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Chronic Myeloid Leukemia in India

abstract

Background In the last decade, the use of imatinib has brought a paradigm shift in the management of
chronicmyeloid leukemia (CML). In India, imatinib has beenavailable formore thanadecadeandhasbeen
made accessible to all segments of the population because of patient assistance programs and cheaper
generic versions. Despite improvements in survival, there are unique challenges in the Indian context.

Methods We reviewed published data pertaining to CML in India for the period of 1990 to 2016, using
PubMed advanced search with the terms chronic myeloid leukemia and India, and included studies that
reported on epidemiology, monitoring for therapy, treatment outcomes, and resistance. Additionally, the
references in retrieved articles were also reviewed.

Results Thirty-seven studieswere identified. The incidence of CMLmay be slightly lower in India than in the
West, but there was only a single article reporting population-based data. Indian patients presented with
more advanced disease. Most centers have access to imatinib as first-line therapy, but there is limited
availability of molecular monitoring and second-line therapy.Most of the outcome data were retrospective
but seemedcomparablewith that reported inWestern centers. Drug adherencewas impaired in at least one
third of patients and contributed to poor survival.

Conclusion Focused prospective studies and cooperative studies might improve the quality of data
available. Future studies should focus on adherence, its effects on outcomes, and methods to address this
problem.
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INTRODUCTION

Chronicmyeloid leukemia (CML) is oneof themost
common blood cancers. The treatment of CML
underwent a dramatic shift with the discovery of
imatinib. In fact, CML has served as the poster
child for targeted therapy in oncology and remains
one of the most successful examples of person-
alized treatment. In India, patients with CML were
traditionally treated with hydroxyurea or busulfan.
In the 1990s, the fewpatientswho could afford the
cost received interferon-based therapyor stemcell
transplantation. When imatinib became available,
few patients in India could afford the cost of the
innovative product. Subsequently, patient-support
programs, such as the Glivec International Patient
Assistance Program, and cheaper generics made
the medicine almost universally available to pa-
tients in the country.

Currently, inmost oncology centers in India, newly
diagnosed patients with CML begin receiving ima-
tinib. However, the remarkable longevity that
these patients have come to enjoy has brought
newchallenges in their care. Someof these are the
need for the sustained availability of drugs;
the requirement for strict medication adherence;
the ability to recognize and manage long-term
physical and psychologic issues, including possible

compromises inquality of life; andspecial issues in
pediatric patients. There exists a small but signif-
icant proportion of patients who are unable to
tolerate imatinib or experience treatment failure.
These patients need therapywithmore expensive,
second-line tyrosine kinase inhibitors (TKIs). In
fact,most large centers in thecountry havepatients
whoexperienced treatment failurewith imatinibbut
are now back to receiving older medicines, such
as hydroxyurea. Stem cell transplantation, which
is the standard therapy for patients with CML
presenting with advanced-phase disease, is still
out of reach for the majority of Indian patients. In
this article, we present the available literature
pertaining to CML in India and the unique chal-
lenges in its management.

METHODS

In this review,wesought evidencepertaining to the
following aspects of CML in India: epidemiology,
clinical presentation, treatment methods, out-
comes of therapy and factors affecting the out-
comes, resistance to imatinib in Indian patients,
adherence to therapy, and pediatric CML. A liter-
ature search was performed in MEDLINE on the
PubMed database; articles pertaining to these
aspects were chosen and others were excluded.
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The key words included chronic myeloid leuke-
mia and India, and the search was limited to
the English-language literature published from
1990 to 2016 by Indian institutes; 186 articles
were selected. Of these, 166 articles were ex-
cluded: 83 were basic research or had no cor-
relation to clinical outcomes; 59 were case
reports or reports of small series; 12 were review
articles or commentaries; four did not report on
Indian studies; three did not pertain to CML; two
were symposium reports; one pertained to bone
marrow transplantation outcomes; and twowere
excluded because the outcomes from the same
set of patients were reported in a subsequent
publication, which was included in the analysis.
Twenty studies were included for further anal-
ysis based on this search.1-20 A special issue of
the Indian Journal of Medical and Pediatric
Oncology reported on the outcomes of CML in
Indian centers; all these articles were separately
reviewed using the same criteria, and an addi-
tional 13 papers were included.21-33 The refer-
ences of all publications were reviewed, and an
additional four studies were identified and in-
cluded.34-37 Studies in which there were no data
on patients who died or analysis was confined to
patients who were followed-up in the outpatient
department were also excluded.38 Of the 37
studies thus reviewed, one was related to epi-
demiology,36 one concerned efforts to set up
monitoring facilities in India,7 six reported on the
mutation profile in Indian patients receiving
imatinib, five reported outcomes in pediatric

patients, and 24 discussed outcomes in adult
patients (Fig 1).

