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Periosteal chondrosarcoma: a histopathological and molecular analysis of a rare
chondrosarcoma subtype

Aims: Periosteal chondrosarcoma is a rare, malig-
nant cartilage-forming neoplasm originating from the
periosteal surface of bone. We collected 38 cases from
the archives of the Netherlands Committee on Bone
Tumours, with the aim of studying histological fea-
tures and evaluating the involvement of isocitrate
dehydrogenase 1 (IDH1), EXT, Wnt/b-catenin, the
pRB pathway (CDK4 and p16), and the TP53 path-
way (p53 and MDM2).
Methods and results: Histology showed a moderately
cellular matrix with mucoid–myxoid changes and, in
42% of cases, formation of a neocortex. Occasional
intramedullary extension (26%) and subsequent host
bone entrapment (40%) were seen. Histological grad-
ing revealed grade 1 (53%) and grade 2 (45%). The

EXT1 protein was normally expressed, and mutations
in IDH1 were observed in only 15% of cases. pRb sig-
nalling was deregulated by loss of p16 expression in
50% of cases, and Wnt signalling was lost in 89%.
No alterations were found in CDK4, p53, or MDM2.
Conclusions: We report the first large histological
and molecular study on periosteal chondrosarcoma
showing that histopathological examination and
molecular aberrations do not predict prognosis.
Although the mutation frequency of IDH1 was low,
we confirm the supposed relationship with central
chondrosarcoma. Moreover, we identify loss of canon-
ical Wnt signalling and deregulation of pRb signalling
as possible events contributing to its histogenesis.
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Introduction

Chondrosarcomas constitute a heterogeneous group
of cartilaginous matrix-producing neoplasms with
diverse morphological features and clinical behav-
iours.1 After osteosarcomas, they are the most com-
mon primary malignant tumours of bone.2

Conventional chondrosarcomas are classified accord-
ing to their site of origin in the bone.1 Seventy-five
per cent arise in the medulla, and are termed conven-

tional central chondrosarcomas. Approximately 10%
of conventional chondrosarcomas arise secondarily in
a pre-existing benign osteochondroma at the surface
of the bone, and are designated as secondary periph-
eral chondrosarcoma.1 In addition to conventional
chondrosarcomas, some rare chondrosarcoma sub-
types are recognized, including dedifferentiated
(~10%), clear cell (<2%) and mesenchymal (<2%)
chondrosarcomas.1 In addition, periosteal chondro-
sarcoma, previously known as juxtacortical chondro-
sarcoma, was first described by Lichtenstein in 1955,
and accounts for <1% of chondrosarcomas. It is
defined by the World Health Organization (WHO) as
‘a malignant hyaline cartilage neoplasm, which
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occurs on the surface of bone and originates from the
periosteum’.1

So far, radiological and histological diagnostic crite-
ria for periosteal chondrosarcoma have been based
on small series and case reports. Moreover, its molec-
ular background was largely unknown until muta-
tions in isocitrate dehydrogenase 1 (IDH1), which is
involved in the tricarboxylic acid cycle, were reported
in central and periosteal chondrosarcomas.3,4 How-
ever, only 10 periosteal chondrosarcomas have been
reported so far, six of which carried a hotspot muta-
tion in IDH1.3–5 In contrast, peripheral cartilaginous
tumours are caused by inactivating germline muta-
tions or somatic homozygous deletion of the genes
encoding exostosis (multiple)-1 (EXT1) or exostosis
(multiple)-2 (EXT2), which catalyse the biosynthesis
of heparan sulphate proteoglycans involved in signal-
ling pathways, especially in the normal growth
plate.6–8 The involvement of EXTs in periosteal chon-
drosarcoma has not been investigated so far. Interest-
ingly, loss of b-catenin, an important player in the
Wnt signalling pathway, which is essential for bone
homeostasis, was shown to induce multifocal perio-
steal chondroma-like masses in mice.9 In conven-
tional chondrosarcoma, the pRB and TP53 pathways
are involved in progression towards higher
histological grade, but their significance in periosteal
chondrosarcoma is unknown.10

As diagnostic criteria are based on small series and
case reports, and larger series are so far lacking, we
collected 38 periosteal chondrosarcomas from the
archives of the Netherlands Committee on Bone
Tumours (NCBT) and evaluated their histological fea-
tures. Additionally, we evaluated the involvement of
the IDH and EXT genes, as well as the Wnt–b-cate-
nin, pRB (CDK4 and p16), and TP53 (p53 and
MDM2) pathways.

