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INTRODUCTION

Chronic myelogenous leukemia (CML) is a 
clonal haematopoietic stem cell disorder charac-
terized by a specific chromosomal translocation 
t(9;22). Philadelphia chromosome (Ph)-positive 
CML evolves through three different phases: 
chronic, accelerated and blastic. The molecular 
consequence of Ph chromosome is the produc-
tion of activated Bcr-Abl tyrosine kinase [1].

Imatinib mesylate is a selective Bcr-Abl 
protein tyrosine kinase inhibitor. Imatinib has 
shown significant activity in all phases of Ph 
chromosome positive chronic myeloid leuke-
mia [2]. The benefit of imatinib was defini-
tively shown in the International Randomized 
Study of Interferon and imatinib mesylate (IRIS) 
trial; by comparison of effectiveness of imatinib 
with interferon and cytarabine combination in 
1106 newly diagnosed patients [3]. In this trial, 
the estimated rates of complete cytogenetic 

response after 18 months of treatment were 76% 
for patients in the imatinib group and 14% for 
those in the interferon–cytarabine group. The 
rate of freedom from progression to the accel-
erated phase was 97%, and to the blastic phase 
it was 92%. After a 5-year follow-up, the overall 
rate of complete cytogenetic response was 78%, 

progression-free survival was 83%, and over-
all survival was 89% in the imatinib group [4].

Imatinib treatment is associated with a vari-
ety of adverse effects, most of which are mild 
to moderate in intensity and thinning after the 
first few months of treatment. Most patients do 
not require dose reduction or interruption of 
therapy [3].

Now it is generally accepted recommenda-
tion that imatinib is used as the first-line treat-
ment for patients with newly diagnosed CML [5].

OBJECTIVE

In this paper we analyzed the pre-treatment 
characteristic of patients with chronic-phase 
CML treated with imatinib mesylate that corre-
late with probability to achieve complete cyto-
genetic response.

METHODS

We analyzed 20 patients with Ph-positive CML 
in the chronic phases that were treated with 
imatinib mesylate at our institution from June 
2006 until May 2009. Cytogenetic response was 
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evaluated. All patients started treatment with recommended 
dose of 400 mg daily. The dose of the drug was increased 
to 600/800mg daily in cases of previous therapy failure, i.e. 
in patients with cytogenetic refractoriness or cytogenetic 
relapse. As a part of routine follow-up, complete blood counts 
were controlled each month, while serum chemistry evalua-
tions and bone marrow evaluations including morphologic 
and metaphase cytogenetic were performed every 6 months.

Chronic-phase CML was defined as the presence in 
the peripheral blood of blasts less than 15%, basophils less 
than 20%, blasts together with promyelocytes less than 30%, 
and platelets more than 100×109/L. As chronic-phase and 
response criteria were defined according to the recommen-
dations of LeukemiaNet 2006 panel [5]: complete haemato-
logic response (CHR) was defined as a white blood cell count 
of less than 10×109/L, a platelet count of less than 450×109/L, 
no immature cells (blasts, promyelocytes, myelocytes) in the 
peripheral blood, and disappearance of all signs and symp-
toms related to leukemia (including palpable splenomeg-
aly) lasting for at least four weeks. Cytogenetic response 
was evaluated using standard cytogenetic analysis by direct 
preparation of material from the bone marrow. Cytogenetic 
responses, based on metaphase analysis of at least 20 cells, 
were defined as: complete Ph-positive 0%, partial Ph-positive 
1% to 35%, minor Ph-positive 36% to 95%, and absent 
Ph-positive >95%. Major cytogenetic response assumed 
the sum of complete and partial cytogenetic responses.

Descriptive statistic (number, proportion, median, range) 
were used to summarize the pre-treatment characteristics 
of the patients and response to imatinib mesylate therapy. 
Multivariate analyses was performed to identify potential 
prognostic factors associated with complete cytogenetic 
response.

RESULTS

Significant pre-treatment characteristics of the patients are 
shown in Table 1.

The median duration of the disease from the diagnosis 
to start of imatinib mesylate therapy was 2.9 months (range 
1-7 months). The median follow-up time for the patients 
in the study was 17.75 months (range: 6-34 months). Of 20 
analyzed patients, 19 (95%) achieved complete haematologic 
response (CHR) within 3 months and all patients within 6 
months from the start of the treatment.

Response to the treatment was evaluated in 20 patients 
after 6 months of therapy; complete cytogenetic response 
was achieved in 6 patients, partial cytogenetic response in 
7, minor cytogenetic response in 6, while no response was 
observed in 1 patient.

Response to the treatment was evaluated in 14 patients 
after 12 months of therapy; complete cytogenetic response 
was achieved in 6 patients, partial cytogenetic response in 
6, minor cytogenetic response in 1 and no response was 
shown in 1 patient.

