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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe major enchondroma distribution patterns that were identified in this study.

2. Identify variables that are predictive for the secondary transformation of enchondroma over the lifetime of
individuals with Ollier disease or Maffucci syndrome.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Background. Enchondromatosis is characterized by the
presence of multiple benign cartilage lesions in bone.

While Ollier disease is typified by multiple enchondro-
mas, in Maffucci syndrome these are associated with
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hemangiomas. Studies evaluating the predictive value of
clinical symptoms for development of secondary chon-
drosarcoma and prognosis are lacking. This multi-insti-
tute study evaluates the clinical characteristics of
patients, to get better insight on behavior and prognosis
of these diseases.

Method. A retrospective study was conducted using clinical
data of 144 Ollier and 17 Maffucci patients from 13 European
centers and one national databank supplied by members of
the European Musculoskeletal Oncology Society.

Results. Patients had multiple enchondromas in the
hands and feet only (group I, 18%), in long bones includ-
ing scapula and pelvis only (group II, 39%), and in both
small and long/flat bones (group III, 43%), respectively.
The overall incidence of chondrosarcoma thus far is

40%. In group I, only 4 patients (15%) developed chon-
drosarcoma, in contrast to 27 patients (43%) in group II
and 26 patients (46%) in group III, respectively. The
risk of developing chondrosarcoma is increased when
enchondromas are located in the pelvis (odds ratio, 3.8;
p � 0.00l).

Conclusions. Overall incidence of development of chon-
drosarcoma is 40%, but may, due to age-dependency, in-
crease when considered as a lifelong risk. Patients with
enchondromas located in long bones or axial skeleton, es-
pecially the pelvis, have a seriously increased risk of devel-
oping chondrosarcoma, and are identified as the
population that needs regular screening on early detection
of malignant transformation. The Oncologist 2011;16:
1771–1779

INTRODUCTION
Ollier disease [1] and Maffucci syndrome [2] are both rare,
nonhereditary disorders in which patients develop multiple en-
chondromas, which are benign cartilaginous tumors in the
bone [3–5].

The diagnosis of Ollier disease, with a prevalence of one in
100,000 [6], is mainly based on clinical, radiological, and his-
tological evaluation [7]. There is asymmetrical involvement of
the extremities, with one side of the skeleton being affected
with enchondromas either exclusively or predominantly [6, 8].
Throughout their lives, patients experience a variety of differ-
ent kinds of symptoms. Medical problems like leg length dis-
crepancies or bowing deformities resulting from skeletal
deformities caused by the enchondromas become prominent
during childhood and adolescence. These deformities, mainly
developing as a consequence of the asymmetrical distribution
of the enchondromas, often require surgical correction [9, 10].
If the enchondromas are located in the small tubular bones, the
function of the hands and feet may be disabled to varying de-
grees depending on the severity of enlargement and deformi-
ties. The most severe complication is malignant transformation
of enchondromas toward secondary chondrosarcomas, for
which the reported incidence is highly variable, in the range of
5%–50% in the literature [11–15]. In addition, gliomas, acute
myeloid leukemia, and juvenile granulosa cell tumors have
been found in patients with Ollier disease [3, 16].

With Maffucci syndrome, cutaneous, soft tissue, or vis-
ceral hemangiomas are found in addition to multiple enchon-
dromas [11, 17–19]. Deformities of the bones resulting from
asymmetrical involvement of the extremities are seen, as in Ol-
lier disease. According to the existing literature, a large num-
ber of other malignancies—particularly, pancreatic and
hepatic adenocarcinoma, mesenchymal ovarian tumors, brain
tumors such as glioma and astrocytoma, and various kinds of
sarcomas—are observed with this disease [3, 15, 17, 20–22].

