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Abstract 
The introduction of imatinib mesylate made a remarkable contribution to the management of patients with chronic 
myeloid leukemia. In this study, we assessed the long-term efficacy of imatinib exposure in patients with CML in chronic 
phase according to European recommendations which consists both early and late chronic phase patients. This is a 
retrospective study including 101 chronic phase CML patients from a single center. The patient outcomes were analyzed 
according to initial treatment with imatinib either as firstline or secondline option following prior interferon. 
Kaplan-Meier curves were constructed to estimate probability and differences between subgroups were analyzed by the 
log-rank test. Forty-three percent of the patients had a prior history of interferon therapy. Of the 101 patients included, 
complete cytogenetic responses were achieved in 43.6 % of patients; major cytogenetic response in 55.4%; major 
molecular response in 36.6%. Totally, 21.3% had cytogenetic failure and 5.3% without any hematological response. 
Response rates were lower in late chronic phase patients compared to early chronic phase patients. This study justified the 
significance of ELN criteria and once again approved the high efficacy of imatinib treatment in chronic phase CML 
patients. 
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1 Introduction  
Imatinib at a standard dose of 400 mg daily is the standard of care for initial treatment of chronic phase (CP) CML [1]. 
Results of International Randomized Study of Interferon versus STI571 (IRIS) for previously untreated CP CML patients 
fundamentally altered the management of CML during the last decade [2]. Even the possibility of cure by use of imatinib as 
a single agent in some patients with CML has risen. The achievement of complete cytogenetic response (CCyR) has been 
accepted as the major objective for a prolonged survival while on imatinib therapy [3]. Updated results from IRIS 
demonstrated that patients within the imatinib arm had a 7-year overall survival (OS) rate of 86%, and freedom from 
progression was 93% [4]. However, despite this remarkable success in CML therapy, access to imatinib treatment became 
available in a delayed manner in many parts of the world as well as in our region generally due to economic reasons. 
Therefore, a considerable number of patients were late chronic phase (LCP) patients in real life clinical practices during 
the last decade. Cases where imatinib was administered after prior treatment, mainly IFN-α, which had failed to achieve or 
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maintain a hematologic and/or a cytogenetic response, or not tolerated later on, are defined as LCP patients [5]. The 
response rates in LCP patients seem to be lower compared to early chronic phase (ECP) patients [5]. Additionally, in the 
previous trials a trend toward better duration of CCyR when obtained early has also been observed [6]. 

In the current report we analyzed the outcome of CP CML patients who began treatment with imatinib either as a first- or 
second-line option following prior interferon. An important proportion of our patients were actually LCP patients who 
were resistant to interferon therapy and these patients had their disease for a certain period of time before the introduction 
of imatinib. The long-term outcome of the patients treated with second-line imatinib has been analysed. In addition 
outcomes of patients according to recent European Leukemia Net recommendations were reviewed. 

2 Patients and methods 
Between June 1995 and May 2011, 101 adult patients with CML in chronic phase received treatment with imatinib either 
after interferon therapy (n=43) or as initial therapy (n=58). The definitions of optimal response and failure were those 
derived from the 2009 European LeukemiaNet recommendations [7]. We performed quantitative PCR testing every 3 
months and bone marrow cytogenetics at diagnosis and 6 month intervals for the first year, every 12-18 months following 
achievement of of a CCyR. Measurement of Bcr-Abl transcripts was carried out using quantitative real-time PCR 
(Lightcycler® 480 System, Roche Diagnostics, Mannheim, Germany). In most of our cases, regular cytogenetic data were 
not available and response criteria were evaluated predominantly depending on Bcr-Abl/G6PD transcript ratios until 2006 
and Bcr-Abl/Abl later on. While interpreting the data, conversions of bcr-abl transcript level ratio to the control gene were 
performed accordingly. If there were any evidence for resistance or progression we performed bone marrow cytogenetic 
investigation. Risk classification was done according to Sokal scoring system at diagnosis. Dose escalation/modification 
of imatinib treatment was done according to IRIS protocol criteria in early 2000s and as evolving data became available 
ELN recommendations were referred [2, 7, 8]. Few patients received imatinib through Glivec International Patient 
Assistance Program (GIPAP) in our center until 2003 when it was licensed in our country. All the patients received 
Gleevec® (imatinib mesylate, Novartis Pharmaceuticals Corporation, USA).The results were calculated as median±SEM. 
The student test and Mann-Whitney test was used for comparison of means for paired parameters and non-parametric data, 
respectively. Chi-square test was used for the comparison of categorical variables. Kaplan-Meier curves were constructed 
to estimate probability and differences between subgroups were analyzed by the log-rank test. Overall survival (OS) was 
calculated for all patients from the date of diagnosis to the date of last follow-up or death from any cause. Progression free 
survival (PFS) was calculated for all patients from the time of first commencement of treatment to the date of last 
follow-up or to the date of relapse, progression, or death because of leukemia. Patients who had stem cell transplantation 
were censored at the time of transplant. Event-free survival (EFS) was measured from start of imatinib until loss of a CHR 
or a major cytogenetic response (MCyR), progression, or death from any cause during treatment. The statistical software 

