
ARTICLE

Dedifferentiated chondrosarcoma with minimal or small
dedifferentiated component
Carina A. Dehner1, Nolan Maloney2, Behrang Amini 3, Jack W. Jennings4, Douglas J. McDonald5, Wei-Lien Wang 2 and
John S. A. Chrisinger 1✉

© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2022

Dedifferentiated chondrosarcoma (DDCS) is an aggressive bone sarcoma characterized by low-intermediate grade cartilage
component with abrupt transition to a high-grade non-chondrosarcomatous component. Generally, the dedifferentiated (DD)
component is large. However, rare cases have minimal (<1 cm) or small (1–2 cm) areas of DD. We describe the clinicopathologic
features of such tumors and evaluate the prognostic significance of this finding compared to cases with large DD (>2 cm). Available
slides were re-reviewed for assessment of histologic features. The medical record was reviewed for imaging studies and clinical
characteristics. Thirty-five cases were included. Six patients had minimal DD, four had small DD and 25 had large DD. None of the
minimal DD showed definitive imaging evidence of DD. Two minimal DD (33%) locally recurred and 2 (33%) developed distant
metastases. None of the small DD cases showed definitive imaging evidence of DD. None of the small DD locally recurred and at
least 1 (25%) developed distant metastases. There was no significant difference in age, gender, pelvic site, tumor size >8 cm, tumor
necrosis or undifferentiated pleomorphic sarcoma-like morphology between minimal or small DD compared to large DD, though
osteosarcomatous differentiation was significantly more common in large DD. There was no significant difference in overall survival
between minimal or small DD compared to large DD (p= 0.81 and p= 0.17, respectively), or in progression-free survival (p= 0.47
and 0.29, respectively), or metastasis-free survival (p= 0.06 and 0.62, respectively). DDCS with minimal or small DD show similar
demographic distribution, anatomic localization and histologic features to large DD. DD in these cases is unlikely to be detected on
imaging. Furthermore, at least a subset of these tumors is extremely aggressive despite the limited extent of DD. This highlights the
need for thorough gross and histologic examination and sampling.
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INTRODUCTION
Dedifferentiated chondrosarcoma (DDCS) is an uncommon bone
sarcoma characterized by a low to intermediate grade conven-
tional cartilage component with abrupt transition to a high-grade
non-cartilaginous sarcomatous component usually presenting in
older adults1,2. DDCS comprise ~10% of chondrosarcomas and
arise as an intramedullary mass, though rare cases develop on the
surface from an osteochondroma (dedifferentiated peripheral
chondrosarcoma)3–5. The dedifferentiated (DD) component fre-
quently shows morphologic features of osteosarcoma, spindle cell
sarcoma, or undifferentiated pleomorphic sarcoma (UPS), but can
also display rhabdomyosarcomatous, angiosarcomatous or leio-
myosarcomatous differentiation6–8. In addition, very rare cases are
documented with glandular, squamous or adamantinoma-like
basaloid features9–12. IDH1/2 mutations are found in 50–87% of
DDCS and both components appear to arise from a common
origin1,13–16.
A number of studies have evaluated prognostic factors in DDCS.

Larger tumor size, presence of extraosseous extension, presence

of pathologic fracture, lymph node involvement, metastasis at
diagnosis, positive margin status, pelvic location, UPS component
and high percentage of DD component have been associated with
adverse outcome6,17–23. However, even without negative prog-
nostic factors the overall prognosis remains dismal. While in the
great majority of cases the DD component is large, there are rare
cases with only minimal or small areas of DD. The prognostic
significance of this finding is unknown. Here, we describe the
clinical, imaging and pathologic features of DDCS with minimal
(<1 cm) or small (1–2 cm) DD components and compare these
cases to DDCS with large (>2 cm) foci of DD.

METHODS
This study was approved by the institutional review boards of both
institutions. The departmental pathology archives were retrospectively
searched for primary resections of DDCS. At Washington University in St.
Louis School of Medicine, the pathology departmental archive and
database of one of the authors (D.J.M.) were queried for all primary
resections of DDCS, and at the University of Texas MD Anderson Cancer
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Center the archive was searched for all primary resections of “minimal” or
“early” DDCS. Available slides were reviewed by two pathologists with
experience in bone pathology for diagnosis confirmation and assessment
of histologic features.
Demographic information, imaging findings, tumor site, tumor size,

resection margin status, extraosseous extension, size of DD component,
DD component focality, mitotic rate, tumor necrosis, histomorphology of
DD component, local recurrence, distant metastases, neoadjuvant and
adjuvant treatment, overall survival (OS) and follow-up duration were
noted. Histologic, gross and imaging findings (if available) were correlated
and discussed with subspecialty trained musculoskeletal radiologists with
at least 10 years of experience with oncological imaging (B.A., J.W.J.) and
integrated to determine the size and focality of the DD component. In
cases with multiple foci of DD or with focality unknown, the largest
measurable focus of DD was recorded. OS, progression-free survival (PFS)
and metastasis-free survival (MFS) were assessed using Kaplan–Meier and
Cox regression methods in graphpad.

