (12.5) 

2 (12.5) 

Dedifferentiated component 

5 (31.3) 

6 (37.5) 

1 (6.3) 

1 (6.3) 

1 (6.3) 

Reoperation 6 (37.5) 

Adjuvant chemotherapy 5 (31.3) 

Adjuvant radiation 7 (43.8) 

Follow-up (months) † 18.5 (1-140) 

Disease relapse 15 (93.8) 

Mortality 13 (81.3) 

† median, range. ‡ mean, standard deviation. UPS, undifferentiated pleomorphic sarcoma. 

of 32.1% (95% confidence interval [CI], 7.3% to 57.0%). One-
year OS was 68.8% (95% CI, 46.0% to 91.5%) Figure 3-A .  
Similarly, the median (IQR) RFS was 29 months (15;42), 
with a five and ten-year estimated RFS probability of 30.4% 
(95% CI, 2.8% to 58.0%) Figure 3-B . Individual treatment 
characteristics and outcomes can be seen in Table 2 . 

DISCUSSION 

Among the previous literature that describe the outcomes 
of patients with DCS, five-year survival ranges from 7% to 

24%.4–9 Our data confirm the prognosis of patients with 
DCS is poor, with a five-year probability of 32%. Similar to 
the majority of other data, these findings suggest the prob-
ability of long-term survival with DCS is low, despite ad-
vancements in surgical technique and modern aggressive 
multimodal management Table 3 .  
Very little is known about how treatment modalities af-

fect the outcomes of patients with DCS, though the demo-
graphic patterns appear to be consistent throughout the lit-
erature. In the current study, the most common locations 
of DCS were the femur and pelvis, followed by the scapula 

White 

Other/Unknown 

Male 

Female 

Femur 

Pelvis 

Ribs 

Periscapula 

Tibia 

Limb salvage/wide resection 

Intralesional 

Yes 

No 

Missing 

Osteosarcoma 

UPS 

Rhabdomyosarcoma 

Low-grade dedifferentiation 

Mixed 
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Figure 1. Dedifferentiated chondrosarcoma of the distal femur on histology (A) demonstrating large,            
pleomorphic spindle cells adjacent to sheets of smaller cells with myxoid stroma similar to this patient’s original                  
chondrosarcoma (hematoxylin-eosin, original magnification, x100). The gross resected specimen is also shown             
(B).  

Figure 2. Preoperative imaging of dedifferentiated chondrosarcoma affecting the distal femur on (A)            
anteroposterior (AP) and (B) lateral X-ray views, and (C) axial T1-weighted magnetic resonance imaging. (D)                
Immediate postoperative AP radiograph of the distal femoral replacement reconstruction.           

(soft tissue), ribs, humerus, and tibia. Interestingly, larger 
studies note DCS tends to occur more commonly in the 
femur, pelvis, ribs, and scapula.4,5,10 Aside from location, 
DCS is also more common older patients and typically af-
fects those around 50 to 60 years of age.6 Furthermore, DCS 
appear to have an equal predilection for sex, though some 
studies demonstrate a slight male predominance.4–6,11–13 

In the current study, the distribution of sex and age is con-
sistent with previous reports, with a near equal proportion 
of males and females and a median age of 62 years at diag-
nosis. 
Few studies with sufficient sample sizes have identified 

prognostic factors associated with worse survival in pa-

tients with DCS. Staals et al. were among the first to suggest 
metastatic disease at diagnosis, along with the type of 
high-grade dedifferentiated component and percentage of 
high-grade dedifferentiated features, are poor prognostic 
factors.4 Conceptually, advanced disease at diagnosis would 
lead to worse outcomes, and this finding has been reliably 
confirmed in subsequent reports.6,7,9,13 With respect to the 
association of the dedifferentiated component and survival, 
the consensus is unclear. Johnson et al. suggest the ded-
ifferentiated cell type was unrelated to development of 
metastasis and survival, except when it resembled low-
grade fibrosarcoma.14 However, it also appears rhab-
domyosarcomatous dedifferentiation has an association 
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Figure 3. Overall survival (A) and recurrence-free survival (B) profiles of patients treated for dedifferentiated              
chondrosarcoma.  

