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Second Malignant Neoplasms in Children and Adolescents Treated for
Blood Malignancies and Solid Tumors: A Single-Center Experience of

15 Years

Abstract

Context: The occurrence of second malignancies is not rare in children treated for primary tumors.
Objectives: The aim of this study was to investigate the occurrence and the outcomes of second
malignancies in children and adolescents from a large tertiary pediatric hematology-oncology center.
Materials and Methods: A retrospective study was performed looking into the characteristics
and outcomes of second malignant neoplasms in children and adolescents treated for primary
malignancies in a single center over a 15-year period. Results: Among 270 children and adolescents
treated for hematological malignancies and solid tumors from 2000 to 2015, five cases of second
malignancy were diagnosed including cancer of the parotid gland, renal cell carcinoma, Hodgkin’s
lymphoma, thyroid carcinoma, and transitional liver cell carcinoma in patients previously treated
for acute myeloid leukemia, glioblastoma multiforme, B-acute lymphoblastic leukemia, Langerhans
cell histiocytosis, and medulloblastoma, respectively. Primary malignancies were treated with
chemotherapy in all cases and four out of five patients had also received radiotherapy. Mean age
at diagnosis of second malignancy was 10 years and 4 months. Overall survival after diagnosis of
second malignancy was 80% at 12 months and 75% at 5 years. Conclusions: Close surveillance
and long-term follow-up are mandatory for the identification of late effects in children treated for

malignancy.
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Introduction

The development of effective therapies for
childhood cancer has led to an increased
incidence of long-term toxicity. Second
malignant neoplasm (SMN) is a leading
cause of morbidity and mortality among
cancer survivors. The 5-year relative
survival rate of childhood cancer exceeds
80%." Tt is estimated that 5%-10% of
children who have been treated for primary
malignancy will develop an SMN with
a 20-year cumulative incidence of SMN
in childhood survivors of 3.2%.52 Risk
factors for the occurrence of SMN include
patient- and therapy-related characteristics,
including young age at primary diagnosis,
female gender, use of chemotherapy,
radiation therapy, and genetic factors.!'"”!

Primary neoplasms that are more
commonly associated with SMN include
leukemia, lymphoma,  retinoblastoma,
medulloblastoma, craniopharyngioma, and
neuroblastoma.l'*1®1 Radiation therapy is
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used therapeutically or preemptively in
pediatric malignancies and has been linked
with increased survival rates not without
late effects. The term radiation-induced
malignancy is used to describe malignancies
which occur in tissues exposed to radiation
that arise from the primary malignancy.”-%
The more common SMNs are acute myeloid
leukemia (AML), myelodysplastic syndrome,
thyroid carcinoma, and central nervous
system (CNS) tumors.

Adult-type malignancies occur rarely in
children. Chemotherapy, radiation therapy,
and genetic predisposition are known risk
factors for the occurrence of adult-type
tumors in childhood. Sarcomas are the
most common adult-type tumors and can
affect organs that are distant from primary
tumors. The aim of this study was to
investigate the occurrence and the outcomes
of SMN from a large tertiary pediatric
hematology-oncology center.
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Materials and Methods

We performed a retrospective, observational study
of SMNs in children aged 1 month to 18 years who
were diagnosed and treated for primary hematological
malignancies and solid tumors in a tertiary Pediatric
Hematology Oncology Department between January 2000
and December 2015. A total of 270 medical records were
analyzed, SMN cases were identified, and parameters
that were analyzed included primary diagnosis, age at
diagnosis of primary and second malignancy, sex, type of
treatment received (chemotherapy, radiotherapy), family
history of malignancy, genetic mutations when available
and outcomes after SMNs.

Results

A total of 270 medical records were reviewed from
children aged 1 month to 18 years that were diagnosed
and treated for primary hematological malignancies
and solid tumors from 2000 till 2015 with a follow-up
time of 6 months to 15 years. Medical records were
also available after transition to adult services, with
none lost to follow up. Over a 15-year period, five
patients - 5 boys, 0 girls - were diagnosed with second
malignancies. SMNs included cancer of the parotid
gland, renal cell carcinoma, Hodgkin’s lymphoma,
thyroid carcinoma, and transitional liver cell carcinoma
in patients previously diagnosed and treated for AML,
glioblastoma  multiforme, B-acute  lymphoblastic
leukemia (B-ALL), Langerhans cell histiocytosis (LCH),
and medulloblastoma, respectively. Patients’
characteristics and associations between primary and
secondary malignancies are displayed in Table 1.

