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Introduction

Acute lymphoblastic leukaemia (ALL) is the most
common hematopoietic malignancy among paediatric
patients and also the most common malignancy in
children, as it accounts for up to 25% of all cases. The
pathogenesis of ALL is based on the malignant
transformation of normal precursor cells for B and T
lymphocytes, resulting in excessive and uncontrolled
proliferation of lymphoblasts, which causes neoplastic
proliferation [1-3]. Among ALL, we can distinguish
B-cell ALL (B-ALL), which accounts for about 80% of
all cases among paediatric patients, and T-cell ALL
(T-ALL), which accounts for 10-15% of cases [3]. The
results of recent studies have shown that with appro-
priate therapy, the 5-year overall survival rate (OS)
among paediatric patients has improved significantly
and is estimated to be over 90%. Achieving treatment
results at such a high level with conventional methods
requires the use of chemotherapeutics in high doses
[4]. Further advances in the treatment of ALL have
been made possible by the increasingly common view

Acute lymphoblastic leukaemia (ALL) is the most common malignancy among children. It originates from
over-proliferating immature lymphoid cells called lymphoblasts. Modern genetic studies have shown that
the aetiology of ALL is correlated with numerous chromosomal aberrations, including activating mutation
of the JAK/STAT pathway. This pathway is responsible for regulating the transmission of signals from ex-
tracellular cytokines to the nucleus of cells, regulating their growth, differentiation and immune response.
With proper patient diagnosis, it is possible to correctly classify the genetic subtypes of ALL, allowing more
effective therapies to be introduced. The following study presents the importance of genetic diagnosis for
the treatment of a paediatric patient with ALL with the above mutation in the genome.
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of leukaemias from the genetic factors that promote
the formation of hematopoietic malignancies. This
view of ALL as well as other leukaemias enables the
use of targeted treatment, which makes it possible
to reduce the intensity of chemotherapy and toxicity
of treatment while maximizing the effectiveness of
therapy [3]. For this reason, early genetic diagnosis
of a patient with ALL is extremely important. Many
genetic abnormalities predispose to the development
of ALL, one of which is an activating mutation of the
JAK/STAT signalling pathway, which is what is found in
the clinical case described below. The aforementioned
genetic change occurs in 3-5% of B-ALL in children
and 15% in adults [5]. The discovery of the impact
of JAK/STAT pathway activating mutations on the
development of leukaemia has allowed the introduc-
tion of treatment regimens containing JAK inhibitors,
which have improved the efficacy of therapy [6]. The
purpose of this paper is to determine the relevance of
genetic diagnosis of patients with ALL based on the
case report of a paediatric patient with a confirmed
JAK/STAT mutation.
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Case report

A 14-year-old boy was admitted to the Department of
Paediatric Haematology, Oncology and Transplantology
with suspected proliferative hematopoietic disease for
diagnosis and treatment. In history, there were: weight
loss of about 1.5 kg in a month, deterioration of mood,
headaches and muscle pain, lack of appetite and peri-
odic vomiting. The boy had been treated with an antibi-
otic with temporary improvement but there was a recur-
rence of the symptoms after a few days. The Complete
Blood Count (CBC) performed on an outpatient basis
showed hyperleukocytosis of 124.35 x 103/uL.

On admission, the boy was in moderate general
condition, with a fever. On physical examination doctors
noticed pale, sallow skin, features of haemorrhagic di-
athesis in the form of punctate petechiae on the lower
extremities, hepatomegaly and massive lymphade-
nopathy: right submandibular lymph nodes (approx.
3 x 5. cm), the same on the left side (2 X 4 cm), deep
cervical and axillary lymph nodes bilaterally (on the right
side — 2 cm in diameter, on the left side about 1.5 cm),
numerous hard inguinal lymph nodes bilaterally (up
to 2.5 cm in diameter). The results of some laboratory
tests on the day of the patient’s admission are shown
in Table 1.

An abdominal ultrasound confirmed hepatomegaly
and showed numerous irregular lymph nodes (with
a short axis dimension of up to about 14 mm) in the
hepatic portal area. Enlarged pancreas, splenomegaly
and swollen peri-intestinal adipose tissue were also
reported. A CT scan of the chest showed lesions that
may correspond to fungal lesions.