Mutations of the gene encoding parathyroid hormone re-
ceptor 1 (PTHR1) are found in a small subset (�10%) of pa-
tients with Ollier disease [3, 23–25]. Recently, mutations in the
gene encoding isocitrate dehydrogenase 1 (IDH1) and IDH2
were detected in solitary cartilaginous tumors as well is in pa-

tients with multiple enchondromas. These mutations might
represent early postzygotic genetic events and account for the
initiation of the disease process [16].

No specific therapy yet exists to cure these potentially dis-
abling diseases. Thus far, surgical therapy is the only available
option when complications occur, for example, pathological
fractures, growth defects, or malignant transformation.

When properly diagnosed, osteochondromas do not appear
in patients with Ollier disease or Maffucci syndrome. The
combination of multiple enchondromas and osteochondroma-
like lesions is known as metachondromatosis [3].

To gain more insight into and a better understanding of the
clinical behavior and characteristics of enchondromas in pa-
tients with Ollier disease and Maffucci syndrome, this Euro-
pean retrospective, multicenter study aimed at better defining
the presentation and characteristics of enchondromas in pa-
tients with Ollier disease and Maffucci syndrome, estimate the
cumulative probability of secondary transformation of en-
chondroma over a lifetime, and find variables significantly as-
sociated with this latter outcome and mortality. Data were
collected by the European Musculoskeletal Oncology Society
(EMSOS), a multidisciplinary society with great interest in
bone and soft tissue tumors.

METHODS

Data Collection
The objectives of this retrospective cohort study were formu-
lated and discussed at the EMSOS annual meeting in Porto,
Portugal, in 2007. A questionnaire was designed (by
S.H.M.V., J.V.M.G.B., T.C.P., P.C.W.H., and A.H.M.T.) to
collect clinical data on patients with Ollier disease and Maf-
fucci syndrome. The questionnaire was digitally sent as an Ex-
cel file to 130 EMSOS members at 76 hospitals in 26 countries
in Europe and the Russian Federation. The digital file was sent
with an accompanying manual. The questionnaire was com-
pleted by the participating physicians using patients’ clinical
files, radiological test results, and, when relevant, surgical and
histological reports.

Each worksheet was used to record the available informa-
tion of the included patients. Requested patient characteristics
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included: gender, age, family history, comorbidity, leg length
discrepancies, and bowing deformities. Abnormalities of the
spine were scored to exclude other, rare enchondromatosis
subtypes [3]. Requested radiological characteristics included:
estimated number and location of enchondromas, local cortical
destruction, soft tissue extension, scalloping, and fractures.
Requested tumor characteristics included: site and distribution
of enchondromas, development of secondary chondrosarco-
mas, histological grading in cases with biopsy or surgery, and
location and histology of vascular lesions in cases of Maffucci
syndrome. Requested surgical information included: any sur-
gery that had been performed to correct deformities or leg
length discrepancies, surgery for benign lesions, type and ex-
tent of surgery performed for malignancies, follow-up time af-
ter treatment, and prognosis with respect to metastasis,
dedifferentiation, and survival.

When more than one surgery was performed for a chondro-
sarcoma at a specific location, this was recorded as a single tu-
mor with local recurrence rather than as a second
chondrosarcoma.

Statistical Analysis
Data were collected by different institutions using the unified
Excel spreadsheets, which contained data validation and ex-
plicit definitions of all items asked. The spreadsheets were then
converted and merged to one SPSS data file for analysis
(SPSS, Inc., Chicago, IL).

Descriptive analyses consisted of tabular overviews of
means, medians, percentiles, and standard deviations. Bivari-
ate associations of discrete variables were tested in crosstabu-
lations using the likelihood ratio test or Fisher’s exact test (in
the case of low counts).

Estimates related to the occurrence in time of a specific

event, for example, death, were obtained in a survival analysis
framework. The primary approach was Kaplan–Meier estima-
tion. The primary outcome of interest was patient survival, de-
fined as the time from birth to the time of death from any cause.