Response to the treatment evaluated in 10 patients after 
18 months of therapy; complete cytogenetic response was 
achieved in 9 patients, while minor cytogenetic response 

Table 1. Baseline characteristics of patients treated with imatinib 
mesylate

Variable Value

Age
Median (years) 49.5
Range (years) 19-68
≥60 (n) 3 (14.3%)

Sex (n)
Male 13 (65%)
Female 7 (35%)

Splenomegaly (n)
Yes 16 (80%)
No 4 (20%)

White blood cells  
count (×109/L)

Median value 28.4
Range 3.5-90.2

Platelets count  
(×109/L)

Median value 382.5
Range 140-863

Haemoglobin (g/L)
Median value 122.8
Range 87-145

Basophils (%)
Median value 2.54
Range 0-10

Time since diagnosis 
(months)

Median value 20.4
Range 6-66

n – number of patients

Table 2. Best cytogenetic response rate during imatinib mesylate 
therapy

Cytogenetic response Number of patients
Major (Complete+Partial) 18 (90%)
Complete 15 (75%)
Partial 3 (15%)
Minor 2 (10%)

in 1 patient. Best cytogenetic response rate during imatinib 
mesylate treatment is shown in Table 2.

In 8 of the 20 patients, imatinib mesylate dose was esca-
lated for unsatisfactory response after a median duration of 
17.25 months (range: 6-24 months). Dose was escalated to 
800 mg daily (n=3) or to 600 mg daily (n=5). In 3 patients 
the dose of the drug was escalated for cytogenetic relapse, 
and they improved their cytogenetic response to complete 
after three months. In 5 patients the dose was escalated for 
cytogenetic refractoriness, and they improved their cytoge-
netic response to complete after three months. No patients 
progressed to accelerated or blastic phase.

Association between pre-treatment characteristics and 
later probability of achievement of complete cytogenetic 
response during treatment is shown in Table 3. According to 
the multivariate analyses, among 11 base-line variables five 
independently predicted a high rate of complete cytogenetic 
response; the absence of blasts and basophils in peripheral 
blood, the presence of less than 5 % blasts in bone marrow, 
white blood cell count less than 10×109/L and the absence 
of splenomegaly (p<0.01).

DISCUSSION

Imatinib mesylate, a selective Bcr-Abl tyrosine kinase inhib-
itor has improved the treatment of Ph-chromosome-positive 
CML and has become the standard first line treatment for 
this disease. Imatinib mesylate induces complete haemato-
logical response in 80% to 90% of patients with newly diag-
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nosed chronic-phase CML, a complete cytogenetic response 
in 70% to 80% of patients, and a major molecular response 
in 40% of patients [6].

In the study of Goldman et al. [7], the highest number of 
patients achieved normal blood counts within three months, 
and more than 90% of them achieved complete haematolog-
ical response within 6 months from the beginning of treat-
ment. Approximately 40% of previously untreated patients 
achieved major cytogenetic response after 6 months, and 
65% achieved a complete cytogenetic response after one 
year of therapy. In contrast to a study of Goldman et al., the 
results of our analysis show that complete haematological 
response was achieved in all patients within 6 months from 
the start of the imatinib mesylate treatment. Major cytoge-
netic response was achieved in 65% of patients after 6 months 
and complete cytogenetic response was achieved in 42.9% 
of patients after one year of therapy. A small minority of the 
patients who achieved complete cytogenetic response subse-
quently regained evidence of marrow Ph positivity and in 

Table 3. Prognostic factors associated with complete cytogenetic 
response (CCR)

Parameter
Total 

number of 
patients

Number 
of patients 
with CCR

p

Age (years)
<60 17 13 (76%)

0.18
≥60 3 2 (67%)

Splenomegaly 
(cm BCM)

None 4 3 (75%)
<0.011-9 11 8 (73%)

≥10 5 4 (80%)

Haemoglobin 
(g/dL)

<10 4 2 (50%)
0.22

≥10 16 13 (81%)

White blood 
cells count 
(×109/L)

<10 10 9 (90%)
<0.0110-49 6 4 (67%)

≥50 4 2 (50%)

Platelets count 
(×109/L)

≤450 13 10 (77%)
0.03

>450 7 5 (71%)

Peripheral 
blasts

None 12 11 (91%)
<0.01

Any % 8 4 (50%)
Peripheral 
blood 
basophils

None 12 10 (83%)
<0.01

Any % 8 5 (63%)

Bone marrow 
blasts (%)

<5 18 14 (78%)
<0.01

≥5 2 1 (50%)

Bone marrow 
basophils (%)

<5 17 14 (82%)
0.05

≥5 3 1 (33%)

Sokal risk 
group

Low 10 8 (80%)
0.02Intermediate 8 6 (75%)

High 2 1 (50%)

CML duration 
(months)

<12 6 4 (67%)
0.1112-24 9 7 (785)

≥24 5 4 (80%)

BCM – below costal margin

our analysis it was 15% of analyzed patients. However, after 
drug dose escalation all achieved a complete cytogenetic 
response after three months.

