in vivo 33: 869-875 (2019)
doi:10.21873/invivo.11552

Efficacy and Safety of Imatinib in Paediatric
CML - A Single Centre Study

CYNTHIA SMEDING!, ALEKSANDRA SZYDLO!, KRZYSZTOF PIELUSZCZAK!,
KATARZYNA GRZESZKIEWICZ? and KATARZYNA PAWELEC?

IStudent Scientific Group ‘SPHEROCYTE’, Department of Paediatric Haematology and Oncology,
Medical University of Warsaw, Warsaw, Poland;
’Department of Paediatric Haematology and Oncology, Medical University of Warsaw, Warsaw, Poland

Abstract. Background/Aim: Chronic myeloid leukaemia
(CML) rarely affects the paediatric population and has an
incidence of 0.06-0.12/100,000 children per year. The dire
clinical course of paediatric CML is further exacerbated by
the adverse effects of long-term imatinib therapy. Patients
and Methods: Our cohort comprised 14 CML patients who
were treated with imatinib between July 2010 and September
2018. The European Leukaemia Net (ELN) standard
milestones of response criteria were used to evaluate its
therapeutic effectiveness. Results: Complete haematological
remission and partial cytogenetic response were achieved in
all patients. Complete cytogenetic response was achieved in
seven patients. Major molecular response was achieved in
six patients. Two patients underwent haematopoietic stem
cell transplantation due to unsatisfactory response to
imatinib. Conclusion: Imatinib is effective in treating
paediatric CML and limits the progression to advanced
stages, however, the quality of life still needs to be optimised.

Chronic myeloid leukaemia (CML) rarely affects the
paediatric population and has an estimated incidence of 0.06-
0.12 per 100,000 children per year (1). The tyrosine kinase
inhibitor (TKI) therapy improves the overall and event-free
survival (EFS) rates in paediatric CML (2). Imatinib, a first-
generation TKI, is proposed as the first-line therapy for
improved effectiveness (3). CML presents, within paediatric
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patients, with a clinically more aggressive course compared
to that of adults, and is further exacerbated by several long-
term side effects of imatinib (4). A potential resistance to the
drug due to mutations in the BCR-ABL1 gene may
significantly limit its effectiveness, rendering the evaluation
of severity and management of the disease exceedingly
challenging (5). Knowledge on the definite efficacy and
safety of imatinib treatment within the paediatric population
is scarce. The aim of this retrospective observational study
was to assess the safety of long-term administration in terms
of adverse effects from the use of imatinib in paediatric
CML patients, as well as to estimate the probability of
progression to advanced stages of the disease.

Patients and Methods

Patients. Our cohort included 14 patients (males, n=12; females,
n=2) who were diagnosed with BCR-ABLI positive CML and were
treated with imatinib between July 2010 and September 2018 at the
Department of Paediatric, Haematology and Oncology at the
Medical University of Warsaw, Poland (Table I).

Diagnosis. Diagnosis was based upon the mandatory identification
of the BCR-ABL1 fusion gene mutation in accordance with the 4th
edition of the World Health Organisation recommendations (6). All
CML patients under 18 years of age who received imatinib as a
first-line therapy upon diagnosis were included into our study. The
evaluation of therapeutic effectiveness ensued from using the
standard mile-stones of response established by the European
Leukaemia Net (ELN) (7). Complete haematological remission
(CHR) was assigned within the first 3 months of therapy whereas
partial and complete cytogenetic responses (CCyR and PCyR,
respectively) were set on the 12th month of treatment. Major
molecular response (MMR) was set to be achieved by the 18th
month of treatment. CHR was defined when full leukocyte count
was under 10x10%/L without promyelocytes, myelocytes or blasts
in peripheral blood, including <5% basophil and a platelet count
under 450x10%/L. No splenomegaly should have been observed
upon physical examination. Cytogenetic response was categorized
as partial if 1-35% Ph (+) mitosis was detected in the bone marrow
and as complete in the absence of Ph (+) cells using FISH analysis.
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Table 1. Clinical characteristics of patients (n=14) upon admission.

Table II. Presenting signs and symptoms prior to diagnosis.

