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Abstract: The outcome of chronic myeloid leukemia has been greatly improved by the use of Imatinib (IM), a selective 
BCR/ABL kinase inhibitor. The aim of present study was to report long term follow-up & outcome of IM-treated CML 
patients along with their clinicopathological features, risk group stratification, adverse events and to compare it with 
CML patients reported from western countries. The mean follow-up of 123 CML patients was 5.5 years in present study, 
who were treated with frontline IM 400mg daily in a tertiary care hospital in Pakistan. Risk stratification scores, response 
to treatment (ELN guidelines) and survival outcomes estimated by Kaplan-Meier analysis. Mean age: 35 years (9–67 
years) and M: F: 1.5:1, mean follow up time: 5.5 years (1-15 years). Overall survival (OS): at 5.5, 8, 10 and 12 years 
were 93%, 88%, 81% and 73%, respectively. Progressions free survival (PFS) was 95%, 83%, 83% and 78% at 5.5, 8, 10 
and 12 years, respectively. OS estimate by Sokal score was significant (P-value: 0.0019). Additional chromosomal 
aberrations: 1.6%. Eighteen (14.6%) patients progressed to AP/BC. Adverse events were moderate and tolerable. We 
present findings from a long term follow up of CML patients treated with IM in a developing country. CML mean age at 
onset was considerably lower than the western populations. Furthermore, 5.5 years OS are comparable to western CML 
population. IM in our patients as frontline choice proved to be very effective. IM was found to be well tolerated, safe 
with manageable moderate side effects. 
 
Keywords: Chronic myeloid leukemia, CML, outcome, risk score, survival. 
 
INTRODUCTION 
 
Chronic myeloid leukemia (CML) is a myeloproliferative 
neoplastic disorder and the hallmark of the disease 
pathogenesis is characterized by the presence of 
Philadelphia (Ph) chromosome (Rumpold and 
Webersinke, 2011). Globally, CML comprises 15-20% of 
all adult leukemias with an incidence of 1-2/100,000 
cases is 1 to 2 cases (Cortes and Kantarjian, 2012). In 
2017, it was estimated that 62,130 new cases of leukemia 
would be diagnosed in United States (US) of which an 
estimated 9000 would be CML cases, and around 1000 
patients would die of CML (American Cancer Society, 
2017).  
 
Imatinib mesylate (IM) was introduced in 2001 and the 
annual mortality after the use if IM has seen a significant 
decline from 10-20% cases to 1-2% cases annually 
(Reavie et al., 2013). Previously, the CML cases survival 
was significantly lower (3-8 years) after onset of the 
disease (Baccarani et al., 2015). At the time of onset of 

CML, the median age has been reported to be 55-65 years 
(Gugliotta et al., 2011; Beinortas et al., 2016) whereas, it 
was found to present at a younger age in Pakistani 
patients in earlier studies (Usmani et al., 2009).  
 
The CML treatment and its outcome have improved 
profoundly by the use of IM, as shown by its promising 
activity against the disease in phase 2 studies (Cohen et 
al., 2002). The 10 years survival outcome of CML has 
improved from 20% to up to 90% (Huang et al., 2012; 
Deininger et al., 2009). According to the findings of 
phase 3 study (International Randomized Study of 
Interferon and STI571: IRIS), the use of 400mg daily in 
newly onset cases of CML has shown to be more active 
with negligible side effects as compared to the comparator 
arm group (interferon-α + cytarabine). Approximately, 
76.2% patients in IM arm achieved complete cytogenetic 
responses (CCyR) at 18 months as compared to 14.5% in 
the interferon-α + cytarabine arm (P-value: <0.001) while 
the progression rate was 96.7% in IM arm and 91.5% in 
interferon-α + cytarabine, (P-value: <0.001) (O'Brien et 
al., 2003). IRIS trial long term follow up has reported 
estimated 10 years OS rate of 83.3% in first line IM *Corresponding author: e-mail: mashwani82@gmail.com 
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treated CML patients. Overall deaths reported in this 
study were 86 accounting for 15.6% (n=553). Progression 
to advanced phases of CML i.e. accelerated and blast 
phases was seen in 38 patients out of 553 (6.9%). The 
EFS at 10 years was 79.6% (Hochhaus et al., 2017). The 
survival rate among CML patients is now determined by 
coexisting disease conditions rather than by CML 
(Saussele et al., 2015). Many studies have been conducted 
to assess and develop the predictive and prognostic 
models for risk stratification of newly diagnosed CML-
CP. Very limited baseline data are available from 
resource limited countries to inform which risk score can 
best predict response to treatment and survival outcomes 
in the IM era (Yamamoto et al., 2014). IM has improved 
the outcome of CML patients in all phases of the disease. 
Nevertheless, most of the data in this regard have been 
reported from the developed countries. 
 
Therefore, the objectives of our study were to study the 
clinicopathological features of CML patients treated with 
frontline IM, to report long term outcomes like overall 
survival (OS) and progression free survival (PFS), to 
stratify and evaluate the predictive value of 3 risk scores 
(Sokal, Euro and EUTOS), and to assess the adverse 
events related to IM therapy. 
 
MATERIALS AND METHODS 
 
Study Plan 
It is a single center, observational retrospective study. The 
blood samples of 123 CML patients were collected 
between January 2016 to May 2018. The patients’ 
demographics, clinical data and the survival outcomes 
were analyzed from the date of their diagnosis. 
 
All CML patients were treated in a tertiary care center, 
Hayatabad Medical Complex (HMC), Peshawar, Khyber 
Pakhtunkhawa (KP), Pakistan. All patients received IM as 
first line therapy since 2001 onwards. Prior to data 
collection, written informed consent was obtained from 
all patients and the study was conducted according to the 
“Declaration of Helsinki” statements.  
 
Patients with CML were eligible to enter the study if they 
had a confirmed assay of Philadelphia chromosome 
positivity (Ph+) from the marrow aspiration, or a positive 
PCR result for BCR-ABL fusion gene from the blood or 
BMA. All phases of CML, chronic, accelerated and blast 
were eligible for enrollment. 
 
