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Abstract

Genetic changes in juvenile myelomonocytic leukemia (JMML) determine distinct subtypes, treatments and outcomes. JMML

with germline CBL mutation and somatic NRAS mutation possibly achieves spontaneous remission, but hematopoietic stem

cell transplantation is indicated for other subtypes of JMML. We hereby report a child with JMML harboring a germline CBL

mutation (c.1111T>C) and an NF1 variant (c.3352A>G) concurrently. After evaluation, we considered the NF1 variant not

the major contributor. After one year of observation, this case had no signs of disease progression. This case highlights the

importance of combining available evidence and clinical findings in caring patients with unusual genomic variations.

Introduction

Juvenile myelomonocytic leukemia (JMML) is one of the rarest pediatric hematologic malignancies, af-
fecting around 1.2 per million children per year1. It usually occurs in early childhood and possesses
a dismal prognosis2. Ninety percent of cases with JMML could be attributed to alterations involving
RAS/MAPK signaling pathway, including KRAS , NRAS , PTPN11 ,NF1 , and CBL 3. Hematopoietic
stem cell transplantation (HSCT) has been regarded as the only cure for patients with JMML2. How-
ever, some specific subtypes, such as germline CBL -mutated JMML or JMML with clonal RASmutations,
portrayed a less aggressive picture and even displayed spontaneous remission4-7. As a result, determining
the culpable molecular aberrancy is curial in the management of patients with JMML. With the booming
development of next-generation sequencing (NGS) in the field of hematologic malignancies, the underlying
genomic alterations of neoplastic diseases are more easily accessible nowadays. However, NGS also discovers
genetic changes with unknown influences on protein function or clinical pathogenicity, termed variant of un-
certain significance (VUS)8. In clinical practices, a VUS usually brings challenges to the physicians because
of the inadequacy of clinical information for decision-making. We report our experience in taking care of a
child with JMML concurrently harboring a germlineCBL pathogenic mutation and a germline NF1 VUS.

Case Presentation

A two-year-old boy was referred to our hospital for unexplained anemia and thrombocytopenia lasting for
6 months. His height was 81.8cm (3rd to 10th percentile; weight was 11.3kg (25th to 50th percentile).
The development was normal without hearing or visual impairment. Physical examination findings were
unremarkable except splenomegaly. There was no Cafe au lait spot nor hyperpigmentation on the skin.
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No low-set ears, webbed neck nor hypertelorism was noted. Echocardiogram revealed no cardiac structural
anomaly. Splenic longitudinal length measured by sonography was 11.2cm (Suggested upper limit for 2 to
4 years old children was 9cm)9. Complete blood count showed monocytosis and the presence of myeloid
and erythroid precursors. The fetal hemoglobin was 3.6% (reference range: less than 2%). Bone marrow
studies revealed the blast cells were less than 20%. He had a normal karyotype (46; XY). The bone marrow
mononuclear cells were identified to have a pathogenic CBL mutation (c.1111T>C; p.Tyr371His; variant
allele frequency 97.3%) via NGS (Oncomine Myeloid Research Assay, Thermofisher). The diagnosis of
JMML was established. Additionally, a single-nucleotide variant inNF1 (c.3352A>G; p.Ser1118Gly, variant
allele frequency 49.62%) was also found. According to the classification in ClinVar, an openly accessible
database for reports of interpreting the relationships between variants and medical conditions10, this was a
VUS of NF1 .

For confirmation, we obtained his buccal swab and did Sanger sequencing for the CBL gene. The same variant
was found on one allele, and the other remained wide type, confirming a germline heterozygous mutation.
For inheritance investigation, we took blood samples for Sanger sequencing from both his parents. The result
affirmed neither of them carried the mutation (Fig. 1). In a nutshell, this patient has ade novo CBL germline
mutation. Given that JMML with germline heterozygous CBL mutation often experiences spontaneous
regression4-7. We considered adopting observation for this patient. Yet, concerns regarding the NF1 variant
raised, because HSCT is indicated for JMML patients with NF1mutations5. As a complementary diagnostic
test, we draw his parents’ peripheral blood for NF1 Sanger sequencing. The result showed that the NF1
variant was inherited from his mother (Fig. 1). This patient’s mother was asymptomatic with a normal
hemogram. There was no medical history of hematological malignancies or skin tumors among maternal
relatives. We thus considered that this NF1variant was not the driver gene for the JMML in this case.
Based on these findings, close observation with regular follow-up was suggested.

