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Abstract

Background—Osteochondromas are benign bony protrusions that can be spontaneous or 

associated with radiation therapy (RT). Current treatment of high-risk neuroblastoma includes 

dose-intensive chemotherapy, local RT, anti-GD2 monoclonal antibody (MAb), and isotretinoin. 

Late effects are emerging.

Methods—We studied osteochondromas in 362 patients who were <10 years old when diagnosed 

with neuroblastoma; received MAb+isotretinoin since 2000; and survived ≥24 months from the 

first dose of MAb. The incidence rate of osteochondromas was determined using the competing 

risks approach where the primary event was osteochondroma calculated from the date of 

neuroblastoma diagnosis and the competing event was death without osteochondroma.

Results—Twenty-one osteochondromas were found in 14 patients who were 5.7-15.3 (median 

10.4) years of age and 3.1-11.2 (median 8.2) years from neuroblastoma diagnosis. The cumulative 

incidence rate was 0.6% at five years and 4.9% at 10 years from neuroblastoma diagnosis. Nine 

osteochondromas were revealed incidentally during assessments of neuroblastoma disease status 

or bone age. Thirteen osteochondromas were outside RT portals and had characteristics of 

spontaneous forms. Complications were limited to pain necessitating resection in three patients, 

but follow-up is short at 0.3-7.7 (median 3.5) years.

Conclusions—Osteochondromas in long-term survivors of neuroblastoma should be expected 

because these benign growths can be RT-related and these patients undergo radiologic studies over 

years, are monitored for late toxicities through and beyond adolescence, and receive special 

attention (because of concern about relapse) if they develop a bony protuberance. A pathogenic 

role for chemotherapy, anti-GD2 MAb, or isotretinoin remains speculative.
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Introduction

Osteocartilaginous exostosis or osteochondroma (OC) is a broad (sessile) or narrow 

(pedunculated) skeletal protrusion comprised of marrow and cortical bone, with an overlying 

cap of cartilage.1,2 OC is the most common benign skeletal tumor, with an estimated 

incidence of 1-2% in the general population; it accounts for 10-15% of all bone tumors, and 

shows a male predominance.1-4 Rather than a true neoplasm, OC can be classified as a 

developmental lesion that appears at a young age. It results from disturbance of enchondral 

(rather than membranous) ossification and therefore can arise from any bone that forms from 

cartilage. OCs can enlarge throughout childhood but usually not after skeletal maturity. 

Radiologic findings are pathognomonic: computed tomography and magnetic resonance 

imaging reveal an exophytic outgrowth with a thin layer of hyaline cartilage and cortical and 

medullary continuity between the abnormal mass and parent bone.1-4

Most OCs develop spontaneously without known cause and are discovered incidentally in 

children or adolescents between 10 and 15 years of age.2 These sporadic OCs can be solitary 

or multiple. A rare syndrome of multiple OCs is associated with two genes, EXT1 and 

EXT2 at 8q24 and 11p11-p12, respectively.5 Reports on late effects of oncologic therapy in 

children note OCs attributable to local radiation therapy (RT)6-12 or total body irradiation 

(TBI);13-24 a contributory role for growth hormone therapy has been suggested.18,22 A 

laboratory model shows radiation-related pathogenesis of OC.25 OCs associated with RT are 

indistinguishable pathologically and radiologically from sporadic forms.3

Early reports on OCs arising within RT fields included patients with what is now recognized 

as low-risk (i.e., readily curable) neuroblastoma (NB), namely, infants with localized 

NB.7-9,11 Such patients no longer receive RT,26,27 but irradiating the primary tumor bed is 

standard for high-risk NB.28-30 OCs in this patient population have been linked to TBI 

administered at a young age, with a 20-45% incidence in long-term survivors.17,19-22 In 

contrast, without TBI, 0/3019 and 1/5731 long-term NB survivors in multi-institutional 

studies developed an OC, and no OCs were noted in a North American study of long-term 

outcomes of 954 patients treated in 1970-1986 for all stages of NB.32 In recent single-

institutional studies of late effects in high-risk NB patients, one OC (outside the RT field) 

was noted in 16 subjects in one report,33 whereas no OCs were described among 63 and 52 

patients, respectively, in two other reports.34,35 A recent comprehensive review of late 

effects of childhood cancer therapy did not mention OC.36

RT and TBI together have been widely used in children with high-risk NB,20-22,30,37 setting 

these patients apart from those with other solid tumors (whose treatment can include local 

