Article published online: 2021-05-17

Practitioner Section

A Case of Synchronous Malignancy with Novel Missense Mutation in a
Child: Is This Li-Fraumeni Syndrome or a Novel Case Masquerading as

Li-Fraumeni Syndrome??

Abstract

We report the case of an 11-month-old child who presented with a change in voice, increased
weight, and hirsutism, who was also found to have elevated levels of serum cortisol and testosterone,
showing three synchronous malignancies in the liver, left adrenal gland, and posterior mediastinum.
Clinical exome sequencing report revealed germline 7P53 (P177A4) and MLH3 (V741P) mutations
with NMYC positive neuroblastoma. At the outset, this may look like a Li-Fraumeni syndrome (LFS)
with 7P53 germline mutation but lacks other features to be termed as LFS or Li-Fraumeni-like
syndrome. The gene mutation variant found in this case (P/774) is a novel missense mutation
which has never been reported, and the MLH3 gene mutation variant /'741P has not been previously
associated with any of the malignancies seen in this child.
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Introduction

Synchronous  malignancies  are  rare
occurrences in children and pose a
challenge in terms of chemotherapy and
surgery.) This challenge is intensified if
there is an association with 7P53 which
predisposes the individual to development of
tumors when exposed to chemotherapy or
radiotherapy.? This is such a case which had
high-risk malignancies otherwise treated by
high-dose chemotherapy and/or radiotherapy,
but because associated with 7P53 and
MLH3 gene mutations, management strategy
had to be changed. The rarity of the gene
mutations associated makes it a unique case.
Li-Fraumeni syndrome (LFS) is a familial
cancer syndrome associated with multiple
malignancies and 7P53 gene mutation.*! This
case report comes close to being labeled as
LFS.

Case Report

An 11-month-old male child was admitted
with the complaints of hoarseness of voice
and hirsutism from 8 to 9 months of age.
The child had generalized coarse hair
overgrowth over the entire body along
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with weight gain for which an endocrine
consultation was done. Hormonal assay
and radiological imaging studies were done
after the endocrine consult.

Medical investigations revealed high levels
of serum cortisol (20.85 wg/dL) and elevated
testosterone levels (free testosterone 250 ng/dL
and dihydrotestosterone 2500 ng/dL). Urinary
vanillylmandelic acid levels were normal, and
alpha-fetoprotein level raised to 912 ng/mL
(normal <10 ng/mL).

Radiological  investigation revealed a
mass in the left adrenal gland, which was
heterogeneous and well encapsulated with
areas of focal calcification seen within the
tumor [Figure la]. There was an exophytic
mass in the segment VI of the liver seen
without any extrahepatic, inferior vena
cava (IVC), portal vein, or nodal involvement
[Figure 1b]. Computed tomography also
revealed a well-encapsulated mass in the
posterior mediastinum extending between the
T4 and T7 vertebrae without any intraspinal
extensions [Figure lc]. The lungs were clear
of metastasis, so was the brain.

There were no dysmorphic features present
in the child and no history of malignancy in
the siblings.
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The mother had a history of six previous abortions and
hormonal treatment during pregnancy. The abortions were
not spontaneous but for wanting a male child. The child’s
father was formerly treated for renal cell carcinoma,
underwent partial nephrectomy 5 years ago, has not
received any chemotherapy postprocedure, and is symptom
free. There was no other family history of any malignancy.

There were three masses in this child and in order to get
a bearing as to which is primary and which is metastasis,
we decided to biopsy one of them and the safest was to
perform a liver biopsy. He underwent an ultrasound-guided
liver biopsy under corticosteroid cover, and it was reported
as fetal variant hepatoblastoma (ICD-O-3 code 8970).
Further, a right thoracoscopic biopsy was done to rule
out metastasis, but it was reported to be a neuroblastoma
stroma poor type (ICD-O-3 code 9490).

After ruling out adrenal medullary involvement (by urinary
vanillylmandelic acid and homovanillic acid level) to
prevent the intraoperative adrenal storm, he underwent a left
adrenalectomy [Figure 2a] and excision of hepatoblastoma
under corticosteroid cover [Figure 2b]. The left adrenal
mass was reported as adrenocortical malignancy (ICD-O-3
code 8370) without a breach in the capsule and the
hepatoblastoma was of fetal variant without any hepatic
vein, IVC, or extrahepatic involvement and clear margins
of resection. The chest mass was excised 2 weeks later, and
its biopsy was reported as neuroblastoma, which was well
differentiated and of stroma poor type [Figure 2c].

