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Abstract
Background Clear cell chondrosarcoma is an extremely
rare chondrosarcoma subtype; thus, its treatment outcomes
and associated factors have not been widely studied.
Knowing more about it is potentially important because
clear cell chondrosarcomas are often misdiagnosed as other

benign lesions and subsequently treated and followed
inappropriately.
Questions/purposes (1) What are the patient- and tumor-
related characteristics of clear cell chondrosarcoma? (2)
What proportion of patients with clear cell chondrosarcoma
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initially had a misdiagnosis or a misleading initial biopsy
result? (3) What is the survivorship of patients with clear
cell chondrosarcoma free from death, local recurrence,
and distant metastasis, and what factors are associated
with greater survivorship or a reduced risk of local
recurrence?
Methods Between 1985 and 2018, 12 Japanese
Musculoskeletal Oncology Group (JMOG) hospitals trea-
ted 42 patients with a diagnosis of clear cell chon-
drosarcoma. All 42 patients had complete medical records
at a minimum of 1 year or death, and were included in this
multicenter, retrospective, observational study. No patients
were lost to follow-up within 5 years of treatment but four
were lost to follow-up greater than 5 years after treatment
because their physicians thought their follow-up was suf-
ficient. Clinical data were collected by chart review. The
median (range) follow-up period was 69 months (2 to 392).
In general, when a possibly malignant bone tumor was
found on imaging studies, the histological diagnosis was
made by biopsy before initiating treatment. Once the di-
agnosis had been made, the patients were treated by sur-
gery only, complete resection if technically possible,
because chondrosarcomas are known to be resistant to
chemotherapy and radiotherapy. Unresectable tumors were
treated with particle-beam radiation therapy.When patients
with chondrosarcoma were referred after unplanned sur-
gical procedures with inadequate surgical margins, im-
mediate additional wide resection was considered before
local recurrence developed. This diagnostic and treatment
strategy is common to all JMOG hospitals and did not
change during the study period. Primary wide
resection was performed in 79% (33 of 42) patients, ad-
ditional wide resection after initial inadequate surgery in
12% (five of 42), curettage and bone grafting in 5% (two of
42) patients, and radiotherapywas administered to 5% (two
of 42). Surgical margins among the 40 patients who un-
derwent surgery at JMOG hospitals were no residual tumor
in 93% (37 of 42) of patients, microscopic residual tumor in
2% (one of 42), and macroscopic residual tumor or state
after curettage or intralesional excision in 5% (two of 42).
The oncological endpoints of interest were 5- and 10- year
overall survival, disease-free survival, survival free of local
recurrence, and survival free of distant metastases; these
were calculated using the Kaplan-Meier method and
compared using the log-rank test. Risk ratios with their
respective 95% confidence intervals (CIs) were estimated
in a Cox regression model. The Bonferroni adjustment was
used for multiple testing correction.
Results The sex distribution was 74% men and 26%
women (31 and 11 of 42, respectively), with a mean age of
47 6 17 years. Eighty one percent (34 of 42) of tumors
occurred at the ends of long bones, and the proximal femur
was the most common site accounting for 60% (25 of 42).
The mean size of the primary tumors was 6.3 6 2.7 cm.

Definite pathologic fractures were present in 26% (10 of
42) and another 26% (10 of 42) had extraskeletal in-
volvement. None had metastases at presentation. Twenty
four percent (six of 25) tumors in the proximal femur were
misdiagnosed as benign lesions and treated inadequately
without biopsy. Twenty nine percent (10 of 35) patients
had initial misdiagnoses by biopsy and core needle biopsies
had a greater risk of resulting in inaccurate histological
diagnoses. The study patients’ 5- and 10-year overall sur-
vival rates were 89% (95% CI 74 to 96) and 89% (95% CI
74 to 96), respectively; 5- and 10- year disease-free sur-
vival rates 77% (95% CI 58 to 89) and 57% (95% CI 36 to
75), respectively; 5- and 10-year local recurrence-free
survival rates 86% (95% CI 68 to 95) and 71% (95% CI 49
to 86), respectively; and 5- and 10-year distant metastasis-
free survival rates 84% (95%CI 67 to 93) and 74% (95%CI
53 to 88), respectively. Notably, bone metastases (17%,
seven of 42) were as common as pulmonary metastases
(14%, six of 42); four patients developed both bone and
pulmonary metastases. The difference between 10-year
overall survival rates and 10-year disease-free survival
indicated very late recurrence more than 5 years after the
initial treatment. After controlling for multiple compar-
isons, the only factor we found that was associated with
local recurrence-free survival was initial treatment (posi-
tive margin versus primary wide resection) (risk ratio 8.83
[95% CI 1.47 to 53.1]; p = 0.022 after the Bonferroni ad-
justment). Additional wide resection reduced the risk of
local recurrence.
Conclusions The femoral head was the most common
location of clear cell chondrosarcoma and had a high risk of
misdiagnosis as common benign lesions that resulted in
initial inadequate surgery and a consequent high risk of
local recurrence. Immediate additional wide
resection should be considered in patients who had initial
inadequate surgery to reduce the risk of local recurrence.
Because clear cell chondrosarcoma can recur locally or
distantly in the bones and lungs in the long term, patients
should be informed of the risk of very late recurrence and
the necessity of decades-long with surveillance for local
recurrence and lung and bone metastases.
Level of Evidence Level IV, therapeutic study.