A logistic regression framework was used to estimate the
probability of “being diagnosed with chondrosarcoma” as a
function of the occurrence of enchondromas at various loca-
tions in the body. To this end, binary variables were con-
structed as indicators of the presence of enchondromas on
plain x-rays in the scapula, humerus, ulna, radius, carpus,
metacarpus, phalanges of the hand, pelvis, femur, tibia, fibula,
tarsus, metatarsus, and phalanges of the feet. They were en-
tered into the model and a backward elimination of multivari-
ately nonsignificant predictors was performed.

A discriminant analysis was used for the same purpose, but
only as verification using another statistical method.

To calculate the cumulative incidence of enchondromas in
combination with chondrosarcomas over time, a competing risk
framework was used. The competing risk in this case was death
resulting from any cause. The starting point of these cumulative
incidence curve estimates was the date of birth of the patient. Be-
cause of the construction of this dataset, the probability estimates
should never be interpreted as “life-long probabilities” since birth.
This is not a cohort study following patients from birth but a study
population highly selected on the occurrence of disease, and
hence all probabilities (or proportions) have only a descriptive
meaning conditional on the disease having been diagnosed.

RESULTS
In total, 14 bone tumor referral centers and centralized national
databanks in nine different European countries contributed pa-
tient data for the study, resulting in 161 patients. Apart from non-

Table 1. Characteristics of patients with Ollier disease and Maffucci syndrome

Characteristic Ollier disease Maffucci syndrome

n of patients 144 17

Male versus female 74 versus 70 11 versus 6

Mean age (range) at first diagnosis, yrs 13 (0–59) 12 (1–65)

Mean age (range) at time of this study, yrs 31.5 (4–64) 37.9 (13–66)

Unilateral versus bilateral, % 59 versus 41 37.5 versus 62,5

Development of chondrosarcoma, % of patients 40% 53%

Occurrence of chondrosarcomas, according to the distribution
patterns of enchondromas (n of chondrosarcomas developed)

57/144 (40%) 9/17 (53%)

Unifocal chondrosarcomas 74% 67%

Multifocal chondrosarcomas 26% 33%

Mean age (range) at surgery for first chondrosarcoma, yrs 33 (10–59) 30 (14–51)

Other reported malignancies Hepatocellular carcinoma (n � 1),
glioma (n � 2)

None reported

Disease-related deaths n � 7 (5%) n � 1 (6%)

Overview of characteristics of patients with Ollier disease and Maffucci syndrome. The mean ages at first surgery were,
respectively, 33 years and 30 years; noting that the mean age at the time of the study was 32 years, the incidence of
chondrosarcoma in our patient cohort is expected to increase in the future.
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response, the primary reason for nonparticipation was a lack of
patients who clinically fit the study’s profile.

General Characteristics
In total, 144 patients with Ollier disease and 17 patients with
Maffucci syndrome were included in the study. The mean age
at the time of this study was 32 years (range, 5–72 years). In-
formation regarding comorbidities, the development of other
malignancies, and family history was provided for �3% of the
patients, and therefore no evaluation of these data was per-
formed. No positive family history or aberrations of the spine
were reported [3] (Table 1).

Age at Diagnosis of Ollier Disease or
Maffucci Syndrome
The mean age of patients at the time of diagnosis of Ollier dis-
ease in this series was 13 years (range, 0–59 years; data from
105 of 141 patients with Ollier disease). For Maffucci syn-
drome, the mean age was 12 years (range, 1–65 years; data
completed for 11 of 17 patients with Maffucci syndrome). Sev-
enty-five percent of the patients were diagnosed before the age
of 20 years, both for Maffucci syndrome and for Ollier disease
(Fig. 1).