Hormonal evaluation post tumor excision revealed a
reduction in the levels of cortisol (2.0 ug/dL), testosterone
(free testosterone 0.1 ng/dL and dihydrotestosterone
27 ng/dL), and alpha-fetoprotein (3.0 ng/mL). Currently,
the levels of the elevated hormones have normalized, and
he is off steroids which were stopped after tapering doses.

Because the child has three histologically distinct
malignancies, gene mutation studies were done
which  revealed germline 7P53 gene mutation

(c. C530G, p. Prol77Arg) with allelic ID 468390 and
MLH3 gene (c. G2221T, p. Val741Phe) mutations.
Interphase  fluorescent in situ  hybridization (FISH)
technique revealed a 15-fold increase of NMYC signals
to chromosome enumeration probe signals, confirming
NMYC  amplification.  Following  this,  multiplex
ligation-dependent probe amplification (MLPA) assay was

Figure 1: (a) Radiological image of adrenocortical carcinoma, (b) radiological
image of hepatoblastoma, (c) radiological image of neuroblastoma

also performed on the neuroblastoma tissue to check for
segmental chromosomal anomalies on chromosomes 1,
2,3,4,7,9, 11, 12, and 17 [Table 1]. The parents were
offered to undergo genetic testing to find out any genetic
abnormalities, but they refused to undergo such tests.

While on cisplatin and doxorubicin regimen chemotherapy
(drugs common for both  hepatoblastoma and
neuroblastoma), he presented with convulsions (probably
hypoglycemic) and shock requiring inotropic support and
cardiopulmonary resuscitation. He was then diagnosed to
have severe chemoport-site sepsis (culture positive), which
had to be removed once stable. Post this incident, the child
developed hypoxic brain injury with neurological deficits
in the form of weakness and regression of milestone. He is
now on the road to recovery. At the time of reporting this
case, he was not on any chemotherapy and was undergoing
limb physiotherapy.

Discussion

Primary multiple tumors are defined as malignancies
with different histopathological origin in one person. Its
increased incidence seen nowadays is owing to better
diagnostic techniques and improved treatment methods.™
Multiple malignancies are reported along with 7P53 mutation

Table 1: Genetic and molecular findings on multiplex
ligation-dependent probe amplification and fluorescent
in situ hybridization in cases of neuroblastoma and its

significance

Genetic alteration Copy status Significance

ALK Normal Helps activating NMYC, high-
risk tumor

DDX1 Amplification High-risk tumor

NMYC Amplification High-risk tumor

1p None Near-diploid or tetraploid
tumors

11923 Normal Higher disease state and poor
prognosis

17q Gains Poor outcome

2p Amplification Very aggressive course

3p Normal Tumor suppressor gene, higher
age at diagnosis

4p Normal Tumor suppressor gene

7q Normal Tumor suppressor gene

Figure 2: (a) Intraoperative picture of adrenocortical carcinoma, (b)
intraoperative picture of hepatoblastoma, (c) intraoperative picture of
neuroblastoma
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and LFS. Two distinct histological types of malignancies
predominate the TP53 mutation reports. The most commonly
associated malignancies with germline 7P53 mutations
and LFS are the adrenocortical malignancies, soft-tissue
sarcomas, brain tumors, and breast tumors."!

There are multiple criteria which have been laid down
for the identification of LFS which are classic and
Chompret.? For those who do not fit into the classic
criteria, Birch and Eeles have laid down criteria for
identifying Li-Fraumeni-like syndrome (LFL). There is
another syndrome which is described in literature called
hereditary neoplastic syndrome. This is also associated
with multiple malignancies and characterized by earlier
onset of tumors than their described age. However, these
are associated with endocrine tumors.!”

Our patient does not fit into the LFS or LFL with any of
the criteria laid down even with the presence of a renal
cell carcinoma in his father. This makes our case a unique
one with germline 7P53 mutation and three histologically
different malignancies (one of them being adrenocortical
carcinoma) not matching the criteria for LFS and having
malignancies other than the ones usually reported with
LFS or LFL. This is a novel mutation, but its clinical
significance needs to be proven in future.

Considering this case as a novel case of synchronous
malignancies, the age of presentation also makes this unique,
as most commonly the multiple malignancy syndromes
are seen in the second or third decade.’®! This makes our
case a unique one as the three distinct histopathological
malignancies are reported at the age of 11 months. Three
other reports were found where the patients are aged 6, 8,
and 10 months.>%1%

There are multiple cases of neuroblastoma which are
reported with 7P53 gene mutation [Table 2]. There are
six reported cases of 7P53 mutation with adrenocortical
cancer (ACC) and neuroblastoma. This case is seventh
such report.