Introduction

Chondrosarcomas, a variety of malignant cartilaginous
tumors, account for 15% to 20% of primary malignant bone
tumors [21]. Conventional chondrosarcoma accounts for
approximately 85% of all chondrosarcomas. Patients with
conventional chondrosarcoma are characteristically older
than 50 years of age. The most common sites are the pelvic
bones followed by the femur, humerus, and ribs. In the long
bones, these tumors are usually located in the metaphysis.
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Chondrosarcomas are graded on a scale of I to III, the grade
being important in prediction of oncological outcomes [3,
8, 9]. Secondary chondrosarcomas arise in pre-existing
enchondromas or osteochondromas and are treated simi-
larly to primary conventional chondrosarcoma. Other rare
chondrosarcoma subtypes include dedifferentiated chon-
drosarcoma [10], mesenchymal chondrosarcoma [18] and
clear cell chondrosarcoma. Clear cell chondrosarcoma, an
extremely rare chondrosarcoma subtype, is characterized
by a proliferation of tumor cells with clear cytoplasm [8].
This entity was first reported byUnni et al. [20] in 1976 and
comprises only 1% to 2% of all chondrosarcomas [4, 17].
Its causes have not yet been identified.

Clear cell chondrosarcoma is extremely rare, therefore,
fully assessing its clinical presentation and treatment
outcomes has been challenging; most previous papers
have been case reports. Only several small (mostly n < 20)
case series have been published [4, 6, 7, 11-13, 17, 20] and
these mainly focus on histological and/or radiological
findings, but they did not provide much detail regarding
treatment, survivorship and local recurrence. These
studies demonstrate that clear cell chondrosarcoma is
histologically similar to other chondrogenic tumors.
Many contain zones of conventional low-grade chon-
drosarcomawith hyaline cartilage and/or a few osteoclast-
like giant cells characteristic of benign chondroblastoma;
these similarities can lead to misdiagnoses [4]. Clear cell
chondrosarcoma is characterized by a proliferation of
tumor cells with clear cytoplasm [8, 20], but no tumor-
specific histological markers have been established. The
previous reports also indicate that clear cell chon-
drosarcomas characteristically arise in the epiphyses of
long bones and have indolent clinical courses. However,
to the best of our knowledge, only two small case series
studies have documented survival rates, one with 16
patients [11] and the other seven patients; there is also a
systematic review of published reports [14]. We still do
not know why or how often clear cell chondrosarcoma is
misdiagnosed, precisely how indolent clear cell chon-
drosarcoma is, or and how to best treat and follow-up on
patients with clear cell chondrosarcoma. We conducted a
nationwide multicenter study to investigate the clinical
presentations, diagnosis, and treatment outcomes of
patients with clear cell chondrosarcoma in Japan and
determine their associated factors.

Therefore, we asked: (1) What are the patient- and
tumor-related characteristics of clear cell chondrosarcoma?
(2) What proportion of patients with clear cell chon-
drosarcoma initially had a misdiagnosis or a misleading
initial biopsy result? (3) What is the survivorship of
patients with clear cell chondrosarcoma free from death,
local recurrence and distant metastasis, andwhat factors are
associated with greater survivorship or a reduced risk of
local recurrence?

Patients and Methods

We conducted a multicenter, retrospective, observational
study by chart review through the JapaneseMusculoskeletal
Oncology Group (JMOG), and analyzed data of 42 patients
with clear cell chondrosarcoma who were treated between
1985 and 2018 at 12 JMOG institutions. JMOG, a group for
multicenter clinical studies organized by orthopaedic
oncologists in Japan, was established in 1981. One of the
JMOG’s missions has been to investigate the clinical out-
comes of extremely rare musculoskeletal tumors [16, 18],
including clear cell chondrosarcoma.

In total, 42 clear cell chondrosarcoma patients were trea-
ted at 12 JMOG hospitals. All patients had complete medical
records at a minimumof 1 year or death andwere included in
this multicenter, retrospective, observational study; the me-
dian (range) follow-up period was 68 months (2 to 392)
(Table 1). No patientswere lost to follow-upwithin 5 years of
treatment, but four were lost to follow-up greater than 5 years
after treatment. The percentages of patients with complete
follow-up at 1, 5, and 10 year were 98% (41 of 42), 55% (23
of 42) and 33% (14 of 42), respectively. There were amedian
(range) of 3.5 clear cell chondrosarcoma patients (1 to 8)
treated at each JMOG hospital during the study period. The
number of clear cell chondrosarcoma patients at 12 JMOG
hospitals increased over time (1985-1994, n = 7; 1995-2004,
n = 11; 2005-2014, n = 15; 2015-, n = 9).

