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ABSTRACT

ÖZ

Introduction: Chronic myeloid leukaemia (CML) is
a myeloproliferative neoplasm characterised by the
overproduction of haematopoietic cells in the granulocytic
series, involving translocation of chromosomes 9 and 22. The
first tyrosine kinase inhibitor, imatinib, used in the treatment
of CML, represents one of the most successful targeted
therapies marking a new era in the treatment of CML. Many
scoring systems such as the Hasford and Sokal systems have
been developed to stratify CML patients into risk categories,
and to predict patient outcome. We aimed to evaluate the
relationship between blood lymphocyte count (BLC) at
diagnosis and molecular response to imatinib therapy as a
prognostic factor.
Methods: A total of 108 chronic phase CML patients diagnosed
between January 2010 and January 2020 were evaluated.
Patient characteristics, laboratory results, BLC and response to
treatment were recorded.
Results: The median BLC was 4,665/mm3 and patients were
divided into two groups according to the median BLC as
≤4,665/mm³ and >4,665/mm³. The responses at 3, 6, 12 month
and the final status of patients, namely achievement of major
molecular response or not, did not differ between the two
groups of patients.
Conclusion: The introduction of new therapeutic options in
CML necessitates improvement in existing risk scoring systems.
No direct relationship was found between the initial BLC and
imatinib response in CML. However this is the first study
exploring the role of BLC at diagnosis in CML patients receiving
imatinib, and further studies that look into lymphocyte
subgroups as well as bone marrow lymphocyte count at
diagnosis might allow a more precise evaluation about the
contribution of lymphocyte count to risk assessment in CML
patients.
Keywords: Imatinib, lymphocyte, molecular response, optimal,
warning, failure

Amaç: Kronik miyeloid lösemi (KML), 9 ve 22. kromozomların
translokasyonu ve granülositik serideki olgun hücrelerin aşırı
üretimi ile karakterize miyeloproliferatif bir neoplazmdır. İlk
tirozin kinaz inhibitörü olan imatinib, KML tedavisinde yeni bir
döneme işaret eden, en başarılı hedefe yönelik tedavilerden
birini temsil eder. KML prognoz ve tedavi yanıtının belirlenmesi
amacıyla Hasford veya Sokal gibi birçok skorlama sistemi ve
risk faktörü geliştirilmiştir. Tanıda mutlak lenfosit sayısı (MLS)
ile imatinib moleküler yanıt arasındaki ilişkiyi prognostik bir
faktör olarak değerlendirmeyi amaçladık.
Yöntemler: Ocak 2010 ile Ocak 2020 arasında tanı konulan 108
kronik faz KML hastası incelendi. Hasta özellikleri, laboratuvar
sonuçları, MLS ve tedaviye yanıt kaydedildi.
Bulgular: Medyan MLS 4.665/mm3 idi ve hastalar medyan
MLS’ye göre ≤4.665/mm³ ve >4.665/mm3 olmak üzere iki
gruba ayrıldı. Üç, 6, 12. ay yanıtları ve majör moleküler yanıtı
olan veya olmayan hastaların son durumları iki grup arasında
farklılık göstermedi.
Sonuç: KML’ye yeni terapötik seçeneklerin dahil edilmesi,
risk skorlama sistemlerinin iyileştirilmesini gerektirmektedir.
Başlangıçtaki MLS ile KML’deki imatinib yanıtı arasında
doğrudan bir ilişki bulunmamıştır. Ancak bu, imatinib alan
KML hastalarında MLS’nin tanıdaki rolünü araştıran ilk
çalışmadır. Ayrıca tanıdaki lenfosit alt gruplarının ve kemik
iliği lenfosit sayısının araştırılması, KML hastalarında lenfosit
sayısının risk değerlendirmesine katkısı hakkında daha kesin
bir değerlendirmeyi mümkün kılabilir.
Anahtar Kelimeler: İmatinib, lenfosit, moleküler yanıt,
optimal, uyarı, yetmezlik
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Introduction
Chronic myeloid leukaemia (CML), which is characterised by the
overproduction of haematopoietic cells, is included in the group of
chronic myeloproliferative neoplasms. Although the disease has three
distinct clinical phases, namely, chronic phase, accelerated phase and
blast phase, most CML patients are diagnosed in the chronic phase
(1,2). CML is one of the first conditions linked to a specific chromosomal
anomaly caused by a reciprocal translocation between chromosomes
9 and 22. The abnormal chromosome, designated as the Philadelphia
(Ph) chromosome forms when a part of chromosome 9 and a part of
chromosome 22 break and switch positions. The altered chromosome 22
is referred to as the Ph chromosome. The breakpoint cluster region (BCR)Abelson (ABL) gene which forms on chromosome 22 (Ph chromosome),
is the product of fusion of the ABL oncogene from chromosome 9q34
with the BCR on chromosome 22q11.2, i.e. t(9;22)(q34;q11.2), leading
to the generation of a 210 kDa (p210) molecular weight protein.
This oncoprotein exhibits increased tyrosine kinase activity which is
responsible for the development of the leukemic phenotype in CML
(2,3).
Tyrosine kinases play a vital role in diverse biological processes like cell
growth, differentiation and apoptosis through mediating the signalling
cascades (4). Imatinib, the first tyrosine kinase inhibitor (TKI) used in
the treatment of CML, represents one of the most successful targeted
therapies marking a new era in CML treatment (5). Despite the high
rates of haematological, cytogenetic and molecular response obtained
with imatinib, some CML patients using imatinib, require a switch to
another TKI either due to an insufficient response or loss of response to
treatment, or drug side effects. Evaluation of response in CML patients
receiving TKI is based on the International scale (IS) which is expressed
and reported as BCR-ABL 1% on a log scale standard approach and
this evaluation is recommended to be performed at 3, 6, 12 months
following treatment initiation, and every 3-6 months thereafter. (6)
Many scoring systems and risk factors have been employed to select the
most appropriate therapeutic option to obtain a speedy and effective
response for various diseases. Accordingly, we aimed to evaluate the
association between the blood lymphocyte count (BLC) at diagnosis and
molecular response to imatinib therapy.

