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Impact of molecular response time achievement on 
survival of chronic phase chronic myelogenous leukemia 
patients treated by imatinib
Putu Niken Ayu Amrita, S. Ugroseno Yudho Bintoro*

BACKGROUND
Chronic myelogenous leukemia (CML) is a clonal stem 
cell disorder characterized by increased proliferation 
of myeloid elements at all stages of differentiation.[1] 
More than 95% of CML patients have a chromosomal 
abnormality, the Philadelphia chromosome which 
is a reciprocal translocation of the long arms of 
chromosomes 9 and 22, the t(9;22) (q34;q11). This 
aberrant chromosome encodes a fusion gene, BCR-
ABL. The BCR-ABL fusion gene transcripts are 
translated into functional BCR-ABL proteins (p190, 
p210, or p230) which have tyrosine kinase activity.[2]

Among all myeloproliferative disorder, CML is the most 
common with an incidence varying from 0.6 to 2.0 cases 
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per 100.000 inhabitants in the United States, increase 
with age and are higher in men than women.[3] While 
in Asia, they seem even less, for example, in China, an 
estimated number of incidents was 0.39–0.55/100,000 
population, while in Thailand, the number is about 
0.50/100,000 population.[4] In Indonesia, we recorded 
1109 patients in 2014 and 643 patients from 2008 to 
2016 were diagnosed as CML in the tertiary referral 
hospital in Surabaya, Indonesia.

Imatinib, a first-line tyrosine kinase inhibitor (TKI) 
is available in Indonesia and was expected to give 
revolutionary change on the CML treatment and 
outcome. Monitoring imatinib-treated CML patients 
are important to define patient response, and the 
molecular response is the most sensitive to judge 
CML course and allows detection of progression or 
relapse.[5] Evidence of achieving major molecular 
response (MMR) associated with increased 
progression-free survival and overall survival.[6]

ABSTRACT

Background: Chronic myelogenous leukemia (CML) is the most common myeloproliferative disorder. BCR-ABL, the CML 
cell, contains oncogene makes tyrosine kinase protein which causes cells to grow and reproduce out of control. Recently, 
a tyrosine kinase inhibitor, namely, imatinib had high efficacy in CML treatment. Importantly, quantification of BCR-ABL 
transcripts is the most sensitive method to monitor molecular response at deeper levels than the hematologic and cytogenetic 
response to achieve an excellent outcome. Objective: We described the molecular response, time achievement, and the 
impact on survival in CML patients. Materials and Methods: A retrospective medical record of 143 BCR-ABL positive 
chronic phase CML patients have been treated by imatinib 400 mg. The hematological response was determined and the 
molecular response was assigned by BCR-ABL quantification. The time to achieve major molecular response (MMR) was 
defined by ≤0.10% ratio of BCR-ABL to ABL control gene and its impact on median survival. Results: In our study, the 
median age at presentation was 45 years (range 12–73 years). Male to female ratio was 2:1. Patients achieved MMR on 12, 
18, and 24 months were 8 (5.5%), 26 (18.2%), and 26 (18.2%), respectively. Patients achieved MMR in <24 months have 
longer median survival 83.8 (77.4–90.8) months compared to 58.9 (51.7–66.2) of those who failed to achieve it in 24 months, 
P < 0.001. Conclusion: Our data have shown time to MMR achievement had an impact on survival. The patients that did not 
achieve MMR had a poorer clinical outcome. Early recognition and prompt treatment of these patients can improve outcomes.
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Most of the CML population lives in developing 
countries, including Indonesia, which has limited 
resources for monitoring strategies. For example, the 
ideal CML management should consist of monitoring 
response of hematologic, cytogenetic, and molecular 
responses; however, cytogenetic and molecular 
response analysis are not available routinely for 
patients in all centers and also not cover by national 
social insurance. Recently, GeneXpert, an automated 
polymerase chain reaction (PCR) system, allows rapid 
quantification of molecular response of CML with 
minimal hands-on from the technician is available. 
This method can overcome the challenges faced by 
many hematology centers in the developing country 
which previously have to send blood samples to 
diagnostic centers overseas.[7]

The aim of the study is to describe the clinical 
characteristics of chronic phase CML patients treated 
with imatinib and the impact time achievement of 
MMR with overall survival.

MATERIALS AND METHODS
Subjects
Retrospective medical records study of 143 CML 
patients in Dr. Soetomo General Hospital, a tertiary 
referral hospital in Surabaya Indonesia, diagnosed as 
Chronic Phase CML from January 2010 to December 
2015. The chronic phase is important because prompt 
treatment will prevent development to the acceleration 
phase and blastic crisis phase. Ninety percent of 
CML patients were already at the chronic phase 
from initial diagnosis. We included patients with age 
more than 18 years old, positive qualitative of BCR-
ABL transcript by reverse transcriptase-PCR, had an 
Eastern Co-operative Oncology Group performance 
status of 0–2, and signed an informed consent form. 
While we excluded pregnant women or nursing 
mother, did not receive any other chemotherapy during 
this study and patients with severe medical problems 
such as uncontrolled diabetes mellitus, hypertension, 
severe cardiovascular disease, or active infections 
were not eligible for this study. Diagnosis of CML 
was determined by anamnesis, physical examination, 
complete blood count (CBC), and the qualitative BCR-
ABL transcripts by real-time (RT) PCR. Complete 
blood count with hematologic analyzer and peripheral 
blood smear were performed to determine CML 
disease phase by counting the immature white cells 
(blasts). If the immature white cells were less than 
10% the patients were in chronic phase and eligible 
for this study.