The CML patients record from the disease initiation date 
till last follow up were extracted from the medical charts 
and recorded in the excel sheet. The parameters recorded 
included patients’ demographics, hematological 
laboratory investigations, cytogenetic testing and 
response, FISH assay and response, BCR-ABL 
quantitative results, medicines prescribed; follow up notes 

by the clinicians, adverse events (AEs), if progressed to 
advanced phase (AP/BC) and respective dates, any event 
related to abnormal hematological, cytogenetic and 
molecular response, and loss of follow up or death. 
Patients were evaluated at an interval of 4-8 weeks with 
complete blood counts, liver and kidney function. 
Response to therapy was assessed at regular time intervals 
according to 2013 ELN guidelines (Baccarani et al., 
2013). 
 
CML-CP was defined as the presence of less than 5% 
blast cells, 15 to 19% of basophils, less than 30% blast 
and promyelocytes cells in the peripheral blood and no 
evidence of blast cells in extramedullary sites (Cortes et 
al., 2006). CML-AP was defined as blasts in blood or 
marrow 15-29% or equal to or greater than 30% blasts + 
promyelocytes (with blasts count less than 30%) in blood 
or bone marrow. Beside this, blood basophils equal to or 
greater than 20% with persistent low platelet counts (<100 
× 109/L) and chromosomal abnormalities in Ph+ cells. 
CML-BP phase was defined by the presence of equal to or 
greater than 30% blasts in blood or bone marrow with the 
presence of blast cells in extramedullary sites beside 
presence in spleen. 
 
Treatment 

CML-CP patients received 400mg of imatinib orally, once 
daily. IM dose was increased to 600-800mg daily was 
used in IM non-responders or in patients with suboptimal 
cytogenetic response (minor or minimal) after 6 months. 
De-novo AP or BC patients were treated with 600-800mg 
IM daily. Nilotinib was used in CP patients who 
developed resistance or intolerance to IM and as first line 
in AP and BC at a an initial dosage of 400mg twice a day 
and dose was increased up to 600mg to 800mg twice a 
day, in case of poor response.  
 
Treatment response was determined by examining the 
patient physically and blood counts were assayed every 4-
8 weeks. Aspirates from bone marrow for cytogenetics 
and differential morphology or FISH tested at diagnosis, 6 
month and 12 months, and yearly thereafter. The risk 
scores were calculated as described in literature (Sokal et 
al., 1984; Hasford et al., 1998; Hasford et al., 2011). 
These scores were retrospectively calculated from clinical 
and laboratory parameters prior to start of IM therapy to 
categorize patients into different risk groups. CML 
disease monitoring and response were defined as per ELN 
guidelines (Baccarani et al., 2006; Baccarani et al., 2013). 
 
Response Criteria 
This study objective was to record the type and durability 
of responses. Cytogenetic testing results of Ph+= 0% or < 
1% BCR–ABL nuclei by FISH (out of ≥200 cells) was 
considered to be equal to complete cytogenetic response 
(CCyR), the response was considered as partial (PCyR) if 
the Ph+ chromosomes were 1-35%, minor cytogenetic 
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response (mCyR) was defined as Ph+= 36-65%, Ph+= 
66–95% was considered as minimal cytogenetic response 
(miCyR) and no cytogenetic response (nCyR) as Ph+= > 
95% (Baccarani et al., 2013). 

 
Fig. 1: Kaplan–Meier estimates of fig. 1a: Overall 
survival, fig.1b progression free survival of 123 patients. 
 
Fluorescent in situ hybridization (FISH) assay from 
peripheral blood was used to detect BCR-ABL for 
diagnosis in cases if result of cytogenetics was negative or 
no metaphase was obtainable. The ELN response to 
treatment at 3 months as optimal: when Ph+ 
chromosomes were ≤35%, warning: when Ph+ 
chromosomes were 36-95% and failure: if the percentage 
of Ph+ chromosomes were >95% and at 6 months as 
optimal: Ph+ 0%, warning: Ph+ 1-35% and failure: Ph+ 
>35%. We were not able to calculate the ELN treatment 
response at 12 months due to ELN criteria demanding 
molecular testing for interpretation (Baccarani et al., 
2013). Molecular responses definition adopted from the 
updated ELN recommendations. The bcr-abl /abl ratio 
cutoff of ≤0.1% was defined as major molecular response 
(MMR), MR4 was defined as a ratio ≤0.01% and MR4.5 
was defined as ratio of ≤ 0.0032% (Baccarani et al., 
2013). 

Secondary endpoints in this study included complete 
hematological response (CHR), overall survival (OS), and 
progression free survival (PFS). CHR was defined as 
white blood cell counts of less than 10,000, with normal 
distribution of cell types, absence of blast cells, 
promyelocytes, or myelocytes; normal counts of platelet 
(150 X109/L- 450 X109/L), no evidence of extramedullary 
disease and disappearance of disease related signs and 
symptoms.  
 
Survival definitions 
(i) OS was determined from the start of initiation of 
therapy with IM until last follow up date or patient 
expired date. (ii). PFS was inferred from the IM start date 
till the documented progression of the CML to AP or BC, 
or to the date of death; whichever was earlier. Any patient 
who survived as per last day of study was censored at the 
last follow-up date. The survival status of lost to follow 
up patients was confirmed by calling on the registered 
contact numbers. The survival analysis was determined as 
per Kaplan-Meier method (Kaplan and Meier, 1958). 

Hematological and other adverse events were grouped 
according to the standard terminologies, version 4.03. IM 
dosage was reduced in those who showed intolerance due 
to adverse events related to therapy. The treatment with 
IM was stopped if the grade 3 or 4 toxicity observed. IM 
therapy was started again at a reduced dose when the 
toxicity subsided.  
 
STATISTICAL ANALYSIS 
 
We present absolute number and percentages for 
categorical variables and mean and median with 
appropriate measure of variation for continuous variables 
based on the normality test. Comparisons between two 
groups for categorical data were done using Chi-Square 
test or Fisher’s exact as appropriate. For continuous data 
we used two sample independent t-test or Mann Whitney 
U test depending on the normality assumption, where for 
three or more groups we used analysis of variance 
(ANOVA) or Kruskal-Wallis test. For time to event 
outcomes we used Kaplan Meier survival curves and the 
comparison among groups were done by log rank test. For 
data analysis we used [SAS/STAT] software version 9.4 
(SAS Institute Inc., Cary, NC, USA.) and R foundation 
was utilized for statistical computing (Vienna, Austria). 
The Sokal (, Eutos and Euro risk scores were calculated 
as describes in literature (Sokal et al., 1984; Hasford et 
al., 1998; Hasford et al., 2011). 
 