Methods
In this study, 108 chronic phase CML patients, who were diagnosed and
followed up at University of Health Sciences Turkey, İstanbul Training
and Research Hospital Clinic of Hematology between January 2010 and
January 2020, were analysed retrospectively. Patient characteristics
including age, gender, white blood cell (WBC) count; BLC, blood
neutrophil count, haemoglobin (Hb) level; platelet (PLT) count, presence
of splenomegaly and/or hepatomegaly, and response to treatment were
recorded from the files of the patients. The response was evaluated
according to the European Leukaemia Net (ELN) 2020 recommendations
(6). The BCR-ABL levels in peripheral blood were obtained using
polymerase chain reaction based on the IS. The responses were grouped
as optimal, warning, or failure at 3 months, 6 months and 12 months
after the start of imatinib. In addition, instances of switching from
imatinib to dasatinib or nilotinib were also noted. According to their
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final response status, patients were ultimately divided into two groups:
patients with major molecular response and patients with no response.
The study protocol was approved by the University of Health Sciences
Turkey, İstanbul Training and Research Hospital Ethics Committee
(decision no: 988, date: 14.04.2017). Informed consent was obtained
from all of our patients to participate in this study.
Statistical Analysis
SPSS 24 programme was used for statistical evaluation. Data was
described as numbers and percentage or median and range, when
appropriate. χ2 Fisher’s Exact test was used for evaluating categorical
values and Mann-Whitney U test for continuous values in patient groups.
All p-values were 2-sided with statistical significance at 0.05 alpha levels.