Materials and methods

S E L E C T I O N C R I T E R I A

Forty-eight cases of cartilaginous neoplasm previ-
ously diagnosed as periosteal chondrosarcoma were
collected. Forty-four cases were retrieved from the
archives of the NCBT; diagnosis was made by joint
assessment by radiologists and pathologists. The
archives of the NCBT contain clinical, radiological
and histological material of ~17 000 bone tumours
and tumour-like lesions of bone, collected since
1953. Four cases were added from the electronic
patient database of the Leiden University Medical
Centre. All material was handled according to the

ethical guidelines described in the Code for Proper
Secondary Use of Human Tissue in The Nether-
lands.
All cases were reviewed by two experienced bone

tumour pathologists (P.C.W.H. and J.V.M.G.B.), and
the diagnostic criteria of the 2013 WHO classifica-
tion1 were used. Lesions additionally had to meet at
least one of the following criteria: size of ≥50 mm,
cortical invasion, or soft tissue extension. Radio-
graphs were reviewed by one experienced bone
tumour radiologist (H.K.).

P A T I E N T D A T A

Detailed clinical data, including age, duration of com-
plaints, symptoms, and treatment, were collected for
each case from the files, and have been recently pub-
lished.11 Follow-up data were available for 30
patients, and were updated by consulting patient
records up to their discharge from postoperative
examinations.

H I S T O L O G Y

Haematoxylin and eosin (H&E)-stained sections from
resections, excisions or biopsies were available for 38
cases. Architectural and cytological parameters12

were systematically scored by an experienced bone
tumour pathologist (J.V.M.G.B.), including matrix
(percentage of hyaline and mucoid–myxoid differenti-
ation), cellularity (low, moderate, and high), cell dis-
tribution, secondary periosteal bone formation,
calcification, encasement, cortical extension, host
bone entrapment (assessed when medullary extension
was present), nuclear polymorphism, binucleated cells
[≤2/>2 per 10 high-power fields (HPFs)], mitosis
(present or absent, per 10 HPFs), and nuclei and
chromatin (percentage of condensed nuclei and open
chromatin differentiation). In addition, we evaluated
endochondral ossification, formation of a neocortex,
medullary extension, and visible nucleoli. Cases were
also graded according to the grading system for chon-
drosarcomas postulated by Evans et al.,13 which was
adopted by the WHO in 2013.1

I M M U N O H I S T O C H E M I S T R Y

Formalin-fixed paraffin-embedded material after decal-
cification was available for 24 cases. Immunohisto-
chemistry was used to study IDH1 R132H, b-catenin,
EXT1, p16, CDK4, p53, and MDM2. For all immuno-
histochemical staining, negative controls were
included with 1% phosphate-buffered saline/bovine
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serum albumin instead of the first antibody. The anti-
bodies used, antibody concentrations, antigen retrie-
val, positive controls and other antibody
specifications are described in Table S1. Slides were
semiquantitatively scored for cytoplasmic and/or
nuclear staining (0, negative; 1, weak; 2, moderate;
3, strong) and for the percentage of positive cells (0,
0%; 1, 1–24%; 2, 25–49%; 3, 50–74%; 4, 75–100%)
independently by two observers (A.H.G.C. and
J.V.M.G.B.), who later reached consensus on each
score for which there was a discrepancy. Scores were
added, and cut-off levels for rendering a case positive
for statistical analysis were applied (sum of score of
≥2 for IDH1 R132H, EXT1, CDK4, p16, and MDM2;
sum of score of ≥3 for p53 and b-catenin). For p16,
endothelial cells served as an internal positive control
to determine whether p16-negative tumours were
truly negative or negative because of decalcification.
Samples without an internal positive control were
excluded from the analysis for p16. For b-catenin,
only nuclear staining in at least 25% of the tumour
cells14 was regarded as positive in the final analysis.
Cases with only cytoplasmic staining or no staining
at all were regarded as negative.

G E N O M I C A N A L Y S I S

Genomic DNA was isolated from 23 cases by the use
of whole slides or microdissection to obtain at least
80% tumour cells. One case was omitted because of
insufficient viable tumour cells, on the basis of H&E-
stained slides. DNA was isolated as decribed previ-
ously.15 Conventional Sanger sequencing of exon 4 of
IDH1 and exon 4 of IDH2, as well as a more sensitive
hydrolysis probe assay to specifically detect R132C
and R132H IDH1 mutations, were performed as
described previously4,16,17 (Table S2). Fluorescence
in-situ hybridization (FISH) was performed for MDM2
amplification in two cases showing nuclear MDM2
expression with the Histology FISH Accessory Kit
(DakoCytomation, Golstrup, Denmark), according to
the manufacturer’s protocol.