with worse survival, though the current evidence is limited 
to case reports.15 More recently, Dhinsa et al. observed a 
slight increase in survival with chemotherapy in DCS with 
dedifferentiated osteosarcoma subtype, though the benefit 
was small and may be related to the chemosensitivity of 
osteosarcoma.16 In contrast, Maio et al. showed evidence 
of worse survival in the UPS subtype, and thus it remains 
unclear whether the high-grade component of DCS affects 
survival.13 The current study was limited by low numbers; 
however, no appreciable difference in survival was observed 
between UPS and osteosarcoma subgroups with respect to 
the dedifferentiated components. Larger studies are likely 
needed to definitively confirm any association of subtype 
with outcomes. 
The location of DCS has also been suggested to have 

an association with survival, though this evidence is also 
controversial. In one of the largest studies of DCS (n=59, 
SEER database) Strotman et al. found patients with axial 
and chest wall DCS have a lower risk of mortality than ex-
tremity DCS.6 This suggests chest wall DCS may be more 
amenable to resection, which would explain the lower risk 
of mortality in these patients. In contrast, Liu et al. demon-
strated evidence of significantly worse survival among pa-
tients with axial versus appendicular DCS, though this sam-
ple had disproportionately higher number of axial DCS.9 In 
the current study, tumor location did not appear to affect 
survival. Although we did observe an aggressive disease 
course of DCS in the ribs, the evidence is limited, and this 
may have been related to a positive margin resection. The 
general lack of association of location and survival has also 
been further suggested by other studies.11,17,18 Given the 
paucity of data and the rarity of DCS, it is unlikely that a 
definitive association with anatomical location has been es-
tablished. 
The majority of the current literature describe a discern-

able benefit with surgery for the treatment of DCS. In stud-
ies of DCS with large samples, a clear survival benefit is 
seen after amputation or limb-salvage surgery.4,6,13 Fur-
thermore, the importance of margin status was suggested 
by Grimer et al., who in their study showed more adequate 

local control with wide margin resection.5 In the current 
study, survival remained poor despite surgical intervention. 
However, in our clinical practice we continue to perform 
surgery with curative intent when possible. This is partic-
ularly true in non-metastatic cases, whereas in cases of 
known distant disease, palliative procedures may be more 
reasonable. Although there was no survival benefit ob-
served in the current series, it is a small cohort, and resec-
tion for localized disease can be clinically beneficial. 
Aside from surgery, there is no consensus regarding the 

role of adjuvant therapy for DCS. With respect to radiation, 
Strotman et al. found no survival benefit, and thus the 
use of any adjuvant therapy is also likely palliative in na-
ture.6 According to the majority of the literature, there is 
also no benefit with chemotherapy.4,5,9,12,18–20 However, 
some studies have demonstrated a limited benefit, such as 
Kawaguchi et al. and Mitchell et al. who found surgical re-
section with adjuvant chemotherapy offered a survival ad-
vantage.11,21 With respect to the regimen used, AP therapy 
may have benefit in select patients for treatment of DCS 
with osteosarcomatous differentiation, though no regimen 
has been widely recognized as the optimal treatment.13,16 

In the current study, survival did not appear to differ with 
chemotherapy and surgery versus surgery alone, nor with 
radiation in addition to surgery and chemotherapy. 
There are significant limitations to this study. First, the 

study is retrospective in nature. Additionally, the small 
sample size precludes a powered statistical analysis of sur-
vival estimates with respect to surgical management and 
adjuvant therapies, which may be elucidated with analysis 
of a larger cohort. While surgery appears to portend better 
outcomes in the literature, there are mixed reports regard-
ing the efficacy of adjuvant therapy Future, larger or multi-
centered trials are needed to resolve these discrepant find-
ings. 
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Table 2. Individual Study Characteristics    

Case Age Sex 1° Tumor 
Location 

Metastatic at 
Presentation 

Chemo RT Resection High-grade component Recurrence Follow-Up 
(Months) 