RESULTS 
 
One hundred and twenty three patients’ medical records 
were evaluated with initial diagnosis CML-CP treated 
with frontline IM. Overall characteristics of CML-CP 
patients’ demographics, clinical and laboratory results at 
baseline are given in table 1. There were more males than 
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female with a ratio of male to female of 1.5:1. The mean 
age at diagnosis of CML was 35 (range: 9–67 years). A 
vast majority (84.6%) of CML patients was in CML-CP 
phase at time of medical record reviewing, followed by 
blast phase (10.6%) and accelerated phase accounted for 
4.9% of the CML cases. The proportion of female CML 
patients who conceived during treatment were 8.2% 
(n=4). Mean follow up time in this study was 66 months 
(range: 12-180).  
 
During the study period, 6 and 12 patients progressed to 
AP and BC phase, respectively. The demographics and 
clinical variables at baseline presentation of CML-CP 
patients are summarized in table 1. One patient presented 
with de-novo BC phase. There were 10 confirmed deaths 
in this study, 9 were related to BC-CML phase and 1 in 
CP-CML phase (not related to CML). Three patients in 
CP phase were lost to follow up during the study. 
 

The second generation tyrosine kinase inhibitor (TKI) 
nilotinib was used in 16.3% of patients who were either 
IM intolerant or non-responders to IM 400mg daily or 
escalated dosage. IM dose escalation was made in 19 
(15.5%) patients before switching to nilotinib. 
 

Additional chromosomal aberrations (ACAs) were seen in 
1.62% of CML patients at baseline. One patient 
cytogenetically presented 2 Ph+ chromosome, positive for 
trisomy (+8) and an ISO chromosome, while the other 
patient’s cytogenetics revealed del(6)(q23.1q27). 
 

Risk Scores of CML-CP 
The Sokal risk in CML-CP patients was low, intermediate 
and high in 29 (23.6%), 52 (42.3%), and 40(32.5%), 
respectively. The Hasford risk score was low, 
intermediate and high in 40 (32.5%), 51 (41.5%), and 
30(24.4%) of CML-CP patients, respectively. The Eutos 
risk score was low in 100 (81.3%) and high in 23 (18.7%) 
patients (table 2). 
 

Therapy results of CML-CP 
The complete hematologic response (CHR) at 3 months, 
all treatments, was 93.8% (table 2). Dose reduction was 
carried out in 4 (3.3%) patients because of low platelet 
count (1 patient), low hemoglobin and low WBC (1 
patient) and pancytopenia (1 patient). Two patients 
(1.6%) showed IM intolerance and had to discontinue IM. 
Nineteen patients (15.4%) were documented as non-
responder to IM during the treatment. Four patients 
(3.3%) were non-responder to IM (First line) and nilotinib 
(second line); all were in blast phase (data not shown in 
the table). 
 

ELN response CML-CP 
The ELN response at 3 months treatment with IM was 
optimal and warning in 62 (72.9%) and 23 (27.1%) 
patients, respectively. At 6 months the ELN response was 
optimal, warning, and failure in 54 (61.4%), 16 (18.2%) 
and 18 (20.4%) patients, respectively (table 2). 

The OS and PFS as determined by Kaplan–Meier analysis 
is s depicted in fig. 1a and fig. 1b. The Kaplan–Meier 
estimates of OS at 5.5, 8, 10 and 12 years was 93%, 88%, 
81% and 73%, respectively. The Kaplan–Meier estimates 
of PFS at 5.5, 8, 10 and 12 years was 95%, 83%, 83% and 
78%, respectively. The OS probability based on sokal risk 
score is illustrated in fig. 2. The OS probability based on 
sokal risk score was statistically significant (Log Rank-
Mantel-Cox significance value: 0.007). The difference in 
OS based on low and intermediate sokal score was not 
significant statistically (Log Rank-Mantel-Cox 
significance value: 0.631). Fig. 2b illustrates the OS 
probability of sokal score based on 2 groups i.e. low risk 
+ intermediate risk score group and high risk score group. 
The difference in survival probability was statistically 
significant based on low+intermediate and high score 
(Log Rank-Mantel-Cox significance value: 0.02). 
 
Characteristics of CML patients who progressed to AP-
CML and BC-CML 
Patient characteristics at accelerated and blast crisis phase 
of CML are presented in table 3. In the present study 6 
(4.9%) and 12 (9.8%) patients progressed to AP and BC, 
respectively. The mean age was 29.5 (range 25-46) and 
36 (range 16-57) years for AP and BC phase patients, 
respectively. All CML patients were treated with IM as 
first line TKI, however, 33.3% of AP and 46.2% of BC 
patients received second generation TKI, nilotinib, during 
the course of treatment. The mean time to progression 
from CP to AP (n=6) was 69.5 (24-147) months and for 
BC patients (n=12) mean time from CP to AP progression 
was 58.3 (12-144) months. Mean time to progression 
from AP to BC for BC patients was 23.5 (5-44) months 
and mean time from initial diagnosis of CML to BC was 
76 (12-161) months. De-novo BC at initial diagnosis was 
seen in one patient. TKI with chemotherapy was given to 
16.7% and 41.7% of AP and BC patients, respectively. 
After the initial diagnosis, CHR at 3 months was 83.3% 
and 53.8% for AP and BC CML patients, respectively, 
while CCyR at 12 months was 83.3% and 58.3% for AP 
and BC patients, respectively (table 3). 
 
The OS probability of 13 CML-BC patients in months is 
shown in fig. 3. The mean follow up period was 14.2 
months (range: 2-28). The mean OS of BC-CML patients 
was 14 months with 9 deaths (69.2%) confirmed deaths. 
 
Safety profile 
All IM related AEs were not severe, grade 1-2 only, and 
were well tolerated. The AEs frequency attributable to IM 
is summarized in table 3. IM related adverse events were 
documented in 98 patients (79.7%). The most highly 
reported AEs reported in present study were bone pain 
and nausea (20.3% each). Hematological AEs 
(neutropenia, thrombocytopenia and pancytopenia) were 
documented in 14.6% cases (table 4).  
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Table 1: Characteristics of CML-CP patients 
demographics, clinical and laboratory results at baseline 
(n=123). 
 