S T A T I S T I C A L A N A L Y S I S

Comparison of means between groups was per-
formed with the Mann–Whitney test. Correlations
between the studied variables were analysed with
the Pearson chi-square test or Fisher’s exact test as
appropriate. A P-value of <0.05 was considered to
be significant. All statistical analyses were performed
with IBM SPSS STATISTICS 20 (IBM, Armonk, NY,
USA).

Results

C A S E S E R I E S

The diagnosis of periosteal chondrosarcoma was con-
firmed in 44 of 48 cases by joint assessment by the
radiologist and pathologists. Four cases were excluded
because of a diagnosis that was different from the ori-
ginal one, i.e. three periosteal osteosarcomas and one
osteochondroma. An additional six cases were
excluded because either radiological or histological
material could not be used for revision. Thirty-eight
cases remained for use in this study, originating from
22 different contributing institutions.
The clinical and radiological data of our cohort

have been described elsewhere by others.11 In brief,
they were as follows. There was a slight male pre-
dominance (22 males versus 16 females). The median
age at diagnosis was 28 years (range 10–76 years).
The median diameter of the tumour was 40 mm
(range 10–125 mm). Most lesions occurred in the
metaphysis or diaphysis of the long tubular bones
(87%, n = 33), with the proximal humerus (33%)
and distal femur (33%) being most frequently
affected.
Radiologically (Figure 1A), periosteal chondrosar-

coma presented as osteolytic lesions with lobulated
morphology, a thinned underlying cortex, and a
periosteal reaction, and were covered, at least in part,
by a peripheral calcified shell. Lesions <50 mm radio-
logically showed cortical invasion and/or soft tissue
extension. Macroscopic examination typically showed
tumour lobules extending into the surrounding soft
tissue (Figure 1B,C) and infiltration of the underlying
cortical bone (Figure 1D). Nine patients received local
treatment (eight intralesional excisions and one mar-
ginal excision), and 29 patients received extended
treatment consisting of wide en-bloc resection or
amputation. The median follow-up for 30 patients for
whom data were available was 2.5 years (range
0.17–23 years). Residual tumour was found in nine
patients. Two of 30 patients (6.7%) developed metas-
tases after initial intralesional excision, one after
2 years of initial treatment and the second after
17 years. One of these also developed local recur-
rence. Both patients with metastasis had grade 2
tumours; the tumour sizes were 30 and 42 mm.

H I S T O L O G I C A L A N A L Y S I S

On low-power microscopy (Figure 2A), periosteal
chondrosarcomas presented as a lobulated cartilage
mass, in which cells were irregularly distributed in
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87% (33/38) and embedded within a predominantly
mucoid–myxoid matrix in >60% (Figure 2B,C).
Lesions were moderately to highly cellular in 92%
(35/38), with low to moderate nuclear pleomorphism
in 90% (34/38), with readily seen binucleated cells in
66% (25/38), and with condensed nuclei in 61%
(23/38) (Figure 2D). Nucleoli were seen in 55% (21/
38), and mitoses were seen in 42% (16/38). A small
majority (53%, 20/38) of cases showed grade 1 mor-
phology, and 45% (17/38) and 2% (1/38) showed
grade 2 and grade 3 morphology, respectively.13 Sec-
ondary bone formation and calcification were seen in

71% (27/38) and 55% (21/38), respectively. Cortical
invasion (Figure 2E) was seen in 69% (26/38), with
host bone entrapment in 40% (four of 10 cases in
which this could be assessed). Neocortex formation,
the formation of a layer of compact mature bone sur-
rounding the tumour (Figure 2F), is a feature uncom-
mon to other subtypes of chondrosarcoma, and was
seen in 42% (16/38). Endochondral ossification and
encasement were not often seen (18% and 21%,
respectively). None of the histological features, includ-
ing histological grading, was associated with the
development of metastasis or local recurrence (data
not shown).