In this study we tried to detect base-line factors associated 
with achieving complete cytogenetic response in patients with 
chronic-phase CML treated with imatinib mesylate. Based on 
the analysis, we identified five basic factors: the absence of 
blasts and basophils in peripheral blood, the presence of less 
than 5% of blasts in the bone marrow, white blood cell count 
less than 10×109/L and the absence of splenomegaly (p<0.01).

Our results are similar to those identified in previous 
studies about factors associated with a high rate of major 
and complete cytogenetic response. The base-line variables 
that independently predict a high rate of major cytogenetic 
response in the study of Cortes et al. [8] were: the absence 
of blasts in peripheral blood, peripheral basophils less than 
7%, the presence of less than 5% blasts and the presence of 
less than 5% basophils in the bone marrow, white blood cell 
count less than 10×109/L and the absence of splenomeg-
aly. The pre-treatment characteristics of patients associated 
with achieving complete cytogenetic response in the study 
of Kantarijan et al. [9] were: the absence of blasts and baso-
phils in peripheral blood, the presence of less than 5% blasts 
in bone marrow, white blood cell count less than 10×109/L 
and platelet count less than 450×109/L.

The use of imatinib has greatly improved the outcome of 
patients with CML. The efficiency of imatinib was defini-
tively established in IRIS trial. The group of patients treated 
with imatinib had a rate of complete cytogenetic response 
of approximately 80% and an overall survival of nearly 90% 
after 5 years [4]. For patients who experience treatment fail-
ure with imatinib, recommendation is to use higher dose of 
imatinib or second-generation tyrosine kinase inhibitors 
(TKIs) dasatinib and nilotinib which have induced treatment 
response in more than 90% of patients, and may lead to an 
improved event–free and transformation-free survival [10].

CONCLUSION

By the analysis of our results, we identified characteristics 
of patients before treatment, which are independent prog-
nostic factors for achieving complete cytogenetic response: 
the absence of blasts and basophils in peripheral blood, the 
presence of less than 5% blasts in the bone marrow, white 
blood cell count less than 10×109/L and the absence of sple-
nomegaly (p<0.01). Our results showed that some pre-treat-
ment characteristics of the patients could be the cause of 
differences in treatment outcomes. Our results are consis-
tent with the literature data, although they are obtained by 
analyzing a relatively small number of patients.
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KRATAK SADRŽAJ
Uvod Imatinib-mesilat, selektivni inhibitor Bcr-Abl tiro­
zin-kinaze, pokazao se kao najefikasnija terapija Filadelfi­
ja hromozom-pozitivne hronične mijeloidne leukemije. Ima­
tinib indukuje potpuni hematološki i citogenetski odgovor 
kod velikog broja bolesnika.
Ciq rada Ciq rada je bio da se utvrde potencijalni progno­
stički faktori pre lečewa imatinibom koji su udruženi s 
potpunim citogenetskim odgovorom.
Metode rada Ispitano je 20 bolesnika s Filadelfija hro­
mozom-pozitivnom hroničnom mijeloidnom leukemijom koji 
su lečeni u Klinici za hematologiju i kliničku imunologi­
ju Kliničkog centra u Nišu od juna 2006. do maja 2009. godine. 
Svi su oralno primali imatinib-mesilat u dozi 400-800 mg 
dnevno. Krvna slika je kontrolisana svakog meseca, dok su bi­
ohemijska i ispitivawa koštane srži, ukqučujući morfolo­
giju i citogenetiku, vršena svakih šest meseci.
Rezultati Od 20 ispitanika, kod 19 (95%) je postignut potpuni 

hematološki odgovor tokom tri meseca, dok je određeni ci­
togenetski odgovor postignut kod svih. Najboqa stopa citoge­
netskog odgovora tokom ispitivanog perioda bila je: potpuni 
citogenetski odgovor, postignut kod 15 bolesnika, delimični, 
postignut kod tri, i mali, zabeležen kod dva ispitanika. Me­
đu 11 osnovnih odlika, pet su bile nezavisni predskazateqi 
visoke stope potpunog citogenetskog odgovora: odsustvo bla­
sta i bazofila u krvnoj slici, prisustvo mawe od 5% blasta 
u koštanoj srži, broj leukocita mawi od 10×109/l  i izostanak 
splenomegalije (p<0,01).
Zakqučak Rezultati istraživawa su pokazali da neke odli­
ke bolesnika pre lečewa mogu biti uzrok razlika u ishodu le­
čewa. Na osnovu ove analize prepoznali smo nekoliko neza­
visnih prognostičkih faktora za postizawe potpunog cito­
genetskog odgovora.

Kqučne reči: hronična mijeloidna leukemija; lečewe; ima­
tinib-mesilat; prognostički faktori
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