Mean age at primary diagnosis was 5 years and
4 months (range: 2 years and 9 months to 8 years and
7 months). Mean age at diagnosis of second malignancy
was 10 years and 4 months (range: 7 years and

10 months to 14 years and 4 months). All patients had
received chemotherapy for their primary diagnosis and
80% (4/5) had also received radiation therapy. Median
time from primary diagnosis to second malignancy
was 5 years (range: 3—10 years). Among patients who
received radiotherapy and developed second malignancy,
50% of SMN occurred at the site of previous radiation
exposure.

Case 1

A 14-year-old male child presented with painless parotid
mass 10 years after successful treatment of AML according
to the AML-BFM-1998 protocol with chemotherapy and
cranial radiotherapy (18 Gy). Complete excision of the
parotid gland was performed with histological diagnosis
of low-grade mucoepidermoid carcinoma. His 5-year
follow-up has been uneventful.

Case 2

A previously well 3-year-old male child was diagnosed
with high-grade glioma Grade IV according to the WHO
classification, glioblastoma multiforme. Surgical excision
of the lesion was performed and he received cranial
radiotherapy (54 Gy) and temozolomide (200 mg/m*24 h)
for 5 months. He developed two relapses 6 months and
1 year after primary excision, which were managed by
surgery, placement of ventriculoperitoneal shunt and further
chemotherapy. At the age of 8 years, while he had been
disease free for >4 years, he presented with a left-sided
renal mass which was histologically consistent with renal
cell carcinoma, stage T3A (TNM/AJCC staging system).
Genetic analysis revealed a de novo mutation of p53
gene (G245S5) [Figure 1a].

Case 3

Diagnosed with B-ALL at the age of 5.5 years and
treated according to ALL-BFM 2000 High-Risk Protocol
with chemotherapy and cranial radiotherapy (12 Gy), a

Table 1: Characteristics of patients with second malignancies

Case Sex Primary Age at Treatment Second Age at Family Follow-up
Diagnosis Primary Malignancy Second History
Diagnosis Malignancy

1 M AML 4 yr 1 mo Chemo, Ca parotid 14 yr 4 mo Neg 5 year
RT

2 M Glioblastoma multiforme 2 yr 9 mo Chemo, Renal cell 8 yr 10 mo Neg 2 year
Surgery, carcinoma
RT

3 M B-ALL 5 yr5mo Chemo, RT Hodgkin 10 yr I mo Neg 6 year

Lymphoma

4 M LCH 5 yr9mo Chemo, Thyroid 7 yr 10 mo Neg 5 year
Surgery carcinoma

5 M Medulloblastoma 8 yr 7 mo Chemo, Transitional 10 yr 9 mo Pos 2 mo (died)
Surgery, liver cell
RT tumor

AML — Acute myelogenous leukemia; B-ALL — B-acute lymphoblastic leukemia; Chemo — Chemotherapy; RT — Radiation therapy;

Neg — Negative; Pos — Positive
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10-year old male child presented with supraclavicular
lymphadenopathy and splenomegaly. Lymph node
biopsy revealed nodular sclerosis, Hodgkin’s lymphoma,
Stage IIIB [Figure 1b]. He received chemotherapy
with doxorubicin, bleomycin, vincristine, etoposide,
cyclophosphamide, and prednisolone according to the
COG AHODO0031 protocol and has remained disease free
in a 5-year follow-up.

Case 4

A 5-year-old male child was diagnosed with LCH of the
right femur and was managed with surgical resection,
vinblastine, and prednisolone according to LCH III
protocol. Two years after the completion of chemotherapy,
he was diagnosed with papillary thyroid carcinoma
with cervical lymph node metastases. There was no
relevant family history and no radiation exposure. After
thyroidectomy and radioiodine therapy, he has remained
asymptomatic in a 5-year follow-up.

Case 5

An 8-year-old male child with positive family of
malignancy (father with Hodgkin’s disease, mother
with breast cancer) was diagnosed with Grade 4
medulloblastoma of the cerebellum with leptomeningeal
spread which was managed with surgical excision
and treated as per high-risk medulloblastoma SIOP
protocol with methotrexate, vincristine, etoposide,
cyclophosphamide, carboplatin, lomustine, and -cranial
irradiation (54 Gy). Twenty-six months after his primary
diagnosis, he was diagnosed with transitional liver
cell tumor (TLCL) [Figure lc]. He was treated with
chemotherapy and surgical excision but developed
multi-organ failure and passed away 2 months later.
Genetic testing was not available in his case due to lack
of parental consent.

Figure 1: (a-c) Abdominal magnetic resonance image of Case 2, Case 3,
and Case 5 showing left-sided renal cell carcinoma, stage IlIB Hodgkin’s
lymphoma, and transitional liver cell tumor, respectively

Outcome

Second malignancies were managed with chemotherapy
(2/5), surgical excision (4/5) and in one case (case 3)
required splenectomy. Overall survival was 80% (4/5) at
12 months and 75% (3/4) at 5 years.