Location and Distribution of Enchondromas
Eighty-nine patients (55%) had cartilaginous lesions on one
side of the body and 68 patients (42%) had bilateral disease
(four patients had missing data). Enchondromas were predom-
inantly found in the femur (affected in 59% of patients), tibia
(affected in 47% of patients), humerus (affected in 32% of pa-
tients), fibula (affected in 27% of patients), and pelvis (af-
fected in 25% of patients). The small tubular bones of the
hands were more often affected with enchondromas (carpal
bones, 11%; metacarpals, 35%; phalanges of the hands, 45%)
than the small tubular bones of the feet (tarsal bones, 10%;
metatarsals, 19%; phalanges of the feet, 21%).

We distinguished three patterns of distribution of enchon-

dromas. In 18% of cases, only the hands and/or feet were af-
fected (designated as group I). Forty percent of patients had
enchondromas in the long tubular and/or flat bones (group II).
In 42% of patients, both the long and the flat bones as well as
the small tubular bones of the hands and/or feet were affected
(group III) (Table 2).

Skeletal Deformities
Forty-four patients with Ollier disease (31%) and three pa-
tients with Maffucci syndrome (18%) had bowing or leg length
deformities, particularly as a result of asymmetric distribution
of enchondromas in the metaphysis and diaphysis of the long
bones. The types of surgery performed included mainly length-
ening procedures in the case of length discrepancies, osteoto-
mies, and local surgery like debulking or amputation to correct
disabling enlargement of the fingers and toes. With respect to
the site of surgery, 80% involved the long bones of the lower
extremities, 13% involved the long bones of the upper extrem-
ities, and 7% of the procedures were related to the metacarpals
or phalanges of the hands.

Radiology
The radiological features of enchondromas and chondrosarco-
mas were compared on conventional radiographs (95 patients
versus 66 patients). When both cortical destruction and soft tis-
sue extension were present, the chance of dealing with a chon-
drosarcoma instead of an enchondroma was greater by a factor
of 2.3 (95% confidence interval [CI], 1.28–4.8; p � .019).

Hemangiomas in Patients with
Maffucci Syndrome
One or more skin lesions were present in 12 of 17 patients with
Maffucci syndrome. The location was mainly in the upper ex-
tremities (forearm, n � 4; hands, n � 6) and lower extremities
(leg, n � 3; lower leg, n � 2; foot, n � 2).

Excision of the lesion was performed in eight patients. His-
tological analysis identified spindle cell hemangioma in all
cases.

Development of Chondrosarcomas
Sixty-six patients (41%) developed one or more secondary chon-
drosarcomas (Ollier disease, n � 57; Maffucci syndrome, n � 9).
The mean age at which they first underwent surgery for chondro-
sarcoma was 33 years for patients with Ollier disease (range,
10–59 years) and 30 years for patients with Maffucci syndrome
(range, 14–51 years) (Fig. 2).

Of these 66 patients, 48 developed one chondrosarcoma
whereas 18 developed two to four chondrosarcomas. Of these
18 patients, 33% had synchronous and 56% had metachronous
chondrosarcomas (unknown, n � 2 [11%]) (Table 1).

Altogether, 89 chondrosarcomas were diagnosed in the 66
patients. The primary locations affected in the long bones were
the humerus (n � 10), femur (n � 18), and tibia (n � 10). Nine-
teen chondrosarcomas were found in the flat bones (scapula,
n � 8; pelvis, n � 11). Of the small tubular bones, the meta-
carpals and metatarsals were less often involved than the pha-

Figure 1. Age when disorder was first discovered and a diagno-
sis of Ollier disease or Maffucci syndrome was made (n � 116).
Twenty-three percent of the patients were diagnosed between age
0 and age 5 years and 45% were diagnosed before the age of 10
years. At 20 years of age, 75% of all patients had been diagnosed.
Mean age at diagnosis, 13.38 years; standard deviation, 12.579
years.
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langes of the hands and feet (n � 9 and n � 14, respectively),
which contradicts a nonsyndromal distribution [26].