On the basis of data from these studies, the
following aspects were reviewed: epidemiology,
clinical features, treatment and outcomes, and
data on resistance to TKIs and adherence to
therapy. The relevant data are presented in the
following sections, and the published studies are
compared with other international studies. A brief
update on the availability of imatinib and other
TKIs is provided to give perspective and context to
the review.

Epidemiology of CML in India

The annual incidence of CML in India was origi-
nally reported to be 0.8 to 2.2 per 100,000 pop-
ulation.39However, thesewere estimates andmay
not represent the true incidence because most of
the data from population-based registries in India
report myeloid leukemia as a single entity without
separating the acute and chronic forms.40 A re-
cent study from the Mumbai Cancer Registry
specifically examined CML and reported an age-
adjusted rate (AAR; per 100,000) of 0.71 inmales
and 0.53 in females. The incidence varied across
age groups, with an increased incidence in older
individuals. Interestingly, there was a decreasing
trend in the incidenceofCMLover the years.36The
incidence reported in this study was lower than
that reported in the United States (AAR, 1.75)
and Australia (AAR, 1.2) but is close to that
reported in many centers in Europe.41-44 Other

PubMed search with keywords: 
"chronic myeloid leukemia, India”

Articles (N = 186)

1. Articles from PubMed search
Articles included (n = 20)

2. IJMPO specifically 
reporting on CML from 
multiple centers in India

Articles included (n = 13)

 3. Cross references and citing articles
of papers in 1 and 2 reviewed 
with same criteria 

Articles included (n = 4)

Articles included (n = 37)
   Epidemiology              (n = 1)
   Monitoring                   (n = 1)
   Mutation profiling       (n = 6)
   Pediatric outcomes     (n = 5)
   Adult outcomes         (n = 24)

Articles excluded (n = 166)
   Basic research, no outcome data   (n = 83)
   Case reports/series                          (n = 59)
   Review articles                                 (n = 12)
   Not Indian                                           (n = 4)
   Not pertaining to CML alone            (n = 3)
   Symposium reports                           (n = 2)
   BMT outcomes alone                        (n = 1)
   Similar report from same hospital   (n = 2)

Fig 1 –

Flow diagram showing the
study selection process for
the review. BMT, bone
marrow transplantation;
CML, chronic myeloid
leukemia; IJMPO, Indian
Journal of Medical and
Paediatric Oncology.
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Asian countries have also reported a lower inci-
dence of CML compared with the United States,
and the reasons for these variations are unclear
(Table 1).39,45

The TKI Story in India

Imatinib was made available to most patients with
CML in India through a Novartis-sponsored pro-
gram that was administered by the MAX foun-
dation, called the Glivec International Patient
Assistance Program.46 This program continues
to remain active in many major centers in the
country. In addition, the availability of generic
imatinib has also contributed to cheaper access
to the drug. Retrospective analyses have shown
that equivalent response rates can be achieved
with generic imatinib.22,29

Dasatinib and nilotinib are the second-line TKIs
currently available in India. Although data from
randomized trials suggest that first-line use of
second-line TKIs can lead to faster and deeper
molecular responses, the higher cost limits their
use in newly diagnosed patients. There are few
reports detailing the use of second-line TKIs in
India.6

Monitoring of Therapy in CML

The cost of monitoring by conventional cytogenet-
ics, fluorescent in situ hybridization, and polymer-
ase chain reaction (PCR) are Indian rupee (INR)
500 to 1,000, INR 2,000 to 3,000, and INR 5,000
to 7,000, respectively (Table 2). Conventional
cytogenetics requires frequent bone marrow
punctures, which are not acceptable to patients.
Analternative is fluorescent insituhybridization for
the BCR-ABL translocation, which can be per-
formed from the peripheral blood and is more

sensitive than karyotyping.47 Reverse transcriptase-
PCR is currently the most sensitive technique avail-
able, and the results correlate well with long-term
outcomes. However, PCR techniques are plagued
with interlaboratory variability, which limits interpre-
tation and comparison of data. To counter this, in-
ternational standardization has been proposed, but
thereare few laboratories in India that have standard-
ized testing available.7

The practical relevance of frequent testing, which
is expensive in itself, in the context of limited
access to second-line options can be debated in
the Indian context. It can be argued that little is
achieved by molecular testing in a poor patient
who otherwise has complete hematologic re-
sponse (CHR)/complete cytogenetic response
(CCR) with imatinib therapy because there is no
option of switching to another TKI if there is poor
molecular response.8,48 However, even in these
patients, an increased dose of imatinib might help
at least a quarter of patients to achieve better
responses. Thismight be considered anargument
for performing serial monitoring, even in resource-
limited settings. Efforts are being made to make
cheaper technology available for molecular mon-
itoring of CML.48