RT but not TBI) and from children with hematologic disorders (whose treatment can include 

TBI but not local RT). High-risk NB patients also stand out because their treatment now 

routinely includes differentiation therapy with isotretinoin37 and immunotherapy with anti-

GD2 monoclonal antibody (MAb) ch14.1838 or 3F8.39 We now describe a series of long-

term survivors of high-risk NB who developed OCs most of which were unrelated to local 

RT or TBI.
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Methods

We studied OCs found in the 362 patients at Memorial Sloan Kettering Cancer Center who 

1) were <10 years old at diagnosis of NB; 2) were enrolled since 2000 on clinical trials that 

used 3F8 plus granulocyte-macrophage colony-stimulating factor and isotretinoin (160 

mg/m2/day, ×14 days/cycle, ×6 cycles), as described;39 and 3) survived ≥24 months from the 

first dose of anti-GD2 MAb. Every three months through five years from NB diagnosis, these 

patients underwent extent-of-disease evaluations that included computed tomography or 

magnetic resonance imaging of the primary site and 123I-meta-iodobenzylguanidine scan.40 

Monitoring for late effects of therapy commenced ∼3 years from NB diagnosis.34,36 In 

accordance with rules of the institutional review board, informed written consents for 

evaluations and treatments were obtained from guardians, and, for this exploratory study via 

a retrospective review, a waiver was obtained for examination and analysis of patient 

records.

The incidence rate of OCs was determined using the competing risks approach where OC is 

the primary event. Time to event was calculated from the date of NB diagnosis until the date 

of OC, death, or last followup. Death without OC was considered as a competing event and 

patients alive at last follow-up were censored.

OCs outside the RT field versus RT-related OCs were compared, using the Wilcoxon rank 

sum test, as regards a) age at diagnosis of OC, and b) time from NB diagnosis to OC 

diagnosis.

Results

Neuroblastoma characteristics and treatment before discovery of OCs

Twenty-one OCs were identified in 14 patients (10 males, 4 females), including nine patients 

in first remission and five patients treated for relapse (Table 1). These patients were 0.8-4.3 

(median 3.0) years old when diagnosed with stage 4 NB. Ten (71%) had MYCN-amplified 

NB. Treatments in all 14 patients included dose-intensive myelosuppressive chemotherapy; 

immunotherapy using anti-GD2 MAb; differentiation therapy with isotretinoin; and RT to the 

primary site (12 abdomen, 2 mediastinum) administered twice daily (hyperfractionated) in 

eight patients (2100 cGy),28 once daily in five patients (2160 cGy29 or 2400 cGy30), and as 

TBI (1200 cGy) and 1050 cGy in one patient (#5). Eleven of these 14 patients received 

myeloablative therapy with autologous stem-cell transplantation.

Osteochondroma characteristics

When the 21 OCs were found, the 14 patients were 3.1-11.2 (median 8.2) years from 

diagnosis of NB and 5.7-15.3 (median 10.4) years old (Table 1). The cumulative incidence 

rate of OC was 0.6% (95% CI 0%, 1.4%) at five years and 4.9% (95% CI 1.8%, 8.0%) at 10 

years from NB diagnosis (Figure 1). Family histories were negative for OC. Nine patients 

had a single OC, three patients (#1, #5, and #12) had two OCs discovered simultaneously, 

one patient (#2) had three OCs detected sequentially, and one patient (#13) had three OCs, 

with two found simultaneously.
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Twelve OCs presented as painless or painful bony protrusions (Figure 2). The other nine 

OCs were asymptomatic and were revealed incidentally by routine computed tomography or 

magnetic resonance imaging performed to assess NB status (patients #4, #10, #12, and #14); 

by x-rays performed to determine bone age in long-term survivors (patients #1, #2, and #6); 

and when scans to evaluate a new bony protuberance (which proved to be an OC) 

unexpectedly showed a second OC (patients #5 and #13).