M O L E C U L A R A N A L Y S I S

Isocitrate dehydrogenase mutation analysis was suc-
cessful in 12 of 23 cases, one of which harboured the
IDH1 R132C mutation, as detected both by conven-
tional Sanger sequencing and by hydrolysis probe
assay (Table S3). Immunohistochemistry for IDH1
R132H revealed one additional mutation in a case
for which DNA extraction failed (Figure 3A; Table
S4). Cytoplasmic expression of EXT1 was observed in
all cases, suggesting normal function of EXT and an
absence of EXT-inactivating mutations (Figure 3B).
Nuclear b-catenin staining was found in only two of
18 cases, with 89% showing loss of b-catenin expres-
sion (Figure 3C; Table S4). p16 expression was lost
in 50% (8/16) (Figure 3D; Table S4). Nuclear expres-
sion of CDK4 was absent in all cases (Table S4). Two
cases showed nuclear expression of MDM2 (Table
S4); however, gene amplification was absent, as dem-
onstrated by FISH analysis (data not shown). p53
showed wild-type staining (Table S4), and mutation
analysis for TP53 in five cases with slightly increased
nuclear expression of p53 revealed no mutations
(data not shown). None of the molecular features was
associated with histological grade, the development of
metastasis, or local recurrence (data not shown).

Discussion

A PubMed search of the English-language literature
for ‘periosteal chondrosarcoma’ and ‘juxtacortical
chondrosarcoma’ resulted in available full-text articles
with, in total, 109 cases from 1955 until 2013,
including a few small series containing up to 24
cases18–24 and case reports.25–41 Using the archives
of the NCBT, we collected a relatively large series of
38 periosteal chondrosarcomas, for which clinicora-
diological features have been described elsewhere by

A B

C D

Figure 1. A, In the right proximal humeral metaphysis, there is a

periosteally located large lobulated cartilage tumour (white arrow-

head) with a maximum diameter of 55 mm, extending into the soft

tissue (T1-weighted gadolinium magnetic resonance image). B,

Macroscopic image of the periosteal cartilage tumour shown in (A).

The black arrowhead indicates erosion of the cortex. C, D, Macro-

scopic image showing a periosteal lobulated cartilage tumour with

erosion (C) and invasion (D) of cortical bone (black arrowhead). B,

C, D, Black box from left to right = 10 mm.
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others.11 Here, we report their histological and
molecular features.
Periosteal chondrosarcoma is a rare chondrosarco-

ma subtype that predominantly affects the long tubu-
lar bones, especially the distal femur, followed by the
humerus. It has a peak in the third decade, with a
wide age range (9–79 years in all cases retrieved
from the literature), and a male predominance
(including our own series: in total, 97 males and 50
female patients).
The main differential diagnosis includes periosteal

chondroma, for which local excision is sufficient.42

Periosteal chondrosarcoma and periosteal chondroma
can show overlapping radiological and histological fea-
tures. A size exceeding 50 mm and/or invasion of the
underlying cortical bone have been reported as criteria
for diagnosing periosteal chondrosarcoma.1,19,43 Perio-
steal chondrosarcomas smaller than 50 mm have been
reported;24–26,31,34,35,39,41 in these cases, the presence
of cortical invasion and/or soft tissue extension favours
malignancy. Histologically, we observed cortical inva-
sion in the majority of our cases, favouring periosteal
chondrosarcoma. In addition to invasion of the under-
lying cortex, periosteal chondrosarcomas frequently

A B

C D

E F

Figure 2. A, Periosteal chon-

drosarcoma with lobulated

architecture. B, C, Tumour

cells in a mucoid–myxoid

changed matrix. D, Binucle-

ated tumour cells and con-

densed nuclei. E, Cortical

invasion of the tumour (black

arrowhead). F, Formation of

neocortex surrounding the

tumour (black arrowheads).

A B

C DFigure 3. Immunohistochemis-

try showing IDH1 R132H

expression in tumour cells (A),

EXT1 cytoplasmic expression

in tumour cells (B), loss of

nuclear b-catenin expression in

tumour cells (C), and loss of

nuclear p16 expression in

tumour cells (D).
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show formation of a neocortex, soft tissue extension,
increased cellularity, multinucleated cells, mitotic fig-
ures, and more prominent cytonuclear atypia mani-
fested by nuclear pleomorphism and hyperchromasia,
as also reported previously.24,44,45

