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INTRODUCTION
Chronic myeloid leukemia (CML) 

is a rare disease new cases of which 
are approximately 1:100,000 per year. 
According to data presented in register 
there are 6466 patients with CML in 
Russia, 93% of which is alive by 2015 
year [5].

Discovery of BCR-ABL tyrosine-
kinase inhibitors (TKI) has become one 
of the most signifi cant achievements 
in modern oncology. The use of 
tyrosine kinase inhibitors has led to 
improvement of patient’s outcome and 
reduction in disease progression to 
an accelerated stage or blast crisis. 
The survival rate of CML patients has 
increased from 3-4 years to 15 years 
or more, reduction in the frequency of 
progression to advanced phase [1]. 
The majority of patients are able to 
lead a normal daily lifestyle and work.

Imatinib is a generally accepted 
standard fi rst-line therapy for patients 
with chronic phase of CML. Numerous 
studies have found that imatinib blocks 
binding of BCR-ABL tyrosine kinase 
with ATP. This leads to suppression 
of BCR-ABL-dependent signaling 
pathways and excessive proliferation 
of myeloid cells. The results of 
International randomized study IRIS 
has demonstrated that imatinib has 

a signifi cant advantage over IFN 
combination with low-dose cytarabine. 
Patients with chronic stage CML has 
shown good tolerability and a high 
level of complete cytogenetic response 
(87%) and major molecular response 
(39%). The subsequent 7-year follow-
up and analysis of the results of the 
study showed a high survival rate 
among patients receiving imatinib 
therapy: event-free survival rate was 
81%, disease-free survival - 93% and 
the overall survival – 86% [7].

The article is aimed to evaluate 
a frequency of achievement of 
hematologic, cytogenetic, molecular 
responses in patients administered with 
tyrosine kinase inhibitors, prevalence 
of resistance to imatinib and its toxicity.

MATERIALS AND METHODS
The research included 45 patients 

with verifi ed chronic myeloid leukemia 
who were monitored from 2006 to 
2015 year. A retrospective analysis 
of medical records was carried out. 
During investigated period we have 
found 22 women (49%) and 23 men 
(51%) with CML. CML most commonly 
is seen in people aged between 50 
and 69 (average age - 44,7 ±15,2). 
In 42 patients (93,3%) the diagnosis 
was confi rmed with cytogenetic and/
or molecular studies. 3 patients (6,7%) 

doesn’t have a results of studies. 
At the moment of diagnostic 25 

patients (55%) had chronic stage 
of disease, 20 (45%) – accelerated 
stage. For risk stratifi cation J.E. Sokal 
score was used and according to 
it majority of patient had low risk – 
54,2%. Intermediate risk group was 
established in 37,5%, high risk in 8,3%. 

All patients were administered a 
tyrosine-kinase inhibitor imatinib as 
fi rst-line therapy. Therapy started with 
the dose 400 mg/day. In case of no 
response to treatment or in case of 
previous complete hematological and/
or cytogenetic response loss the dose 
was increased up to 600-800 mg/
day. In case of evidence of disease 
progression or serious adverse drug 
effects patients were transferred to 
other TKI (nilotinib, dazatitnib). Previous 
therapy with hydroxyurea was found 
in 12 persons (26.7%), busulfan in 2 
(4.4%) and interferon in 1 (2.2%). One 
patient receives “5 + 2” chemotherapy 
prior to treatment with imatinib. The 
median time from the diagnosis of 
the disease prior to therapy was 4.4 
months (range 0 to 48 months). The 
median duration of imatinib therapy 
was 49 months (ranging from 6 to 149 
months).
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response was estimated based on 
complete blood count, morphological 
and cytogenetic analysis of bone 
marrow and level of BCR-ABL gene 
expression according to polymerase 
chain reaction (PCR). Laboratory 
studies were performed according 
to federal clinical recommendations 
on diagnostic and treatment chronic 
myeloid leukemia [1]. Effi cacy of therapy 
was estimated according to frequency 
of achieving of hematological, 
cytogenetic and molecular response, 
its stability and survival rate. Depending 
on the depth of clonal neoplastic cells 
reduction there are different types of 
response to therapy (table). Rates of 
overall (OS) survival and progression-
free survival (PFS) were calculated 
with Caplan-Meier method using 
«Statistica 13.0» software package. In 
analysis of OS event is implied a death 
from any cause and loss of patient 
from monitoring; point of counting is 
beginning of therapy with fi rst-line TKI. 
In analysis of PFS event is implied 
disease progression to accelerated 
phase or blast crisis.

