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The distinction between benign and malignant cartilaginous tumors located peripherally in the bone may be a

challenging task in surgical pathology. The aim of this study was to investigate interobserver reliability in

histological diagnosis of cartilaginous tumors in the setting of multiple osteochondromas and to evaluate

possible histological parameters that could differentiate among osteochondroma, low- and high-grade

secondary peripheral chondrosarcoma. Interobserver reliability was assessed by 12 specialized bone-tumor

pathologists in a set of 38 cases. Substantial agreement on diagnosis among all the reviewers was observed

(intraclass correlation coefficient¼ 0.78). Our study confirmed that mitotic figures and nuclear pleomorphism

are hallmarks of high-grade secondary peripheral chondrosarcoma. However, despite the substantial

agreement, we demonstrated that histology alone cannot distinguish osteochondroma from low-grade

secondary peripheral chondrosarcoma in the setting of multiple osteochondromas, as nodularity, the presence

of binucleated cells, irregular calcification, cystic/mucoid changes and necrosis were not helpful to indicate

malignant transformation of an osteochondroma. On the other hand, among the concordant cases, the cartilage

cap in osteochondroma was significantly less thicker than in low- and high-grade secondary peripheral

chondrosarcoma. Therefore, our study showed that a multidisciplinary approach integrating clinical and

radiographical features and the size of the cartilaginous cap in combination with a histological assessment are

crucial to the diagnosis of cartilaginous tumors.
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Multiple osteochondromas, alternatively called
multiple hereditary exostoses, is an autosomal
dominant disorder with a prevalence estimated at
1 in 50 000,1 and is caused by mutations in EXT1 at
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8q24 or EXT2 at 11p11-13.2 Multiple osteochondro-
mas develop during skeletal growth and is char-
acterized by shortened long bones and formation of
multiple cartilage-capped bony projections from the
metaphyses of endochondral bones adjacent to the
growth plate.3 Osteochondroma can eventually
transform into a secondary peripheral chondrosar-
coma in 1–3% of patients with multiple osteochon-
dromas.2

Secondary peripheral chondrosarcomas are malig-
nant cartilage-producing tumors and comprise
B15% of all conventional chondrosarcomas in
tertiary referral centers.4 Patients with secondary
peripheral chondrosarcomas show a diverse clinical
course, ranging from slow insidious tumor growth
to rapid neoplastic progression, especially when
located in pelvis, shoulder and hip.5 Secondary
peripheral chondrosarcomas are often low-grade
malignant tumors, ie, grade-I chondrosarcomas
according to the Evans grading system,6 and are
treated by limb salvage surgery with a wide or even
with a marginal resection.7

The lack of consistent and reproducible criteria to
determine neoplastic transformation in multiple
osteochondromas often raises diagnostic dilemmas
in differentiating osteochondroma from low-grade
secondary peripheral chondrosarcoma. The malig-
nant potential of an osteochondroma is often
estimated by the thickness of its cartilage cap and
the evidence of tumor growth in a skeletally mature
patient.8 Cap thickness greater than 2 cm in patients
with fused growth plates should be considered
suspicious for progression of an osteochondroma
to a chondrosarcoma.9 Moreover, cap thickness
greater than 2 cm strongly indicates secondary
peripheral chondrosarcoma.10,11 Additionally, a
wide range of histological parameters is described
to determine malignant transformation of an osteo-
chondroma, ranging from the formation of nodules
to the presence of mitotic figures and cystic
cavities.12 For a general pathologist, the application
of these criteria is often difficult, which gives room
for a subjective interpretation. Therefore, identifying
stringent and reproducible histological criteria may
help the interpretation of peripheral cartilaginous
tumors by general pathologists.