Characteristics 
# of Patients, 

%, range 
Age   
Mean  35.5 (9-67) 
Gender   
Male    74 (60.2)  
Female 49 (39.8) 
Ratio: Male: Female 1.5-1 
CML Phase    
Chronic 104 (84.6) 
Accelerated 6 (4.9) 
Blast* 13 (10.6) 
Hemoglobin (g/dL)  Mean 10.1 
<12g/dl 69 (56.1) 
>12g/dl 14 (11.4) 
WBC count (× 109/L) Mean 313.7 
<50 20 (16.3) 
>/=50 64 (52) 
WBC-Median, × 109/L , range 290 (10.8-666) 
Platelets (× 109/L) (n =108) Mean 400.2 
<450 75 (61) 
>/=450 33 (26.8) 
Nilotinib used as 2nd Line   
Yes    20 (16.3) 
Hydroxyurea    
Yes 52 (42.3) 
Interferon    
Yes 3 (2.4) 
Received chemotherapy   
Yes    10 (8.1) 
Splenomegaly   
<5cm  4 (3.3) 
5-8cm 9 (7.3) 
>8cm 70 (56.9) 
No splenomegaly 40 (32.5) 
Hepatomegaly    
Yes 35 (28.5) 
Anemia    
Yes 97 (78.9) 
Pregnant    
Yes  4 (8.2) 
Survival Status    
Confirmed deaths 10 (8.13) 
Alive at last follow up 110(89.43) 
Lost to Follow up 3 (2.43) 
Mean Follow up time, months 66 (12-180) 

n= number of patients, WBC: White blood cells count, *= 1 
patient presented as De-Novo BP-CML (Blast phase-chronic 
myeloid leukemia) 

Table 2: Risk stratification scores, hematological, 
cytogenetic response and fluorescent in situ hybridization 
assay of CML patients to IM therapy (n=123). 
 

Sokal Score 
# of patients 

(%) 
<0.8 (low risk) 29 (23.6) 
0.8–1.2 (intermediate risk)    52 (42.3) 
>1.2 (high risk) 40 (32.5) 
Hasford Euro Score   
</=780 (low-risk) 40 (32.5) 
>780 and </=1480 (intermediate) 51 (41.5) 
>1480 (high-risk) 30 (24.4) 
EUTOS Score   
Low risk (</=87 good prognosis) 100 (81.3) 
High risk (>87 poor prognosis) 23 (18.7) 
CCyR by Bone Marrow Cytogenetics  
CCyR at 3 months  48 (56.5) 
CCyR at 6 months  54 (61.4) 
CCyR at 12 months  60 (70.6) 
CCyR Response by FISH assay  
CCyR at 3 months 43 (51.2) 
CCyR at 6 months  37 (44.1) 
CCyR at 12 months  47 (56) 
CCyR at 18 months  60 (70.6) 
Response according to ELN at 3 months  
Optimal (Ph+<35%) 62 (72.9) 
Warning (Ph+ 36-95%) 23 (27.1) 
Response according to ELN at 6 months  
Optimal (Ph+ 0%) 54 (61.4) 
Warning (Ph+ 1-35%) 16 (18.2) 
Failure (Ph+ >35%) 18 (20.4) 
CHR at 3 months, all treatments  
Yes    106 (93.8) 

CHR: Complete hematological response, CML: Chronic Myeloid 
Leukemia, CCyR: Complete cytogenetic response, FISH: Fluorescent in 
situ hybridization, ELN: European Leukemia.Net, 
 
DISCUSSION 
 
Tyrosine kinase inhibitors (TKIs) have a very significant 
role in CML therapy (Cortes, 2012). The treatment goal is 
to obtain normal blood counts, absence of detectable Ph+ 
chromosomes cytogenetically and molecular responses at 
as per time frame of ELN guidelines recommendations. 
Such guidelines help to guide therapy, and predict the 
prognosis and long term survival outcomes in CML 
patients (Haznedaroglu et al., 2013).  
 
There are few reports regarding long term response and 
survival outcome of CML patients who receive IM as 
frontline therapy. This is the first report of CML treated 
with frontline IM from an ethnically distinct population 
from the northern part of Pakistan. We report the longer 
term results of IM therapy and outcome. One of the 
notable finding of our study is the occurrence of CML 
onset in younger age as compared to western countries 
(Usmani et al., 2009). This is similar to earlier reports 
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from Pakistan and other countries in the region like India 
and Bangladesh (Gupta and Prasad, 2007; Mottalib et al., 
2014). This variation in mean age between the developed 
and developing countries could be attributed to many 
factors including age structure of the population, genetic 
and biological variation of the disease, and more 
likelihood of younger patients diagnosed and treated. 
 
The CHR rate at 3 months of treatment was 93.8% which 
is in concordance with a study from India with 3 months 
CHR rate of 93.8% (Gupta and Prasad, 2007) and another 
study also reported comparable results (Nair et al., 2014). 

The CCyR rate can be seen in the range of 57-88% in 
CML patients in the TKI era (Haznedaroglu et al., 2014). 
Conventional cytogenetic testing has an estimated 
sensitivity of 1-5% (Tefferi et al., 2005). Complete 
cytogenetics response was noted in 70.6% of CP-CML 
patients. Our results were in concordance with reports 
from China on CML patients receiving IM as frontline 
TKI (Gambacorti-Passerini et al., 2015). The predictive 
efficacy of risk scores for CCyR was assessed and we 
noted that Sokal risk score predicted CCyR (p=0.011), 
while, Euro and EUTOS scores were not predictive of 
CCyR (p= 0.126 and 0.368, respectively). CML disease 

Table 3: Patient characteristics at accelerated phase (n=6) and blast crisis (n=13) of CML. 
 

