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Abstract

Background—Most prior studies evaluating subsequent malignant neoplasms (SMN) in patients
with neuroblastoma are restricted to long-term survivors and/or their treatment exposures. This
study investigates SMNs in patients diagnosed with neuroblastoma at our institution.

Methods—Records of 646 patients treated for neuroblastoma at St. Jude Children’s Research
Hospital between 1961 and 2005 were reviewed. Data from patients with SMNs were analyzed
and the 20-year and 30-year cumulative incidence of SMNs and standardized incidence ratio (SIR)
were calculated.

Results—Twenty-one patients had a SMN. The 20- and 30-year cumulative incidences of a
SMN were 2.6% + 0.7% and 4.6% * 1.1% respectively. The SIR was 8.3 (95% Cl, 5.0-13.0). Five
patients developed a SMN within 5 years from diagnosis. The median latency for the development
of AML/MDS (n=4), sarcomas (n=7), and carcinomas (n=5) were 3.6 years, 9 years, and 24.2
years respectively. Nine patients died from their SMN, including all with AML/MDS.

Conclusions—~Patients with neuroblastoma have an increased risk of secondary neoplasia.
Modification of risk-adapted therapies will likely alter the affected patient population and the
incidence of SMNs. Future studies are necessary to link SMNs to treatment exposures and to
evaluate the risk of SMNs beyond 30 years from diagnosis.
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Introduction

Neuroblastoma is the most common pediatric extra-cranial solid malignancy,! accounting
for approximately 7.5% of all malignancies in children under 15 years of age.2 Some
patients can be cured with surgery alone3 or with surgery and moderately intense
chemotherapy.# For patients with high risk disease, a multimodality treatment approach
including intense chemotherapy, surgery, and radiation therapy have improved the 5-year
survival rates from 5%® to approximately 20-30%.5: 7 More recently, high-dose
chemotherapy followed by hematopoietic cell rescue® and immunotherapy © have further
boosted survival rates to over 50%.

According to the US Surveillance Epidemiology and End Results (SEER) program,! from
1975 until 1995 the incidence of childhood cancers increased while mortality decreased.
Thus, there is an increasing number of childhood cancer survivors 10 at risk for long-term
toxicities. In an analysis from the Childhood Cancer Survivor Study (CCSS) 12, the primary
cause of death was recurrence of the original cancer. However, the second most common
cause of death was a subsequent malignant neoplasm (SMN).

With an increasing number of children surviving the diagnosis of neuroblastoma, often due
to very intense therapy, understanding the spectrum of late toxicities gains importance. The
purpose of this study was to estimate the incidence of SMNs in consecutive patients treated
over several decades for neuroblastoma at a pediatric cancer center and to describe the
spectrum of subsequent malignancies identified.

Patients and Methods

Patients who were referred to St. Jude Children’s Research Hospital for treatment of newly
diagnosed neuroblastoma from November 1961 to September 2005 were identified through
the cancer registry. This retrospective study was approved by the institutional review board.
For all patients in the cohort, age at diagnosis of neuroblastoma, location of the primary
tumor, stage of disease, vital status and date of most recent follow-up were obtained.

The medical records of 21 patients with a SMN identified through the cancer registry were
reviewed. Data extracted included patient history (family history, medical history prior to
the diagnosis of neuroblastoma, and any known carcinogenic or radiation exposures of the
patient or the patient’s parents), details of the clinical presentation [age at diagnosis, location
of the primary tumor and metastases, stage, MYCN status (if known)] and delivered therapy
(surgical procedures, chemotherapy exposures/doses, and location/dose of radiotherapy).
Alkylator scores were determined as described.1? Pathology, imaging and urine
catecholamines obtained at the time of diagnosis were reviewed to confirm the primary
diagnosis of neuroblastoma for all patients who developed a subsequent malignancy. For
each SMN, the date of diagnosis, histology, presenting symptoms, treatment, and outcome
were obtained. Pathology reports of the subsequent malignancies were available for 18
patients (16 reviewed at our institution and 2 reports from outside institutions). Three
patients (9, 14 and 16) did not have pathology reports available for review; however, all
three had outside medical records describing their SMN. Radiation therapy records were
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reviewed to determine whether the SMN arose in a radiation field. For patients who elected
to have genetic testing, data regarding TP53 mutations were obtained from the clinical
record. No genetic testing was performed for this study.