RESULTS AND DISCUSSION
Complete hematologic response 

(CHR) is the fi rst reference point of 
treatment response prognosis. In our 
study 36 patients (80%) achieved 
CHR by 3 months of treatment. During 
the whole therapy time CHR was 
registered in 43 patients (95,2%), 2 
patients (4,8%) has showed primary 
hematologic resistance.

Cytogenetic study should be 
performed every 6 months until 
maintaining complete cytogenetic 
response (CCyR) then once a year 
or if loss of CCyR is suspected [1, 
6]. Dynamic cytogenetic control of 
treatment in this study was carried out 
in 32 patients (71.1%). In 12 patients 
(26.7%) cytogenetic analysis was 
aimed only to confi rm the diagnosis. 
Due to the inability to evaluate the 

cytogenetic response, these patients 
were excluded from this analysis.

By 6 months of therapy, only 3 
(9.3%) patients achieved a CCyR. 
During the same period 3 patients 
(9.3%) achieved a partial cytogenetic 
response (PCyR), 1 (3.1%) - a major 
cytogenetic response (MCyR) and 1 
(3.1%) – minimal cytogenetic response 
(MinCyR).

By 12 months of therapy 6 patients 
(18,8%) achieved a CCyR, 3 patients 
(9.4%) PCyR, 1 patient (3.1%) MCyR, 
and 1 (3.1 %) - MinCyR. During 18 
months of therapy new cases of 
achieving CCyR observed additionally 
in 2 patients (6.2%). In any period 
of therapy CCyR was achieved in 7 
people (21.9%).

The total amount of patients who 
achieved CCyR in imatinib therapy 
equaled 56,25% cases with median 
time of achieving CCyR 19,4 month 
(ranging from 6 to 36 month)  

Molecular monitoring the 
quantitative level of BCR-ABL-
transcripts with real-time PCR is 
commonly used to evaluate response 
to treatment in patients with CML. This 
method is particularly important in 
the era of TKI therapy of CML, when 
the level of residual leukemia cells 
are usually below the sensitivity of 
cytogenetic studies [6]. The level of 
molecular response is a predictor of 
disease-free survival, thus molecular 

analysis is very important.
Regular molecular monitoring is 

performed in 27 patients (60%). In 15 
persons (33.3%) study was conducted 
in amount that insuffi cient for response 
assessment, or not performed at all, 
and in 3 patients (6.7%), identifi ed 
in 2014-2015, was excluded from 
molecular response analysis because 
of the short duration of treatment. By 
12 months of therapy 3 patients (7,4%) 
achieved major molecular response 
(MMR), by 18 months additional 5 
patients (11,1%). During any time of 
therapy period MMR was achieved in 
17 patients (37,03%). During the whole 
time of therapy MMR was achieved in 
22 patients (48.14%).

Frequency CCyR and MMR 
according to different authors varies 
widely depending on the disease stage 
at the moment of diagnostic, imatinib 
dose, pretreating and the presence 
of risk factors [1,3,4,6]. So, with a 
starting dose of imatinib 400 mg of 
CCyR rate ranges from 49% to 77%, 
and the MMR from 18% to 58%. With 
increasing doses up to 600 or 800 mg 
improves response to therapy - CCyR  
up to 49-77% of cases, and the MMR - 
up to 43-47% [6]. 

It should be noted that regular 
hematologic, cytogenetic and 
molecular control are needed 
to evaluate treatment response. 
Unfortunately nowadays the lack of 
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regular cytogenetic and molecular 
control is a problem as in our region, as 
in Russian Federation. According to the 
Russian Register of CML treatment, in 
2013, only 41% of patients had regular 
cytogenetic/molecular (two or more 
analyzes per year) follow-up, and in 
2014 only 20% [5].