 No. (%), or Mean (Range) 
Characteristics AP (n=6) BC (n=13) 
Gender (Male/Female) 6 / 0  8 (61.5) / 5 (38.5) 
Mean Age at AP or BC, years (range) 29.5 (25-46) 36 (16-57) 
Hemoglobin , <12 g/dl 4 (66.7) 9(69.2) 
White blood cells,  >50, X109/L 1 (16.7) 7(53.8) 
Platelets, >450, X109/L 6 (100) 6 (46.2) 
CML phase at initial diagnosis   
CP 6 (100%)  12 (92.3) 
BC - 1(7.7) 
Time CP to BC diagnosed, months - 76 (12-161) 
Time Progression from AP to BC, months - 23.5 (5-44) 
Time CP diagnosed to AP, months 69.5 (24-147) 58.3 (12-144) 
Mean follow up, months 28 (4-41) 14.2 (2-28) 
Baseline, CHR*, 3 months 5 (83.3) 7 (53.8) 
Initial Cytogenetic Response   
At 6 months (partial: complete) (50%: 50%) (41.7%: 25%) 
At 12 months (partial: complete) (16.7%: 83.3%) (25%: 58.3%) 
Alive/Dead (Last Follow-up) 6 (100) / 0 (0) 4 (30.8) / 9 (69.2) 

CP: chronic phase, CP-CML: chronic phase-chronic myeloid leukemia, AP-CML: accelerated phase-chronic myeloid leukemia, BC-
CML: blast phase-chronic myeloid leukemia, CML: chronic myeloid leukemia, CHR: complete hematologic response 
 
Table 4: Types of adverse events in patients treated with imatinib (n=123). 

 
Imatinib Treated  

Type of Adverse Event 
n % 

Nausea 25 20.3 
Bone pains 25 20.3 
No Adverse event reported 25 20.3 
Hematological toxicity 18 14.6 
Hepatotoxicity, abnormal LFTs* 8 6.5 
Infections 4 3.3 
Gall bladder stones 4 3.3 
Pregnancy 4 3.3 
Abdominal pain 2 1.6 
Diarrhea  2 1.6 
Others** 6 4.9 

*LFTs: liver function tests like bilirubin, alanine trasferase test (ALT), **others: included, hormonal imbalances like abnormal 
thyroid stimulating hormone (TSH), gynecomastia, eye edema, ear, drug reaction, skin related (rashes, hypo/hyperpigmentation and 
pruritus) 



Muhammad Absar et al 

Pak. J. Pharm. Sci., Vol.33, No.2(Suppl), March 2020, pp.861-870 867 

risk scores have been studied by many others (Hasford et 
al., 2011; Marin et al., 2011) and we noted that there in 
reports in terms of prognostic and predictive efficacy of 
these scores. This variation in predictive and prognostic 
responses from various regions could be explained by 
many factors like late presentation, genetic differences, 
and altered drug pharmacokinetics (Kuntegowdanahalli et 
al., 2016). 

 
Fig. 2a: Kaplan–Meier estimates of OS probability based 
on sokal score (lo, intermediate and high risk) and fig. 2b 
illustrates the OS probability of sokal score (low+ 
intermediate score vs. high score). 
 
The mean follow up time in this study was 5.5 years 
(range: 1-15, SD ± 3.52). Overall survival in our study 
cohort was 93% at the end of mean follow up time of 5.5 
years. A similar study with a mean follow up time of 5.4 
years reported slightly lower OS of 80% (Nair et al., 
2014). The 5 years OS from Japan (Ota S et al., 2018) and 
Lebanon (Massoud et al., 2017) was reported to be 95.1% 
and 98.3%, respectively. IRIS study reported the 
estimated 10 years OS rate of first line, IM treated 
patients as 83.3% (95% CI, 80.1 to 86.6) which is slightly 
inferior to our results (89%) (Hochhaus et al., 2017). The 
estimate of survival probability in our present study at 8, 
10 and 12 years were 88%, 81% and 73%, respectively. 
The PFS probability at 5.5 years was 95% in our study. It 
was comparable with a study from Tunisia (Ben Lakhal et 
al., 2018) and USA (Kantarjian et al., 2010), however, 

inferior PFS has been reported from Lebanon ((Massoud 
et al., 2017), which can be attributed to a very small 
number of studied patients (n=46). The estimate of PFS in 
our study was 83%, 82% and 78% at 8, 10 and 12 years, 
respectively. 

 
Legend fig. 3: OS: Overall survival, BC-CML: Blast crisis-
chronic myeloid leukemia, n= number of patients 

Fig. 3: OS in months of BC-CML patients (n=13). 
 

In our study, the factors that were associated with 
significantly favorable OS outcome included CHR at 3 
moths, cytogenetic response, ELN response at 3 and 6 
months and sokal score. A stable response on FISH study 
was significantly associated with longer OS rate (p= 
0.012). 
 

During the follow up period, 18 (14.8%) patients 
progressed to AP or BC. In one study progression to CML 
advanced phases (accelerated or blast crisis) was noted in 
38 patients out of 553 (6.9%) (Hochhaus et al, 2017). 
Progression to advanced phase in high percentage of our 
patients could be attributed to late presentation, patients 
wasting time with quacks and non-specialists, and poor 
compliance to therapy.  
 

Additional chromosomal aberrations (ACAs) were seen in 
2 patients at the time of diagnosis. ACAs are generally 
associated with decreased response to TKI therapy and 
poorer survival. (Baccarani et al., 2013). One of our CML 
patient at baseline had double Ph+ chromosome, trisomy 
(+8) in all cells and an ISO chromosome, i(17)(q10). This 
patient was having 2-ACAs of Group 1(favorable 
prognosis group) and 1-ACA of group 2 (poor prognosis 
group) as described in literature (Wang et al., 2016). This 
patient had a good response to therapy. The second 
patient had ACA at baseline showing del (6). The del (6) 
is classified as minor route ACAs and has been rarely 
reported previously (Su et al., 1999). This patient also had 
a favorable response to treatment. 
 
IM was well tolerated in our patients with over all good 
compliance. Bone marrow related complications like 
neutropenia, thrombocytopenia, and pancytopenia were 
documented in 14.6% of IM treated cases. Some studies 
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have documented hematological AEs related to TKIs as 
risk factor of long term survival (Sneed et al., 2004, 
Funke-Vaneuza et al., 2005).  
 
Four CML-CP patients conceived during therapy. All of 
them were on IM 400mg/day. Three patients received 
interferon in first trimester and then resumed IM 
400mg/day. One of them was non responder to IM dose 
was increased up to 800mg/day and was shifted to 
nilotinib 400mg twice a day. This patient achieved CHR 
and complete cytogenetic response and was doing well at 
last follow up.  
 

The forth patient was having poor compliance to regular 
intake of IM and during pregnancy remained on IM 
400mg/day due to high TLC. After one year post-
delivery, she progressed to AP. IM dosage was escalated 
up to 800mg but the patient progressed to BC after 8 
months, received chemotherapy with an initial good 
response but relapsed again and died after 13 months. All 
4 patients gave birth to normal healthy babies without any 
complications. 
 