package SPSS 16.0 (SPSS, Inc., Chicago, Ill., USA) was used and P ≤0.05 was considered significant. 

3 Results  
Patient characteristics are shown in Table 1. The median age of patients was 42 years (range, 20-78 years); 49 (48.5%) 
patients were female. The distribution of patients according to Sokal scores at diagnosis were as follows; 16 (15.8%) were 
low risk, 42 (41.6%) intermediate risk and 28 (27.7%) were high risk patients. Sokal scores were missing in 15 (14.9%) of 
the patients.  

For patients who had prior treatment with interferon the median duration until imatinib intake was 31 months (range, 3-97 

months); for the rest median interval was 2 months (range, 0-75 months). The median follow-up duration within the whole 

group was 65.5 months, (range, 2-204 months). The median duration of imatinib therapy was 47 months (range, 3-100 

months). During follow up, CCyR was obtained in 43.6%; MCyR in 55.4%; major molecular response (MMR) in 36.6% 
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of the patients according to 2009 ELN recommendations 7. Totally 71.3 % (72) of all patients were still on imatinib at the 

time of last follow up; 3 patients were on 600 mg (dosage modification because of loss of hematologic response-LHR); 3 

patients on 800 mg (LHR) and 4 patients (dosage modification because of grade 3-4 cytopenias) were on 300 mg. The rest 

of the patients were still on 400 mg per day. Sixteen (15.8%) of the patients were receiving nilotinib 800 mg daily and 9 

(8.9%) of the patients were on dasatinib 100-140 mg daily. One of these patients was imatinib-intolerant, 4 had blastic 

transformation and the remaining patients were receiving either nilotinib or dasatinib for LHR. Two patients had 

undergone HLA-matched sibling HSCT; one of them had extramedullary leukemic involvement while on imatinib 400 mg 

daily; the other patient preferred transplantation while in chronic phase. A total of 29 (28.7%) patients discontinued 

imatinib therapy either because of intolerance, resistance or progression. The option of mutational analysis for those who 

have loss of response or no response at the appropriate time points was not available for our patients. 

Table 1. Patient characteristics according to complete cytogenetic response at 12 months of imatinib 

  
Non-CCyR                             
(n=43) 

CCyR 
(n=44) 

p 

Age, yrs  41 (21-69)  42 (20-78)  0.9 
Gender (F:M) 21/22 22/22 0.5 

Hb (g/dL) 10.8±0.3 11.5±0.4  0.09 

WBC (×109/µL) 136.7±15 105.2±34  0.7 

PLT (×109/µL) 353±34 392±46  0.7 

LDH (IU) 1362±123 1551±151 0.6 

Median duration of CP before STI (mo) 31 (1-132)  3 (1-97)  0.00 
Imatinib resistance 24 7 0.00 
F/U duration (mo) 86 (10-204)  48 (8-204)  0.00 
Imatinib dose escalation from 
  400 to 600 
  400 to 800 
  600 to 800 

 
15 
2 
5 

 
2 
1 
1 

 

Second gen TKI 
  Nilotinib 
  Dasatinib 

 
10 
2 

 
4 
1 

 

Median follow-up from imatinib escalation/second TKI, mo 52 (2-148)  36 (8-151) 0.8 
Time to drug modification 30(3-76) 39 (12-91)  0.1 
Disease group at imatinib dose escalation 
  Hematologic relapse 
  Hematologic resistance 
Cytogenetic relapse 
   Loss of CCyR but still in MCyR 
Cytogenetic resistance 
   Resistance with no cytogenetic   
   response 
   MCyR with no CCyR 

 
 
22 
17 
 
9 
 
7 
1 

 
 
6 
5 
 
4 
 
4 
1 

 

Death during treatment 8 5 0.3 
Prior interferon therapy 27 15 0.01 
Median STI duration, mo   60(8-96) 41(3-100) 0.07 
Early vs. late imatinib treatment 19/24 36/7 0.00 
Sokal score (low/int/high) 5/18/14 8/22/10 0.4 
MMR@18 9 28 0.01 

CCyR: complete cytogenetic response; MMR:  major molecular response. 