Statistical Methods

Results

The exact Wilcoxon rank sum test was used to compare age distributions among patients
with and without second malignancies. Fisher’s exact test was used to compare gender and
race distributions between patient groups.

Expected numbers of cancers were calculated using public use data from the Surveillance,
Epidemiology, and End Results (SEER) Program of the National Cancer Institute 13, The
number of person-years of observation was compiled for age- and gender-defined subgroups
and calculated as the time from diagnosis of neuroblastoma to diagnosis of SMN, death or
the date of last contact, whichever was first. The standardized incidence ratio (SIR) was
calculated as the ratio of the observed number of cases to the expected number of cases.
SIRs are presented with 95% confidence intervals.14 The cumulative incidence of SMN was
estimated. Death prior to development of a SMN was considered a competing event.

Patient Characteristics

From November 1, 1961 to September 30, 2005, 758 patients with neuroblastoma were
identified of whom 646 met the inclusion criteria. Most of the ineligible patients were
referred for treatment of recurrent neuroblastoma and lacked significant data points.
Amongst these 646 patients, 21 (3.3%) developed a SMN.

Table 1 shows patient characteristics for the whole cohort (n=646) and for the subgroups of
patients with and without a SMN after neuroblastoma. The median age at diagnosis of
neuroblastoma for all patients was 25.5 months (range, birth to 19.4 years). There were no
statistically significant differences in the distributions of age at diagnosis (p=0.19), gender
(p=0.27), or race (black vs. white) (p=0.25) among the patients with and without a SMN.
The distribution of stages by SMN was statistically significant (p=0.006). Two hundred
ninety-one patients were alive at a median follow-up of 23.1 years from diagnosis (range,
2.1 - 47.9 years). Approximately 85% of survivors (246 of 291) have been seen or contacted
within the last 2 years.

The medical histories of the 21 patients who developed second malignancies were reviewed.
None of the patients who developed a SMN had an overgrowth syndrome. Although some
patients had several family members with a diagnosis of cancer, none met the diagnostic
criteria for Li-Fraumeni or Li-Fraumeni-like syndrome.15 None of the patients had
neuroblastoma arising in both adrenal glands, a family history of neuroblastoma, congenital
central hypoventilation syndrome, or Hirschsprung disease. The patient who developed a
malignant peripheral nerve sheath tumor did not have evidence of neurofibromatosis, type 1.
No TP53 mutations were identified in the peripheral blood of 2 patients (one who developed
Ewing sarcoma and one who developed rhabdomyosarcoma), although several known
polymorphic variants were detected.
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The initial presentation of neuroblastoma and subsequent treatment of each patient who
developed a SMN are provided in Table 2. All patients who developed a SMN had
previously received chemotherapy, radiation therapy, or both. The 3 patients with an initial
diagnosis of stage | disease received chemotherapy and/or radiation therapy for recurrent
neuroblastoma prior to development of the SMN. All of the 19 patients who received
chemotherapy were treated with cyclophosphamide (cumulative dosage range 384 — 28,510
mg/m?), 16 were exposed to doxorubicin (cumulative dosage range 71 — 463 mg/m?2) and 10
to an epipodophyllotoxin [6 to etoposide (cumulative dosage range 1335 — 17484 mg/m?); 4
to teniposide (cumulative dosage range 494 — 1216 mg/m?)]. The 4 patients who developed
treatment-related acute myeloid leukemia /myelodysplastic syndrome (AML/MDS) received
cyclophosphamide (alkylator score =3 for 3 of the 4) as part of their initial therapy and 3
also received an epipodophyllotoxin. The patient with AML who was not exposed to an
epipodophyllotoxin received 25 Gy of radiation to the abdomen and pelvis. Two of the four
patients who developed AML/MDS had MLL gene rearrangement. The other two patients
did not undergo this analysis. Of the 10 patients with a solid SMN who were exposed to
radiation therapy, 6 developed a subsequent neoplasm within the radiation field with doses
ranging from 15Gy to 39Gy.