Due to hyperleukocytosis and the presence of
90% blast cells in the smear, a bone marrow biopsy
was abandoned. Based on peripheral blood examina-
tion in flow cytometer (81.3% of blasts), a diagnosis
of pre-B common(+) BCR/ABL1(—), KMT2A(—),
ETV6/RUNX1(—), PBX1/TCF3(—), HLF/TCF3(—) ALL
was made and chemotherapy was started according to
the AIEOP-BFM ALL Poland 2017 — Protocol IA-Pred.
Response to steroids on the 8" day was good (blasts
count was 184 — the criterion for a good response is
under 1000). On the 15t day, the percentage of blasts
was 1.2%. However, due to the result of immunophe-
notyping (FCM-MRD — 11.98%), the boy was classified
into the early high-risk (HR) group. The result of the
genetic test showed the presence of deletions of the
IKZF1 and PAX5 genes, as well as a deletion of the
CDKN2A gene, meeting the criteria for the IKZF1(+)
group, and a rearrangement in the CRLF2 and IGH
genes indicating activation of the JAK/STAT pathway.
Therefore, chemotherapy was continued according to
the Rux-cALL-Pol 2020 Program, in which ruxolitinib
(a selective inhibitor of JAK1 and JAK2) was admin-
istered. On the 33" day of treatment, the percentage

Table 1. Results of some laboratory tests on the day of
the admission

Parameter Resulit Reference range
Leukocytes [103/uL] 119.43 3.6-9.1
Erythrocytes [108/uL] 4.29 4455
Haemoglobin [g/dL] 12.2 12.8-16
Platelets [103/uL] 51 140-420
Neutrophils [103/uL] 4.06 25-7
Lymphocytes [103/uL] 83.99 0.8-4
Monocytes [10%/uL] 30.86 0.2-1.2
Eosinophils [103/uL] 0.31 0-0.1
Basophils [103/uL] 0.36 0-0.15
TSH [ulU/L] 3.2 0.51-4.3
LDH [U/L] 626 0-286
AST [U/L] 31 0-33
ALT [U/L] 12 0-26
CRP [mg/dL] 8.38 0-0.5
D-dimers [ng/mL] 4343 < 500
Creatinine [mg/dL] 1 0.57-0.87
Uric acid [mg/dL] 12.63 3.1-7
Urea [mg/dL] 334 18-45
Lipase [U/L] 206 0-46
Amylase [U/L] 199 28-100

TSH — thyrotropic hormone; LDH — lactate dehydrogenase; AST —
aspartate aminotransferase; ALT — alanine aminotransferase; CRP
— C-reactive protein

of blasts in myelogram was 0% but MRD was positive
(4 x 1071). The patient was classified into the HR group.
Chemotherapy was continued as planned: after comple-
tion of Protocol IA-Pred, the boy received Consolidation
A, followed by Consolidation B, during which, ruxoli-
tinib (80 mg/m?/day for 28 days) was administered.
Treatment was complicated by aplasia, hypothyroidism,
diabetes and polyneuropathy. The boy required trans-
fusions of blood and blood products. Due to disorders
in the haemostatic system, he received antithrombin Il
cryoprecipitate and fresh frozen plasma. Due to increas-
ing inflammatory markers, he required broad-spectrum
antibiotic therapy and antifungal treatment. On the 64"
day and 12t week (before the HR1 Block) of treatment,
PCR-MDR was positive (2 x 102 and 4 x 107" re-
spectively). Before the HR2 Block, MRD decreased
to 1 x 107", but the result remained positive. Later,
before the HR3 Block, the MRD was 6 x 10-2. Due to
the failure to achieve remission, the coordinator of the
Rux-cALL-Pol 2020 Program was consulted on further
management. A decision was made to administer
blinatumomab (anti-CD19 antibody). The patient’s
therapeutic plans include transplantation. Before the
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first infusion of the product, MRD was 4 x 1072, while
after the infusion it was 1 x 10. The expected result is
below 5 x 104, so the patient has achieved remission.
Due to the lack of a compatible family donor, a com-
patible unrelated donor was selected for allogeneic
bone marrow transplantation (allo-BMT). The procedure
will be carried out after the administration of a second
infusion of blinatumomab.