In the patients with CML in AP CHR was similar to the 
previous reports, however, our complete cytogenetic 
responses and OS were higher than previously reported 
(Aziz et al., 2007; Kantarjian et al., 2005) Similarly, in 
BC patients, the CHR, cytogenetics and survival outcome 
was superior than reported in earlier studies (Palandri et 
al., 2008; Aziz et al., 2007).This higher response and 
survival in AP/BC patients may have been due to younger 
age at presentation, small number of patients, early 
presentation, optimal compliance and clonally stable 
genome from ACAs. Several factors can be attributed to 
the high response rates in our CML-BC patients, namely; 
early disease presentation, statistically small number of 
patients, very young age at presentation and less advanced 
phase of disease clonally. 
 
Just like any study, our study main limitations were 
retrospective nature, small sample size and lack of 
molecular testing due to non-affordability of RT-PCR 
assay cost for BCR-ABL (~146$).  
 

CONCLUSION 
 
In summary, we present the findings of long term follow 
up (5.5 years) of CML patients from Pakistan, treated 
with frontline IM. The mean age of our studied cohort at 
CML diagnosis was significantly younger than patients 
from developed countries. Only Sokal score had 
prognostic prediction for OS (p=0.0019) with overall 
inferior survival among patients with intermediate and 
high sokal score as compared to low risk patients. Sokal 
risk category also predicted CCyR with low risk patients 
having better responses (p=0.011). In conclusion, IM use 
as frontline medication for CP-CML was found to be 
effective, safe and well tolerated with moderate 
manageable side effects. 

ACKNOWLEDGEMENTS 
 
Our special thanks to the staff of Hayatabad Medical 
Complex mainly Mr. Ikram Khan and Mr. Wahab Khan 
for their cooperation and hospitality. We further wish to 
thank Mr. Waseem Sajjad and Mr. Ghani Rehman for 
their help in drawing the blood samples for molecular 
studies. 
 
REFERENCES 
 
American Cancer Society. Cancer Facts & Figs (2017). 

Atlanta: American Cancer Society. Available from: 
https://www.cancer.org/research/cancer-facts-statistics/ 
all-cancer-facts-figures/cancer-facts-figures-2017.html 

Aziz Z, Iqbal J, Akram M and Saeed S (2007). Treatment 
of chronic myeloid leukemia in the imatinib era: 
Perspective from a developing country. Cancer, 
109(6): 1138-1145. 

Baccarani M, Castagnetti F, Gugliotta G and Rosti G 
(2015). A review of the European LeukemiaNet 
recommendations for the management of CML. Ann. 
Hematol., 94(2): 141-147. 

Baccarani M, Deininger MW, Rosti G, Hochhaus A, 
Soverini S, Apperley JF, Cervantes F, Clark RE, Cortes 
JE, Guilhot F, Hjorth-Hansen H, Hughes TP, 
Kantarjian HM, Kim DW, Larson RA, Lipton JH, 
Mahon FX, Martinelli G, Mayer J, Müller MC, 
Niederwieser D, Pane F, Radich JP, Rousselot P, 
Saglio G, Saußele S, Schiffer C, Silver R, Simonsson 
B, Steegmann JL, Goldman JM and Hehlmann R 
(2013). European Leukemia Net recommendations for 
the management of chronic myeloid leukemia. Blood, 
122(6): 872-884. 

Baccarani M, Saglio G, Goldman J, Hochhaus A, 
Simonsson B, Appelbaum F, Apperley J, Cervantes F, 
Cortes J, Deininger M, Gratwohl A, Guilhot F, 
Horowitz M, Hughes T, Kantarjian H, Larson R, 
Niederwieser D, Silver R, Hehlmann R and European 
Leukemia Net (2006). Evolving concepts in the 
management of chronic myeloid leukemia: 
recommendations from an expert panel on behalf of the 
European Leukemia Net. Blood, 108(6): 1809-1820.  

Beinortas T, Tavorienė I, Zvirblis T, Gerbutavičius R, 
Jurgutis M and Griskevicius L (2016). Chronic 
myeloid leukemia incidence, survival and accessibility 
oftyrosine kinase inhibitors: A report from population-
based Lithuanian hematological disease registry 2000-
2013. BMC Cancer, 16: 198. 

Ben Lakhal R, Ghedira H, Bellaaj H, Ben Youssef Y, 
Menif S, Manai Z, Bedoui M, Lakhal A, M'Sadek F, 
Elloumi M, Khélif A, Ben Romdhane N, Laatiri MA, 
Ben Othmen T and Meddeb B (2018). Chronic myeloid 
leukemia patients in Tunisia: Epidemiology and 
outcome in the imatinib era (a multicentric experience). 
Ann. Hematol., 97(4): 597-604. 



Muhammad Absar et al 

Pak. J. Pharm. Sci., Vol.33, No.2(Suppl), March 2020, pp.861-870 869 

Cohen MH, Williams G, Johnson JR, Duan J, Gobburu J, 
Rahman A, Benson K, Leighton J, Kim SK, Wood R, 
Rothmann M, Chen G, U KM, Staten AM and Pazdur 
R (2002). Approval summary for imatinib mesylate 
capsules in the treatment of chronic myelogenous 
leukemia. Clin. Cancer Res., 8(5): 935-942. 

Cortes J and Kantarjian H (2012). How I treat newly 
diagnosed chronic phase CML. Blood, 120(7): 1390-
1397. 

Cortes JE, Talpaz M, O'Brien S, Faderl S, Garcia-Manero 
G, Ferrajoli A, Verstovsek S, Rios MB, Shan J and 
Kantarjian HM (2006). Staging of chronic myeloid 
leukemia in the imatinib era: An evaluation of the 
World Health Organization proposal. Cancer, 106(6): 
1306-1315. 

Deininger M, O’Brien S, Guilhot F,Goldman JM, 
Hochhaus A, Hughes TP, Radich JP, hatfiedl AK, 
Mone M, Filian J, Reynolds J, Gathmann I, Larson RA 
and Druker BJ (2009). International randomized study 
of interferon and STI571 (IRIS) 8-year follow-up: 
Sustained survival and low risk for progression in 
patients with newly diagnosed chronic myeloid 
leukemia in chronic phase treated with imatinib. Blood, 
14(22): 1126. 