Clinical Presentation

Patients with CML in India have key differences in
the presenting features compared with Western
patients (Table 3). In India, it is unusual to di-
agnose CML in an asymptomatic patient, and a
higher proportion of patients have organomegaly,
constitutional symptoms, and high-risk Sokal
scores.27,38 Although lower socioeconomic status
has been correlated with a higher-risk Sokal score
at presentation, there is only a single study

Table 1 – Incidence Patterns of Chronic Myeloid Leukemia From Various Parts of the World

Source Country Area

Annual Incidence

(100,00021) Type

SEER database44 United States Northern America 1.75 ASR

Tumor registry43 Germany Europe 0.79 CR

Tumor registry42 Scotland Europe 0.64 CR

Tumor registry41 Australia South Australia 1.5 ASR

Tumor registries39 China Asia 0.4-0.6 CR

Government registry39 Singapore Asia 0.7 CR

Government registries39 South Korea Asia 0.8 CR

University hospitals39 Thailand Asia 0.50 CR

Population-based registry36 India India (Mumbai) 0.80* ASR

Abbreviations: ASR, age standardized rate; CR, crude incidence rate.
*Age group, 30 to 54 years.
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examining this issue.27 Other analyses from India
question the relevance of the Sokal score itself in
our population.8,19,22

Although multiple articles using hospital-based
data have suggested that there may be a younger
age of presentation in CML in India, population-
based studies have refuted these claims.36 The
study from the Mumbai Cancer Registry showed
an age distribution similar to that seen in theWest,
with thehighest incidence in theage groupof 55 to
74 years.36

Treatment and Outcomes of CML in India

Chronic phase. Before the availability of imatinib,
theoutcomesofCML reported in variouscenters in
Indiawere dismal.Most centers usedhydroxyurea
for therapy, considering the limited availability of
stem cell transplantation facilities and the high
cost of interferon.22,38,40 The availability of imati-
nib and support programs has created a sea
change in the treatment of CML in India. Re-
sponses to imatinib in Indianpatients seemsimilar
to those reported in the West, at least in patients
who can take the medicine consistently (Table 4).
Reports from centers treating patients in the
higher socioeconomic strata, where logistical
constraints are less likely to affect adherence

behavior, have shown outcomes similar to those
reported in Western populations.24 Generally,
CCR rates of 60% to 80% have been consistently
reported from various centers in the country.8

There are limited published data on the use of
second-line TKIs.6

Accelerated phase and blast phase. Imatinib can
be used to treat CML-accelerated phase, but the
outcomes are worse.49,50 One of the few reports of
advanced-phase CML in India showed a median
survival of 61 months for CML-accelerated phase
andasurvival of 14months forCML-blast phase.30

Second-line TKIs used upfront may improve out-
comes, but, again, the access is limited. Stem cell
transplantation offers the best chance for a long-
term cure in a patient with CML-blast phase as
soon as a reversion to chronic phase is achieved
(which happens in 30% to 50%of patients treated
with TKIs).49

Management of imatinib treatment failure.Thebest
approach to imatinib treatment failure is to change
to a second-line TKI when the patient can afford
the medicine. The other option is to increase the
dose of imatinib, which may still improve the re-
sponse in those patients who have achieved sub-
optimal outcomes. CCR can be attained in 50% of
patients who do not achieve CCR or lose CCR, but
for those with loss of CHR or nonachievement
of CHR, the chance of attaining CCR was only
18%.16,51 One study reported that approximately
25%ofpatientswhoexperienced treatment failure
with imatinib can regain optimum cytogenetic re-
sponses with dose escalation.23

Adverse events after treatment with TKIs. The pro-
file of adverse events in India mirrors that in
Western published literature. Certain unique ad-
verse events have been described in the Indian
population, such as extensive hypopigmentation
of the skin.19,35,52

Resistance to Imatinib

Although multiple reasons may be identified for
imatinib resistance, mutations in the BCR-ABL
gene is a common problem.53 Studies from India
have identified mutations in 45% to 50% of pa-
tients showing resistance to imatinib.3,12 These
mutations may be higher in patients with more
advanceddisease.3 In a large report involving data
from more than 1,000 patients from various parts
of India, mutations were identified in 41% of the
samples, which were analyzed by a private labo-
ratory.25 This study showed that nine common
mutations, which accounted for 85% of the total

Table 2 – Cost of Monitoring CML in India (all costs in INR*)

Cytogenetics FISH RT-PCR

Cost in teaching hospital

Subsidized 0-200 — 0-2,000

Unsubsidized 500-600 — 3,000-4,000

Private laboratory charges 1,500-3,000 3,000-4,000 4,000-6,000

Abbreviations: CML,chronicmyeloid leukemia; FISH, fluorescent in situhybridization; INR, Indian rupee;
RT-PCR, real-time quantitative polymerase chain reaction.
*1 INR equals approximately $67 (US).