Discussion

Increased survival of children treated for primary
malignancies has led to an increased risk of late effects,
among which SMNs are the most serious. It is estimated
that 5%—10% of all children treated for primary malignancy
will develop SMN.*9 For childhood cancer survivors,
the 20-year cumulative incidence has been estimated at
3.2%.0121 Acute lymphoblastic leukemia (ALL), Hodgkin’s
disease, and retinoblastoma are the primary malignancies
more commonly associated with the occurrence of
SMNs.!521 ALL is the most common malignancy in
childhood. The estimated cumulative incidence of second
malignancy in patients who have received treatment for ALL
is 2.5% at 15 years after primary diagnosis and radiation
is a known risk factor for SMN.®"I Known risk factors
for the occurrence of second malignancy in this group are
age <5 years, female gender, cranial radiation, and disease
relapse, and the most common second malignancies include
CNS tumors and hematological malignancies.!"®! In our
institution, among 75 ALL survivors, SMN was observed
in one case, 10 years after primary diagnosis.

AML is four times less common than ALL in childhood
with an estimated survival rate of >65%.1>* In previous
studies, AML survivors have been shown to have a 10-fold
increased risk of malignancy compared to the general
population.””) In this study, we describe a case of parotid
cancer in a child treated for AML with chemotherapy
and irradiation >10 years after his primary diagnosis.
Mucoepidermoid carcinoma of the parotid is a rare
malignancy in children. As SMN, it has been previously
described in patients treated for ALL and rarely in children
treated for AML.[2326]

Few reports have been published regarding SMNs in
patients treated for glioblastoma.l?’?®! We describe here a
rare case of an 8-year male child who presented with renal
cell carcinoma 6 years after his treatment for glioblastoma.
Renal cell carcinoma is the most common renal malignancy
in adults, but it is rare in childhood. It has been described
as second malignancy in patients treated for Wilms’
tumor and neuroblastoma survivors.[?3% Childhood cancer
survivors have an 8-fold risk of developing renal cell
carcinoma compared with the general population.®!! To
our knowledge, this is an uncommon case of renal cell
carcinoma occurring in patient treated for glioblastoma.

Mutations of the tumor suppressor gene p53 have been
associated with many types of human cancer. Apart from
sporadic mutations, p53 mutations can arise as part of
cancer predisposition syndromes and close surveillance
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is required in known mutation carriers to identify
asymptomatic neoplasms. Association of p53 and renal cell
carcinoma is well known in adults.?

Association of LCH and papillary thyroid carcinoma
has been previously reported and is more common in
adults than children.?*%1 We describe here a rare case of
metachronous papillary thyroid carcinoma in an 8-year-old
child who presented 2 years after the completion of
International LCH III treatment protocol with prednisolone
and vinblastine. As the thyroid gland can be involved
directly or indirectly in patients with LCH, it is important
to highlight the need for close follow-up of these patients
and examination of the thyroid gland.

Medulloblastoma is the most common malignant CNS
tumor in children. It is estimated that patients treated
for medulloblastoma have a 2%-7% cumulative 10-year
incidence rate of second malignancy.?>?*"! It has been
previously shown that second non-CNS malignancy is more
likely to occur at the site of primary radiation.*”! Here, we
present a case of TLCL after treated of medulloblastoma
with chemotherapy and radiotherapy. TLCL is a rare,
rapid-growing malignancy with very poor prognosis. Only
few cases of TLCL have been reported in literature and
even fewer have been described as SMN.M!

The occurrence of adult-type second malignancies is not
common in childhood. We describe here two cases of adult
type malignancies — one case of renal cell carcinoma and
one of TLCL that occurred 6 and 3 years after diagnosis
of primary diagnosis, respectively, at sites distant from
primary malignancy. This highlights the need for careful
systemic follow-up of children who have survived primary
malignancies.

Mortality is higher in childhood cancer survivors compared
with the general population and occurrence of SMN account
for a significant proportion of non-relapse-related mortality.
In this study, SMN-related mortality was 20% (1/5) in a
15-year study period. Adult-type malignancies have an
increased risk of mortality when occurring in childhood. In
this 15-year study period, mortality caused by adult-type
second tumors was 50%.

In our study, mean age at diagnosis of second malignancy
was 10 years and 4 months (range: 7 years and 10 months
to 14 years and 4 months). Mean time from diagnosis of
primary to second malignancy was 5 years (range: 2 years
1 month to 10 years 3 months), compared with 2—8 years
published elsewhere.!'31827-2242] These results support the
need for close, long-term follow-up of pediatric cancer
survivors for late effects.

Conclusion

The occurrence of SMNs in children and adolescents who
have received treatment for primary tumors is not rare. An
increased risk of developing subsequent malignant neoplasms
implies the need of close surveillance and long-term follow-up.
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