The reported mutation in 7P53 gene in our present case
is a missense mutation c¢. C530G, p. Prol774rg (P177A4)
with allelic ID 468390. This germline mutation has been
identified in scientific literature to be present within
the DNA-binding domain of 7P53 but has not been
biochemically characterized, and, therefore, its effect on
TP53 protein function is still unknown, although speculated
to have a partially gain-of-function mutation.'! According
to the International Agency for Research on Cancer (IARC)
TP53 database, there has been only one somatic 7P53
P1774 mutation identified in colorectal cancer and no
germline 7P53 P1774 has been identified till August 2018.
Totally, there are 498 gene variants identified with 7P53
mutation in the IARC TP53 database.!'*!

The clinical exome sequencing also identified a mutation in
the MLH3 gene which was a missense mutation ¢. G2221T,

pVal741Phe (V741P) which is associated with hereditary
nonpolyposis colorectal cancer (HNPCC) type 7. This
type of HNPCC is known to cause early-onset colorectal,
endometrial, gastric, and breast cancers.'! According to
the Centre for Genomic Study and Genetics, Zhejiang
University, there are a total of 54 gene variants which
are described for MLH3 mutation and most of them are
on exon 2, as in our case. According to the same genetic
registry, there have been only two instances of reports
with V741P mutation, which were seen in adult familial
endometrial carcinoma and colorectal cancer.!'®!

The neuroblastoma tissue which was subjected to check for
NMYC amplification test by interphase FISH assay revealed
a 15-fold increase in the NMYC signals. Further, MLPA
assay was performed to identify segmental chromosomal
anomalies, which revealed alterations as tabulated in Table 1.

This case is particularly unique due to presentation with
three histologically malignant tumors at 11 months of age. It
did not fit into the criteria laid down for LFS in the presence
of TP53 mutation and ACC with neuroblastoma. The
gene mutation variant found is a novel missense mutation
which has never been reported in germline mutation, while
only one case is reported that of a somatic mutation (with
colorectal cancer).'¥ The MLH3 gene mutation variant
V741P has not been previously associated with any of
the malignancies seen in this child.'® This indirectly may
point toward the child developing any other malignancy
association with this genetic aberration later in his life.

The MLPA assay and NMYC amplification rendered the
neuroblastoma as a high-risk tumor. The chemotherapy
regimen for high-risk neuroblastoma with NMYC, DDXI,
and 2p amplifications consists of high-dose chemotherapy,
irradiation, followed by immunotherapy.'” The treating
doctors were pushed against the wall for deciding the
therapy as radiotherapy or high-dose chemotherapy cannot
be performed because of 7P53 mutation as these patients
are known to develop more malignancies when exposed to
radiation or other cytotoxic drugs.

A management protocol for these patients with multiple
malignancies cannot be formulated as these are one-off
presentation and each such presentation must be dealt
individually.

Conclusion — Take-Home Message

Multiple synchronous malignancies are a rare occurrence in
children. Cytogenetics (karyotyping, FISH, and comparative
genomic hybridization) and molecular cytogenetics (MLPA
and restriction fragment length polymorphism) in these
cases help identifying the known mutations, whereas
molecular cytogenetic techniques (denaturing gradient
gel electrophoresis, single-strand conformational
polymorphism, and heteroduplex analysis) will identify
the unknown mutations. Genetic mapping of parents and
siblings is crucial to identify inherited mutations or de novo
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Table 2: Cases of neuroblastoma combined with other tumors and TP53 mutation

Case Location Year Age/sex Function Gene variant Exon Other associated N-MYC Reference

number malignancy amplification

1 The USA 1998 18 months/male Loss of function R248W 45X0O 7  ACC No [1]

2 The USA 2008 10 months/male Loss of function R248W 7 ACC No [10]

3 Brazil 2015 NA Loss of function R337H 10 ACC Present [11]

4 Brazil 2015 NA Loss of function R337H 10  ACC Present [11]

5 The USA 2015 8 months/male Unknown 1162F 5 ACC No 9]

6 China 2017 6 months/male Loss of function N268E 8 ACC No [3]

7 The UK 2014 2 years/male Loss of function R248Q Whole Benign myofibroblastic ~ Present [5]
exome proliferation and sarcoma

8 The USA 2013 3 years/male Loss of function P219S Whole High-risk neuroblastoma Present [2]
exome

9 The UK 1992 1 year/male Loss of function R273H NA  Osteosarcoma NA [12]

10 India 2018 11 months/male Unknown R177A 5 Hepatoblastoma and ACC Present This study

ACC — Adrenocortical cancer; NA — Not available

mutations. Establishing a chemotherapy regimen and
tailoring it for these patients requires a multidisciplinary
approach. Follow-up of these children with an eye out for a
possible malignancy is of utmost importance.

Consent
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