Chondrosarcomas developed in 45% and 46% of patients
in group II and group III, respectively (Table 2). In contrast, in
group I wherein enchondromas were restricted to the small tu-
bular bones of the hands and feet, the risk for developing chon-
drosarcoma was lower, at 15%. In patients with Maffucci
syndrome, both the short and the long tubular bones were af-
fected more often with enchondromas (group III) (Table 2).

Using a logistic regression model for estimation of the
probability of having chondrosarcoma as a function of the lo-
cation of enchondromas, the only indicator remaining was the
presence of an enchondroma in the pelvis. The other locations
of enchondroma did not contribute significantly to the out-
come. The odds ratio associated with enchondroma of the pel-
vis was 3.8, with a 95% CI of 1.8–8.0 (p � .001).

In the previously mentioned group of 47 patients with sur-
gery for skeletal deformities, 19 also developed one or more
chondrosarcomas in the course of their disease. In three pa-
tients with Ollier disease and one patient with Maffucci syn-
drome, chondrosarcomas developed at the site of previous
surgery. All four demonstrated unilateral disease and had been
operated on for deformities of the femur.

Histology of Chondrosarcomas
Histological data were provided for 90% of the chondrosarco-
mas. Fifty-two percent were found to be grade I, 32% were
grade II, 6% were grade III, and 10% were of unknown grade
(Table 3).

Surgery for Chondrosarcomas
Eighty-nine surgeries were performed for chondrosarcomas in
66 patients. In five cases with grade I chondrosarcomas, no
surgery was performed after the biopsy. In 24 cases, intrale-
sional curettage was performed (grade I, n � 17; grade II, n �
4; unknown grade, n � 3). In eight of these cases (33%), local
adjuvant therapy was used with intralesional curettage (phe-
nol/ethanol, n � 4; cryosurgery, n � 3; radiofrequency abla-
tion and phenol, n � 1). Resection was performed in 46 cases
(grade I, n � 17; grade II, n � 20; grade III, n � 3; unknown
grade, n � 6). In two patients, surgery was followed by radia-
tion therapy (intralesional curettage of grade II lesion of the
skull, n � 1; resection of grade II lesion of the humerus, n � 1).

Amputation was performed in 13 cases. Sites of amputa-
tion were the phalanges of the hands and feet (eight patients;
grade I, n � 5; grade II, n � 1; unknown grade, n � 1), meta-
carpals (grade II, n � 1), tarsal bone (grade II, n � 1), femur
(two patients; grade II, n � 1; unknown grade, n � 1), and hu-
merus (grade III, n � 1).

Mortality
The disease-related mortality rate of the 161 patients in-
cluded in this series was 6.8% (11 patients). Three patients

Table 2. Distribution patterns of enchondroma

Distribution of
enchondromas over the
body, divided into three
groups

Total n of
patients
in each
group

Distribution of
enchondromas

according groups, n
of patients

Patients developing
chondrosarcoma, n of

patients (%)
Disease-related

death,a n of patients

Ollier
disease

Maffucci
syndrome

Ollier
disease

Maffucci
syndrome

Ollier
disease

Maffucci
syndrome

Group I: Enchondromas only
in short tubular bones in
hands and feet

29 27 2 4 (15%) 0 0 0

Group II: Enchondromas
only in long tubular bones
and flat bones

64 62 2 28 (45%) 1 (50%) 2 1

Group III: Enchondromas in
short, long, and flat bones

68 55 13 25 (46%) 8 (62%) 5 0

The local distribution pattern of enchondromas correlated with the risk for developing chondrosarcoma.
aTotal deaths: eleven. DOD (death of disease; these patients died as a result of the disease): eight patients, pulmonary
metastasis secondary to chondrosarcoma; three patients, nondisease related (glioma, n � 2; hepatic carcinoma, n � 1).