Qualitative BCR-ABL Transcript
The method used to measure the qualitative BCR-ABL 
transcripts were one step multiplex reverse transcription 
PCR. Mononuclear cells (MNC) separated from 

patients’ peripheral blood was used for RNA extraction. 
After RNA was extracted, 1 µg  of  RNA  was  used  for  
reverse  transcription to cDNA using Invitrogen kit.[8] 
A primer specific for e11 of the BCR gene was chosen 
to enable amplifying all variants in m-BCR and -BCR 
regions, and the specific primer for e11 was chosen to 
detect breakpoints in the m-bcr region. The ABL primer 
is specific for a3 and thus able to detect junctions in 
a2 and a3. In multiplex RT-PCR, the sense primers 
A1: 5’CAACAGTCCTTCGACAGCAG3’ on BCR 
exon 1, B1: 5’GCTACGGAGAGGCTGAAGAA3’ 
on BCR exon 11, and antisense primers 
C1: 5’CGTGATGTAGTTGCTTGGGA3’ on ABL 
exon 3.[8]

Treatment and Molecular Monitoring Method
The treatment given was Imatinib 400 mg/day. 
Second generation nilotinib was used for intolerance 
or resistance to imatinib. Monitoring of treatment 
response was clinical, CBC every 2 weeks for the 
1st month then continued to monthly. Monitoring the 
response to CML therapy is a continuum that begins at 
diagnosis and carries on serially throughout the entire 
course of treatment, as detailed in published expert 
consensus guidelines such as National Comprehensive 
Cancer Network (NCCN) 2018.

Cytogenetic examination of the Philadelphia 
chromosome can detect 109 putative leukemic cells or 
equal to 0.1 BCR-ABL ratios according to international 
scale (IS). Once a patient has achieved a CCyR, 
cytogenetic evaluation was less useful for monitoring 
residual disease. Due to the presence of the leukemia-
specific BCR-ABL gene, CML disease status can be 
monitored using RT quantitative PCR (RT-qPCR) 
technique to quantify levels of BCR-ABL mRNA in 
peripheral blood. GeneXpert BCR-ABL monitor 
assay can detect lower levels of BCR-ABL transcript 
down to between 0.001% and 0.0001% which make 
this an important tool to monitor treatment efficacy.

Quantitative BCR-ABL was performed on the 
baseline, every 3 months to the 1st year, months 12, 
18, and 24. The method used was The Xpert Cepheid 
Monitor Assays, with a reagent to detect BCR-ABL 
fusion gene resulting from two major breakpoints 
translocation b2as and b3a2 and the ABL transcripts 
as an endogenous control. This self-contained 
automated instrument integrates microfluidic sample 
preparation with RT-PCR-based, RT fluorescent 
signal detection.[9] MMR was defined as BCR-ABL 
transcripts <0.1% IS.

Statistical Analysis
The cutoff date for this analysis was June 2017. We 
performed an analysis of Overall Survival using 
Kaplan–Meier survival curve analysis and analyze its 
significance with log-rank (Mantel-Cox) test. Overall 
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survival was measured from the beginning of imatinib 
treatment to time of death. The prognostic score was 
calculated with the Sokal score (Cortes, 2008). The 
analyses were performed using the SPSS software, 
version 21.0.

RESULTS
One hundred and forty-three CML patients in the 
chronic phase at diagnosis were analyzed. The 
characteristics of patients are described in Table 1. 
Hydroxyurea was used in some patients (58.7%) 
before imatinib treatment until confirmation of the 
diagnosis of CML or imatinib availability. Imatinib 
was initiated at the median time of 3 weeks from 
diagnosis (0.25–6 months). The initial dose of 
imatinib was 400 mg/day. There were 87 males and 
66 females with a median age at diagnosis of 45 years 
(17–73). Among 143 patients evaluated for Sokal 
score, 51 patients (35.7%) were low, 60 (42.0%) were 
intermediate, and 32 (22.4%) were high.

Hematologic and Molecular Response
Complete hematologic response achieved by 
139 (97.2%) patients at median time 3 months (range 
1–7 months). There were 60 of 143 patients that 
achieved MMR (42.0%) at median time 14 months 
(range 3–60). Patients achieved MMR 12 months were 
8 (5.5%), while on 18 months 26 patients (18.2%) and 
on 24 months 26 patients (18.2%), respectively.

Survival Analysis
Patients achieved MMR in <24 months have longer 
estimated mean survival 83.8 (7.4–90.8) months 
compared to 58.9 (51.7–66.2) of those who failed to 
achieve it in 24 months [Figure 1]. Log-rank (Mantel-
Cox) test showed a significant difference in both 
groups with P = 0.007. On 60 months after diagnosis, 
90.1% subjects in MMR <24 months were still alive 
compared to 78% on the group who did not achieve 
MMR in 24 months.