RESULTS
Overall, 35 cases of DDCS were included. Twenty-nine patients
were male (83%) and six patients female (17%). The median age
was 62 years (range: 37–89). Tumors involved the femur (16),
innominate bone/sacrum (8), tibia (3), fibula (1), humerus (2),
sternum (3), rib (1) and mobile spine (1) (Fig. 1). Median tumor size
was 13.5 cm (range 3.6–37). The size of the DD component ranged
from 0.2 to 37 cm and was unifocal (25), multifocal (5) and focality
unknown (5). In six patients, the DD component was minimal (<1
cm), in four patients the DD component was small (1–2 cm), and in
the remainder (25) the DD component was large (>2 cm).
The histomorphology of the DD component in the whole cohort

was mixed pleomorphic and spindle cell in 20 cases (57%),
predominantly spindled without clear line of differentiation in 11
cases (31%) and predominantly pleomorphic in four cases (12%).

Osteosarcomatous differentiation was present in 12 cases (34%)
and rhabdoid foci were seen in a minority (3 cases, 9%). Soft tissue
extension was seen in 28 cases (80%), cortical breakthrough
without evident invasion through the periosteum in 2 cases (6%),
cortical invasion without breakthrough in 2 cases (6%), 2 cases
(6%) without soft tissue extension not further specified and
unknown in 1 case (3%). The median follow-up time was
20 months (range 1–208). Twenty-two patients (63%) had
adjuvant treatment. Eight tumors (23%) were resected with
positive margins, 26 tumors (74%) with negative margins and
unknown margin status in one case (3%). Eleven tumors (31%)
locally recurred and 15 (43%) developed distant metastases.
Regarding the six cases with minimal DD component (<1 cm),

three patients were male (50%) and three were female (50%) with
a median age of 57 years (range: 37–71). Tumors were located in
the femur (2), innominate bone/sacrum (2), mobile spine (1) and
sternum (1) (Fig. 1). Tumors were imaged with a variable
combination of conventional radiography (5), CT (4), bone scan
(1), FDG PET/CT (2) and MRI (5). None showed definitive imaging
bimorphic features8 characteristic of DDCS and none showed
pathologic fracture (Fig. 2). Median tumor size was 12.5 cm (range
6–15.5) and the size of the DD component ranged from 0.2 to 0.8
cm; four of which were unifocal and two were multifocal. Five
minimal DD cases showed <5% DD and one case showed 5% DD.
Morphologically, the DD component in the minimally DD cases

was spindled in three cases (50%) and pleomorphic in three cases
(50%) (Fig. 3). One case (17%) showed osteosarcomatous
differentiation and three cases (50%) showed UPS-like morphol-
ogy (mixed spindle cell and pleomorphic, or pleomorphic). The DD
component formed a distinct nodule or expansion of the fibrous
tissue between cartilaginous lobules. The median mitotic rate of
the DD component was 3/10 hpf (range: 0–8/10). Of note, these

Fig. 1 Anatomic distribution of tumors. A Distribution of tumors for overall study cohort. B Distribution of tumors with large
dedifferentiation (>2 cm). C Distribution of tumors with small dedifferentiation (1–2 cm). D Distribution of tumors with minimal
dedifferentiation (<1 cm).
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foci where quite limited in extent, which may at least partially
account for some of the very low mitotic rates. Median percent
tumor necrosis was 0% (range: 0–10). All six cases had a
chondrosarcomatous component with soft tissue extension. The
median follow-up time was 39.5 months (range 20–65). Four
patients (67%) received adjuvant treatment. One case (17%) had
positive margins, four cases (67%) had negative margins and
margin status was unknown in one case (17%). None of the
tumors underwent curettage prior to resection. Two cases (33%)
recurred locally and two (33%) developed distant metastases. Both
locally recurrent tumors showed DD. The metastatic lesions were
identified on imaging studies but not biopsied so the histology
could not be evaluated.
The four cases with small DD component (1–2 cm) presented in

