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Chondrosarcomas in children and adolescents

Ajay Puri

B Chondrosarcomas in children and adolescents are uncom-
mon and constitute < 5% of all chondrosarcomas. There
are very few studies discussing extremity chondrosarco-
mas in young patients.

B The pelvis is the most common site, followed by the proxi-
mal femur.

B As cartilaginous tumours can be quite challenging to
diagnose, it is best for these lesions to be discussed in a
multidisciplinary meeting which includes a radiologist
and a pathologist specializing in bone tumours.

B Treatment principles are similar to those in adults, with
adequate surgical excision respecting oncologic principles
being the mainstay of treatment. Select extremity Grade |
chondrosarcomas may be managed with extended intra-
lesional curettage without increasing the risk for local
recurrence or metastatic disease, but case selection is criti-
cal and should be based on clinical, imaging and histologi-
cal characteristics.

B Chondrosarcomas are resistant to chemotherapy and rela-
tively radioresistant. For mesenchymal chondrosarcomas,
there may be a role for chemotherapy, though data on this
is limited.

B Prognosis and rate of recurrence correlate directly to the
adequacy of the surgical resection.

B Chondrosarcomas in younger patients behave in a similar
fashion to those in adults, and outcomes in the young are
no different from those in adults.
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Chondrosarcoma, a tumour of cartilage producing
cells, comprises a heterogeneous group of malignant
cartilaginous tumours. It is the most common sarcoma
of bone in patients above the age of 20 years and pre-
dominantly affects individuals in the fourth to the sixth
decades of life."2

Incidence

Chondrosarcomas are very uncommon in children and
adolescents and there are very few studies that specifically
discuss extremity chondrosarcomas in young patients.3-”
A nationwide, population-based study in Finland of
patients < 18 years of age diagnosed with a bone sarcoma
during the period 1991-2005 demonstrated an overall
incidence of 3.6 per million for osteosarcoma, 1.2 for
Ewing’s sarcoma and only 0.3 for chondrosarcoma.? The
Bone and Soft Tissue Tumour (BSTT) registry, a nation-
wide Japanese database, identified 521 young patients (<
15 years) diagnosed with bone sarcoma from 2006 to
2013. Only eight (1.5%) had chondrosarcoma.® Only 11
cases (4% of all chondrosarcomas) were 21 years old or
younger during an 11-year period at a high-volume ter-
tiary referral sarcoma care unit in India.” Similarly in a
combination of the data from Dahlin and Campanacci
(763 patients in their combined series) only 32 (4%) were
less than 20 years old.' In Lee at al’s series of 227 patients
from Massachusetts General Hospital over a 22 year
period, only 15 (7%) were less than 20 years old.’ Apirin
et al reported that only 12 patients with a diagnosis of
chondrosarcoma were treated at the Children’s Hospital
Medical Center in Boston during the period from 1957 to
1980¢ while Gambarotti et al reported only 17 chondro-
sarcomas (excluding mesenchymal chondrosarcoma) in
patients younger than 18 years between 1981 and 2014
at the Rizzoli Institute.?

A malignant cartilage tumour that arises de novo cen-
trally in a previously normal bone is known as a primary
chondrosarcoma. It is also called a central or conventional
chondrosarcoma. Tumours that arise from previously
benign cartilaginous lesions are called secondary chon-
drosarcomas. The precursor lesion for secondary chon-
drosarcomas may either be an osteochondroma or an
enchondroma. A secondary chondrosarcoma that devel-
ops on the surface of a bone as a result of malignant trans-
formation within the cartilage cap of a pre-existing
osteochondroma is also called a peripheral chondrosar-
coma (Fig. 1T & Fig. 2). The risk of chondrosarcoma arising
in a solitary osteochondroma has been reported to be less
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Fig. 1 (a) X-ray of secondary chondrosarcoma developing in a prior osteochondroma of the pelvis. (b) MRI showing an axial T2

image of secondary chondrosarcoma of the pelvis.