Median time interval until dose escalation or second generation tyrosine kinase inhibitor initiation for resistant or 
progressive disease while on imatinib was 32 months (range, 4-91 months) in 31 patients. At the end of follow up, with a 



www.sciedu

Published by

median inte
and and 46
who were 
follow-up w
within the w

We analyz
Leukemia 
received im
to 300 mg 
treatment 1
patients wh
median sur
in the lowe
considered

The CCyR
according t
86%, and 7
were signifi

3.1 Pro
month

Figure 1. P
at 12 month

Forty-four 

score was o

Sokal score

was signifi

effect on cy

was signifi

responders 

probability

u.ca/jhm              

y Sciedu Press   

erval of 48 mo
6.5% (47) were
still in CCyR 
was most likel
whole group in

zed outcomes 
Net recommen

matinib either a
within 3 mont

10 (9.9%), 9 (8
ho reached CC
rvival time was
er Sokal risk p
, at a median o

R rates at 12 m
to Sokal (P=0.

77% for interm
ficant (P=0.006

ognostic 
s of imat

Probability of o
hs 

(43.6%) of th

once again con

e at diagnosis w

icantly shorter 

ytogenetic resp

cantly higher in

and nonrespo

y of PFS in the

                          

                         

onths (range, 0-
e in MMR. The
and MMR (P 

ly due to early 
ncluding mostl

for 101 patien
ndations. In ad
after interferon 
ths of imatinib
.9%) and 4 (4%

CyR at 12 mont
 significant acc

patients in term
of 6 years 74% 

months were 62
.4). The 5-year
ediate-risk pati
6; P=0.05; P=0

significa
tinib ther

overall (A) and

e patients achi

nfirmed when p

was similar in re

in patients wh

ponse at 12 mo

n responders co

onders were no

e CCyR group 

                          

                          

-96 months) af
ere were no sig
>0.05). The im
introduction o

y cutaneous an

nts with CP C
ddition, we ass
or as initial the

b therapy due t
%) of the patien
ths did not diff
cording to Soka

ms of PFS (P=
of the patients

2%, 55%, and 
r OS, PFS, and
ients; and 78%
0.02, respective

nce of co
rapy  

d progression fr

ieved CCyR at

patients with a C

esponders and 

ho had CCyR (

onths (P = 0.01

ompared to non

ot different (F

was significan

     Journal of H

                         

fter imatinib in
gnificant differ
mprovement in
of alternative th
nd hematologic

CML treated in
sessed the long
erapy. Ten of (9
to side effects 
nts were still re
fer in their Sok
al risk groups (
0.05). When a

s were still in C

42% for low-
d EFS rates we

%, 70%, and 49%
ely). 

omplete c

ree survival (B)

t 12 months o

CCyR at 12 mo

non-responder

(P<0.05, Table

1, Table 1). Ea

n-responders (P
Figure 1A-1B, 

ntly longer than

Hematological M

                          

ntroduction, 68
rence in prior i
n cytogenetic a
herapies. The 
c side effects. 

n a single inst
g-term efficac
9.9%) patients 
(grade 3/4 neu

eceiving 300 m
kal risk score a
(P =0.006). The
all patients inc
CCyR.  