Status 

1 83 M Femur No - Adj Wide - None 16 Dead 

2 57 F Femur No Adj - Wide UPS Systemic 22 Alive 

3 69 F Femur Yes - - Wide osteosarcoma Systemic 6 Dead 

4 57 M Tibia No Neo Neo Wide - None 37 Dead 

5 81 F Femur No - - Wide UPS, osteosarcoma, 
fibrosarcoma 

None 1 Dead 

6 67 F Femur No Adj - Wide UPS None 25 Alive 

7 67 M Pelvis No - Adj Intralesional osteosarcoma Local 43 Dead 

8 61 M Femur No - Adj Wide UPS Systemic 21 Dead 

9 64 F Femur No - - Wide osteosarcoma None 2 Dead 

10 48 M Ribs No - Adj Wide osteosarcoma Systemic 87 Alive 

11 68 M Pelvis Yes - - None UPS N/A 2 Dead 

12 39 M Pelvis No Adj Adj Wide UPS Local 12 Dead 

13 50 M Humerus No - - Wide osteosarcoma None 6 Dead 

14 50 M Scapula No Adj Adj Wide low-grade 
dedifferentiation 

Local 140 Dead 

15 56 F Pelvis Yes Neo Neo None rhabdomyoblastic N/A 15 Dead 

16 72 F Femur No Adj Adj Wide UPS Local 49 Dead 

M, male; F, female; Adj, adjuvant; Neo, neoadjuvant; UPS, undifferentiated pleomorphic sarcoma 
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Table 3. Survival of dedifferentiated chondrosarcoma according to the literature.         

Study Year Size Survival Prognostic Factors 

Italiano et al.1 2013 180 26.1% 
(OS) 

Number of metastatic sites, palliative surgery (multivariable); 
age; combination chemotherapy (univariable) 

Nemecek et al.2 2018 33 13.6% Low baseline CRP 

Pring et al.3 2001 64 68.8% Wide resection margins; low-grade tumors 

Johnson et al.4 1986 26 7.7% (OS) Low-grade fibrosarcomatous type 

Yokota et al.5 2012 9 0% Metastases (poor); truncal tumors (poor) 

Staals et al.6 2006 1114 2-100% High-grade tumors (poor); dedifferentiated histology (poor); 
percentage of dedifferentiated component (poor); axial/pelvic 
location (poor) 

Capanna et al.7 1988 46 6.5% Tumor grade; surgery with wide/radical margins 

Mercuri et al.8 1995 74 13% Early diagnosis; surgery with wide/radical margins 

Dhinsa et al.9 2018 21 NR Chemotherapy; age; vascular invasion; limb preserving surgery 
(poor) 

Lex et al.10 2018 31 19.4% Wide margin resection 

Bruns et al.11 2005 13 7.7% Metastases 

Strotman et al.12 2017 159 18% Extremity tumors; AJCC stage III or IV disease; tumors > 8cm; 
metastatic disease at diagnosis; treatment without surgery 

Grimer et al.13 2007 337 24% Pathological fracture at diagnosis; pelvic location; age 

Liu et al.14 2017 23 17.4% Axial bone location; lung metastasis at diagnosis, inadequate 
surgical margin; incorrect diagnosis before surgery; 
pathological fractures 

Dickey et al.15 2004 42 7.1% Metastatic disease 

Frassica et al.16 1986 78 10.5% Early diagnosis; Resection with wide/radical margins 

Anract17 1994 13 0% Incorrect diagnosis before surgery; metastatic disease 

Staals et al.18 2007 18 29% Wide/radical resection combined with adjuvant chemotherapy 

Bertoni et al.19 1989 7 28.6% Resection with wide/radical margins 

Kawaguchi et al.20 2014 41 15% Ifosfamide-based chemotherapy 

Mitchell et al.21 2000 22 18% Chemotherapy, resection with wide margins 

Albergo et al.22 2015 17 5.9% Pathological fracture** 

Van Maldegem et al.23 2019 34 21% Doxorubicin monotherapy 

Sambri et al.24 2020 175 18.3% Metastatic disease at diagnosis; radical resection 

Miao et al.25 2019 72 19.2% Surgical resection; chemotherapy; pathological fracture; tumor 
size; lymph node involvement; metastatic disease at diagnosis, 
extraosseous extension; undifferentiated pleomorphic sarcoma 

Bui et al.26 2012 46 30% OS 
(localized) 

Initial metastasis 

OS, overall survival. NR, not recorded. * no prognostic factors identified. ** pathological fracture found to be associated with local recurrence. 

CONCLUSION 

In summary, our data confirm the poor prognosis of pa-
tients with DCS despite advancements in adjuvant therapy. 
We record a five-year survival probability of 32% which 
aligns with the current literature. We hope that our data 
may add to the existing literature and provide an updated 
review of DCS. DCS remains an unsolved clinical challenge 
and future strategic recommendations for the optimal man-
agement for DCS are needed. 
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