Characteristics of Second Neoplasms

Of the 21 patients with SMNSs (see Table 2), 11 were alive at the time of analysis. The
median latency from diagnosis of neuroblastoma to diagnosis of a SMN was 10.7 years
(range 1.3 to 44.2 years). The median latency from diagnosis of neuroblastoma to diagnosis
of AML/MDS (n=4) was 3.6 years (range 1.3 to 5.4 years), of a sarcoma (n=7) was 9.0 years
(range 3.1 to 15.8 years), and of a carcinoma (n=9) was 24.2 years (range 5.8 to 44.2 years).
One additional patient developed Hodgkin lymphoma approximately 27 years after her
neuroblastoma diagnosis.

Three patients developed a second small round blue cell tumor that was confirmed to be
histologically different from the original tumor within 6 years of the initial diagnosis of
neuroblastoma. One patient with high-risk neuroblastoma had a new abdominal mass noted
at the completion of maintenance therapy. Although highly suspicious for recurrent
neuroblastoma, biopsy of the mass revealed embryonal rhabdomyosarcoma (spindle cell
variant) with expression of myogenin and muscle-specific actin. Two other patients
presented with painful lesions that were thought to be recurrent neuroblastoma but on biopsy
were found to be embryonal rhabdomyosarcoma (n=1) and Ewing sarcoma (n=1). The
patient with Ewing sarcoma was previously treated for unresectable localized cervical
neuroblastoma with chemotherapy and radiation therapy. Imaging evaluations for worsening
back pain revealed a dumbbell-shaped mass at the L4 spinal. The biopsy demonstrated
Ewing sarcoma and contained the EWS/FLI-1 fusion transcript.

Cumulative Incidence of Subsequent Neoplasms

The 20-year and 30-year cumulative incidences of second malignancy were estimated to be
2.6% £ 0.7% and 4.6% = 1.1%, respectively. The 20-year cumulative incidence of
AML/MDS was 0.6%= 0.3%, of sarcomas was 1.3%z 0.5% and of carcinomas was 0.8%z+
0.4% (Figure 1).

J Pediatr Hematol Oncol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Federico et al. Page 5

Risk of SMN Compared to the General Population

Based on the total of 21 SMNSs in our neuroblastoma cohort and the expected number of
cases of 2.27, according to age- and gender-specific SEER rates the SIR was 9.3 (95% ClI,
5.7 — 14.2). Excluding the 2 cases with basal cell carcinoma, the SIR was 8.3 (95% ClI, 5.0 —
13.0).

Discussion

This study describes the incidence, clinical features, and outcome of subsequent malignant
neoplasms in a large cohort of patients initially treated for neuroblastoma. This study is not
limited to patients who developed subsequent malignancies 5 years from their
neuroblastoma diagnosis,®: 17 who were treated for high-risk disease,18-20 or who had a
specific SMN histology?1: 22 but includes the entire spectrum of patients with neuroblastoma
treated at a single institution. Notable findings include the identification of 5 SMNs within 5
years of diagnosis (3 of which were treatment-related MDS/AML), the second report of
Ewing sarcoma as a SMN following neuroblastoma,23 further confirmation of Hodgkin
lymphoma,6: 24 renal cell carcinoma,6: 25 soft tissue sarcoma,6: 17. 19. 22, 26, 27 gnq
osteosarcomal’: 18. 21 a5 SMNs after neuroblastoma treatment, and demonstration of an
increased incidence of SMNs versus that expected in an age-matched population.

One important clinical point identified in this cohort is the concurrent presentation of
recurrent neuroblastoma and a SMN. Our study includes 2 patients (one with acute
monocytic leukemia and one with rhabdomyosarcoma) who developed a SMN within 15
months of completing treatment for their neuroblastoma. Additionally, 2 other patients had
symptoms and imaging that were concerning for recurrent neuroblastoma but were proven
by biopsy to be Ewing sarcoma and rhabdomyosarcoma. These four cases highlight the
importance of an increased suspicion of SMN in this patient population also at risk for
recurrent neuroblastoma.