Figure 2. Distribution of age at first surgery for chondrosarcoma
over time. Only 50% of the patients had their first event before the
age of 35 years. Mean age at first event, 33.0 years; standard de-
viation, 13.2 years.
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died as a result of malignancies other than chondrosarcoma
(Table 2, and Fig. 4). Seven of the eight disease-related de-
ceased patients were diagnosed with Ollier disease and died
as a result of pulmonary metastases secondary to chondro-
sarcomas. The chondrosarcomas were primarily located in
the humerus (n � 1), radius (n � 1), pelvis (n � 1), femur
(n � 3), and tibia (n � 1).

Three of these eight deceased patients with Ollier disease
also developed a second chondrosarcoma located in the fibula
(grade I), tarsus (grade II), and phalanges of the foot (grade I).

One patient with Maffucci syndrome died as a result of me-
tastases of a chondrosarcoma located in the humerus. On av-
erage, there were 57 months between the first surgery for
chondrosarcoma and the time of death. The mean age at the
time of death in the deceased patients was 44.5 years (range,
29.2–58.9 years) (Fig. 3).

Three nonchondrosarcoma-related deaths concerned pa-
tients with Ollier disease who died at an average age of 29
years (range, 21–37 years) from hepatic carcinoma and glioma
(n � 2). The patient who died from hepatic carcinoma had pre-
viously undergone a surgical resection of a grade I chondro-
sarcoma in the pelvis; no evidence of local recurrence or
distant metastasis was found after 91 months of follow-up (Ta-
ble 1).

DISCUSSION
Enchondromatosis, of which Ollier disease and Maffucci syn-
drome are the most common subtypes, is a rare disorder, and
descriptive clinical studies are sparse [3]. This study was per-

formed to gain more insight into and a better understanding of
the clinical behavior of these disabling diseases.

The reported incidence in previous studies of malignant
transformation in enchondromas is variable, and it is estimated
to occur in 5%–50% of cases. The cause of the wide variation
in the incidence of secondary chondrosarcomas and other re-
lated tumors, especially in patients with Maffucci syndrome, is
the small numbers of patients in the series published so far [11–
15]. The present study recorded the development of one or
more chondrosarcomas in 40% of patients. The fact that our
data were mainly collected from referral centers for musculo-
skeletal oncology may have led to a selection bias and the true
incidence of malignancy may be slightly lower. It is also un-
clear whether patients were only referred to these reference
centers because they had malignancy suspected or because of
the underlying condition. On the other hand, this is the selected
group of patients that we deal with in a specialized center, and
this study represents what actually happens once the patient
visits the hospital.

As a result of the fact that we did not perform a cohort
study in which all patients are followed until death, and be-
cause a substantial percentage of patients had their first sur-
gery before the actual mean age in our study population,
combined with the fact that we did observe malignancies
among those patients substantially older than the mean age
(32 years), we may expect the young patients in our study
group to survive a substantial number of years and thus in-

Figure 3. Kaplan–Meier overall survival curves for group I
(blue), group II (green), and group III (black) demonstrating ex-
cellent prognosis when enchondromas are restricted to the small
bones of the hands and feet (group I). However, as soon as enchon-
dromas are located in the long and flat bones, with or without dis-
ease in the small bones as well (group II and group III,
respectively), the overall survival time is shorter. The difference
between the curves is borderline significant (log-rank trend test,
p � .08). Note that there are only zero, four, and seven events in
the three groups, respectively, which explains the rather low
power of the test. Point estimates (95% confidence intervals) at
time � 40 years were: group II, 88% (75%–100%); group III, 85%
(70%–100%).

Table 3. Histological grade of chondrosarcoma

Location
Grade
I

Grade
II

Grade
III Unknown Total

Skull 1 1 2

Scapula 3 4 7

Pelvis 6 5 11

Humerus 3 5 2 10

Radius 1 1 2

Femur 9 8 17

Tibia 5 1 2 1 9

Fibula 3 2 5

Metacarpals 2 1 1 1 5

Phalanges,
hand

3 1 4 8

Tarsals 1 1 2

Metatarsals 2 1 3

Phalanges,
foot

6 6

Total 45 28 5 9 87

Based on the histological grade of chondrosarcomas as
diagnosed in the center of origin. Eighty-seven
chondrosarcomas developed in 66 patients. Fifty percent
of the lesions were low-grade chondrosarcoma.
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deed develop additional malignancies, the probability of
which is clearly not negligible.