Biopsy and Histological Diagnosis

In general, when a possibly malignant bone tumor was
found on imaging studies, the histological diagnosis was
made by biopsy before treatment initiation. This diagnostic
strategy is common to JMOG hospitals and did not change
over the study period. However, 17% (seven of 42) of
patients with clear cell chondrosarcoma were radiologi-
cally misdiagnosed as having various benign lesions,
leading to these patients undergoing inappropriate treat-
ment without biopsy (Table 1). Additionally, 29% (10 of
35) of patients with clear cell chondrosarcoma were di-
agnosed inaccurately by biopsy (Table 2); in these patients
the final diagnosis of clear cell chondrosarcoma was made
by pathological examination of specimens obtained by
subsequent definitive surgical procedures.

The final histologic diagnoses of all patients were
reviewed and confirmed by pathologists at the relevant in-
stitution before the patient was registered in the present study.

Initial Local Treatment

Once the diagnosis of chondrosarcoma was made, the
patients were managed surgically, by complete resection if
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technically possible, because it is generally accepted that
these tumors are highly resistant to chemotherapy and ra-
diotherapy [9]. Unresectable tumors were treated with
particle-beam radiation therapy. When patients with

chondrosarcomas were referred after unplanned surgical
procedures with inadequate surgical margins, immediate
additional wide resection was considered before a local
recurrence developed. This treatment strategy was com-
mon to the participating JMOG hospitals and did not
change over the study period.

The surgical margins were histologically evaluated in
accordance with the residual tumor (R) classification of the
Union for International Cancer Control (RX, the presence
of residual tumor cannot be assessed; R0, no residual tu-
mor; R1, microscopic residual tumor; R2, macroscopic
residual tumor or state after curettage or intralesional ex-
cision) [22].

Initial treatments were administered to 17% (seven of
42) patients before referral to a JMOG hospital, including
four who underwent simple excisions by intralesional
procedure, one who underwent curettage, one who re-
ceived neoadjuvant chemotherapy and underwent hemi-
pelvectomy (no residual tumor; diagnosed as a
chondroblastic osteosarcoma), and one who underwent
radiotherapy for a sphenoid bone tumor. Four of five
patients who had initial inadequate surgery before referral
underwent additional wide resections at JMOG hospitals;
the fifth had been referred after local recurrence had
developed.

Initial local treatment was administered at a JMOG
hospital in 83% (35 of 42) patients. Two patients with
suspected benign tumors in the femoral head underwent
curettage and bone grafting without biopsies; one un-
derwent hip disarticulation immediately after establish-
ment of a definitive diagnosis of clear cell chondrosarcoma,
whereas the other had no additional treatment until after
development of local recurrence 6 years later.

Collectively, 79% (33 of 42) patients underwent pri-
marywide resection, 12% (five of 42) underwent additional
wide resection after initial inadequate surgery, 5% (two of
42) underwent curettage and bone grafting, and 5% (two of
42) received radiotherapy (one underwent carbon ion ra-
diotherapy for a sacral tumor and one had cyber-knife ra-
diotherapy for a sphenoid tumor). Resection with no
residual tumor was achieved in 93% (37 of 40) of the
patients who underwent surgery, microscopic residual tu-
mor in one, and macroscopic residual tumor or state after
curettage or intralesional excision in two.

Amputations were used to achieve initial or additional
wide resections in 10% (four of 40) patients, comprising
two hemipelvectomies for iliac tumors, one unplanned hip
disarticulation for a proximal femur tumor after curettage,
and one below-the-knee amputation for a foot tumor. For
limb salvage reconstruction after wide resections in the 34
patients with tumors at the ends of the long bones, 85% (29
of 34) patients underwent endoprosthetic reconstruction,
12% (four of 34) biologic reconstruction, and one hip
disarticulation, as mentioned above.

Table 1. Characteristics of 42 patients with clear cell
chondrosarcoma and their tumors

Factors % (n)

Sex

Male 74% (31)

Female 26% (11)

Age (mean 6 SD in years) 47 6 17

0-20 24% (1)

21-40 40% (17)

41-60 31% (13)

61-80 26% (11)

> 81 0% (0)

Tumor location

Proximal femur 60% (25)

Proximal humerus 12% (5)

Ilium 10% (4)

Distal femur 5% (2)

Other (one each)a 14% (6)

Tumor size

Mean: 6.3 cm (range 2.5 to 14)

< 8 cm 76% (32)

$ 8 cm 24% (10)

Extraskeletal involvement

Yes 24% (10)

No 76% (32)

Pathologic fracture

Yes 24% (10)

No 76% (32)

Metastasis at presentation

Yes 0% (0)

No 100% (42)

AJCC TNM Stage

IA 76% (32)

IB 24% (10)

Biopsy

No 17% (7)