-, intermediate
ere 100%,86%
% for high-risk

cytogene

) according to c

of imatinib ther

onths are comp

rs (P>0.05). Tim

e 1). Prior inte

arly access to im

P<0.05, Table 

P>0.05). How

n the non-CCy

Malignancies, Sep

                          

.3% of the pat
interferon intak
and molecular
incidence of a

titution accord
cy of imatinib 

who started w
utropenia). At 

mg imatinib per 
at diagnosis (P
ere was a trend

cluding those o

-, and high-ris
, and 83%, for

k patients, resp

etic respo

complete cytog

rapy. Prognost

pared with thos

me from diagn

erferon intake 

matinib within

1). The probab

wever, at a me

yR group in pa

ptember 2012, V

                         

ients (69) were
ke history of th
r responses at t
adverse effects 

ding to recent 
therapy in pat

with 400 mg wer
6, 12 and 18 
day, respectiv

P=0.4). The dif
d toward a bette
on nilotinib/das

sk patients, res
r low-risk patie
ectively. The d

onse at 1

genetic respons

tic significance

se of non-CCyR

nosis until imati

seem to have 

n 12 months of

bilities of OS an

edian of 67 m

atients who ha

Vol. 2, No. 3 

                         11

e in CCyR 
he patients 
the end of 
was 6.9% 

European 
tients who 
re reduced 
months of 
ely. Those 
fference in 
er outcome 
satinib are 

spectively, 
ents; 90%, 
differences 

2 

se (CCyR) 

e of Sokal 

R patients. 

inib intake 

a negative 

f diagnosis 

nd PFS for 

months, the 

d imatinib 



w

t

h

A

f

F

(

T

(

n

F

www.sciedu.ca/j

12

treatment with

had later introd

As most of th

following inter

Figure 2. Prob

(B) 12 months

Totally drug m

(P<0.05), a fi

non-CCyR gro

3.2 Progn
imatinib 

Figure 3. Prob

jhm                    

hin 12 months o

duction of ima

e late receiver

rferon therapy 

bability of PFS 

 of initial diagn

modification fo

inding which m

oup (Table 1). 

nostic sig
therapy 

bability of over

                           

of diagnosis (e

atinib i.e. after 

rs had resistan

did not seem t

according to C

nosis 

or any reason 

might be cons

gnificanc
 

rall survival (A

                         J

early receivers)

12 months of d

t/progressive d

o compensate 

CCyR at 12 mo

in the non-CC

sidered as an 

e of majo

A) and PFS (B)

Journal of Hema

) (78% vs. 30.5

diagnosis (late

disease while o

for the unstabl

onths in patient

CyR group wa

indirect evide

or molecu

 

 according to m

atological Malign

                      

5%, P =0.001, 

e receivers) (41

on interferon, 

le disease. 

ts who had ima

as significantly

ence of more r

ular resp

major molecula

nancies, Septem

         ISSN 1925-

Figure 2A) co

1.7% vs. 50.4%

introduction o

atinib treatment

y higher compa

resistant disea

ponse at 1

ar response (M

mber 2012, Vol. 2

-4024   E-ISSN 19

mpared to thos

%, P=0.9, Figur

of imatinib tre

t within (A) an

ared to CCyR 

ase phenotype 

18 month

MMR) at 18 mo

2, No. 3 

925-4032 

se who 

re 2B). 

atment 

 

nd after 

group 

in the 

hs of 

onths 



www.sciedu.ca/jhm                                                                        Journal of Hematological Malignancies, September 2012, Vol. 2, No. 3 

Published by Sciedu Press                                                                                                                                                                                     13

Thirty-seven (36.6%) of the patients achieved MMR at 18 months of imatinib therapy. Patients who had MMR at 18 
months had a lower Sokal risk score compared to non-responders (non-MMR) (P=0.03, Table 2).Time from diagnosis 
until imatinib intake was significantly shorter in patients who had MMR (P<0.05). Prior interferon intake was significantly 
higher in patients without MMR at 18 months (P<0.05). Earlier use of imatinib within 12 months of diagnosis caused a 
statistically significant molecular response (P=0.001). Although the probability of OS was not significantly different when 
both groups are compared (Figure 3A, P>0.05), the probability of PFS for major molecular responders was significantly 
longer in responders (Figure 3B, P=0 .006). At a median of 75 months, the probability of PFS in the MMR group was 
significantly longer than the non-MMR group in patients who had imatinib treatment within 12 months of diagnosis 
(87.5% vs. 22.7% , P=0.005) compared to those who had later introduction of imatinib i.e. after 12 months of diagnosis 
(50% vs. 33.3%, P >0.05). 