As no ‘gold standard’ exists to directly assess
tumor grade, prediction of peripheral cartilaginous
tumor behavior cannot be ensured. Consequently, an
initial step in the process of defining histological
parameters for guiding the diagnosis of peripheral
cartilaginous tumors in the setting of multiple
osteochondromas is to assess diagnostic reliability,
as measured by intraclass correlation coefficient.13 A
second step is to identify common histological
criteria among the concordant cases, aiming to have
histological parameters that characterize each tumor
type. This study evaluated diagnostic concordance
among a panel of experienced bone-tumor patholo-
gists. Histological parameters noted to be of diagnostic
value in the literature were then systematically

evaluated among the concordant cases to give the
best guidance on diagnosing peripheral cartilagi-
nous tumors in the setting of multiple osteochon-
dromas.

Materials and methods

Cases Studied

Patients with multiple osteochondromas admitted
to Leiden University Medical Center between
1985 and 2009 with either osteochondroma
or secondary peripheral chondrosarcoma were
retrieved from our database. Cases with neither
radiological documentation nor clinical information
were excluded as well as cases with local recur-
rences and not enough material for histological
examination. All the original diagnoses were
made at the Leiden University Medical Center.
In addition, 20 cases were further confirmed in
multidisciplinary discussions organized by the
Netherlands Committee on Bone Tumors, a national
multidisciplinary committee for consultation on
diagnosis and treatment of musculoskeletal tumors
and tumor-like lesions.

Medical records were studied to identify patient
age, gender and tumor location. Imaging studies,
including plain radiographs, magnetic resonance
images and/or computed tomography scans, were
available in 29 cases. The cartilage cap thickness was
measured by a bone-tumor radiologist (HMK) in
accordance with Bernard et al.11 Briefly, the cap
thickness was assessed by measuring the thickest
portions of the cartilage cap perpendicular to the
boundary between the medullary space of the
osteochondroma stalk. For each case, at the mini-
mum one complete section through the whole
lesion including the maximal diameter of the
cartilaginous cap was submitted for histology.
Representative histological sections were subse-
quently selected for each case and were randomly
labeled from 1 to 38. All the unique identifiers were
removed to protect patient anonymity. The study
was performed according to the ethical guidelines in
the Code for Proper Secondary Use of Human Tissue
in the Netherlands (Dutch Federation of Medical
Scientific Societies).

Interobserver Variability

Case series reviewers were 12 pathologists (CE A;
SR; AER; BRD; BLA; CYI; EH; EFM; MAIG; NAA;
PCWH and JVMGB) selected for their expertise in
bone-tumor pathology. The case series consisted of
(1) an excel file with clinical information, in which
the diagnosis, tumor grade and any possible remarks
were asked to be filled in, (2) digitized imaging
studies and (3) glass slide from each case. Many
pathologists classified malignant secondary periph-
eral cartilaginous lesions into grade-I, -II or -III. Few
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reviewers used grades of low-grade malignant or
high-grade malignant tumors. To have a common
classification, grade-I tumors were considered low-
grade malignant and grade-II and -III were consid-
ered as high-grade.

Histopathology

The most common criteria noted to be of diagnostic
value in the literature to distinguish osteochondro-
ma, low-grade secondary peripheral chondrosarco-
ma, high-grade secondary peripheral chondrosar-
coma and de-differentiated chondrosarcoma were
evaluated among the concordant cases by three
pathologists (CEA, JVMGB and PCWH). Concordant
cases were defined as those that had an agreement of
greater than 75% among the 12 pathologists. The list
of histological parameters included: cellularity (high-
or low cellular), the presence/absence of binucleated
cells, nuclear pleomorphism, calcification or irregu-
lar mineralization, nodularity, permeation of trabe-
cular bone, cystic/mucoid changes, necrosis and
mitotic figures.3,12

Histological parameters were defined as follows:

� Cellularity: High cellularity was defined as a cell-
rich lesion with closely packed cells with scant
extracellular matrix in between. Low cellularity
was defined as a matrix-rich lesion in which the
cells were more distant from each other.

� Binucleated cells were defined as having two
nuclei of a normal size sharing the same cyto-
plasm.