Discussion

ALL is a disease originating from the clonal prolifera-
tion of precursor lymphoid cells (lymphoblasts) derived
fromthe B or T lineage. It is the most common childhood
cancer accounting for about 75% of all leukaemias, with
a peak incidence between the ages of 1 and 5. The
disease occurs in 4 out of 100,000 children between the
ages of 0 and 14 with an incidence of 1 out of 100 000 in
patients over the age of 15. However, ALL is not only
a problem among paediatric patients, its second peak
incidence affects adults in the sixth decade of life [7-10].
One of the subtypes of B-ALL is Philadelphia chromo-
some-like ALL (Ph-like ALL), identified in 2009. This
ALL subtype has gene expression with a profile sim-
ilar to Ph-ALL, but lacks the typical BCR/ABL1 fusion
gene due to t(9;22)(g34.1;911.2). The most common
mutations causing Ph-like ALL in children include
changes in IKZF1 (70-80%). Additionally, alterations
in the JAK/STAT pathway (CRLF2, JAK2, EPOR), ABL
(ABL1, ABL2, CSF1R, PDGFR) or RAS (KRAS, NRAS,
NF1, PTPN11) are frequently observed [11]. Ph-like
ALL occurs in 10% of standard-risk (SR) children with
B-ALL and 15% of high-risk (HR) children. Ph-like ALL
is characterized by significantly worse treatment out-
comes (failure of induction, high MRD) and prognosis
compared to other B-ALL (event-free survival rate (EFS)
63% in Ph-like ALL vs. 86% in others B-ALL). For this
reason, such a diagnosis is an unfavourable prognostic
factor [12]. The symptoms of ALL can appear suddenly
or develop insidiously for several months. In many cas-
es, they are nonspecific, which contributes to delayed
diagnosis resulting in decreased chances of successful
treatment. The most common symptoms include fever,
weakness and lethargy, shortness of breath caused by
anaemia, bleeding and excessive bruising arising as
a result of thrombocytopenia. Neoplasm cells can infil-
trate other organs: the meninges, tonsils, testes, liver,
spleen, lymph nodes or orbits [9, 10]. The most com-
mon laboratory abnormalities among paediatric patients
include anaemia, thrombocytopenia, neutropenia, leu-
kopenia or leucocytosis > 100 x 103/uL. Interestingly,
hyperleukocytosis is more characteristic of T-ALL but
was also found in Ph-like B-ALL patients. Rarer but
also occurring changes in laboratory tests are elevated

levels of uric acid and lactate dehydrogenase arising
from the lysis of tumour cells [9]. The above clinical
and laboratory symptoms were also presented by the
study patient.

The primary treatment for ALL in paediatric patients
is intensive, four-step chemotherapy (induction, consol-
idation, reinduction, maintenance treatment) according
to the AIEOP-2017 Poland Program. This treatment is
based on the administration of chemotherapeutics,
such as vincristine, anthracyclines, asparaginase, cy-
clophosphamide, 6-mercaptopurine and methotrexate,
for example. The effective doses of these drugs are
often very high, which is associated with frequent side
effects [13]. However, the discovery of new signalling
pathways has enabled a shift in the treatment of ALL
according to the principles of targeted therapy.

The effectiveness of ALL treatment is closely cor-
related with the selection of the appropriate therapy for
a given genetic subtype of ALL, which is why it is so
important to identify the specific mutations present in
a given patient. Patients with BCR/ABL fusion were found
to show a good response to tyrosine kinase inhibitors and
cells with ABL1, ABL2, CSF1R and PDGFRB mutations
were found to be sensitive to dasatinib, BCL2 to veneto-
clax, EPOR and JAK2 to ruxolitinib, and those with ETV6-
NTRKS3 fusion to crizotinib. Epigenetic changes such as
histone modifications susceptible to histone deacetylase
inhibitor (HDACi) therapy — vorinostat — are also im-
portant [14]. The problem of Ph-like ALL is so important
that a separate therapeutic program — the Rux-cALL-Pol
2020 Program — has been developed for patients with
mutations that activate the JAK/STAT pathway. It includes
ruxolitinib in addition to classical chemotherapy. It is
a product that selectively inhibits JAK1 and JAK2 kinas-
es and inhibits STAT3 and STAT5 phosphorylation. It is
administered at a dose of 40 mg/m? for 28 days. Patients
on this regimen show a significant decrease in MRD [15].
Thanks to the development of ALL treatment, complete
remission occurs in 95% of patients and 55% of complete
remission persists for five years [16].

Conclusions

Chromosomal aberrations resulting in JAK/STAT
activating mutation can cause ALL. The above muta-
tion affects the more difficult course of the disease and
worsens the prognosis and the effectiveness of therapy.
It is extremely important to diagnose patients with he-
matopoietic malignancies from a genetic point of view.
With these tests, it is possible to classify leukaemia into
genetic subtypes, which allows patients to be included
in targeted treatment regimens, enables more effective
treatment, and allows patients to achieve long-term
remission thus increasing their chances of survival.
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