Yes 83% (35)

Needle 21% (9)

Incisional 62% (26)

Initial treatment before referral

Yes 17% (7)

No 83% (35)

aOthers included the proximal tibia, distal tibia, sacrum,
sternum, sphenoid, and cuboid; AJCC = American Joint
Committee on Cancer; TNM = tumor, node, metastasis.
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The only patients who received adjuvant chemotherapy
were four patients whose tumors were initially incorrectly
diagnosed as chondroblastic osteosarcomas. These four
patients underwent neoadjuvant chemotherapy with
doxorubicin and cisplatin, with or without high-dose
methotrexate and high-dose ifosfamide. None of them
showed a radiologic or histologic response to neoadjuvant
chemotherapy. Adjuvant radiotherapy was administered to
only one patient, whose humeral tumor was removedwith a
positive margin.

Variables, Outcome Measures, Data Sources, and Bias

Information on the patients’ clinical features, including
sex, age at first visit, location of primary tumor, tumor size
(maximum extent determined by imaging), presence of
extraskeletal extension and pathologic fractures,
American Joint Committee on Cancer stage, presence or
absence of metastasis at the time of diagnosis, details of
biopsies and initial diagnoses, and details of initial local
treatments was obtained by reviewing their charts. There
were no missing data for any of our study’s variables.
Initial treatment was defined as the first treatment re-
gardless of whether the treating hospital was within the
JMOG or not. Overall survival was defined as the time
from treatment commencement to the date of the last visit
to the clinic or death. Disease-free survival was defined as
the time from treatment commencement to the date of the
last visit to the clinic, death, local recurrence, or distant
metastasis.

Statistical Analysis, Study Size

Survival rates were estimated using the Kaplan-Meier
method. The effect of each associated factor was assessed
using the log-rank test. The Bonferroni adjustment was
used for multiple testing correction. p values < 0.05 were
considered to denote significant differences. Risk ratios
with their respective 95% confidence intervals (CIs) were
estimated in a Cox regression model. All statistical analy-
ses were performed using the JMP 14 software program
(SAS Institute, Cary, NC, USA).

Results

Patient Characteristics, Tumor Location, Size,
and Stage

Patient and tumor characteristics revealed some distinctive
features. The sex distribution was 74% men, 26% women
(31 and 11 of 42, respectively), with amean6 SD age of 47
6 17 years, without any sharp peak in age distribution
(Table 1).

The primary tumors were located in the lower extrem-
ities in 71% (30 of 42) patients, the trunk, head, and neck in
17% (seven of 42), and the upper extremities in 12% (five
of 42) (Table 1). The proximal femur was the most com-
mon location, accounting for 60% (25 of 42), followed by
the proximal humerus in 12% (five of 42) and the ilium in
10% (four of 42). The primary tumors were in the femur,
tibia, or humerus in 81% (34 of 42) patients, and they all
arose at the end of a long bone, which is consistent with the
epiphyseal origin of these tumors. Unusual locations in-
cluded the sacrum, sternum, sphenoid, and cuboid (one of
each).

The mean size of the primary tumors was 6.36 2.7 cm.
Clear pathologic fractures were present in 24% (10 of 42),
seven in the proximal femur and three in the proximal
humerus. Extraskeletal extension was seen in 24% (10 of
42) patients; 76% (32 of 42) had Stage IA disease and 24%
(10 of 42) had Stage IB disease; none had lymph node or
distant metastases at the initial presentation.

Biopsy and Diagnosis

Evaluation of the diagnostic process revealed a number of
difficulties in the diagnosis of clear cell chondrosarcoma,
both from the radiological and histological perspective.
Biopsies were obtained before initiation of treatment in
83% (35 of 42) patients, whereas the remaining 17% (seven
of 42), including three who were treated at nearby hospitals
before referral to an JMOG hospital, did not undergo bi-
opsy before commencing treatment (Table 1). Six of seven
patients who did not have biopsies had primary tumors in
their proximal femurs, the provisional diagnoses before
their initial surgery included femoral-head necrosis (two of

Table 2. Biopsy and accuracy of diagnosis (n = 35)

Biopsy type Accurate (CCCS) Inaccurate diagnosisa Number %

Needleb 3 6 9 26%

Incisional 22 4 26 74%

Number (%) 71% (25) 29% (10) 35 100%

aInaccurate diagnoses: conventional chondrosarcoma (n = 5), chondroblastic osteosarcoma (n = 4), and chondroblastoma (n = 1).
bp = 0.0074, chi-square test; CCCS = clear cell chondrosarcoma.
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seven) and benign bone lesions such as chondroblastoma in
the femoral head (four of seven). The remaining patient
underwent curettage for a suspected benign tumor of the
cuboid.