� Nuclear pleomorphism was defined as variation in
nuclear size (three times normal size) and shape.

� Irregular calcification was interpreted as coarse
and irregular areas of calcification (Figure 1d).

� Nodularity was defined by the presence of
nodule(s) connected with the main lesion and
separated from each other by cellular fibrous septa
(Figure 1a).

� Permeation of trabecular bone was defined by
tumor filling up the trabecular marrow space
entrapping pre-existing lamellar bone trabeculae.14

� Cystic/mucoid changes were defined as areas
or cystic spaces containing mucoid material
(Figure 1b).

� Necrosis was identified by the presence of
necrotic chondrocytes appearing as nuclei loosing
hematoxylin staining (Figure 1c).

� Presence of mitotic figures was recorded when-
ever any mitotic figures were seen in any field at
any rate.

Statistical Analysis

Intraclass correlation coefficients were calculated in
a two-way random effects model to determine
interobserver reliability among the 12 pathologists
using the SPSS 16.0. software package (IBM,

Somers, NY, USA). Intraclass correlations are
equivalent to weighted k coefficients with quadratic
weights.13 Intraclass correlation coefficients were
calculated for the agreement on diagnosis of osteo-
chondroma, low-grade secondary peripheral chon-
drosarcoma, high-grade secondary peripheral
chondrosarcoma and de-differentiated chondrosar-
coma. Interpretation of intraclass correlation
coefficients was performed according to Landis
and Koch.15 A k value below 0.20 is considered
poor, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80
substantial and 0.81–1.00 very good.15 One-
way ANOVA was used to evaluate statistical
differences of the cartilage cap thickness among
the cases. Additionally, adjusted w2- test was
used to determine whether there are significant
differences between the histological criteria in each
tumor type.

Results

Thirty-eight tumors from 29 patients were included
in the study. Clinical information and thickness of
the cartilage cap of the 38 cases are summarized in
Figure 2. None of the studied patients showed
adverse outcome (metastases or death of disease)
up to the study period (range 24–312 months, mean
148.8). Two patients had local recurrence.

Interobserver Variability in Diagnosis

The intraclass correlation coefficient for interobser-
ver reliability was 0.78 (95% confidence interval:
0.694–0.859), which indicated substantial agreement.
High diagnostic concordance (agreement Z75% by
all the reviewers) was observed in 31 cases (Figure 2).
Among these concordant cases, 25 cases were
diagnosed as osteochondroma, three cases as low-
grade secondary peripheral chondrosarcoma, two
cases as high-grade secondary peripheral chondro-
sarcoma and one case as de-differentiated chondro-
sarcoma. Diagnostic concordance was not reached in
seven cases (agreement o75% by all the reviewers)
(Figure 2). All the non-concordant cases were
diagnosed by the Netherlands Committee on Bone
Tumors as being low-grade secondary peripheral
chondrosarcoma. Additionally, cases number
6 and 10 were described by the Netherlands
Committee on Bone Tumors as progressing to high-
grade lesions. Case 6 had a cartilage cap thickness of
6 cm and neither mitotic figures nor nuclear pleo-
morphism were found. Case 10 had a cartilage
cap thickness of 10 cm and only nuclear pleomorph-
ism was identified. These two cases had a local
recurrence after surgery. One lesion (case 9) had a
large spindle cell component, which was interpreted
as de-differentiated chondrosarcoma by 10/12 pathol-
ogists.
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Diagnostic Value of Histological Parameters