three females (75%) and one male (25%) with a median age of 64

years (range: 56–89) and the tumors arose in the femur (3) and
innominate bone/sacrum (1) (Fig. 1). Tumors were imaged with a
variable combination of conventional radiography (4), CT (3), bone
scan (3) and MRI (4). None showed definitive imaging bimorphic
features8 characteristic of DDCS and none showed pathologic
fracture. The median tumor size was 11.6 cm (range: 4.5–19.6) with
the DD component ranging from 1.2 to 1.6 cm; all four of were
unifocal. Three small DD cases showed <5% DD and 1 case (4.5 cm
tumor) showed 10% DD.
Two of the cases with small areas of DD (50%) showed spindled

morphology, 1 (25%) had pleomorphic morphology and 1 (25%)
showed mixed pleomorphic and spindle cell morphology. None
showed osteosarcomatous differentiation, and 2 showed UPS-like
morphology. The DD component formed a distinct nodule or
expansion of the fibrous tissue between cartilaginous lobules. The

Fig. 2 Radiologic and gross images of dedifferentiated chondrosarcoma with minimal dedifferentiation. A Plain film shows expansile lytic
lesion of the right proximal femur with endosteal scalloping and cortical thinning. B MRI shows T2 bright intramedullary tumor without
evidence of bimorphic pattern. C Gross photograph of a cartilaginous tumor without obvious fleshy solid dedifferentiated component.
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median mitotic rate of the DD component was 5/10 hpf (range:
1–18/10) and tumor necrosis was not identified. Two of the four
cases (50%) had chondrosarcomatous components with soft tissue
extension and all were resected with negative margins with 1
(25%) receiving adjuvant treatment. None of the tumors under-
went curettage prior to resection. The median follow-up for this
group was 20 months (range: 8–163), none locally recurred and at
least 1 case (25%) developed distant metastases. Histologic
examination of the metastatic lesion showed DD. A second
patient with DDCS with small DD component had a lung lesion.
Biopsy showed necrotic tissue favored to be necrotic tumor;
however, a definitive diagnosis of metastatic DDCS could not be
made, though was suspected clinically.
Results for the 25 cases with large DD component (>2 cm)

showed a median age of 62 years (range: 37–79). Seventeen cases
(68%) occurred in males and 8 cases (32%) in females. Tumors

were located in the femur (11), innominate bone/sacrum (5),
humerus (2), tibia (3), fibula (1), rib (1) and sternum (2) (Fig. 1).
Tumor size ranged from 5.5 to 37 cm with a median tumor size of
14.1 cm. The median size of the DD component was 10.5 cm
(range: 2.1–37) and 17 cases (68%) presented as a single focus of
DD, 3 cases (12%) were multifocal and for 5 cases (20%) focality
could not be definitively determined.
Of the tumors with large areas of DD, 20 cases (80%) showed

mixed pleomorphic and spindle cell morphology and 5 cases
(20%) showed spindled cell morphology (Fig. 4). Eleven cases
(44%) showed areas of osteosarcomatous differentiation and 20
cases (80%) had UPS-like morphology. The median mitotic rate of
the DD component was 23/10 hpf (range: 3–99/10) and median
percent tumor necrosis was 10% (range: 0–80). Soft tissue
extension was noted in 20 cases (80%), cortical breakthrough
without evident invasion through the periosteum in 2 cases (8%),

Fig. 3 Case of dedifferentiated chondrosarcoma with minimal dedifferentiation. Vast majority of the tumor is grade 1 (A) or grade 2
chondrosarcoma (B). C Dedifferentiated focus (<1 cm, left and center) juxtaposed to well-differentiated cartilaginous component (right). D
Higher magnification of dedifferentiation component.

Fig. 4 Gross and microscopic features of dedifferentiated chondrosarcoma with large dedifferentiated component. A Gross photograph
of dedifferentiated chondrosarcoma with extensive dedifferentiated component (red oval indicates grossly evident conventional cartilaginous
component). B Well-differentiated areas and dedifferentiated areas. Higher magnification of dedifferentiated area (C) which representing the
majority of the lesion (D).
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cortical invasion without breakthrough in 2 cases (8%), and
unknown in 1 case (4%). Six cases (24%) were resected with
positive margins and 19 cases (76%) were resected with negative
margins. Eighteen cases (72%) had adjuvant treatment and the
median follow-up was 13 months (1–129); 9 cases locally recurred
(37.5%) and 12 cases (50%) developed with distant metastases.
Age and gender were not significantly different between cases