Twenty-six percent (nine of 35) of biopsies were core
needle biopsies and 74% (26 of 35) were incisional bi-
opsies. Biopsies yielded accurate diagnoses of clear cell
chondrosarcoma in only 71% (25 of 35) of patients; the
initial diagnoses in the other 29% (10 of 35) of patients
were conventional chondrosarcoma (five patients), chon-
droblastic osteosarcoma (four), and benign chondro-
blastoma (one) (Table 2). Six of 10 patients with incorrect
biopsy diagnoses had undergone needle biopsy rather than
incisional biopsy; the accuracy rate was lower for needle
biopsies (33%, three of nine) than for incisional biopsies
(85%, 22 of 26) (p = 0.007) (Table 2). Those 10 patients
were finally diagnosed with clear cell chondrosarcoma by
pathological examination of the specimens obtained by
their definitive surgical procedures.

Survivorship andFactors Associated with Survivorship

The 5- and 10-year overall survival rates were 89% (95%
CI 74 to 96) and 89% (95% CI 74 to 96), respectively, the
5- and 10-year disease-free survival rates being 77% (95%
CI 58 to 89) and 57% (95% CI 36 to 75), respectively
(Fig. 1 A-B). At the most-recent follow-up examination of
42 patients, four had died of their disease, two had died of

unrelated causes, three were alive with disease, 29 were
alive without evidence of disease, and the remaining four
had been lost to follow-up after the first 5 years because
their physicians were not aware of the possibility of late
recurrence. Thirteen patients had local recurrences and/or
distant metastases.

The local recurrence-free survival rates were similar to
the distant metastasis-free survival rates. The 5- and 10-
year local recurrence-free survival rates were 86% (95%CI
68 to 95) and 71% (95% CI 49 to 86), respectively; the 5-
and 10-year distant metastasis-free survival rates being
84% (95% CI 67 to 93) and 74% (95% CI 53 to 88), re-
spectively (Fig. 1C-D). As of the last follow-up examina-
tion, seven of 42 patients had local recurrences (median
[range] interval, 58 months [7 to 108]). All seven un-
derwent surgical treatment for their recurrent tumors; none
died of uncontrollable local recurrence (Table 3). Nine
patients had distant metastases (median [range] interval
56 months [8 to 195); three also had local recurrences
(Table 4). Notably, bone metastases (seven patients) were
as common as pulmonary metastases (six patients); four
patients had both bone and pulmonary metastases
(Table 4). Only three patients underwent surgery for met-
astatic tumors. Four patients with bone metastases received
palliative radiotherapy and two received chemotherapy
(regular denosumab), which resulted in stable disease.

Univariate analyses of factors potentially associated
with overall survival, local recurrence-free survival and
distant metastasis-free survival (Table 5), revealed that

Fig. 1 A-E The graphs show Kaplan-Meier curves for (A) overall survival (OS), (B) disease-free survival (DFS), (C) local recurrence-free
survival (LRFS), (D) distant metastasis-free survival (DMFS), and (E) local recurrence-free survival according to the local treatment;
Add.WR = additional wide resection after initial inadequate surgery; P. WR = primary wide resection; R2 = macroscopic residual
tumor or state after curettage or intralesional excision..
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initial treatment was the only factor associated with local
recurrence-free survival (risk ratio [positive margin to
primary wide resection] 8.83 [95% CI 1.47 to 53.1]; p =
0.022 after the Bonferroni adjustment). In the present
study, most (five of seven) patients who had initial in-
adequate surgery with positive margins underwent imme-
diate additional wide resection in conformity with the
treatment strategy of JMOG hospitals and none of them
developed local recurrence (Fig. 1E).

Discussion

Clear cell chondrosarcoma is an extremely rare and distinct
subtype of chondrosarcoma. Previous case reports and
several small case series have suggested that these are in-
dolent tumors; however, most of these studies did not re-
port survival estimates or factors associated with outcomes
[4, 6, 7, 12, 13, 17]. Towiden our knowledge on the clinical
presentations of clear cell chondrosarcoma and to identify
factors that are possibly associated with outcomes, we
conducted a multicenter retrospective study in Japan. The
present findings highlight the difficulties in achieving ac-
curate pretreatment diagnoses both radiologically and
histologically, with such errors sometimes leading to in-
adequate initial surgery. Initial inadequate surgery was
highly associated with local recurrence; however, imme-
diate additional wide resection reduced this risk. In

addition, the present study found that very late recurrences
involve bone and lung in approximately equal proportions.

This study had several limitations. The first was caused
by the known rarity of clear cell chondrosarcoma, which
resulted in an accumulation of only 42 patients in this
nationwide, multicenter study over many years
(1985-2018). Because the median (range) number of
patients from each JMOG hospital was only 3.5 (1 to 8),
we were not able to assess differences in treatment out-
comes across the 12 JMOG hospitals. Additionally, be-
cause some patients with clear cell chondrosarcoma
would have been treated in hospitals other than the 12
JMOG hospitals, we were not able to analyze all clear cell
chondrosarcoma patients in Japan during the study pe-
riod. The increase in the number of patients over time may
have been attributable to increasing recognition of this
rare chondrosarcoma subtype, rather than an actual in-
crease in the incidence of clear cell chondrosarcoma. In
addition, the sample size (n = 42) was too small for many
log-rank analyses to be performed (Table 5); thus, the
factors that we identified as associated with treatment
outcomes may have been false positives.