All concordant cases were systematically evaluated
by three bone-tumor pathologists (CEA, JVMGB and
PCWH) and data are shown in Table 1. Interestingly,
among osteochondromas, binucleated cells, irregu-
lar calcification and necrosis were observed in 72%
of the cases (Figures 1a–d). Additionally, nodularity
and cystic/mucoid changes were identified in 56%
and 76% of the osteochondroma cases, respectively
(Figures 1a and b). All these histological parameters
were also seen in low- and high-grade secondary
peripheral chondrosarcomas (Figures 3a–f). Charac-
teristically, mitotic figures at any rate and nuclear
pleomorphism were only observed in high-grade
secondary peripheral chondrosarcoma. Singly or
collectively, no significant differences were ob-
served between the histological criteria in each
tumor type (Table 1). Only the presence of mitotic
figures and nuclear pleomorphism in high-grade
secondary peripheral chondrosarcoma were signifi-

cantly different compared with osteochondroma and
low-grade secondary peripheral chondrosarcoma
(Po0.001). Permeation of trabecular bone was not
observed in any case.

Diagnostic Value of Cartilage Cap Thickness

The average of cartilage cap thickness was 0.82 cm
(ranged from 0.1 to 2 cm) in osteochondromas,
3.83 cm (ranged from 2.5 to 5 cm) in low-grade
secondary peripheral chondrosarcomas and 5.50 cm
(ranged from 2 to 9 cm) in high-grade secondary
peripheral chondrosarcomas. With regard to carti-
lage cap thickness among the concordant cases, a
statistically significant difference was found in
osteochondroma compared with low- and high-
grade secondary peripheral chondrosarcoma
(P¼ 0.001). In addition, among the concordant
cases, no significant difference was seen between
low- and high-grade secondary peripheral chondro-

Figure 1 (a–c) Histological features often observed in lesions interpreted as osteochondromas. (a) Nodularity: a nodule is connected with
the main lesion (a1) and separated from the main lesion by fibrous septa (a2). (b) Cystic changes (areas of cystic spaces containing mucoid
material) are irregularly distributed in the osteochondroma cartilage cap. (c) Necrosis: necrotic chondrocytes appeared as swollen nuclei
that lost haematoxylin staining. (d) Irregular calcification: coarse and irregular calcification is often seen.
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sarcoma (P¼ 0.272). Among the non-concordant
cases (Figure 2), the average of cartilage cap
thickness varied from 1 to 10 cm.

Discussion

Analyses of a series of peripheral cartilaginous
tumors in the setting of multiple osteochondromas
by 12 experienced bone-tumor pathologists
showed that there was a substantial agreement on
diagnosis among all the reviewers. We here confirm
that mitotic figures and nuclear pleomorphism
are hallmarks of high-grade secondary peripheral
chondrosarcoma, and that a malignant spindle cell
component indicates de-differentiated peripheral
chondrosarcoma.

We previously assessed interobserver variability
in central cartilaginous lesions.16,17 Similar intra-
class correlation coefficient was found for diagnos-
ing central and peripheral lesions (in both 0.78).17

For central lesions, we were able to identify five
parameters (high cellularity, presence of host bone
entrapment, open chromatin, mucoid matrix quality
and age above 45 years) that could optimally
differentiate between enchondroma and low-grade
central chondrosarcoma, of which mucoid/myxoid

matrix degenerative changes and host bone entrap-
ment were the most important.17 The present
study, however, demonstrates that these criteria
cannot be applied for cartilaginous tumors in the
setting of multiple osteochondromas. In addition,
we show that histology alone cannot distinguish
osteochondroma from low-grade secondary periph-
eral chondrosarcoma as nodularity, the presence
of binucleated cells, irregular calcification, cystic/
mucoid changes and necrosis were not helpful to
indicate malignant transformation of an osteochon-
droma.