Despite the high effectiveness of 
imatinib some patients develop primary 
or secondary resistance. Primary 
resistance is defi ned as the absence 
of hematologic response in 3 months, 
MinorCyR - after 6 months, Major - 
12 months, CCyR - after 18 months 
of therapy. Secondary, or acquired, 
resistance is the loss of hematologic, 
cytogenetic or molecular response or 
progression to the advanced stages. 
In our study, 20% of patients has 
demonstrated primary resistance 
and 17.8% - secondary resistance to 
imatinib.

Progression to advanced stages 
is extremely negative outcome of 
disease. During the whole time 
of treatment disease progression 
was noted in 13 patients (28,9%), 
of which 4,4% (2 cases) - to blast 
crisis, and 24.5% (11 cases) – to the 
accelerated stage. During imatinib 
therapy progression was observed in 
10 patient (71,4%), another 4 (28,6%) 
gets progression during 2 generation 
of TKI administration. Investigation of 
treatment results demonstrated that 
5-year PFS of patients with CML in 
chronic stage is 77.64%, 10-year – 
58,48% (fi g. 1). 

In general 12 (26,7%) of the patients 
died during the follow-up period. 
Progression of disease occurred in 
13,3% of cases, death from comorbid 
disease was noted in 6.7%. In 4.4% 
patients the cause of death has not 
been registered. The 5-year OS rate 
in patients with chronic stage of CML 
treated with TKI is 91.57% and 10-year-
survival - 80.12% (fi g. 2). Review of 

literature showed demonstrated that 
our results correspond with survival 
data from other regions of RF, where 
5-year OS is 92,9 and 90,6% [3,4].

Clinical studies have shown that 
imatinib is well tolerated drug with 
acceptable ratio of the expected 
benefi ts and potential side effects for 
patients in all stages and lower risk of 
serious side effects. The frequency and 
severity of adverse drug effects depend 
on the drug dose and CML stage.

Common side effects include fl uid 
retention, myelosuppression, nausea, 
vomiting, fatigue, cramps, headaches, 
joint pain, rash, and increased activity 
of the enzymes alanine and aspartate 
transaminase [4]. Myelosuppression of 
3-4-th degree is noted more frequently 
in CML patients with advanced stages.

Adverse side effects of wide 
spectrum were observed in 30 patients 
(66.7%). Periorbital edema, headache, 
arthralgia, dyspepsia were observed 
in 18 patients (60%). Side effects 
associated with imatinib, were mostly 
mild or moderate (1st and 2nd degree). 
Serious adverse events that required 
drug withdrawal were found in 33.3% of 
patients (10 of 30).  Imatinib withdrawal 
mainly was caused by cardiotoxicity 
manifested by arrhythmias and toxic 
cardiomiopathy, severe toxic dermatitis 

and long-lasting dyspeptic syndrome 
with nausea and vomiting. In 66.7% 
of patients (20 of 30) adverse drug 
effects managed with dose reduction, 
temporary cancellation of the drug and 
supportive care. Hematologic toxicity 
of grade 3-4 was noted in 15,5% of 
patients (7 of 45). It required drug 
withdrawal for not more than 14 days, 
followed by resumption of the previous 
dose. One patient demonstrated 
persisting anemia, leukopenia and 
thrombocytopenia, so she was started 
therapy with 2 generation TKI. 

CONCLUSION
Currently, imatinib is still the drug of 

choice in the treatment of patients with 
chronic myeloid leukemia. Analysis 
of the treatment of chronic myeloid 
leukemia in the Republic of Sakha 
(Yakutia) during last 10 years has 
shown that imatinib allows to achieve 
clinical remission in 95.2% of cases, 
complete cytogenetic response in 
56.25%, and major molecular response 
in 48.14%. 10-year progression-free 
survival rate was 58,48%, and the 
overall 10-year survival rate of 80,12%.

 Despite the effectiveness of 
imatinib, we found high prevalence 
of primary and secondary resistance, 
which requires administration of 2 
generation TKI. 

Fig.1. Progression-free survival of patients with CML treated with TKI
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Fig.2. Overall survival of patients with CML treated with TKI