Table 2. Patient characteristics according to major molecular response at 18 months of imatinib 

 MMR (n=37) Non- MMR (n=34) p 
Age, yrs 39±2.2  41.5±2.1  0.7 

Hb (g/dL) 11.5±0.3 10.3±0.3 0.04 

WBC (×109/µL)  119±17 144±14 0.6 

PLT (×109/µL) 341±33 389±52 0.4 

LDH (IU) 1551±146 1358±194 0.7 

Sokal 7/19/6 4/11/15 0.03 
Time until imatinib 3 (1-97) 35 (1-132) 0.00 
Early vs. Late imatinib 28 12 0.001 
Median F/U (months) 60 (8-204) 87(14-204) 0.004 
Prior IFN 14 26 0.001 
Median imatinib duration 58 (3-100) 60 (12-89) 0.8 

 

Patients in CCyR who had also achieved MMR at 12 and 18 months did not have PFS or OS advantage. This difference did 
not reach to a statistically significant level most likely due to small number of patients in each of the groups. 

3.3 Comparison of response criteria in early versus late chronic phase 
patients 

Table 3. Comparison of prognostic parameters in ECP vs. LCP patients 

  ECP (n= 58) LCP (n=43) P 
Age, yrs  41(20-78) 42(21-69) 0.8 
Gender (F:M) 27/31 22/21 0.6 

Hb (g/dL)  11.1±0.2 10.8±0.3 0.6 

WBC (×109/µL) 109±28 100±13 0.6 

Median duration of CP before imatinib (mo) 2 (0-77) 31 (3-97) 0.00 
Time to drug modification 35 (4-64) 31(3-91) 0.9 
Imatinib resistance 9 22 0.01 
Median imatinib duration 26 (0-77) 63 (18-100) 0.00 
F/U duration (mo) 32 (2-204) 96 (21-204) 0.00 
Sokal 5/18/12 11/24/16 0.6 
CCyR@12 mo 29 15 0.01 
MMR@18 mo 23 14 0.002 

 

Early chronic phase (ECP) patients defined as those who had imatinib therapy upfront and late chronic phase patients 

(LCP) as those who received imatinib after prior treatment namely, IFN-α which ended up with failure, loss of response or 



www.sciedu.ca/jhm                                                                        Journal of Hematological Malignancies, September 2012, Vol. 2, No. 3 

                                ISSN 1925-4024   E-ISSN 1925-4032 14

intolerance are compared (Table 3). Fifty-eight (57.4%) of the patients were within the ECP group. Our data demonstrated 

that frontline imatinib was effective and early administration was significantly advantageous for CCyR and MMR. 

Progression free survival at 12 and 18 months of imatinib treatment was significantly longer in patients who achieved 

optimal response and received imatinib within 12 months of diagnosis as demonstrated above (Figure 2). In the ECP group 

the 5-year OS (69.2% vs. 33.1%), PFS (58% vs. 35.6%) and EFS (48.5% vs. 17%) rates were superior compared to those 

of LCP patients (P=0.01, 0.006 and 0.003, respectively). At a median of 40 months, 71.5% of ECP patients were in CCyR 

compared to 64% of LCP patients with imatinib treatment only (P=0.5). When second generation TKIs were introduced 

after any failure following imatinib treatment, 72.3% of ECP patients remained in CCyR compared to 84.3% of LCP 

patients at a median of 5 years (P=0.1).  

3.4 Prognostic significance of leukemianet criteria for failure and sub- 
optimal response 
Totally 5, 14, 27 and 21 of the patients were classified as failure at 3,6,12 and 18 months of imatinib therapy, respectively. 

The definition of failure was sustained in all the patients except 6 who were classified as failure at 12 months; two died due 

to blastic transformation and one had allogeneic stem cell transplantation before 18 months and 3 were reclassified as 

suboptimal responder at 18 months. Outcome of non-failure (optimal responder) patients compared to failure patients were 

significantly better at various time points, i.e. 3, 12 and 18 months in terms of PFS and this advantage remained at 18 

months survival analysis (Table 4). For example, the probability of progression free survival of failure patients compared 

with non-failure patients at 3 months was significantly shorter in the former (Table 4, P=0.012). A total of 4, 6, 12 and 12 

patients were classified as suboptimal responders at 3,6,12 and 18 months, respectively. Prognostic significance of 

LeukemiaNet criteria for suboptimal response was insignificant compared to failing patients (Table 4).   