Results
The clinical data of 108 CML patients at diagnosis is summarised in Table
1. The median age of the patients was 45 (range: 17-80); with 49 (45.3%)
female and 59 (54.7%) male. The median Hb value was 11.9 (range: 6.516.6), PLT count was 374,500x103/μL (range: 89,000-1,820,000), WBC
was 54,925/mm3 (range: 3,950-286,300), neutrophil count was 41,875/
mm3 (range: 1,430-264,400), BLC was 4,665/mm3 (range: 1,229-14,550).
Fifty-four (50%) of the patients had splenomegaly and 33 (30.6%) had
hepatomegaly (Table 1).
The median follow-up period was 60.2 (range: 6.1-150.2) months. At
3 months, 81 (75%) patients had optimal response, 10 (9.3%) patients
had warning response and 17 (15.7%) patients had treatment failure.
Table 1. Patient characteristics
Characteristics

n=108

Gender, n (%)
Female

49 (45.4%)

Male

59 (54.6%)

Age, years, median (range)

45 (17-80)

WBC (/mm3), median (range)

54,925 (3,950-286,300)

Neutrophil (/mm ), median (range)

41,875 (1,430-264,400)

Lymphocyte (/mm3), median (range)

4,665 (1229-14,550)

Hb (g/dL), median (range)

11.9 (6.5-16.6)

Plt (×103/mm3), median (range)

374,500 (89,000-1,820,000)

3

Hepatomegaly, n (%)
Yes

33 (30.6%)

No

75 (69.4%)

Splenomegaly, n (%)
Yes

54 (50%)

No

54 (50%)

Follow-up duration, months, median (range)

60.2 (6.1-150.2)

Switch of imatinib, n (%)

37 (34.3%)

TKI switching to dasatinib, n (%)

17 (15.7%)

TKI switching to nilotinib, n (%)

20 (18.5%)

Last response status: MMR, n (%)

97 (89.8%)

No response, n (%)

10 (9.3%)

WBC: White blood cell, Hb: haemoglobin, Plt: platelet, TKI: tyrosine kinase inhibitor,
MMR: major molecular response
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At 6 months 82 (75.9%) patients had optimal response, 8 (7.4%) patients
had warning response and 18 (16.6%) patients had treatment failure. At
12 months 80 (74%) patients had optimal response, 1 (0.9%) patient had
warning response and 26 (25.9%) patients had treatment failure. As final
response, major molecular response (MMR) was detected in 97 (89.8%)
patients and 10 (9.3%) patients had no response (Table 2).
Imatinib was switched to a second line TKI in 37 (34.3%) patients. Twenty
(18.5%) patients were switched to nilotinib because of grade 3 skin
toxicity in three patients, grade 4 myalgia in one patient and response
failure in 16 patients. Seventeen patients were switched to dasatinib due
to grade 4 skin toxicity in five patients, grade 3-4 nausea and vomiting in
one patient and response failure in 11 patients (Table 1).
The median BLC was 4,665/mm3 (range: 1,229-14,550) and the patients
were divided into two groups according to the median BLC as ≤4,665/
mm³ and >4,665/mm³. Both groups included 54 (50%) patients each. The
responses at 3 months, 6 months, 12 months did not differ between the
groups with lymphocyte count ≤4,665/mm³ and >4,665/mm³ (p>0.05)
(Table 3). Regarding the final status of the patients, whether a MMR was
achieved or not, the results in the two groups were comparable (p>0.05)
(Table 3).

Discussion
Risk stratification and personalised treatment have increasingly
become the mainstay in the management of various diseases. Although
Table 2. Response of patients to imatinib therapy
n=108
3 months optimal, n (%)

81 (75%)

3 months warning, n (%)

10 (9.3%)

3 months failure, n (%)

17 (15.7%)

6 months optimal, n (%)

82 (75.9%)

6 months warning, n (%)

8 (7.4%)

6 months failure, n (%)

18 (16.6%)

12 months optimal, n (%)

80 (74%)

12 months warning, n (%)

1 (0.9%)

12 months failure, n (%)