Funke VAM, Medeiro CR, Lima DH, Setúbal DC, 
Bitencourt MA, Bonfim CM, Ruiz J, Neto JZ and 
Pasquini R (2005). Therapy of chronic myeloid 
leukemia with Imatinib mesylate in Brazil: A study of 
98 cases. Rev. Bras Hematol. Hemoter.,27(3): 159-165 

Gambacorti-Passerini C and Piazza R (2015). Imatinib-A 
New Tyrosine Kinase Inhibitor for First-Line 
Treatment of Chronic Myeloid Leukemia in 2015. 
JAMA Oncol., 1(2): 143-144.  

Gugliotta G, Castagnetti F, Palandri F, Breccia M, 
Intermesoli T, Capucci A, Martino B, Pregno P, Rupoli 
S, Ferrero D, Gherlinzoni F, Montefusco E, Bocchia 
M, Tiribelli M, Pierri I, Grifoni F, Marzocchi G, 
Amabile M, Testoni N, Martinelli G, Alimena G, Pane 
F, Saglio G, Baccarani M, Rosti G and Gruppo Italiano 
Malattie Ematologiche dell' Adulto CML Working 
Party (2011). Frontline imatinib treatment of chronic 
myeloid leukemia: No impact of age on outcome, a 
survey by the GIMEMA CML Working Party. Blood, 
117(21): 5591-5599. 

Gupta A and Prasad K (2007). Hematological and 
molecular response evaluation of CML patients on 
imatinib. J Assoc Physicians India, 55: 109-113. 

Hasford J, Baccarani M, Hoffmann V, Guilhot J, Saussele 
S, Rosti G, Guilhot F, Porkka K, Ossenkoppele G, 
Lindoerfer D, Simonsson B, Pfirrmann M and 
Hehlmann R (2011). Predicting complete cytogenetic 
response and subsequent progression-free survival in 
2060 patients with CML on imatinib treatment: The 
EUTOS score. Blood, 118(3): 686-692. 

Hasford J, Pfirrmann M, Hehlmann R, Allan 
NC, Baccarani M, Kluin-Nelemans JC, Alimena 
G, Steegmann JL and Ansari H (1998). Writing 

Committee for the Collaborative CML Prognostic 
Factors Project Group. A new prognostic score for 
survival of patients with chronic myeloid leukemia 
treated with interferon alfa. J. Natl. Cancer Inst., 
90(11): 850-858.  

Haznedaroglu IC (2013). Current concerns of under 
treatment and overtreatment in chronic myeloid 
leukemia based on European LeukemiaNet 2013 
recommendations. Expert Opin. Pharmacother., 
14(15): 2005-2010. 

Haznedaroglu IC (2014). Monitoring the Response to 
Tyrosine Kinase Inhibitor (TKI) Treatment in Chronic 
Myeloid Leukemia (CML). Mediterr. J. Hematol. 
Infect Dis., 6(1): e2014009. 

Hochhaus A, Larson RA, Guilhot F, Radich JP, Branford 
S, Hughes TP, Baccarani M, Deininger MW, Cervantes 
F, Fujihara S, Ortmann CE, Menssen HD, Kantarjian 
H, O'Brien SG, Druker BJ and IRIS Investigators 
(2017). Long-Term Outcomes of Imatinib Treatment 
for Chronic Myeloid Leukemia. N. Engl. J. Med., 
376(10): 917-927. 

Huang X, Cortes J and Kantarjian H (2012). Estimations 
of the increasing prevalence and plateau prevalence of 
chronic myeloid leukemia in the era of tyrosine kinase 
inhibitor therapy. Cancer, 118(12): 3123-3127. 

Kantarjian H, Shah NP, Hochhaus A, Cortes J, Shah S, 
Ayala M, Moiraghi B, Shen Z, Mayer J, Pasquini R, 
Nakamae H, Huguet F, Boque C, Chuah C, Bleickardt 
E, Bradley-Garelik MB, Zhu C, Szatrowski T, Shapiro 
D and Baccarani M (2010). Dasatinib versus imatinib 
in newly diagnosed chronic-phase chronic myeloid 
leukemia. N. Engl. J. Med., 362(24): 2260-2270. 

Kantarjian H, Talpaz M, O'Brien S, Giles F, Faderl S, 
Verstovsek S, Garcia-Manero G, Shan J, Rios MB, 
Champlin R, de Lima M and Cortes J (2005). Survival 
benefit with imatinib mesylate therapy in patients with 
accelerated-phase chronic myelogenous leukemia--
comparison with historic experience. Cancer, 103(10): 
2099-2108. 

Kaplan E and Meier P (1958). Nonparanietric estimation 
from incomplete observations. J. Amer. Statist 
Assn., 53(282): 457-481. 

Kuntegowdanahalli LC, Kanakasetty GB, Thanky AH, 
Dasappa L, Jacob LA, Mallekavu SB, Lakkavalli RK, 
Kadabur LN and Haleshappa RA (2016). Prognostic 
and predictive implications of Sokal, Euro and EUTOS 
scores in chronic myeloid leukaemia in the imatinib 
era-experience from a tertiary oncology center in 
Southern India. Ecancermedical. Science, 10: 679.  

Marin D, Morra E, Michallet M, Hellmann A, 
Niederwieser D, Schloegl E, Björeman M, Foryciarz K, 
Ho AY, Kuliczkowski K, Ossenkoppele G, Gozzini A, 
Guerra ML, Verhoef G, Mori A Pans M, van 
Baardewijk M and Steegmann JL (2011). Effect of 
Time to Dasatinib Initiation on Outcome of Imatinib-
Intolerant Patients with Chronic-Phase Chronic 
Myelogenous Leukemia (CP-CML): Results from a 



Long term outcome of chronic myeloid leukemia patients treated with imatinib 

Pak. J. Pharm. Sci., Vol.33, No.2(Suppl), March 2020, pp.861-870 870 

European Observational Study (FORTE; CA180-211). 
Blood, 118(21): 1689. 

Massoud M, Sakr R, Kerbage F, Makdissi J, Hawi J, 
Rached L, Nasr F and Chahine G (2017). Analysis of 
survival of patients with chronic myeloid leukemia 
treated with imatinib in the last 15 years in Lebanon. 
Clin Lymphoma Myeloma Leuk., 17S: S111-S115. 