Study cohort

Signs and symptoms on admission Patients (n)

Age (years)

Median/Mean 9.8/9.7

Range 1.3-169
Gender (n)

Male 12 (86%)

Female 2 (14%)
Splenomegaly (cm below costal margin)

Yes (n) 11 (79%)

Median/Mean 5/7.6

Range 1.5-17

No (n) 3 (21%)
Leukocytes (x10%/L)

Median/Mean 170.5/199

Range 23-582
Haemoglobin level (g/dL)

Median/Mean 9.45/10.1

Range 6-13.8
Platelets (x109/L)

Median/Mean 455/641

Range 260-2743

Splenomegaly 11
Hepatomegaly 10
Hyperleukocytosis (>700%109/L) 10
Asthaenia

Abdominal pain
Thrombocytosis (>450%10%/L)
Haemorrhage

Bone pain

Priapism

Weight loss

Fever

Lymphadenopathy

Anaemia

Pallor

Acne

Papular rash

Ecchymoses

Coagulopathy

Dyspnoea

Fixed hip and knee joints
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Molecular response was defined as major if BCR-ABLI transcript
level measured below 0.1% upon quantitative real-time reverse
polymerase chain reaction. In addition, clinical data on patient
demographics, presenting complaints, imatinib dosage, duration of
treatment, encountered adverse effects of treatment and outcome
were recorded. The inclusion of additional pharmacologic agents
(e.g. hydroxyurea, cytarabine) in addition to imatinib therapy, were
also taken into account for data processing and prognosis
evaluation. Height, weight and serum vitamin Dj levels were
watchfully monitored during the entire course of imatinib intake.

Statistics. The STATISTICA v. 13.3 software package was used for
all statistical analyses. Continuous variables were expressed as a
median (+range). Categorical variables were expressed as numerical
values with their corresponding percentage. Patients were divided
into pre-pubertal (n=7) and intra-pubertal groups (n=7). The
parametric t test was applied to ascertain CHR. Fisher’s exact test
was applied to assess achievement of CCyR and MMR. Statistical
significance was defined as p<0.05.

Retrospective studies conducted at our institution do not require
approval by the bioethical committee.

Results

The median age upon diagnosis was 9.7 years (range=1.3-16.9
years). At admission, 13 patients were diagnosed in the
chronic phase of the disease whereas one patient was in the
accelerated phase. The encountered complaints upon
presentation prior to diagnosis are presented in Table II.
Hyperleukocytosis was observed in 10 patients (median
leukocyte count was 171><109/L; range:23—582><109/L),
thrombocytosis was found in 4 patients (median thrombocyte
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count was 455><109/l; range:260—2743><109/l) and anaemia
was encountered merely in 2 patients (median haemoglobin
was 9.5g/dl, range=6-13.8 g/dl). The most commonly
encountered initial dose of imatinib was 300 mg/m2 (n=12).
The maximal and minimal doses of initiation were 350 mg/m?
(n=1) and 150 mg/m2 (n=1), respectively. The maximal dose
during treatment was 500 mg/m? (n=2). One patient received
two additional drugs in the regimen in addition to imatinib,
hydroxyurea (1,000 mg/m?/day for 14 days) and cytarabine
(28 mg/m?/day for 10 days), due to severe non-subsiding
symptoms of hyperleukocytosis (dyspnoea and disturbances
of consciousness). The median time from diagnosis till onset
of treatment was 2 days (range=0-7 days). Throughout
therapy, the dose had to be modified in a total of 9 patients.
An increased dose was applied to 3 patients due to lack of a
satisfactory response. A reduced dose was encountered in 6
patients due to symptoms of toxicity; bone pain (n=6),
vomiting (n=5), neutropenia (n=1), leukopenia (n=1),
headache (n=1). Table III presents all imatinib side effects
encountered in our study. The median follow-up time was 23,5
months. Figure 1 presents the results of the cumulative
incidence of responses to treatment. CHR and PCyR were
achieved in all patients. The median time of accomplishing
CCyR was 356 days (range=97-910 days). Three patients had
CCyR relapse. MMR was achieved in an additional 3 patients
after 20 months (n=2) and 23 months (n=1). One patient had
MMR relapse. The results of treatment with imatinib are
presented in Table IV. The mean CHR for the pre-pubertal and
intra-pubertal groups were 45 days and 78 days, respectively
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Figure 1. Cumulative incidence of response. MMR: Major molecular response; CCyR: complete cytogenetic response; PCyR: partial cytogenetic

response; CHR: complete haematologic remission.

Table III. Observed adverse effects due to imatinib therapy.

Table IV. Results of imatinib treatment.