Fiorenza et al. [27] performed multivariate analysis on in-
dependent risk factors for rate of survival in patients with sol-
itary chondrosarcomas of bone. Extracompartmental spread,
the development of local recurrence, and high histological
grade were defined. Cumulative rates of death in 153 patients
at 10 years and 15 years were 30% and 37%, respectively. With
respect to mortality in that study, eight patients (5%) died as a
result of chondrosarcoma with high-grade malignancy. Com-
pared with the above-mentioned study, the percentage in our
series is relative low. Considering the age at time time of the
study, however, a higher number of deaths can be expected in
the future.

The difference in skeletal deformities of 31% for patients
with Ollier disease and 18% for patients with Maffucci syn-
drome is not statistically significant (Fisher’s exact test, p �
.40). The odds ratio showed a factor of two difference (95% CI,

0.56–7.5). The variability in the estimates of the percentage of
deformities is so large that a difference of both a factor of two
lower and a factor of seven higher are compatible with the data.
Hence, the difference between 31% and 18% is well within the
change fluctuation.

In this study, we tried to define characteristics of enchon-
dromas in patients with Ollier disease and Maffucci syndrome.
We discovered that the distinction of a solitary enchondroma
from a solitary low-grade central chondrosarcoma is notori-
ously difficult when analyzing conventional radiographs [28].
Normally, no cortical destruction and soft tissue extension are
seen with enchondromas on conventional radiographs. This
study shows, however, that, in the case of Ollier disease and
Maffucci syndrome, the behavior of the enchondroma is lo-
cally more aggressive, and cortical destruction and/or soft tis-
sue extension are seen in 44% of cases. In addition, the
aforementioned distinction is also difficult at a histological
level [29] and is, as is histological grading, subject to a high
level of interobserver variability [30]. In the case of Ollier dis-
ease or Maffucci syndrome, the distinction is even more diffi-
cult because objective criteria for determining the occurrence
of these diseases are lacking and, therefore, in general, more
worrisome histological features are tolerated within this con-
text.

This study is hampered by the fact that no central review of
radiographs and histology was performed. Comparable studies
carried out previously within EMSOS have shown that, in
practice, it is too difficult to try to perform this in a retrospec-
tive, multicenter study because of, among other reasons, dif-
ferent national regulations regarding tissue handling [31, 32].

To estimate the cumulative probability of secondary transfor-
mation over a lifetime, it is important to distinguish the
distribution patterns of enchondroma. Patients with enchondro-
mas restricted to the small bones of their hands and/or feet have a
relatively low chance (14%, group I) of developing malignancies.
In contrast, when enchondromas are found in the long bones or
axial skeleton, there is a higher risk (44%–50%) for developing
chondrosarcomas (group II and III). The only variable that was
significantly associated with a higher risk for developing chon-
drosarcoma was the occurrence of enchondromas in the pelvis.
Patients who have enchondromas located in the pelvis had a 3.8�
higher risk for developing chondrosarcoma anywhere in their
skeleton. Most importantly, disease-related mortality only oc-
curred in patients with chondrosarcoma of the long or flat bones.