with minimal DD component compared to cases with a large DD
component (p= 0.38 and 0.28, respectively) nor between cases
with small DD component compared to cases with large DD
component (p= 0.24 and 0.31, respectively). Further, pelvic site
was not significantly different between cases with minimal or
small DD components compared to tumors with large DD areas (p
= 0.38 and 0.35, respectively). Overall tumor size was not
significantly different between tumors with minimal DD compo-
nent and large DD component (p= 0.49) or between small DD
component and large DD component (p= 0.56) and similar results
held when evaluating the study groups for tumors >8 cm (p= 0.32
and 0.63, respectively). Osteosarcomatous differentiation was
significantly more common in cases with large DD component
compared to cases with minimal (p= 0.03) and compared to cases
with small foci of DD (p= 0.03). The presence of UPS-like
morphology was not significantly different between cases with
large DD component and cases with minimal (p= 0.43) or small
foci of DD (p= 0.40). The mitotic rate was significantly higher in
cases with large DD component compared to cases with minimal
DD (p= 0.02) but not compared to cases with small foci of DD (p
= 0.10). This may be result of more area available for evaluation in
cases with large DD. Tumor necrosis in cases with a large DD
component was not significantly different compared to cases with
minimal DD (p= 0.06), or compared to cases with small foci of DD
(p= 0.10). Margin positive resection was not significantly different
between cases with minimal or small DD components compared
to tumors with large DD areas (p= 0.32 and 0.55, respectively)
There was no significant difference in OS between minimally DD

tumors and tumors with large DD components (p= 0.81), or
between tumors with small DD components and tumors with
large DD component (p= 0.17). Likewise, no significant difference
in PFS was observed between tumors with minimal or small areas
of DD and tumors with large DD components (p= 0.47 and 0.29,
respectively). Further, minimally DD tumors and tumors with small
DD components compared with tumors with large DD component
did not show significantly different MFS (p= 0.06 and 0.62,
respectively).

DISCUSSION
DDCS typically presents with large DD areas however rare tumors
present with only minimal or small DD components, which we
defined as areas of DD measuring <1 cm and 1–2 cm, respectively.
The clinical, imaging and pathologic features of such cases have
not been the focus of previous studies. Further, while Staals and
colleagues showed that DDCS with >50% DD was a poor
prognostic factor for OS survival6, our study sought to investigate
if minimal or small foci of DD, rather than a percentage of the
tumor, was associated with outcome. To that end we described six
DDCS with minimal DD foci and four DDCS with small DD foci, and
compared such cases to 25 more typical DDCS with DD
components >2 cm.
In terms of demographics, our overall study cohort was fairly

typical of DDCS with a male predominance and a median age of
62 years (range: 37–89). No significant difference in age and
gender was observed between minimally DD cases or cases with
small foci of DD and tumors with large DD component. Likewise,
tumors with minimal and small DD components arose in a similar
distribution to tumors with large DD component, with tumors
most frequently occurring in the pelvis and femur. Of note, the
case that arose in the mobile spine, an unusual site for DDCS20,24,

was minimally DD. However, larger studies are needed to
conclusively determine if there is any association between mobile
spinal localization and minimally DDCS.
Overall tumor sizes were not significantly different between the

three groups. Histologically, all cases showed a conventional
cartilaginous component (with features ranging from
enchondroma-like to grade 2 chondrosarcoma) with a sharp
transition to a high-grade non-cartilaginous sarcoma diagnostic of
DDCS. Tumors with minimal or small foci of DD showed similar
morphologic patterns compared to tumors with large areas of DD
including spindle cell, pleomorphic, and mixed pleomorphic and
spindle cell patterns, though osteosarcomatous differentiation
was significantly more common in tumors with large foci of DD.
The mitotic rate was significantly higher in cases with large foci of
DD compared to minimally DD cases, however the difference was
not significant compared to tumors with small foci of DD. Tumor
necrosis was not significantly different in cases with large DD
compared to minimal foci of DD, or in cases with small DD.
We hypothesized that even minimal or small areas of DD would

portend a poor outcome as DDCS is an extraordinarily aggressive
neoplasm. However, it was possible that the presence of only
minimal or small areas of DD could reflect more limited growth
potential of the DD component, which one could reasonably
speculate would lead to less aggressive behavior. Alternatively,
and more likely, minimal or small areas of DD could simply reflect
resection at a relatively early time point in the growth of the DD
component. From that perspective, the behavior could be
hypothesized to be less aggressive due to less time to spread
distantly, less time to accumulate additional mutations with
selection of more aggressive clones, and less likely to be present
in unresected tumor in cases with positive margins.
In our study, two patients with foci of DD measuring 1.6 and 1.2