Study group Patients (n)

Side effects of Imatinib Patients

() (%)
Nausea 2 14
Vomiting 5 36
Diarrhoea 2 14
Liver toxicity 1 7
Muscle cramps or pains 2 14
Bone, joint or tendon pains 7 50
Legg-Calve-Perthes disease 1 7
Anaemia 1 7
Neutropenia 1 7
Papular rash 1 7
Headache 1 7
Toothache 1 7
Jaw tingling 1 7
Gynecomastia 1 7
Paraesthesiae 1 7

Phase at the diagnosis

Chronic phase 13 (93%)

Accelerated phase 1 (7%)
Complete haematologic remission

Within 3 months 14 (100%)
Complete cytogenetic response

Within 12 months 7 (50%)

After 12 months 7 (50%)

Failure of achievement 1 (7%)
Major molecular response

Within 18 months 6 (43%)

After 18 months 3 (21%)

Failure of achievement 4 (29%)
Modification of imatinib dose 9 (64%)

Increase 3 (21%)

Decrease 6 (43%)
Haematopoietic stem cell transplantation 2 (14%)

(p=0.08). No statistical significance was attained for CCyR
and MMR in either pre- or intra-pubertal groups. In total, 5
patients did not achieve MMR, 4 of whom did not complete
the 18 months follow-up; 2 of those patients transitioned into

adulthood while the other 2 patients are under continued
imatinib therapy. Resistance to imatinib was encountered in 2
patients, one from the pre-pubertal and one from the intra-
pubertal group. A total of 10 patients are still under
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supervision in our clinic until the completion of this study; 8
of these patients are still on imatinib treatment while the other
2 were qualified for and have gone through haematopoietic
stem cell transplantation (HSCT), due to unsuccessful
response to imatinib. Four patients were not followed-up due
to transition into adulthood. All patients enrolled in our study
were compliant to imatinib intake and none switched to
second generation TKIs. No deaths were reported in our study.

Discussion

Since the onset of the new millennium, TKIs have markedly
improved the overall and event-free survival rates of
paediatric CML patients (2). Multiple trials have confirmed
that first-line imatinib is highly effective in newly diagnosed
paediatric CML, protecting these patients from being
exposed to the life-threatening risks associated with HSCT
(3). The largest retrospective cohort study conducted in the
paediatric age group included a total of 238 cases. The
authors found that hyperleukocytosis is not a prognostic
factor in the 5-year EFS, as the EFS was 93.3% in patients
presenting with hyperleukocytosis, in contrast to those
without hyperleukocytosis (82.0%) (8). A recent study
conducted by Shima et al., revealed that flow cytometric
analysis of bone marrow (BM) in children with chronic-
phase CML is a useful tool for predicting the treatment
responses of imatinib. If during the first 3 months of imatinib
treatment, there is predominance of granulocyte macrophage
progenitors and  sustained  expression of  the
myeloproliferative leukaemia virus oncogene stem cell-
related marker in BM progenitors, then there is a poor
prognosis for these children with chronic-phase CML (9).

Adhering to the treatment regimen is key to imatinib’s
success in paediatric CML. Our results showed that all our
patients were compliant to treatment. Compliance,
specifically during the chronic phase, clearly allows for an
effective cytogenetic response favouring a better lifelong
prognosis. Therefore, compliance should be regarded as a
vital factor for the long-term beneficiary outcome of
paediatric CML. An optimal cytogenetic response is attained
at the end of 6 months in regimen-compliant children (10).
As adherence to imatinib intake is the most important factor
in predicting prognosis, it is imperative that the pubertal age
group is under rigorous drug intake monitoring (11).

The longest exposure to imatinib treatment with
accomplished CCyR documented in our study lasted 30
months and the longest follow-up was 66 months. While the
sustained imatinib treatment can effectively control the
disease, it is important to maintain a high quality of life of
paediatric CML patients to counteract its life-long side effects.
The suggested optimal care should include effective disease
control without the need for daily medication intake. The latter
ostensibly decreases the availability of therapy compliant
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patients within this critical age group, not to mention the
undesirable side effects of a lifelong cTKI use that may further
lower the quality of life, in the context of these children’s
longevity (7). As growth hormone secretion is potentially
inhibited while on imatinib therapy, a disturbance of the
osseous remodelling process is induced which markedly limits
the attained impairment of longitudinal growth (11).
Therefore, it remains crucial that the paediatric age group is
alertly monitored while under a continuous imatinib treatment,
at least during the first years and in terms of growth rate.
Regardless of gender or pubertal age, a significant growth
deceleration can be observed in all children (12). The most
frequent complaint identified in our study involved pain in
bones, joints or tendons (50% of patients), while we came
across a more complicated case where the patient also suffered
from Legg-Calvé-Perthes disease. Prolonged imatinib
treatment is associated with significantly diminished vitamin
D synthesis (13) leading to low bone mineral density, which
may effectively mask other relevant bone parameters. For this
reason, there is an urgent need for monitoring vitamin D3
levels in paediatric patients under continuous imatinib
treatment (14). All our patients were carefully monitored for
vitamin D3 deficiency. Numerous prospective trials on the
withdrawal of imatinib, after having confirmed a deep
molecular response, suggest that an attempt to subside from
imatinib should be made after 24 months of treatment with
consistent monitoring (15-17). In cases where real-time
polymerase chain reaction results show an increase by at least
one log on two consecutive measurements, imatinib treatment
should, however, be sustained (18). Based on the results of
aforementioned trials and our study findings, our standard
clinical procedure is to discontinue imatinib treatment after
achieving and maintaining MMR for 24 months, as a future
prospect. The long-term follow-up of the STIMI1 study
confirms that imatinib discontinuation in adults is safe (18).
However, as has been suggested by Suttorp et al., a paediatric
prospective “stop imatinib’’ trial is merited to confirm the
efficiency of this approach (11). A successful discontinuation
of TKI therapy will reduce the long-term adverse effects
associated with it. The risk factors for early molecular relapse
should, nevertheless, be investigated (19).