_

Fig. 2 X-ray of secondary chondrosarcoma developing in a
prior osteochondroma of the proximal humerus.

than 1%. However, in multiple osteochondromatosis the
risk increases to 5%, though they usually present after
skeletal maturity. In 2012, Mosier et al published the only
reported case in the literature of a chondrosarcoma pos-
sibly arising secondary to an enchondroma in a paediatric
patient.’2 Subsequently in 2016, the series of 17 patients
of paediatric chondrosarcomas by Gambarotti et al
included a case developing in a metacarpal in a patient
with Maffucci’s syndrome.? Patients with Ollier disease
and Maffucci’s syndrome may have up to a 40% risk of
developing chondrosarcoma.'3

Most adult series have 75—-85% cases of primary chon-
drosarcomas.’*15 Except for the series by Puri et al, most
other series of chondrosarcomas in the young demon-
strated a similar distribution. In Puri et al’s series of 11

chondrosarcomas in younger patients, six (55%) were
secondary chondrosarcomas (compared to 22% second-
ary chondrosarcomas in their entire cohort of 249 chon-
drosarcoma patients during that same period).” This was
unusual as such a skewed representation has not been
reported in other series of chondrosarcomas in the young.
Huvos et al reported 28% secondary chondrosarcomas,
Young et al had 26% chondrosarcomas secondary to pre-
existing benign solitary or multiple cartilaginous lesions,
while Gambarotti et al’s series had 29%.3-5

The pelvis, followed by the proximal femur, is the
most common site of skeletal involvement in chondro-
sarcomas irrespective of the age group. The series of
chondrosarcomas in the young by Huvos et al, Puri et al
and Apirin et al too reported that the pelvic bones were
the most common location.#67 In Gambarotti et al’s
series of young chondrosarcomas, seven of 17 cases
occurred in the femur.3

Pathology

Chondrosarcomas are malignant cartilaginous matrix
producing tumours. A chondrosarcoma may have over-
lapping features with a chondroblastic osteosarcoma (a
much more common tumour in younger individuals).
There can be heterotopic bone formation/ossification or
endochondral ossification in certain chondrosarcomas
and conspicuous chondroid differentiation in some
osteosarcomas. Careful assessment of the type of matrix
produced by the tumour cells, whether chondroid or
osteoid can help differentiate a chondrosarcoma from an
osteosarcoma.

Grading of a chondrosarcoma is based on cellularity,
nuclear size, degree of nuclear staining (hyperchromasia)
and presence of mitotic figures.’¢ A diagnosis of a Grade Il
or a Grade lll chondrosarcoma can usually be made on the
basis of cytologic or histologic features alone. Differentiat-
ing an enchondroma from a well differentiated/Grade |
chondrosarcoma can be difficult. Features such as bone
permeation (cortex and/or medulla), open/vesicular
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Fig. 3 Chondrosarcoma — a cellular chondroid tumour with
atypical cells, frequent binucleation and demonstrating bone
entrapment /permeation (arrows).

chromatin of cell nuclei and a mucoid matrix are features
that favour a chondrosarcoma (Fig. 3). The criteria for
diagnosis of a chondrosarcoma in small bones include
cortical or soft tissue destruction or presence of mitotic
figures.

The 2013 World Health Organization (WHO) Classifica-
tion of Tumors of Soft Tissue and Bone now separates
chondrosarcoma into two International Classification of
Diseases codes. This is reflective of the different prognosis
of chondrosarcoma based on grade, with Grade | distin-
guished from Grade Il and Grade Il chondrosarcoma.’” It
has also introduced the synonym ‘atypical cartilaginous
tumour’ for ‘Grade | chondrosarcoma’, classifying it as an
intermediate type of tumour, not a malignancy. This may
be a better reflection of its clinical behaviour which dem-
onstrates a locally aggressive nature with little risk of
metastasis.!”

Clinical behaviour, anatomical location and radiologic
findings must be taken into consideration in conjunction
with the histologic criteria to differentiate an enchondroma
from a low-grade chondrosarcoma. The presence of focal
pain is often used to crudely distinguish a chondrosarcoma,
but it may be difficult to localize pain in the paediatric pop-
ulation. In a study based on initial clinical and imaging
information that did not directly involve any pathologists or
radiologists and was restricted to orthopaedic oncologists
for diagnosis and grading of cartilaginous neoplasms, inter
and intra-observer agreements were only fair to good.'® As
cartilaginous tumours can be quite challenging to diag-
nose, it is best for these lesions to be discussed in a multidis-
ciplinary meeting which includes a radiologist and a
pathologist specializing in bone tumours.