26 (25.9%)

the approval of TKIs targeting BCR-ABL has provided a personalised
therapeutic option for CML, especially in the chronic phase, risk
identification is still essential for a minority of CML patients who show
insufficient response to treatment. Three classical risk scoring systems
have been described to predict the course of CML: the Sokal score, the
Hasford score and European Treatment and Outcome Study (EUTOS)
metrics (7-9). While the Hasford and the Sokal risk scoring systems were
developed prior to the use of TKIs, EUTOS risk scoring system was evolved
based on the use of imatinib, but not the 2nd generation TKIs. With the
introduction of new therapeutic options in CML, the risk scoring systems
had to be improved. Actually, the ELN recommended using the new
EUTOS Long Term Survival score which is calculated based on patient
age, spleen size, peripheral blood blast and PLT count. The major issues
in this scoring system include problems in the standardisation of spleen
size and the fact that it consists of only four parameters. However, a more
objective risk assignment becomes important in terms of preference of
either a first generation TKI imatinib or a second generation TKI as first
line therapy, especially in countries such as Turkey where imatinib is
generally chosen as first line TKI therapy for CML patients. From this
viewpoint, we evaluated BLC at diagnosis in patients receiving imatinib
and did not find any relationship between the BLC and molecular
response to imatinib.
The association between the lymphocyte count and imatinib response
was first evaluated by Mustjoki et al. (10) in 37 CML patients. The
lymphocyte count in the bone marrow at 3 months and 6 months of
imatinib treatment increased significantly in patients responding to
therapy. Also early bone marrow lymphocytosis during imatinib therapy
was found to be a predictor of optimal response in these patients.
However such an outcome could not be verified with BLC since it was
observed that there was little or no correlation between bone marrow
lymphocyte counts and BLC. This inconsistency between the BLC and
bone marrow lymphocyte count could thus explain the results (no
relationship of BLC to molecular response in CML) in our study. As
another point in contrast, we investigated the BLC at diagnosis, but
the effects of lymphocytosis occurring post-TKI treatment seems more
prominent in the earlier study.
In our study, we did not investigate the status of lymphocyte subgroups,
which might have been more informative in elucidating the role of BLC

Table 3. Comparison of response to the imatinib therapy in patients with blood lymphocyte count ≤4,665/mm3 and >4,665/mm3
≤4,665/mm³
n=54

>4,665/mm³
n=54

3 months optimal, n (%)

41 (38%)

40 (37%)

3 months warning, n (%)

2 (1.9%)

8 (7.4%)

3 months failure, n (%)

10 (9.3%)

9 (90%)

6 months optimal, n (%)

41 (38%)

41 (37.9%)

6 months warning, n (%)

2 (1.9%)

6 (5.5%)

6 months failure, n (%)

11 (10.2%)

7 (6.5%)

12 months optimal, n (%)

40 (37.4%)

40 (37.4%)

12 months warning, n (%)

1 (0.9%)

0 (0%)

12 months failure, n (%)

12 (11.2%)

14 (13.1%)

p

0.079

0.236

0.564
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in prognosis of CML. In CML patients, especially those receiving dasatinib,
proliferation of CD8+, natural killer (NK) and NK/T-like cells has been
well established and associated with long lasting treatment response
(11-13). In addition, before the TKI era, Kreutzman et al. (13) showed that
CML patients treated with interferon (IFN)-alpha had increased numbers
of NK-cells and clonal γδ (+) T-cells when they had a long lasting
response. de Castro et al. (14) showed that there was an increase in the
percentage of CD8/FasL+, DR/CD3+, DQ/CD3+, CD34/Fas+, DR/CD56+,
CD56/FasL+ cells and of IFN-gamma- and IL-2-producing lymphocytes
and an increase in NK cytotoxicity in CML patients receiving IFN-alpha,
who achieved complete haematological remission.
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No direct relationship was found between the initial BLC and molecular
response to imatinib therapy in CML patients. However this is the first
study exploring the role of BLC at diagnosis in CML patients receiving
imatinib. The limitations of this study include the retrospective nature
of the study and the relatively low number of patients. Additionally,
investigation of lymphocyte subgroups and bone marrow lymphocyte
count at diagnosis (not undertaken in this study) could allow a more
precise evaluation about the contribution of lymphocyte count in the
risk assessment in CML patients treated with imatinib.
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