The 13 OCs outside RT portals were found 4.4-11.2 (median 9.1) years from the diagnosis 

of NB, and the patients were 7.5-14.4 (median 11.0) years old. Eleven involved long bones, 

and one each arose from a digit and the iliac crest. These 13 OCs were identified at an older 

age (p=0.039) and at a longer time interval from NB diagnosis (p=0.083) compared to the 

eight RT-associated OCs. The latter were detected 2.4-8.7 (median 6.3) years post-RT and 

3.1-11.1 (median 6.9) years from NB diagnosis; the patients were 5.7-15.3 (median 8.9) 

years old. The lesions included OCs in rib and scapula in a patient (#12) who had received 

2160 cGy to a mediastinal primary site; a tibial OC in a patient (#3) who had received 2160 

cGy followed by a boost of 3000 cGy to this site because of a persistent NB metastasis; and 

a scapular OC in a patient (#14) previously treated with 1500 cGy whole lung irradiation. 

Two OCs arising from iliac bone were at the edge of the RT field (patients #4 and #10). 

Finally, one patient (#5) treated with TBI developed two femoral OCs; no OCs were seen in 

the 12 other patients status-post TBI among the 362 study subjects.

Follow-up from OC diagnosis is 0.3-7.7 (median, 3.5) years. Three patients (#2, #11, and 

#13) had OCs resected because of pain; pathology revealed classic findings for this entity, 

and the patients had no post-operative complications or problems. Another patient (#9; 

Figure 2) had cosmetic concerns and limited mobility with an ulnar OC, but resection would 

have not have rectified the functional problem. No OC has undergone malignant 

transformation.

Three of the 14 patients were taking growth hormone, including one patient (#1) who had 

two OCs and two patients (#9 and #11) who each had a single OC (Figures 2 and 3). All 

three of these patients continued receiving growth hormone after OCs were diagnosed.

Discussion

This report is the first to describe OCs in a series of NB patients who received local RT, anti-

GD2 MAb immunotherapy, and isotretinoin. These treatments are now standard for high-risk 

NB but were not routinely used in NB patients covered in recent reports on late effects of 

oncologic therapy.19-21,26,31-35 OCs were common with TBI,17,19-22 which is no longer in 

the NB therapeutic repertoire, but were virtually absent without TBI (see Introduction 

above).19,31-35 Improvements in therapy translate into increasing numbers of NB patients 

who achieve long-term survival - with a consequent evolution regarding the panoply and 

incidence of late events.

In past reports, the paucity of OCs among high-risk NB patients who never received TBI is 

possibly attributable to limited length of follow-up given that the incidence in our study 

patients is only 0.6% at five years but 4.9% at 10 years. This figure exceeds the estimated 
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OC incidence of 1-2% in persons in the general population who undergo extensive 

radiographic evaluation.3 A majority of the OCs in our series were unrelated to RT and had 

hallmark characteristics of spontaneous forms of these benign developmental lesions1-4: 

single or multiple but no family history; predominance in long bones and males; discovered 

incidentally or presenting as a visible, sometimes painful, bony protuberance; 

pathognomonic radiologic features; and treatment (surgical resection) indicated in only a 

small minority.

Radiation has been implicated in the genesis of OCs through effects on the growth plate 

resulting in migration of undifferentiated cartilage tissue into the metaphysis.2,25 OC as a 

toxicity of local RT has been a concern for >50 years,6 and OCs as sequelae of TBI have 

been recognized since the 1990s.13 In our study, OCs outside RT portals included 12 in 

extremities and one in iliac bone, while the six OCs associated with local RT developed in 

scapula (n=2), iliac bone (n=2), tibia, and rib, and TBI preceded the detection of two femoral 

OCs in one patient. RT effects were among the possible causes for the younger age at OC 

diagnosis (p=0.039) and the shorter time interval from NB to OC diagnosis (p=0.083) with 

RT-associated OCs.