Mesenchymal chondrosarcoma, an aggressive histologi-
cal subtype with a tendency for late local and disseminated
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recurrence, generally comprise 2—-10% of all chondrosar-
comas. Dabska and Huvos reported a series of 19 cases of
mesenchymal chondrosarcoma in the young. These rep-
resented 26% of chondrosarcoma patients under the age
of 21 years in their series.’” Twelve of these lesions
occurred between the ages of 16 and 21 years and all but
one of the tumours arose in the skeleton, with nearly half
of them involving the lower extremities.’” However, in a
series of 12 patients with mesenchymal chondrosarcoma
in children and young adults from St. Jude Children’s
Research Hospital, seven patients presented with disease
arising in the head and neck region and three involved the
chest wall.2° Not a single one was in the extremity or
pelvis.

Staging

Prior to commencing treatment all patients must be eval-
uated for appropriate staging. Similar to other primary
bone sarcomas, investigations include plain radiographs
and magnetic resonance imaging (MRI) of the involved
region, computed tomography (CT) scan of the chest and
a bone scan. Considering the extreme rarity of isolated
skeletal metastasis in chondrosarcoma, recent studies
have questioned the need for a bone scan in all chondro-
sarcomas.?-22 While Douis et al suggested that there was
no role for routine whole body bone scintigraphy in the
initial surgical staging of chondrosarcoma, Gulia et al
suggested that only symptomatic patients or those with
pulmonary metastasis warranted any additional staging
investigations

The role of positron emission tomography (PET)-CTs-
can is being increasingly investigated to help differentiate
the grade of chondroid lesions. Reports suggest that the
standardized uptake value (SUV) max can correlate with
the histologic grade. A very low SUVmax supports a diag-
nosis of a benign tumour, while an elevated SUVmax is
suggestive of a higher grade chondrosarcoma.?* A PET-CT
may also help detect malignant change in a previously
benign chondroid neoplasm by showing higher meta-
bolic activity in the area of sarcomatous transformation.2#

Treatment

Considering the paucity of data regarding chondrosarco-
mas in younger individuals, treatment principles remain
similar to those followed in adults. Chondrosarcomas are
resistant to chemotherapy and relatively radioresistant.!>
Thus, surgical excision is the only reliable treatment for
these tumours. A wide resection observing oncologic
principles is recommended for Grade Il and Grade Il
chondrosarcomas. Similarly for Grade | chondrosarco-
mas with aggressive radiological findings, a wide resec-
tion with adequate margins is traditionally considered
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preferable for best local control. However, recently there
have been reports suggesting that there may be a role for
safely treating extremity Grade | chondrosarcoma with
extended intralesional curettage without increasing the
risk of local recurrence or metastatic disease.?> Case selec-
tion is critical and should be based on clinical, imaging
and histological characteristics. The advantage of intrale-
sional curettage is that the functional results are superior
to cases treated with resection. Cartilage lesions in the pel-
vis and sacrum can frequently recur after intralesional
excision even if the histologic appearance is benign or
suggests a low-grade neoplasm. Therefore, wide excisions
are recommended for nearly all cartilaginous lesions of
the pelvis and sacrum.

Children, because of the dynamic nature of growing
bones, pose a unique reconstruction challenge after resec-
tion. Though there are no reports focusing exclusively on
reconstruction after resection in chondrosarcomas among
the young, the principles remain similar to those for other
skeletal tumours in the young. The issue of ultimate limb-
length discrepancy at skeletal maturity, especially in the
lower limb, can be difficult to address. Though the newer
generation non-invasive expandable prostheses are now
being increasingly used, they are not without their share of
complications.?¢ As mentioned earlier, the pelvis and the
proximal femur are the most common sites involved in
chondrosarcoma. Pelvic periacetabular resections in chil-
dren are best managed with pseudarthrosis, though an ili-
ofemoral arthrodesis and reimplantation of sterilized
tumour bone have also been described.?-2° Van Kampen
et al reviewed 40 children who had a proximal femoral
replacement for malignant disease.?® They recommended
that at the time of initial surgery it is best to cause as little
damage to the acetabulum as possible, but most children
would need revision surgery as they got older. A hip rota-
tionplasty, in which placement of the cartilaginous condyle
of the tibia into the acetabulum permits development of a
new femoral head, can also be an alternative after resection
for lesions of the proximal femur in the extremely young.3°
Biological means of reconstruction using autografts, allo-
grafts and re-implantation of sterilized tumour bone offer
an attractive alternative option in certain scenarios.3'