Next, follow-up protocols and intervals varied between
the participating hospitals. Although most patients (55%,
23 of 42) were followed for more than 5 years (median
68 months), the durations of follow-up varied greatly
among patients, which could have resulted in a wide
margin of error for long-term outcomes. Given the fact that

Table 3. Seven patients with clear cell chondrosarcoma who had local recurrence

Patient
number

Age at
diagnosis
(years) Sex

Primary
site Initial treatment

Interval to local
recurrence
(months)

Treatment for
local recurrence

Further local
recurrence

Distant
metastasis

Oncologic
outcome

1 46 Male Proximal
femur

Curettage alone
(R2)

73 Wide
resection with
endoprosthetic
reconstruction

No No NED

2 26 Male Proximal
humerus

Wide
resection (R0)

65 Wide resection No Yes AWD

24 39 Male Ilium Hemipelvectomy
(R0)

108 Wide resection No Yes DOD

27 38 Female Proximal
femur

Unplanned
resection (R2)

24 Wide
resection with
endoprosthetic
reconstruction

Twice, ultimate
hemipelvectomy

required

Yes NED

28 27 Male Sphenoid Radiation 58 Intralesional
resection

NA No AWD

37 41 Male Proximal
femur

Wide
resection (R0)

7 Hemipelvectomy No Yes DOD

40 68 Male Ilium Hemipelvectomy
(R0)

58 Wide resection No No NED

NED = no evidence of disease; AWD= alive with disease; DOD= dead of disease; R0 = no residual disease; R2 =macroscopic residual
tumor or state after curettage or intralesional excision.
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some patients developed recurrences after very long
intervals and the possibility that some patients who were
lost to follow-up after 5 years may have died of clear cell
chondrosarcoma or other causes, the actual survival rates
could be worse than is shown by our data.

This was a chart review-based, retrospective, observa-
tional study and there was no central radiological or path-
ological review process, consequently, we were unable to
access several key data, in particular the duration of
symptoms, radiological findings, details of prior diagnoses
and treatment before referral to a JMOG hospital, and
surgical margin status beyond the R0–2 grading system.

Patient Characteristics, Tumor Location, Size,
and Stage

In this study, we analyzed the records of 42 patients with
clear cell chondrosarcoma who were treated at 12 JMOG
institutions. We found that the patients were predominately
male (ratio of 2.8:1 in this study), with a wide age distri-
bution (19 to 79 years); these characteristics have been
reported for other ethnic groups [14]. Male predominance
is common to other chondrogenic tumors but it is particu-
larly marked for clear cell chondrosarcoma. The age dis-
tribution of clear cell chondrosarcoma has no particular

Table 4. Nine patients with clear cell chrondrosarcoma who had distant metastasis

Patient
number

Age at
diagnosis
(years) Sex

Primary
site

Initial
treatment

Metastatic
sites

Interval to
distant

metastasis
(months)

Treatment
for distant
metastasis

Local
recurrence

Oncologic
outcome

2 26 Male Proximal
humerus

Wide
resection with
endoprosthetic
reconstruction

Sacrum 65 Curettage,
radiation, and
denosumab

Yes AWD

3 39 Male Distal
tibia

Wide
resection with

biologic
reconstruction

Lung (solitary),
skull (solitary)

101 Resection (both
lung and skull)

No NED

22 58 Male Foot Below-the-knee
amputation after

unplanned
excision

Lung (multiple)
and bone
(multiple)

22 Palliative
radiation to bones

No DOD

23 39 Female Ilium Wide
resection with
endoprosthetic
reconstruction

Lung (multiple)
and thoracic
spine (solitary)

8 Palliative
radiation to bone

No DOD

24 39 Male Ilium Hemipelvectomy Lung (multiple) 128 Yes DOD

25 68 FemaleProximal
femur

Additional wide
resection with
endoprosthetic
reconstruction

after unplanned
excision

Sacrum (solitary) 195 Palliative
radiation

No NED

27 38 FemaleProximal
femur

Unplanned
resection with
endoprosthetic
reconstruction

Lung (multiple) 11 Six
metastasectomies

Yes NED

32 47 Male Proximal
femur

Wide
resection with
endoprosthetic
reconstruction

Bone (multiple) 56 Denosumab No AWD

37 41 Male Proximal
femur

Wide
resection with
endoprosthetic
reconstruction

Lung (multiple)
and lumbar spine

(solitary)

14 Palliative
radiation to bone

No DOD

NED = no evidence of disease; AWD = alive with disease; DOD = dead of disease.