Instead, our results emphasize that evaluation of
the size of the cartilage cap at radiology and gross
pathology is crucial. Among the concordant cases,
osteochondromas had a significantly thinner carti-
lage cap compared with secondary peripheral
chondrosarcomas. This reinforces the general con-
sensus of distinguishing osteochondroma from low-
grade secondary peripheral chondrosarcoma by
cartilage cap thickness.11 A standardized measuring
technique with computed tomography and magnetic
resonance imaging has been described to assess the
cartilage cap thickness.11

Histologically, nodularity was observed in about
half of osteochondromas. Nodules in osteochondro-
mas have previously been considered a feature of

Figure 2 Chart displaying the raw data from pathologists and clinical details of the 38 cases to study interobserver reliability. Concordant
cases show agreement among the 12 pathologists greater than 75% (dashed line). Asterisk indicates cases with local recurrence.
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malignant transformation.12,18,19 Interestingly, cases
21, 27 and 28 showed disagreement on distinguish-
ing benign from low-grade malignant. Although the
thickness of the cartilage cap in these three cases is
not increased (1, 1.5 and 0.5 cm, respectively), they
display histological and radiological features of
nodularity. The presence of nodularity in these
tumors possibly led some pathologists to interpret
this as suspicious for low-grade sarcoma. On the

other hand, the thin cartilage cap of case 28 has
probably influenced the decision of most patholo-
gists to sign it out as a benign lesion. Although
treatment planning was beyond the scope of this
study, the presence of nodularity on imaging may
have been interpreted as a sign suspicious of
malignant transformation leading to subsequent
resection. In the magnetic resonance imaging scan,
nodules are often associated with vascularized septa

Table 1 Histological parameters scored among the concordant cases

Osteochondromas
(n¼25)

Low-grade secondary
peripheral chondrosarcomas

(n¼ 3)

High-grade secondary
peripheral chondrosarcomas

(n¼ 2)

P

No. % No. % No. %

Cellularity 0.260
Low 14 56 1 33 0
High 11 44 2 67 2 100

Binucleated cells 0.401
Present 18 72 3 100 2 100
Absent 7 28 0 0

Nuclear pleomorphism o0.001a

Present 0 0 2 100
Absent 25 100 3 100 0

Calcification/irregular mineralization 0.401
Present 18 72 3 100 NA
Absent 7 28 0 NA

Nodularity 0.176
Present 14 56 3 100 2 100
Absent 11 44 0 0

Permeation of trabecular bone NA
Present 0 0 0
Absent 25 100 3 100 2 100

Cystic/mucoid changes 0.472
Present 19 76 3 100 2 100
Absent 6 24 0 0

Necrosis 0.401
Present 18 72 3 100 2 100
Absent 7 28 0 0

Mitosis o0.001a

Present 0 0 2 100
Absent 25 100 3 100 0

NA, not evaluable.
a
Statistically significant (adjusted w2 test).

Figure 3 (a-f) Lesion interpreted as low-grade secondary peripheral chondrosarcoma by the majority of the study pathologists (Case 31).
(a) Antero-posterior conventional radiograph of the proximal femur. Ossifying and calcifying mass in close relation to the surface of the
femur. Arrow indicates the stalk of the original osteochondroma. (b) Coronal T1-weighted magnetic resonance imaging after intravenous
administration of contrast. Large soft-tissue mass anterior and lateral to the femur with a serpentine pattern of enhancement
characteristic of a chondromatous tumor, in this case the soft-tissue extension of a secondary chondrosarcoma arising from an
osteochondroma. (c) Axial T1-weighted, magnetic resonance imaging after intravenous administration of contrast shows a secondary
chondrosarcoma arising from an osteochondroma. The stalk of the original osteochondroma arises from the latero-posterior surface the
proximal femur. Large soft-tissue mass, lateral and anterior of the femur with a serpentine pattern of enhancement characteristic of a
chondromatous tumor. (d) Large lobules of cartilage contained closely arranged cells in lacunae define the lesion. (e, f) Cystic changes are
often observed, and no nuclear pleomorphism or mitotic figures are seen.
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with high-intensity signal and are found in low-
grade chondrosarcomas and in active cartilaginous
lesions.17