Table 4. The probability of five-year OS and PFS according to ELN failure and suboptimal response criteria 

 N PFS,% OS,% 

Failure at 3 mo 
  Yes 
  No 

 
5  
76  

P= 0.01       
60  
85.1 

P=0.08  
100 
93.6 

Failure at 6 mo 
  Yes 
  No 

 
14  
50 

P=0.06      
64.3 
86.8 

P=0.5  
92.9 
91.5 

Failure at 12 mo 
  Yes 
  No 

 
44 
27 

P=0.008      
69.1 
92.9 

P=0.3  
83.3 
97.4 

Failure at 18 mo 
  Yes 
  No 

 
36 
21 

P=0.000     
61.5 
100 

P=0.01 
84.7 
100 

Suboptimal at 3 mo 
  Yes 
  No 

 
4 
81 

P=0.3     
50 
85.1 

P=0.2  
50 
93.6 

Suboptimal at 6 mo 
  Yes 
  No 

 
6 
48 

P=0.8     
100 
86.8 

P=0.8  
100 
91.5 

Suboptimal at 12 mo 
  Yes 
  No 

 
12 
43 

P=0.4     
100 
92.9 

P= 0.1  
100 
97.4 

Suboptimal at 18 mo 
  Yes 
  No 

 
12 
36 

P=0.4      
91.7 
93.3 

P= 0.9  
92.3 
93.3 
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When we pooled failure patients and suboptimal responders as non-responders and compared these patients with 
responders, we found that at 18 months responding patients had a better five-year PFS compared to non-responders 
(93.3% vs. 69.3%, P = 0.006). Similar advantage was also observed at 3 months (85.1% vs. 53.3%, P =0.022). There were 
no difference in the probability of PFS at 6, 12 months (86.8% vs. 73.7%, P =0.1; 92.9% vs. 77.4%, P =0.1) and OS at 3 
(93.6% vs. 77.8%, P=0.06), 6 (91.5% vs. 94.7%, P =0.547), 12 (91.3% vs. 89.8%, P =0.8) and 18 months (100% vs. 
87.4%, P=0 .1) respectively.  

4 Discussion  
Imatinib was approved for adults with newly diagnosed chronic phase CML in 2001 when the pivotal trial IRIS had been 
completed with a substantial survival advantage. However, access to imatinib in many developing countries occurred in a 
delayed manner. In this study, an overview of CML treatment in clinical practice in southern region of our country which 
also included an analysis comparing the efficacy of treatment between ECP and LCP patients has been performed.  

All of our patients had received imatinib at some point since diagnosis. This proportion is high when compared with 
developed countries while in the same period. For example, a retrospective study from Northern France conducted 
between 1985 and 2004 revealed that 38% of 783 patients were treated with imatinib [9]. In another analysis reflecting a 
subset of patients from France from the European UNIC study which recruited patients between September 2006 and 
March 2007, 96% of the patients had imatinib at some point from diagnosis10. In general, imatinib was tolerated well in 
our patient cohort. The incidence and the severity of the adverse effects were comparable with the previous reports in 
literature [11, 12]. 

One of the aims of this study was to assess the outcome actual treatment practices in our center. First of all, Sokal’s 
prognostic risk system seemed predictive in the imatinib era. Keeping in mind the prospective design of IRIS and 
IRIS-like trials, the OS, PFS and EFS rates in our cohort at a median of 65 months was 89%, 79% and 74% respectively 
which was comparable to those in the literature though was lower than the original IRIS trial [2]. In the IRIS trial, the 
estimated 8-year OS, EFS and PFS were 85%, 81% and 92%, respectively. At 8 years, 55% of the 553 imatinib treated 
patients remain on study imatinib, with discontinuation due to intolerance (6%), resistance (16%), stem cell transplant 
(3%), death (3%) or other reasons (17%) [13]. Results from a German trial reported a 5-year OS of 94% and a 2-year EFS of 
80% [7, 14]. In a similar study from UK, at 5-year follow-up of 204 newly diagnosed CP CML patients treated, the 
cumulative incidences of CCyR and MMR were 83.2% and 82.7 % respectively and a total of 26% patients discontinued 
therapy after a median of 15.5 months [15]. In the UK study, patients defined as “failure” at 12 months showed significantly 
worse 5-year survival (87.1% vs. 95.1%, P<0.0001). Similar to a population-based small study which reported 41%  
CCyR [16], in our cohort we had a lower efficacy with a 43.6% CCyR rate at one year with imatinib only. We agree with 
Lucas and colleagues that imatinib in CML might have a lower efficacy than in clinical trials [16].   