cm died at 8 and 23 months, respectively. Even foci measuring 0.5
and 0.5 cm led to death from metastatic sarcoma at 31 and
48 months, respectively. Further, there was no significant
difference in OS, MFS or PFS when comparing cases with minimal
or small foci of DD to tumors with large foci of DD. This is in line
with the fact that the most important negative prognostic factor in
conventional cartilaginous neoplasia is the presence of DD. The
median survival of patients with DDCS is 13 months, and 2- and
5-year survival rates are reported at only 34% and 24%,
respectively6. This is in contrast to patients with atypical
cartilaginous tumor/grade 1 chondrosarcoma and grade 2
chondrosarcoma who have 5- and 10-year survival of 93% and
88%, and 74% and 62%, respectively25. This underscores the
importance of thorough sampling and careful gross and micro-
scopic examination as minimal and small areas of DD can portend
an aggressive clinical course and are unlikely to be detected on
imaging studies.
It is our practice to thoroughly section chondrosarcomas

(usually in a plane to give the largest tumor face unless other
considerations supersede). Gross sections are carefully examined
for “fleshy” areas and other relevant findings such as soft tissue
extension and tumor-margin relationships. Tumors are frequently
mapped, though this is not required or standard across
institutions. Regardless, at least one section of tumor per cm of
the largest tumor dimension is submitted for microscopic
examination. Sections are selected to represent any heterogeneity
grossly apparent in the tumor and in particular to include
sampling of “fleshy” areas suspicious for dedifferentiation.
At least a subset of minimal and small DDCS can exhibit highly

aggressive behavior, however it is noteworthy that while a
statistically significant difference was not observed, 4/6 (66.7%)
patients with minimally DD tumors and 2/4 (50%) of patients with
tumors with small DD component were alive with no evidence of
disease compared to 10/25 (40%) of patients with large DD
components. This suggests that while the behavior of at least a
subset of DDCS with minimal or small foci of DD is clearly highly
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aggressive, the course may be more variable and perhaps more
favorable compared to tumors with large DD component and our
sample size was not large enough to detect the difference.
This interpretation is in line with the findings of Staals et al. who

showed that the smaller the estimated percentage of DD the
better the prognosis6 as the minimal and small DDCS in our series
were overall quite large tumors. However, we choose direct
measurement of the largest dimension of the largest focus of DD
instead of estimated percentage of DD as our methodology as a
practical consideration. In routine practice a minimal or small
focus of DD can be easily measured on the slide. This approach is
analogous to the convention of using somewhat arbitrary but
clearly defined cut-offs for the largest dimension of limited foci of
DD in dedifferentiated liposarcoma to divide tumors into a
descriptive category for atypical lipomatous tumor/well-differen-
tiated liposarcoma with DD foci measuring ≤1 cm and “minimal
dedifferentiation” for tumors with DD foci measuring 1–2 cm26.
However, we have also included the percentages of DD for the
DDCS cases with minimal or small foci of DD (see results above) to
make our results more comparable with other studies.
Prior studies have identified multiple other poor prognostic

factors. A worse outcome has been observed if the DD component
was UPS-like6,20. In our study there was no significant difference in
UPS-like morphology between cases with minimal or small areas
of DD compared to cases with large DD components. Further,
increasing age, larger tumor size, tumor size >8 cm, margin
positive resection and pelvic location have been previously
associated with adverse outcome6,17–22. In our study, these
variables were not significantly different between tumors with
minimal or small DD components and tumors with large
areas of DD.
Limitations of this study include difference in treatment and

management of patients over time and between institutions and
referral bias. Furthermore, the study is limited by relatively small
sample size, which is due to the rarity of DDCS and even greater
scarcity of DDCS with minimal or small DD components. Larger
studies at other institutions could be performed to confirm or
refute our findings though initial presented results from an
independent group appear similar27.
In conclusion, DDCS with minimal or small foci of DD show

similar demographic distribution, anatomic localization and
histologic features to more typical DDCS with large areas of DD.
DD in these cases is unlikely to be detected on imaging studies.
Furthermore, while larger studies are needed to fully characterize
the behavior of these neoplasms, at least a subset of these tumors
can still behave in a highly aggressive manner despite their small
size of the DD component. This highlights the need for careful
gross and histologic examination and sampling.

DATA AVAILABILITY
The datasets used and/or analyzed during the current study are available from the
corresponding author on reasonable request.
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