Considering that Leiden University Medical Cen-
ter is a tertiary hospital for treatment of bone tumors
in the Netherlands, we cannot exclude that our
series is slightly biased toward lesions that are more
prone to malignant transformation. The major
limitation of our study is the lack of ‘gold-standard’
to distinguish osteochondroma from low-grade
secondary peripheral chondrosarcoma, which has
hampered the case selection. Low-grade secondary
peripheral chondrosarcomas rarely metastasize and
high-grade secondary peripheral chondrosarcomas
are extremely rare. A selection of a set of cases with
an equal ratio of benign, low- and high-grade tumors
was therefore not feasible. Despite their rarity, we
showed that high-grade secondary peripheral chon-
drosarcomas were distinguished from low-grade
lesions by the presence of mitotic figures at any rate
and nuclear pleomorphism, which is in line with
previous literature.12,18

Histologically, osteochondroma and low-grade
secondary peripheral chondrosarcoma in the setting
of multiple osteochondromas were not distinguished
by the presence of binucleated cells, irregular
calcification, cystic/mucoid changes and focal ne-
crosis. It has been described that osteochondromas
occasionally have binucleated cells.3 Radiographi-
cally, areas of calcification in osteochondromas
become disorganized and irregular, as the patient
grows older.10 Cystic/mucoid changes are related to
degenerative processes, such as mucinous degenera-
tion. Similar degenerative processes have been
described in osteoarthritis.18 Necrosis most likely is
secondary to ischemia, as the cartilage cap is not
vascularized and often traumatized.20

Sporadic peripheral cartilaginous tumors are
histologically indistinguishable from peripheral
cartilaginous tumors occurring in the setting of
multiple osteochondromas.21 It is therefore most
likely that we can extrapolate our findings indicat-
ing that histology alone is unable to confidently
differentiate sporadic osteochondroma from low-
grade sporadic secondary peripheral chondrosarco-
mas as well.

Thus, our data indicate that a multi-disciplinary
team, including pathologists, radiologists and ortho-
pedic surgeons, is critical to establish a final
diagnosis in sporadic and multiple peripheral
cartilaginous tumors. Suspicious signs for malig-
nancy in osteochondromas include tumor growth
after pubertal growth spurt and pain. Osteochon-
dromas located in the pelvis, hips and shoulders
more often undergo malignant transformation.18

On plain radiographs, malignant progression of
osteochondroma is suggested when osteolysis or
change of chondroid calcification is observed.10 In
addition, computed tomography scan might reveal
new osteolytic areas and a change in the nature of
calcifications in the periphery of osteochondromas.20

Moreover, soft-tissue swelling containing calcifica-
tion is very suggestive of the development of a
secondary peripheral chondrosarcoma on plain
radiographs and computed tomography.

The cartilage cap of peripheral cartilaginous
tumors is best evaluated by magnetic resonance
imaging with T2-weighted images using fat-selective
presaturation, which allows standardized measure-
ments of the cap. A cartilage cap thickness greater
than 2 cm in a skeletally mature patient is suspi-
cious for neoplastic transformation of osteochon-
droma.11 Additionally, magnetic resonance imaging
is used to delineate the extent of soft-tissue exten-
sion and its relation to the surrounding structures,
specifically the neurovascular bundle.10 Contrast-
enhanced magnetic resonance imaging sequences
are used to differentiate a thickened cartilage cap
from an overlying bursa.

Whole-body bone scintigraphy in adult patients
with multiple osteochondromas shows that lesions
with increased uptake of the tracer may indicate
malignant transformation.22

In summary, a review of 38 cases of peripheral
cartilaginous tumors by 12 experienced bone-tumor
pathologists showed general agreement in the dia-
gnosis of these tumors in the setting of multiple
osteochondromas. Histological parameters generally
associated with malignant transformation could not
reliably distinguish osteochondroma from low-grade
secondary peripheral chondrosarcoma. Instead, a
multidisciplinary approach integrating clinical and
radiographical features and the size of the cartilagi-
nous cap in combination with a histological assess-
ment are crucial to the diagnosis of peripheral
cartilaginous tumors.
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