Table 3 – Clinical Features at Presentation in CML

Clinical Feature India38 West

No. 300 174

Median age (years) 35 47

Male:female 1.6:1 1.09:1

Asymptomatic presentation (%) , 5 36

Splenomegaly (%) 95 59

Fever/constitutional symptoms (%) 60 30

Sokal score, low (%) 1 34

Sokal score, intermediate (%) 59 37

Sokal score, high (%) 40 29

Abbreviation: CML, chronic myeloid leukemia.

67 Volume 3, Issue 1, February 2017 jgo.org JGO – Journal of Global Oncology

http://jgo.org


mutations seen in the kinase domain of the BCR-
ABL, occurred in a different frequency than those
reported in the West.25 A separate, single-
institution study has shown similar findings.16,51

Patient Follow-Up and Adherence

An important component of CML therapy is the
requirement of adherence to medications.54 Al-
though most patients tolerate imatinib fairly well
and serious adverse events are rare, even after
prolonged intake, there are many minor adverse
events of imatinib that, over prolonged periods,
can significantly compromise the quality of
life and might even promote nonadherence
to therapy.54-56 Nonadherence to therapy occurs
in up to one third of patients with CML treated with
imatinib.19,57-60 Nonadherence, even to a minor
extent, can prevent optimal outcomes.19,22 Be-
cause imatinib is the only option for treatment in
the majority of Indian patients, it follows that efforts
mustbemade tomakemaximumandoptimumuse
of this medicine in a given patient. Hence, time
must be spent during clinic follow-up visits to
formally address this topic with patients and to
reinforce the importance of being compliant with
treatment. Studies have clearly shown that simple
education and reinforcement can greatly enhance
medication adherence.61

CML in Indian Children

Worldwide, approximately 3% of childhood leu-
kemias are CML, with a 10% incidence in children
ages 5 to 20 years.62 The majority of childhood
CML in India occurs in patients older than12 years

of age.35,38 In the pre-imatinib era, a dismal me-
dian survival of approximately 13 months was
noted.38 Currently, survival outcomes are similar
to those reported in theWest.35Most of the reports
of pediatric CML in India pertain to patientswith no
access to second-line TKIs or allogeneic trans-
plants and, as such, reflect the natural history of
pediatric CML treated with imatinib alone.35,37

Children can have growth retardation due to
long-term imatinib therapy, which has also been
reported in Indian studies.9

In conclusion, we attempted to collect all the
relevant literature concerning CML in Indian
patients, particularly with respect to treatment
outcomes. However, almost all the studies
reviewed presented a retrospective data anal-
ysis. Studies also covered multiple treatment
eras and lacked molecular and cytogenetic
monitoring details. Given these limitations,
we attempted to summarize the salient find-
ings of the larger studies and have tried to
provide a consolidated picture of the status
in India.

CML in India has certain unique features. The
overall incidence may be slightly lower than that
reported in the West, but data are not available for
most populations; hence, definite conclusions are
not possible. Most of the Indian patients with CML
present with symptoms, possibly with higher-risk
disease. Most centers in the country currently use
imatinib as first-line therapy. The drug is available
at low cost or free of charge at most large centers.
Patients receiving long-term imatinib therapy face
major challenges, especially with regard to drug

Table 4 – Studies Reporting on Outcomes of Patients Treated With Imatinib From Various Parts of India

City No. CHR (%)

Cytogenetics

Available (%) CCR (%) PCR Available (%) MMR (%) 5-Year EFS 5-Year OS

Mumbai24 576 95 100 62 50 74 72 87

Chennai19,23 516 91 57 23 NR NR 71 89

Hyderabad S14 201 95 100 56 NR NR 77 NR

Bengaluru26 350 79* NR NR 100 52 NR NR

Patna33 205 91 61 62† NR NR NR NR

Bengaluru28 540 98 100 78 NR 37 NR 86

Mumbai22,32 972 98 93 77 NR NR NR 86

Jaipur27 213 96/88‡ NR NR 100 47/32‡ NR NR

New Delhi20 400 95 100 53 NR NR 76 94

NOTE. Only studies reporting at least 200 patients were included in this table.
Abbreviations: CCR, complete cytogenetic response; CHR, complete hematologic response; EFS, event-free survival; MMR, major molecular response; NR, not reported; OS,
overall survival; PCR, polymerase chain reaction.
*10% of patients were in accelerated phase/blast phase.
†CCR+MCR.
‡Glivec/generic.
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adherence.There isevidence thatpooradherence
impairs the outcomes in these patients. In addi-
tion, in the Indian context, where there is limited
access to second-line TKIs, optimizing drug
adherence could help prevent a significant

number of treatment failures and improve sur-
vival. Future studies and efforts should address
these concerns.
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