The temporary inclusion of hydroxyurea and cytarabine in
addition to imatinib in one patient of our study successfully
eliminated the symptoms of hyperleukocytosis and
effectively reduced the leukocyte count to normal levels.
Pulse dosage administration of hydroxyurea effectively
controls an excessive rise in white blood cells, whereas
cytarabine has a contributing effect to imatinib in treating the
chronic phase of CML and can potentially achieve a high
rate of complete molecular response (20, 21).

Two patients in our study presented with priapism and
splenomegaly along with hyperleukocytosis. A high index of
suspicion in paediatric CML should be raised when
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encountering patients presenting with this urologic
emergency in the presence of splenomegaly (22). Non-
typical clinical signs further accentuate the already dire
prognosis of paediatric CML, delaying its diagnosis as well
as the treatment initiation. A full blood count with peripheral
film examination should support the diagnosis.
Leukapheresis should be ensued, in a time-efficient manner,
for the safe and efficient management of the life-threatening
complications of hyperleukocytosis (23). A case series by
Catagnetti et al. found that a conservative approach to
treating priapism in leukaemia patients prevents long-term
impotence (24). A combined approach of therapeutic
leukapheresis and a TKI is effective in reducing leukocyte
counts in hyperleukocytosis with associated priapism (25).

Massive splenomegaly (>10 cm) with increased total
leukocyte and platelet counts are a common finding in
paediatric CML patients (19). A measurement of massive
splenomegaly correlated to age could possibly reveal more
information on the prognosis of these patients (26). It seems
that the optimal treatment could yield a shorter time of the
therapeutic TKI period and a reduction of long-term adverse
effects due to TKI therapy. An improved conditioning
regimen of allogeneic-HSCT with reduced-intensity stem cell
transplantation could minimize the post-transplant mortality
(19). Since CML remains a rare, but also a debilitating
disease in the paediatric population, guidelines for treating
paediatric CML need to be continuously optimized and
incorporate the therapeutic experience stemming from adult
CML (27). Clinical experience from the adult population
may guide the therapeutic decision making process, however,
care should be taken in terms of drug formulation,
pharmacokinetics and compliance when applying the
treatment to the fragile paediatric age group (28).

Currently, the only alternative to avoiding a lifelong
exposure to TKI treatment is the aggressive eradication of
CML stem cells along with intensive regimens of
chemotherapy and TKIs of limited duration. As of today,
HSCT in paediatric CML is only indicated when CML takes
a recurrent and progressive course (29), and this cures
paediatric CML inconsistently, whereas imatinib only
suppresses the disease (2). As the costs associated with
HSCT are minor compared to life-long imatinib therapy,
HSCT seems to be a preferred option for younger patients,
however it should be considered as a last resort treatment for
pre-pubertal children (2). A global protocol and registry for
paediatric CML allows for an optimal approach, especially
since knowledge on TKI absorption and its metabolism
remains poorly understood due to the rarity of this
malignancy. HSCT should be primarily reserved for patients
in the accelerated phase or in a blast crisis of CML and those
unresponsive to TKI therapy (28).

Imatinib is an effective drug for the treatment of paediatric
CML, limiting the progression of the condition to advanced

stages, however, methods for improving the quality of life in
paediatric patients that are on imatinib still need to be
optimised. Further investigations are warranted for predicting
the prognosis and the progression to advanced stages of
paediatric CML. There is an urgent need for more multicentre
studies to optimize the standardized management guidelines for
treating CML with imatinib, while simultaneously maintaining
a high quality of life in the fragile paediatric age group.
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