8 Nakayama et al. Clinical Orthopaedics and Related Research®

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



characteristics, whereas most patients with conventional
chondrosarcomas are older than 50 years, and chondro-
blastomas typically affect adolescent and very young
adults [8, 9, 19]. Eighty-one percent (34 of 42) of these
tumors arose at the ends of the long bones, the proximal
femur was the most common location accounting for 60%
of all clear cell chondrosarcoma. No tumors in our study
were located in the diaphyses of long bones, ribs, or ver-
tebrae of the mobile spine; however, these locations have
been reported by others [7, 11].

Biopsy and Diagnosis

The diagnosis of clear cell chondrosarcoma is challenging,
both because of the radiological and histological re-
semblance of clear cell chondrosarcoma to low-grade
conventional chondrosarcoma and chondroblastoma [1, 4,
6], and the rarity of clear cell chondrosarcoma. In fact, 17%
(seven of 42) of tumors in our series were misdiagnosed as
benign lesions on the basis of the radiological findings and
inappropriately treated with intralesional surgeries. Of
note, six of these tumors were in the femoral head; they thus

accounted for 24% of all proximal femoral clear cell
chondrosarcoma. These misdiagnoses may, at least in part,
be attributable to the fact that the femoral head is also the
location of predilection for the relatively common benign
counterpart, chondroblastoma, and other common causes
of bone destruction, such as avascular necrosis of the
femoral head. Extra care must be taken to avoid in-
appropriate curettage or intralesional excision of femoral
head lesions; two of our patients eventually underwent
amputations.

Additionally, the distinctive epiphyseal location of
these tumors can cause technical difficulties in biopsy,
especially when the lesions are relatively small and located
in the femoral head [15]. These difficulties may have
prompted adoption of the less-invasive biopsy technique of
core needle biopsy; however, this technique was associated
with a higher risk of inaccurate diagnosis in our study
(Table 2). The higher risk of inaccurate diagnosis by core
needle biopsy could be attributable to the technical limi-
tations of core needle biopsies (the hard bone sample is
crushed); the extreme rarity of clear cell chondrosarcoma,
which could result in pathologists hesitating to make this
diagnosis on a very small samples; the lack of specific

Table 5. Associated factors of oncological outcomes using the Kaplan-Meier method (n = 42)

Factors Number Percent

OS LRFS DMFS

10-
year

(95%
CI)

p
value

10-
year

(95%
CI)

p
value

10-
year

(95%
CI)

p
value

Total 42 100 89% (74 to 96) 71% (49 to 86) 74% (53 to 88)

Sex Male 31 74 93% (76 to 98) 0.613 67% (43 to 85) 0.565 73% (48 to 89) 0.640

Female 11 26 80% (46 to 95) 89% (50 to 98) 81% (47 to 95)

Age (years) < 46 22 52 89% (66 to 97) 0.797 68% (42 to 87) 0.541 69% (43 to 87) 0.583

$ 46 20 48 88% (63 to 97) 76% (39 to 94) 82% (47 to 96)

Tumor size (cm) < 8 32 76 93% (76 to 98) 0.595 71% (45 to 88) 0.745 72% (47 to 89) 0.728

$ 8 10 24 80% (46 to 95) 71% (31 to 93) 80% (46 to 95)

Extraskeletal
involvement

Yes 10 24 89% (71 to 96) 0.358 40% (11 to 78) 0.04 79% (44 to 95) 0.304

No 32 76 89% (50 to 98) 84% (59 to 95) 74% (50 to 89)

Pathologic
fracture

Yes 10 24 100% NA 0.087 71% (31 to 93) 0.899 58% (24 to 86) 0.500

No 32 76 85% (66 to 94) 70% (43 to 88) 79% (51 to 93)

Biopsy Yes 35 83 87% (69 to 95) 0.457 71% (45 to 88) 0.755 73% (47 to 90) 0.661

No 7 17 100% NA 67% (27 to 92) 67% (27 to 92)

Initial treatment P. WR 32 76 89% (71 to 97) 0.489 74% (44 to 91) 0.003a 71% (43 to 89) 0.955

Add. WR 5 12 100% NA 100% /A 75% (24 to 97)

positive
margin

2 5 100% NA 0% NA 50% (6 to 04)

Local recurrence Yes 7 17 86% (42 to 98) 0.835 NA NA NA 54% (19 to 85) 0.084

No 35 83 90% (72 to 97) NA NA NA 80% (54 to 93)