The absence of OCs in vertebrae might be considered unexpected since RT to the primary 

tumor bed encompasses spinal segments that are visualized repeatedly for years in radiologic 

studies performed to monitor disease status; hence, OCs would not be overlooked. Yet spinal 

OCs are in fact rare, which has raised the possibility that vertebral bodies and pedicles may 

be inherently less predisposed to radiation-related or spontaneous OCs.41,42 Spinal OCs 

were noted in two early reports on OCs and local RT,9,10 but not in others,6-8 and were not 

described in reports on toxicities of TBI13,16,17,21-23 or in other reports with details on sites 

of OCs.11,31,33

A dose-response relation between radiation and OC has not been established. OCs have been 

reported in sites that received 1050-5040 cGy.6-12 Early reports suggest OCs are more likely 

to develop with doses >2500 cGy.41,42 Lower doses, i.e., ∼2100 cGy,28,29 have become 

standard for RT to the primary site in NB patients, with less radiation absorbed by 

neighboring bony structures such as vertebrae and ilium, but NB treatment includes 

doxorubicin which is a radiation-sensitizer. Hyperfractionated RT, as received by eight of the 

14 patients with OCs in this report, may have a less deleterious effect on normal tissues.43 

Of note, linear growth is often compromised in survivors of high-risk NB,12,20,21,34 

attributable to toxicity to vertebral bodies from local RT or TBI administered at a young age 

and/or to endocrine deficiencies from TBI. Growth hormone is used in these long-term 

survivors, including in patients who developed OCs. A causative link between growth 

hormone and OCs has been considered15,16,18,22 but never confirmed; recommendations are 

to continue hormonal supplementation despite emergence of an OC – as we did in all three 

of our patients with OCs who were taking growth hormone.

A pathogenic role for chemotherapy, anti-GD2 MAb, or isotretinoin in the emergence of OCs 

has never been reported and remains speculative. Chemotherapy may delay closure of 

epiphyseal plates and thereby increase the risk of disordered growth that eventuates in an 

OC. Anti-GD2 MAbs do not cross-react with bone but do cause transient neuropathic pain, 
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albeit without long-term neuropathy,37,38 making it conceivable though unlikely that their 

interaction with nerve fibers has a pathologic effect on cartilage or skeletal structures. 

Excess retinol has a deleterious impact on bone, but the pathophysiology is not 

understood.44 The high-dose, short-term use of isotretinoin in NB patients37-39 has been 

associated with hypercalcemia, increased bone resorption and formation, and advanced bone 

age with premature closure of epiphyses.45-47

Complications from OCs in our subjects have been limited to pain, managed by surgical 

resection, in three patients (#2, #11, #13), and impaired mobility caused by proximity to an 

elbow, not amenable to surgical intervention, in one patient (#9; Figure 2). However, 

additional complications are foreseen since follow-up from OC diagnosis is short at 0.3-7.7 

(median 3.1) years. To date, our patients have not had problems (e.g., vascular compromise 

or neurologic deficits) that can result from mass effect of OCs on adjacent tissues.1-4 

Similarly, we have not seen problems arising from an OC itself, so-called intrinsic 

complications,4 which are rare and include fracture and malignant transformation. 

Malignancy is suspected if size increases rapidly or enlargement continues after the skeletal 

maturity concordant with puberty.1-5,48 OC-related malignancies are most often 

chondrosarcoma, occur in up to 5% or more of patients with hereditary OCs, are more likely 

with axially located OCs,1 display a thickened cartilage cap (>1 or 1.5 cm), and typically 

present in adulthood.1-5 Malignant neoplasms as sequelae of RT have latency periods 

>10-20 years; one must assume a greater risk with OCs arising in RT portals. Anticipatory 

monitoring is indicated.36

The detection of OCs in long-term survivors of high-risk NB should be expected not only 

because these benign skeletal lesions can be associated with local RT, which is standard of 

care, but also because these patients undergo comprehensive radiologic staging studies over 

years, are monitored for late effects of therapy through and beyond adolescence, and receive 

special medical attention (because of concern about relapse) if they develop a bony 

protuberance. OCs unrelated to RT have characteristics of spontaneous forms; hence, a 

pathogenic role for chemotherapy, anti-GD2 MAb, or isotretinoin remains uncertain and 

requires future analysis of large numbers of patients.
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Figure 1. 
The cumulative incidence rate of osteochondroma was 0.6% at five years and 4.9% at 10 

years from the diagnosis of neuroblastoma.
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Figure 2. 
Osteochondroma unrelated to radiation therapy arising from (A) the proximal ulna in a 14.4 

year old girl (patient #9), and (B) the proximal humerus in a 7.5 year old boy (patient #11). 

The humeral mass was resected to alleviate pain; pathology confirmed the diagnosis of 

osteochondroma.
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