In our cohort of patients, one of the SMNs appeared to arise within the residual mass, in
agreement with other reports of rhabdomyosarcomas!®: 22 and a malignant peripheral nerve
sheath tumorl? arising within a residual mass after treatment for neuroblastoma.
Additionally, one patient with a large residual mass 25 years after the diagnosis of
neuroblastoma had a significant delay in diagnosis of clear cell carcinoma because many of
her symptoms were attributed to the residual mass. The management of residual masses in
neuroblastoma is complex, since it has been well-described that some neuroblastic tumors
resolve spontaneously or remain stable for years without progression, thus requiring no
intervention.28 Furthermore, patients with low and intermediate risk neuroblastoma have
excellent outcomes, even if residual tumor remains evident at the end of therapy.29 These
findings, along with the report of excellent outcome in intermediate-risk patients with
reduced chemotherapy,* may result in more patients having a residual mass at the end of
treatment. In caring for these survivors, physicians should be aware of the potential risk for
development of a SMN within the residual mass.

Bone sarcomas are one of the most frequent SMNSs in childhood cancer survivors, the vast
majority of which are osteosarcoma.30-34 This is most likely related to the known elevated
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risk in patients with hereditary retinoblastoma,3% 34 Li Fraumeni syndrome,® and in
patients treated with radiation therapy.27: 35 36 |nterestingly, the single patient in our cohort
who developed a subsequent osteosarcoma had not received radiation. However, this patient
was treated with alkylating agents, which have been implicated in the development of
osteosarcoma.33 While osteosarcoma arising as a SMN after treatment of childhood cancer
has been frequently described, Ewing sarcoma as a SMN is less common.37: 38 |n an
extensive review of the literature, there is one report of a case of Ewing sarcoma in a patient
previously treated for neuroblastoma.23 Our patient is the second patient ever described.
Although none of our patients met the criteria for Li-Fraumeni or Li-Fraumeni-like
syndrome, it is possible that there are unrecognized genetic factors that predispose these
patients to malignancy.

Not surprisingly, all patients in our cohort who developed a SMN had previously received
chemotherapy and/or radiation therapy for the treatment of neuroblastoma. All of the
patients with a subsequent AML/MDS had been treated with an epipodophyllin, alkylating
agent, or both. Epipodophyllin exposure is a well-known risk factor for the development of
treatment-related leukemias,3° although debate surrounds the importance of cumulative
dose33 versus schedule of administration.*? Likewise, radiation is well known to play a role
in the development of secondary sarcomas26: 32 36 and carcinomas.33 We observed
carcinomas and sarcomas both within previously irradiated tissue as well as in patients who
had never received radiation therapy. Due to the small number of patients in our cohort with
SMNs and the wide range of SMN histologies and exposures, this study lacks the power to
clearly define the relationship between exposures and development of specific SMNs
neuroblastoma. However, it is noteworthy that no patient treated with surgery alone
developed a second malignancy.

The incidence of SMNs in our neuroblastoma population was 9.3 times higher than the
expected incidence in an age and gender-matched population. This increased incidence is
within the range of reported median SIRs for SMNSs in neuroblastoma survivors of 8 —
10.4.16.17. 24 \When cases of non-melanoma skin cancers are excluded, the SIR was 8.3.
Since ours is not a population-based study, there may be a bias towards more intensive
therapy at our large referral center. The range of latency periods noted in our study ranging
from the lowest for AML/MDS and the highest for carcinomas is similar to that reported by
the CCSS33 in which AML has the shortest latency period at 6.1 years and breast cancer the
longest at 15.7 years. Bone and soft tissue sarcomas are intermediate at 9.6 and 10.6 years,
respectively. 33 In our study, all of the SMNs that occurred 20 or more years after diagnosis
were carcinomas. As survivors of neuroblastoma continue to age, further studies are needed
to better understand the risk for the development of late SMNSs in this population.