Mottalib MA, Sultana TA, Khalil MI, Gan SH, Islam MS, 
Choudhury S and Hossain MA. Phase distribution of 
chronic myeloid leukemia in Bangladesh. BMC Res 
Notes, 13(7): 142. 

Nair V, Sharma A, Kotwal J, Bhikshapathy M, Mishra 
DK, Das S, Sharma S, Kapoor R, Singh J, Nair V, 
Uday Y and Kotwal A (2014). Monitoring of response 
to therapy with imatinib mesylate in Chronic Myeloid 
Leukemia in chronic phase (CML-CP). Med. J. Armed. 
Forces India, 70(4): 315-320. 

O'Brien SG, Guilhot F, Larson RA, Gathmann I, 
Baccarani M, Cervantes F, Cornelissen JJ, Fischer T, 
Hochhaus A, Hughes T, Lechner K, Nielsen JL, 
Rousselot P, Reiffers J, Saglio G, Shepherd J, 
Simonsson B, Gratwohl A, Goldman JM, Kantarjian H, 
Taylor K, Verhoef G, Bolton AE, Capdeville R, Druker 
BJ and IRIS Investigators (2003). Imatinib compared 
with interferon and low-dose cytarabine for newly 
diagnosed chronic-phase chronic myeloid leukemia. N 
Engl. J. Med., 348(11): 994-1004. 

Ota S, Matsukawa T, Yamamoto S, Ito S, Shindo M, Sato 
K, Kondo T, Kohda K, Sakai H, Mori A, Takahashi T, 
Ikeda H, Kuroda H, Haseyama Y, Yamamoto M, 
Sarashina T, Yoshida M, Kobayashi R, Nishio M, 
Ishihara T, Hirayama Y, Kakinoki Y, Kobayashi H, 
Fukuhara T, Imamura M and Kurosawa M (2018). 
Severe adverse events by tyrosine kinase inhibitors 
decrease survival rates in patients with newly 
diagnosed chronic-phase chronic myeloid leukemia. 
Eur. J. Haematol., 101(1): 95-105. 

Palandri F, Iacobucci I, Castagnetti F, Testoni N, Poerio 
A, Amabile M, Breccia M, Intermesoli T, Iuliano F, 
Rege-Cambrin G, Tiribelli M, Miglino M, Pane F, 
Saglio G, Martinelli G, Rosti G, Baccarani M and 
GIMEMA Working Party on CML (2008). Front-line 
treatment of Philadelphia positive chronic myeloid 
leukemia with imatinib and interferon-alpha: 5-year 
outcome. Haematologica., 93(5): 770-774. 

Reavie L, Buckley SM, Loizou E, Takeishi S, Aranda-
Orgilles B, Ndiaye-Lobry D, Abdel-Wahab O, Ibrahim 
S, Nakayama KI and Aifantis I (2013). Regulation of c-
Myc ubiquitination controls chronic myelogenous 
leukemia initiation and progression. Cancer Cell, 
23(3): 362-75.  

Rumpold H and Webersinke G (2011). Molecular 
pathogenesis of Philadelphia-positive chronic myeloid 
leukemia - is it all BCR-ABL? Curr. Cancer Drug 
Targets, 11(1): 3-19. 

Saussele S, Krauss MP, Hehlmann R, Lauseker M, 
Proetel U, Kalmanti L, Hanfstein B, Fabarius A, 

Kraemer D, Berdel WE, Bentz M, Staib P, de Wit M, 
Wernli M, Zettl F, Hebart HF, Hahn M, Heymanns J, 
Schmidt-Wolf I, Schmitz N, Eckart MJ, Gassmann W, 
Bartholomaus A, Pezzutto A, Leibundgut EO, Heim D, 
Krause SW, Burchert A, Hofmann WK, Hasford J, 
Hochhaus A, Pfirrmann M, Müller MC; 
Schweizerische Arbeitsgemeinschaft für Klinische 
Krebsforschung and the German CML Study Group 
(2015). Impact of comorbidities on overall survival in 
patients with chronic myeloid leukemia: results of the 
randomized CML study IV. Blood, 126(1): 42-49. 

Sneed TB, Kantarjian HM, Talpaz M, O'Brien S, Rios 
MB, Bekele BN, Zhou X, Resta D, Wierda W, Faderl 
S, Giles F and Cortes JE (2004). The significance of 
myelosuppression during therapy with imatinib 
mesylate in patients with chronic myelogenous 
leukemia in chronic phase. Cancer, 100(1): 116-121. 

Sokal JE, Cox EB, Baccarani M, Tura S, Gomez GA, 
Robertson JE, Tso CY, Braun TJ, Clarkson BD and 
Cervantes F (1984). Prognostic discrimination in 
"good-risk" chronic granulocytic leukemia. Blood, 
63(4): 789-799. 

Su XY, Wong N, Cao Q, Yu LZ, Niu C, Wickham N, 
Johnson PJ, Chen Z and Chen SJ (1999). Chromosomal 
aberrations during progression of chronic myeloid 
leukemia identified by cytogenetic and molecular 
cytogenetic tools: Implication of 1q12-21. Cancer 
Genet Cytogenet., 108(1): 6-12. 

Usmani SZ, Yunus SA and Jamal Y (2009). Overview of 
chronic myeloid leukemia patients in Pakistan in the 
pre-imatanib era. Asian Pac. J. Cancer Prev., 10(6): 
1039-1040. 

Wang W, Cortes JE, Tang G, Khoury JD, Wang S, 
Bueso-Ramos CE, DiGiuseppe JA, Chen Z, Kantarjian 
HM, Medeiros LJ and Hu S (2016). Risk stratification 
of chromosomal abnormalities in chronic myelogenous 
leukemia in the era of tyrosine kinase inhibitor therapy. 
Blood, 127(22): 2742-2750. 

Yamamoto E, Fujisawa S, Hagihara M, Tanaka M, 
Fujimaki K, Kishimoto K, Hashimoto C, Itabashi M, 
Ishibashi D, Nakajima Y, Tachibana T, Kawasaki R, 
Kuwabara H, Koharazawa H, Yamazaki E, Tomita N, 
Sakai R, Fujita H, Kanamori H and Ishigatsubo Y 
(2014). European Treatment and Outcome Study score 
does not predict imatinib treatment response and 
outcome in chronic myeloid leukemia patients. Cancer 
Sci., 105(1): 105-109. 