In the literature, various other malignancies have been re-
ported in patients with Maffucci syndrome, such as pancreatic
and hepatic adenocarcinoma, mesenchymal ovarian tumors,
brain tumors (glioma and astrocytoma), acute myeloid leuke-
mia [16], and various kinds of sarcomas (reviewed by Pan-
suriya et al. [3]). Only one case has been described in which
autopsy-based molecular genetic tests were performed on a 34-
year-old man with Ollier disease [33]. Therefore, several au-
thors have advocated an abdominal computed tomography
(CT) scan upon the diagnosis of Maffucci syndrome [34]. For
Ollier disease, the spectrum of associated malignancies is
much smaller, mainly consisting of gliomas and juvenile gran-
ulosa cell tumors [3]. Brain tumors in patients with Ollier dis-

Figure 4. Survival analysis using a competing risk model. This
analysis only aims at describing relative proportions (the compo-
sition of the study population) for specific patient ages. It therefore
only pretends to give a (an unbiased) graphical description for
each possible number of years since birth of how many patients at
that moment were actually already dead or alive with enchon-
droma (EC) or chondrosarcoma (CHS) or alive without detection
of EC or CHS. More precisely, at each point in time (patient age),
it shows the relative proportion of study patients already dead
without EC or CHS (the blue pattern); the proportion already dead
after detection of EC or CHS (the red or inclining pattern); the pro-
portion at that age alive with EC or CHS (the yellow or declining
pattern); and the proportion alive at that age without EC or CHS.
Note that the separation between the two shaded areas (red and
orange) is in fact the overall survival duration of this group of pa-
tients; the border between the silver and the orange area is the sur-
vival interval free from EC and CHS. Again, the interpretation is a
description of the age at onset of EC or CHS death among these
specific patients; it is useful as a description of the population and
gives insight into the interplay of the competing risks (dying ver-
sus acquiring EC or CHS). It is not a predictive model per se be-
cause this is not a cohort followed from birth but a set of patients
defined retrospectively on the basis of the occurrence of disease.
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ease are almost exclusively of glial origin, and patients are
almost 10 years younger than patients with Maffucci syndrome
when developing brain tumors [21, 35]. Our results are in line
with this; two patients (1.2%) developed and died from glio-
mas and one patient died as a result of hepatic carcinoma. In
our series, in 17 patients with Maffucci syndrome, no other
malignancies were reported. Therefore, minimal neurological
complaints or abdominal symptoms should warrant a cerebral
or abdominal CT.

This study found that metastases mainly arose in the lungs,
which is in line with conventional chondrosarcoma and should
be a guidance for follow-up.

Following the results of this study and summarizing data from
the literature, we would like to recommend our opinion in the
grading and follow-up of patients with multiple enchondromas. In
cases when two or more enchondromas are detected in a patient,
the patient should be staged by a technetium scan. X-rays of every
single enchondroma should be performed to have a point of de-
parture for the future. If any hemangioma is detected, the patient is
diagnosed with Maffucci syndrome, otherwise the patient has Ol-
lier disease. According to the locations of the enchondromas, pa-
tients can be divided into one of the above-mentioned groups to
assess the risk for developing chondrosarcoma in the future.

In follow up, random periodical x-rays of enchondromas
usually give little information. In cases in which patients have
dozens or hundreds of enchondromas, in particular, local situ-
ations can change at any moment. Patients with enchondromas
of the long and/or flat bones, and especially those with enchon-
dromas of the pelvis, should be screened more carefully radio-
logically using plain x-rays when any complaints of pain,
swelling, or neurological disorders appear or increase, whereas
for patients with only enchondromas of the short tubular bones
of the hands and feet, longer intervals can be used. When cor-
tical and/or soft tissue extension on a plain radiograph is new
or increases, a gadolinium (Gd) magnetic resonance imaging
(MRI) scan should be performed [28, 36].

When malignant transformation is suspected, a biopsy should
be completed. To prevent sampling error resulting from tumor
heterogeneity, Gd-MRI can be helpful to increase tissue charac-
terization [36–39]. Depending on the number of suspected le-
sions, the location of the lesions, and the histology of the biopsy,
additional surgical therapy should be carried out. As a result of the
fact that the patients with Ollier disease or Maffucci syndrome re-
ported in literature had a higher risk for other malignant tumors,
an additional CT scan of the brain or abdomen should always be
considered when patients have symptoms [16].
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