Over the past two decades, significant changes have been made to the treatment approach
for patients with low-, intermediate- and high-risk neuroblastoma. Patients with low- and
intermediate-risk disease have experienced a significant reduction in therapy. In our study,
10 patients with stage 1, 2A or 2B (low-risk or intermediate-risk) disease developed a SMN.
These patients were all treated decades ago and if treated in the modern era using the current
risk-based stratification system would have received significantly less therapy, possibly
diminishing the risk of a SMN. Additionally, two of the stage 4 patients in the study were
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infants and by current risk-adapted treatment guidelines would have received less therapy,
including reduction in chemotherapy for both patients and elimination of radiation therapy
for one. Thus our estimates of the risk of SMN for low-risk patients may exceed the actual
risk for patients treated with contemporary therapy. Although therapy has been reduced for
low- and intermediate-risk groups, significant intensification of therapy has occurred in the
high- risk group with consequent improvement in long-term survival. The effects of
increased chemotherapy dose intensity, tandem bone marrow transplants, altered
radiotherapy regimens, immunologic therapy and MIBG therapy on the risk of SMN are
unknown. It is therefore possible that our study underestimates the risk of SMNs for high-
risk patients with neuroblastoma treated in the most recent era.

In summary, our study demonstrates that the risk of developing a SMN after the diagnosis of
neuroblastoma is increased compared to the general population. The latency periods differ
depending on the type of SMN with most AML/MDS developing in the first 5 years after
diagnosis, sarcomas 5-15 years following diagnosis and carcinomas more than 15 years
after diagnosis. The incidence of carcinomas continues to increase with age. As highlighted
in this study, we must continue to evaluate the risk of SMN as treatment strategies change.
As treatment intensity is reduced in the low- and intermediate-risk groups moving forward
we may see a reduction in SMNs in this population. However, equally important is the fact
that intensification of treatment and addition of new therapeutic agents for high-risk patients
may be accompanied by higher SMN risks. Given the young age of patients diagnosed with
neuroblastoma and the improving survival rates, it will be important investigate whether the
incidence of carcinomas continues to increase as this population ages. Additionally, we must
closely monitor future survivors, especially those of high-risk disease, who may be at
increased risk for developing SMNSs.
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Cumulative incidence of second malignant neoplasms (SMNSs) in survivors of
neuroblastoma (y-axis) by histologic class of SMN (acute myeloid leukemia/
myelodysplastic syndrome (AML/MDS), sarcoma, and carcinoma) relative to time since
diagnosis of neuroblastoma in years (x-axis).
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Patient Characteristics

Table 1

Population (n=646)

Patients without SMN (n=625)

Patientswith SMN (n=21)

Age at diagnosis

Median 25.5 months 25.9 months 14.4 months
Range birth — 19.4 years birth — 19.4 years 0.3 months — 8.7
Gender
Male 362 (56.0%) 353 (56.5%) 9 (42.9%)
Female 284 (44.0%) 272 (43.5%) 12 (57.1%)
Race
White 508 (78.6%) 493 (78.9%) 15 (71.4%)
Black 116 (18.0%) 110 (17.6%) 6 (28.6%)
Hispanic 8 (1.2%) 8 (1.3%) -
Unknown 11 (1.7%) 11 (1.8%) -
Other 3(0.5%) 3(0.5%) -
INSS Stage
INSS 1 86 (13.3%) 83 (13.3%) 3 (14.3%)
INSS 2A 37 (5.7%) 36 (5.7%) 1 (4.8%)
INSS 2B 55 (8.5%) 48 (7.7%) 7 (33.3%)
INSS 3 61 (9.4%) 60 (9.6%) 1 (4.8%)
INSS 4 372 (57.6%) 363 (58.1%) 9 (42.9%)
INSS 4S 35 (5.4%) 35 (5.6%) 0 (0.0%)
Primary Site Group
Adrenal 332 (51.4%) 323 (51.7%) 9 (42.9%)
Abdomen-Nonadrenal 142 (22.0%) 138 (22.1%) 4 (19.0%)
Thoracic 117 (18.1%) 115 (18.4%) 2 (9.5%)
Cervical 22 (3.4%) 19 (3.0%) 3 (14.3%)
Pelvic 19 (2.9%) 17 (2.7%) 2 (9.5%)
Nasal Cavity 3(0.5) 2 (0.3%) 1(4.8%)
Unknown 11 (1.7%) 11 (1.8%) 0 (0.0%)
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