DISCUSSION
In this study, we revealed that MMR achievement has 
an impact on survival. However, the achievement at 
24 months by Indonesian patients was lower compared 
to two other studies in North America and Europe at 
12 months (43% vs. 50% and 91%, respectively).[10,11] 
The probable reason was patient-compliant and higher 
Sokal prognostic score that implies a high tumor 
burden. Research in Egypt exhibited that patient-
compliant and imatinib interruption due to drug 
availability can decrease progression-free survival.[12] 
Imatinib availability in Egypt was provided by their 
government as well as in Indonesia. Patients with the 
inferior molecular response (not achieved in 24 months) 
also had a poorer survival outcome as similar to other 

research.[11] These findings demonstrate the importance 
of MMR as a surrogate marker for survival. A longer 
follow-up time is required to achieve median survival. 
The molecular response by Gene Expert is important 
for monitoring and detecting of failure to achieve 
MMR. In addition, it can be used to guide the clinician 
to choose other TKI treatment.

Several organizations, such as the European Leukemia 
Net and the NCCN, provided evidence-based 
recommendations that define responses and milestones 
to monitor response to TKIs. The phase 3 IRIS trial 
identified that patients with 3 log or more reduction 
in BCR-ABL transcript levels had the best PFS. It 

Table 1: Patients’ characteristics. Characteristics of 
chronic phase chronic myelogenous leukemia patients

Variable (n=143)
Age at diagnosis (median- range) 45 (17–73)
Gender (male/female) 87/56 (60.8%/39.2%)
Hemoglobin (g/dL) 10.8±3.04
White blood cell × 109/L 
(median- range)

124±152

Platelets × 109/L (median-range) 491±374
Sokal score 

Low 51 (36%)
Intermediate 60 (42%)
High 32 (22%)

Previous treatment
No previous treatment 59 (41.3%)
Previous hydrea 84 (58.7%)

Figure 1: Overall survival for patients in major molecular 
response (MMR) before 24 months and those who did 
not achieve it in 24 months. Patients achieved MMR in 
<24 months have longer estimated mean survival 83.8 (7.4–
90.8) months compared to 58.9 (51.7–66.2) of those who 
failed to achieve it in 24 months Logrank (Mantel-Cox) 
test showed a significant difference in both groups with 
P = 0.007. On 60 months after diagnosis, 90.1% subjects in 
MMR <24 months group were still alive compared to 78% 
on the group who did not achieve MMR in 24 months
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defines MMR. The use of the IS encompasses different 
methodologies, control genes, and reagents. Table 2 
shows the definitions of response.[13] The degree of 
molecular response at certain time points has also 
associated with reduced risk of progression and the 
Event Free Survival. MMR is also associated with the 
duration of a complete cytogenetic response. The impact 
of achieving MMR at a certain time is also important, 
IRIS study showed patients taking first-line imatinib 
who could be evaluated for MMR at 12 months, the 
estimated overall survival rate at 12 months was 91.1% 
compared to 85.3% among those without MMR at 
12 months. In Surabaya, Indonesia, although in a tertiary 
referral hospital of the developing country, not all 
resources for treatment and monitoring of chronic phase 
CML are available. In addition, there were only 2 TKIs, 
imatinib, and nilotinib. Therefore, after suboptimal 
MMR to Imatinib, we still continue the drug. We also 
could not perform cytogenetic examination routinely. 
Thus, we use the MMR as our target milestone for 
treatment response. A good correlation exists between 
bone marrow cytogenetics and transcript level in 
peripheral blood, with a BCR-ABL1 IS ≤10% equivalent 
to major cytogenetic response and IS ≤1% equivalent to 
a complete cytogenetic response.[14]

The median age in our study was a decade younger 
compared to European (55 years) and American 
(66 years) studies.[15] It may be caused by Indonesia’s 
population pyramid tends to be young and growing. 
Other reasons remain elusive. Most of our patients come 
as an asymptomatic patient with high white blood cell 
count (mean 124 ± 152 × 109/L) compared to western 
data that 40% of the patient are asymptomatic,[16] 
suggesting a high tumor burden at the beginning which 
can affect treatment response and survival.

A retrospective study with higher prone to subject 
selection bias and misclassification bias become the 
limitation of this study. In addition, we did not perform 

cytogenetic examination due to a lack of facilities in 
our center and only record the event (death) monthly 
on a patient scheduled to the outpatient department. 
The subjects group who succeed in achieving Major 
Molecular Response before 24 months did not reach 
median survival yet. On 60 months after diagnosis, 
90.1% subjects in this group were still alive compared 
to 78% on the group who did not achieve MMR in 
24 months. A longer follows up time needed to achieve 
a median survival.

CONCLUSION
This study demonstrates the importance of achieving 
MMR as a surrogate marker for survival, preferably 
sooner and stable. Patients who did not achieve MMR 
in 24 months had poorer clinical outcome. Early 
recognition and prompt treatment of these patients can 
improve outcomes.
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