Both prognosis and rate of recurrence correlate directly
to the adequacy of the surgical resection in lesions requir-
ing wide resection.3233 For mesenchymal chondrosar-
coma, there may be a role for chemotherapy, though
data on this is limited.234 The role of radiotherapy is lim-
ited and experience with radiotherapy in chondrosarcoma
is mostly restricted to older patients. Though it is not the
first choice for local control in cartilage lesions, the devel-
opment of newer techniques of delivery has resulted in an
increasing role for radiation therapy in unresectable
lesions or after incomplete resection, especially in the skull

base and the spine.3’ Radiotherapy may also be useful for
palliation.

Outcomes

Huvos et al indicated that survival was worse in paediatric
than in adult chondrosarcomas.# This could be because
more than a fourth of their patients had mesenchymal
chondrosarcoma, a histologic subtype with a poorer prog-
nosis. Other series in younger patients do not concur with
this finding.” Young et al and Gambarotti et al did not sup-
port the view that chondrosarcomas are more aggressive
in children than in adults.3> Data from the Japanese BSTT
registry also showed similar cancer survival rates for chil-
dren and adults with chondrosarcoma.® Puri et al men-
tioned that though survival appeared better in their
paediatric chondrosarcomas as compared to most series of
chondrosarcomas in adults, this needs to be interpreted
with caution in view of the small numbers.3" The only mor-
tality in their series was in a case of mesenchymal chondro-
sarcoma. A review of 247 paediatric chondrosarcoma
patients by Wu et al, collated from the National Cancer
Institute’s Surveillance, Epidemiology and End Results
databases (SEER, 1973 to 2014), found that paediatric
patients have significantly better survival rates than adult
patients.3¢ This observation also needs to be interpreted
with caution as the SEER database has inherent drawbacks.
It does not contain detailed information on patient comor-
bidities and a central pathology review is not available.
More than 40% of the paediatric chondrosarcomas in this
series were reported in sites other than the limbs or pelvis
and < 55% were localized, which is unusual.

Screening in patients with benign
cartilage lesions

The literature suggests that there is an increased risk of
malignant transformation for osteochondromas occurring
in the axial skeleton, for lesions in the proximal aspect of
the extremities, for recurrent tumours and in patients with
multiple osteochondromatosis. Pain and/or increase in
size of the lesion after skeletal maturity are the most com-
mon clinical signs of malignant transformation. The risk of
malignant transformation of a solitary osteochondroma is
generally lower than in patients with multiple osteochon-
dromatosis. Regular self-examination is recommended
and can usually easily be accomplished in the more
peripherally located lesions. In certain doubtful cases sup-
plementary X-ray imaging may be necessary, while in
deep-seated areas which are more difficult to access man-
ually an examination using MRl is helpful. Though debat-
able, an annual whole-body MRI after skeletal maturity in
multiple osteochondromatosis patients may be beneficial
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in detecting malignant transformation earlier.37:3¢ |n
patients with Ollier disease and Maffucci syndrome a
careful radiological examination should be carried out
when any complaints of pain and/or swelling appear or
increase. As these patients are known to have a higher risk
for other associated soft tissue malignancies such as pan-
creatic and hepatic adenocarcinoma, mesenchymal ovar-
ian tumours and brain tumours; appropriate cross
sectional imaging is recommended when patients have
symptoms.'3:3% Patients with endochondral lesions in the
pelvis, femur, humerus or scapula may benefit from an
annual clinical examination and whole-body MRI because
of the higher risk of malignant transformation at these
sites and the risk of undergoing ‘painless’ transformation
into chondrosarcoma.*®

Conclusion

Chondrosarcomas in children and adolescents are uncom-
mon and constitute < 5% of all chondrosarcomas. Treat-
ment principles are similar to those in adults, with
adequate surgical excision respecting oncologic princi-
ples being the mainstay of treatment. The extreme rarity
of chondrosarcomas in younger patients precludes the
possibility of any significant statistical analyses based on a
single institution series, but overall it appears that chon-
drosarcomas in younger patients behave in a similar fash-
ion to those in adults and outcomes in the young are no
different from those in adults.
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