After the diagnosis, this boy was once hospitalized owing to left leg cellulitis and resolved after antibiotics.
We re-evaluated this child one year after the diagnosis. His growth was fair with a height velocity of 8cm
within the pasting year. Developmental milestones were in accordance with his age. There were no signs of
autoimmune disorders, and the antinuclear antibody and anti-double stranded DNA antibodies were within
the normal range. Hemogram of peripheral blood and bone marrow examination showed no signs of disease
progressing according to the criteria for response evaluation of JMML11. The results of serial tests during
the following up period were illustrated in Table 1.

Discussion

The treatment outcome of JMML is discouraging. HSCT was the only known curative option, but merely
about half of the patients achieved long-term survival even if they received the transplantation2,12. How-
ever, Niemeyer et al4. found some patients with germlineCBL- mutated JMML often experienced sponta-
neous regression. An international survey also found HSCT did not improve the outcome ofCBL -mutated
JMML, thus active surveillance rather than immediate HSCT was suggested for patients initially diagnosed
withCBL -mutated JMML5. Nevertheless, individuals harboring germline heterozygous CBL mutations had
a higher risk of growth retardation, development delay, cardiovascular disease, optic or auditory problems,
and autoimmune-related diseases4,13,14 in addition to hematopoietic disorders. Hence, the treatment princi-
ples of CBL -driven JMML are distinct from other subtypes of JMML.

The CBL mutation, p.Tyr371His, found in our case, was confirmed as pathogenic and highly recurrent in
JMML15. However, the myeloid NGS panel also disclosed a VUS of NF1 in this case and put us into
a difficult spot: should we initiate the HSCT plan for our patient? For CBL- mutant JMML was often
self-resolving, butNF1- driven JMML needed intensive therapies and bridged to transplantation5. We did
NF1 sequencing for both this case’s parents and recognized this variant was inherited from his mother. The
maternal family members were withoutNF1 -associated hematological or dermatological diseases after the
survey. For these reasons, we speculated that the CBL mutation was the driver mutation of his JMML, and
observation with close monitoring of the signs of disease progressing was suggested. In the following year,
no evidence of disease deterioration was noted, which was supporting our speculation.
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With the wide application of high throughput screening techniques, comprehensive genetic testing would
become commonplace for the management of rare diseases and neoplastic malignancies. The detection of
VUS is not uncommon. More than 30% of patients with breast cancer were found with at least one VUS
by a 25 gene panel for cancer susceptibility16. Defining the implication of a VUS is an arduous task, and
while a variant is suspected pathogenic, re-evaluation with orthogonal methods is suggested8. Designing
computational prediction models or functional studies of the gene is also helpful yet usually infeasible in
clinical setting8. Clinical evaluation is therefore an indispensable part. In this case, we performed serial
physical exams for phenotype assessment, took family history to analyze the pattern of inheritance, validated
the NGS result with Sanger sequencing, and most importantly, monitored the response after management.
Combining laboratory findings and bedside information, we could tailor a personalized treatment strategy
for patients with a rare disease and genetic alterations with unknown effects.

In summary, we presented how we approached a rare case diagnosed withCBL -mutated JMML with concur-
rent germline NF1 VUS. Because lacking information about the penetrance of these variants in adolescence
and adulthood, long term follow-up is warranted.
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Figure Legends

Figure 1. Direct sequencing of CBL and NF1 for this case and his parents. (A): Sequencing result of
the DNA from this patient’s buccal smear cells, revealing a heterozygous mutation of CBL(c.1111T>C;
p.Tyr371His). (B) and (C): Sequencing results of CBL from the DNA from paternal and maternal peripheral
blood mononuclear cells (PBMC), respectively; both wild type. (D) and (E): Sequencing results of NF1
from the DNA from paternal and maternal PBMC, respectively; identifying a heterozygous NF1 variable
site (c.3352A>G; p.Ser1118Gly) in maternal PBMC.
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