Periosteal chondrosarcomas should also be distin-
guished from secondary peripheral chondrosarcomas.
In the latter, the medulla of the underlying bone is con-
tinuous with that of the stalk of the lesion, whereas in
periosteal chondrosarcoma the underlying cortex can
usually still be recognized. Moreover, periosteal osteo-
sarcoma, which is often of the chondroblastic subtype,
should be considered in the differential diagnosis, as it
has a much worse prognosis.19,46 Direct deposition of
osteoid by tumour cells is, by definition, absent in
periosteal chondrosarcoma,1,28,39,47 and the cartilagi-
nous areas in periosteal osteosarcomas show more
severe cytonuclear pleomorphism than those in perio-
steal chondrosarcoma.
Periosteal chondrosarcoma has a relatively low

metastatic rate [5% in the current series, as compared
with 10 of 82 patients (12.2%) retrieved from the lit-
erature], and metastases especially involve the
lungs,19,24,36 and rarely the lymph nodes.27 As
metastases have been described 18 years after initial
treatment,24 periosteal chondrosarcoma may seem to
have a prolonged clinical course, necessitating long-
term follow-up. None of the histological or molecular
features that we systematically analysed were associ-
ated with the occurrence of metastases. Importantly,
histological grading was also not predictive of out-
come. This suggests that, unlike in previous reports,
in our series histological grading of periosteal chon-
drosarcoma is of no prognostic value.11,24,27 How-
ever, it must be noted that the median follow-up
period of 2.5 years in this series is relatively short,
and that only two patients developed metastases,
hampering meaningful correlative studies.
As molecular studies on larger series of periosteal

chondrosarcomas have not been reported, we evalu-
ated the involvement of the IDH and EXT genes,
which are known to be involved in conventional cen-
tral and peripheral cartilaginous tumours, respec-
tively. Whereas IDH mutations have been reported in
~50% of conventional central chondrosarcomas,3,4

only a small subset (15%) of the periosteal chondro-
sarcomas in our series were positive. This is lower
than the prevalence (in total, six of 10) of these
mutations previously reported.3–5 Mutations in codon
100 of IDH1 have been described in gliomas with no
other mutations in IDH1 or IDH2;16 however, we
also did not detect IDH1 R100Q mutations in our
series. Inactivation of EXT1 or EXT2 underlies the

development of osteochondroma, causing a subset of
tumour cells to be negative for the EXT protein.48 As
the protein was normally expressed, periosteal chon-
drosarcoma seems to be unrelated to osteochondroma
and secondary peripheral chondrosarcoma. Loss of b-
catenin, an important player in the Wnt signalling
pathway, has been shown to induce multifocal perio-
steal chondroma-like masses in mice.9 Indeed,
nuclear expression of b-catenin was lacking in the
vast majority of human periosteal chondrosarcomas.
We previously demonstrated nuclear b-catenin stain-
ing in 53% of osteochondromas and 19% of grade 1
peripheral chondrosarcomas, whereas it was absent
in high-grade peripheral chondrosarcomas.49 Among
central tumours, 17% of enchondromas were positive,
whereas 47% of atypical cartilaginous tumour/grade
1 chondrosarcomas were positive, 29% of grade 2
chondrosarcomas were positive, and 11% of grade 3
chondrosarcomas were positive. Thus, canonical Wnt
signalling seems to decrease with increasing histologi-
cal grade in conventional chondrosarcoma, whereas
it is generally low in periosteal chondrosarcoma.
In conventional chondrosarcoma, the pRb and TP53

pathways are involved in progression towards higher
histological grade.10 In our series of periosteal chon-
drosarcomas, we detected loss of protein expression of
p16 in 50% of the cases, whereas no alterations were
found in CDK4, TP53, or MDM2. Loss of the cell cycle
regulator CDKN2A/p16/INK4A was previously indi-
cated to play an important role in central chondrosar-
coma progression.50,51 Here, we demonstrate that the
pRb pathway is also deregulated by loss of p16 expres-
sion in half of the periosteal chondrosarcomas. Cur-
rently, there are no data available on the pRb or TP53
pathways in periosteal chondromas to compare with
our series of periosteal chondrosarcomas.
In summary, we report the first relatively large histo-

logical and molecular study on periosteal chondrosar-
coma showing that histopathological examination,
including grade and molecular aberrations, does not
predict prognosis. Although the mutation frequency of
IDH1 was low, we have confirmed the supposed rela-
tionship with central chondrosarcoma. Moreover, we
have identified loss of canonical Wnt signalling and
deregulation of pRb signalling by loss of p16 expression
as possible events contributing to its histogenesis.
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