The level of response to treatment at earlier time points in CML correlates with a low risk of progression and better 
outcomes [17-20]. MDACC single arm studies demonstrated that early CCyR and MMR may protect against progression [20]. 
In the previous trials a trend toward a better duration of CCyR when obtained early has been observed [6]. As already 
mentioned, in our center, we had patients who could be described as early or late CP patients according to their firstline or 
response to treatment so that a retrospective analysis was doable. Response rates were lower in LCP patients compared to 
ECP patients. In ECP patients, OS, PFS and EFS rates were superior to those of LCP patients. A similar benefit has been 
observed in terms of PFS and OS in a GIMEMA trial in ECP patients [5]. The pattern of response to imatinib was poorer in 
LCP patients to that observed in ECP patients in our study. The MCyR, CCyR and MMR rates were 57.1%, 35.7% and 
35%, respectively in LCP patients in our analysis which was lower than the reported rates in similar but prospective  
trials [5, 21-23]. These rates range between 60-73% for MCyR; 41-63% for CCyR and 60-74% for MMR. Although direct 
comparison is not possible with the results from such randomised controlled trials our data suggest that prior treatment 
history is an important prognostic marker for response to treatment with imatinib. In this study we found that PFS and OS 
become superior in cytogenetic and molecular responders when imatinib treatment is introduced early. Moreover, we 
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show that the disadvantage of later introduction of imatinib in LCP patients might be overcome by the introduction of 
newer tyrosine kinase inhibitors. However, despite that the length of observation time is quite long in this analysis, still a 
longer follow up is needed in order to understand whether this benefit would be durable or not. 

European LeukemiaNet recommendations were designed to help clinicians identify responses of CML-CP patients on 
standard dose imatinib based on response to treatment at various time points using specific hematologic, cytogenetic, and 
molecular criteria [3, 7]. However, different methods of disease monitoring are used less often in clinical practice than 
according to recommendations. We are aware of the fact that ELN recommendations were published and updated not 
before 2006 so that making clinical decisions based on these before this date may seem inapplicable. Despite that the 
availability of testing facilities was not always optimal in our center, it was important to observe that the predictive value 
of European LeukemiaNet recommendations be validated with our data. Classification of patients based on “failure” 
criteria was helpful in identifying patients responding poorly. The criteria for “suboptimal response” were not useful. It is 
of note that there was small number of patients for evaluation. On the other hand pooling patients classified as failure and 
suboptimal response may lead to a more accurate prediction of the poor-risk patients using failure only. Although there 
was a trend toward a longer PFS in patients with CCyR at 12 months and MMR at 18 months, the difference was not 
significant in our cohort. However, the prognostic significance of achieving CCyR at 12 months or MMR at 18 months 
was clear in our study in terms of PFS in ECP patients. In this analysis, as well as in many major trials in the literature 
including IRIS, patients in CCyR who had also achieved MMR at 12 and 18 months did not seem to have PFS or OS 
advantage indicating lack of prognostic impact of molecular responses [3, 15, 20]. We agree with Marin and his colleagues 
that this might be most probably due to early intervention of CCyR loss with more effective therapy [3]. Given the 
availability of newer tyrosine kinases revision of recommendations for the definition of “suboptimal response” criteria 
might be considered. The significance of suboptimal response is heterogenous in previous studies [24]. In a recent report 
from MDACC, a group of suboptimal responders had an outcome similar to failed patients and also another proportion of 
patients had similar responses as those of optimal responders [24].  ELN recommendations must be improved for every day 
clinical practice to optimize response analysis and patient prognosis. Starting resistant patients more potent agents 
relatively early after the development of resistance is highly effective in terms of prognosis. The fate of LCP patients who 
do not respond to imatinib but other tyrosine kinases either dasatinib or nilotinib would be informative in order to make 
decisions since a notable proportion of patients do not respond imatinib adequately also do not have durable responses. 

In conclusion, early introduction of tyrosine kinase inhibitors either imatinib as firstline or nilotinib/dasatinib as 
secondline treatment is an important prognostic parameter in terms of survival. Finally, our study confirmed the utility of 
European recommendations retrospectively. 
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