ap < 0.05 after the Bonferroni adjustment (p = 0.022); NA = not available; OS = overall survival; LRFS = local recurrence-free survival;
DMFS= distantmetastasis-free survival; P. WR = primary wide resection; Add.WR= additional wide resection after inadequate surgery.
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histologic markers for clear cell chondrosarcoma; and the
histologic resemblance of clear cell chondrosarcoma to
other chondrogenic tumors (clear cell chondrosarcomas
often contain zones of low-grade conventional chon-
drosarcoma or a few osteoclast-like giant cells, which are
characteristic of chondroblastoma) [4]. The histologic di-
agnosis of clear cell chondrosarcoma depends largely on
morphologic features (as shown by hematoxylin and eosin
staining), therefore, it is difficult to distinguish clear cell
chondrosarcoma from other chondrogenic tumors with
only a small tumor specimen. One small study of six
patients with clear cell chondrosarcoma diagnosed by fine
needle aspiration and/or touch preparations of needle bi-
opsy samples [12] reported that relevant cytologic features
include large, plasmacytoid cells with foamy cytoplasm
and extracellular chondroid-type matrix material.
Definitive diagnoses were made by identifying clear cells
in cell block material, which highlights the difficulty of
diagnosing clear cell chondrosarcoma from tiny samples.
Novel tumor-specific histologic markers, such as
H3.3K36M for chondroblastoma [5], which would enable
diagnosis of clear cell chondrosarcoma from small samples
obtained by needle biopsy, are necessary.

Taken together, although clear cell chondrosarcomas
are very rare, orthopaedic surgeons should always be aware
of the possibility of this diagnosis, take care with their
diagnostic process, and consider an incisional biopsy
when a potentially neoplastic lesion is detected in the
epiphysis of long bones, especially in the femoral head.

Oncologic Outcomes

To the best of our knowledge, only one small case series
(n = 16) has reported the outcomes and estimated survival
of patients with clear cell chondrosarcoma [11]. A sys-
tematic reviewwas also published recently [14]. According
to published studies, the 10-year overall survival rate is
80% to 89% and 10-year disease-free survival rate 60% to
68%. In our series, the 10-year overall survival was 89%
and disease-free survival was 57%. The prognosis of clear
cell chondrosarcoma is clearly better than that of Grade
Ⅱ/Ⅲ (high-grade) conventional chondrosarcoma, the 5-
year survival of which is 53% [9]. The large discrepancy
between overall and disease-free survival strongly indi-
cates the indolent but malignant nature of clear cell
chondrosarcoma.

Two reports have documented that patients with clear
cell chondrosarcoma can develop very late local recur-
rences (288 months) [7] and distant metastasis
(276 months) [2]. The present study provides further evi-
dence that clear cell chondrosarcoma can recur locally very
late (median interval 58 months; range 7 to 108) and me-
tastasize very late (median interval 56 months; range 8 to

195). Notably bone metastases were as common as pul-
monary metastases; additionally, four of nine patients de-
veloped both bone and pulmonary metastases. Thus,
decades-long follow-up with surveillance for local re-
currence and lung and bone metastases seems mandatory.
However, given the slow-growing nature of clear cell
chondrosarcoma and the lack of treatment other than sur-
gery, carefully informing patients with clear cell chon-
drosarcoma that their tumors could recur after a very long
period may be more realistic than following them with
regular CT scans for decades for selected patients with low
recurrence risk (no extraskeletal involvement, initial wide
resection with no residual tumor and no recurrence by
then).

Lastly, we found that that initial inadequate surgerywith
positive margins would result in a high risk of local re-
currence (Table 5) and that there is a definite role for im-
mediate additional wide resection to prevent such
recurrence (Fig. 1E). Some previous studies have con-
cluded that inadequate surgical resection with positive
margins increases the risk of local recurrence and overall
survival [4, 11, 14, 17]; however, these studies did not
report the details of treatment after initial inadequate sur-
gical procedures with positive margins, whether they
simply subjected the patients to ongoing active surveil-
lance or performed additional wide resection. Although
clear cell chondrosarcoma is an indolent chondrosarcoma
subtype, it is totally different from Grade I conventional
chondrosarcoma in the extremities in that the latter can be
treated by extensive curettage, whereas wide en-bloc
resection is indicated for clear cell chondrosarcoma [9].
In contrast with previous studies [11, 14], initial inadequate
treatment did not affect overall survival and distant me-
tastasis in the present study, this discrepancy is likely at-
tributable to our adoption of the policy of immediate
additional wide resection when positive margins are
identified.

Conclusions

We found that patients with clear cell chondrosarcoma in
Japan were predominately male and had a wide age range.
Most tumors arose in the ends of the long bones and the
proximal femur was the most common site. Immediate
additional wide resection should be considered to prevent
local recurrence when patients with clear cell chon-
drosarcoma are found to have had initial inadequate sur-
gery. Extra care must be taken to avoid inappropriate
excision, especially of femoral head lesions. In our series,
one quarter of patients with clear cell chondrosarcoma in
the femoral head were misdiagnosed and treated in-
appropriately, and two patients eventually underwent
amputations. Ten-year overall and disease-free survival
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rates were 89% and 57%, respectively, indicating that these
tumors are generally indolent. However, clear cell chon-
drosarcoma can recur locally or distantly in the bones and
lungs after a long period. Thus, patients need to be in-
formed of the risk of very late recurrence and the necessity
of decades-long surveillance for local recurrence and lung
and bone metastases. Novel clear cell chondrosarcoma-
specific markers in histology and serological screening
would improve the diagnosis and follow-up.
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