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Introduction

Chronic myeloid leukemia (CML) is a clonal disease of 
the hematopoietic stem cells associated with a specific 
chromosomal translocation [t(9;22)] which leads to 
constitutive expression of the BCR-ABL1 kinase resulting 
in the manifestation of CML [1, 2]. With development of 
Imatinib in early 2000s, there was a paradigm shift in 
management of CML and imatinib became standard of 
care for patients with CML, especially in the chronic phase 
[3]. Pivotal International Randomized Study of Interferon 
and STI571 (IRIS) trial demonstrated the long term safety 
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and efficacy of imatinib with an estimated overall survival 
(OS) rate of over 80% after 8 years of treatment and 83.3% 
after 10 years of treatment [4-6]. Imatinib resistance is 
not uncommon and approximately 20–30% of patients 
develop resistance or intolerance to imatinib leading to 
its discontinuation [7].

Currently four BCR-ABL1 tyrosine kinase inhibitors 
(TKIs) are approved for frontline therapy: imatinib, 
dasatinib, bosutinib and Nilotinib. Use of any of these 
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TKIs in CML patients produce near-normal quality of life 
and life expectancy if treatment compliance is ensured, 
optimal efficacy monitoring is done, side effects are 
managed in evidenced based manner and prompt therapy 
change is done at the earliest sign of true treatment 
resistance [6, 8-12].

Nilotinib, a second generation oral TKI, was initially 
developed and approved to treat patients with CML who 
are resistant or intolerant to imatinib [13]. Nilotinib was 
approved in 2007 for the treatment of imatinib resistant 
CML-CP or for patients with CML in the accelerated 
phase (CML-AP) based on the results from the pivotal 
registration trial CAMN107A2101 [14, 15]. Subsequently, 
in 2010, based on results from pivotal phase III ENESTnd 
study, it was approved for the treatment of newly 
diagnosed patients with CML-CP or CML-AP [16].

Efficacy and toxicity of TKIs may vary depending 
on the ethnic background or genetic factors; hence it 
is important to gather data from individual populations 
pertaining to each drug. The pivotal registration trial 
had not enrolled any patient from India. Nilotinib has 
been available in India since 2010, however there are 
very limited published studies on its efficacy and safety 
in Indian patients with CML [17,18]. Through this 
retrospective real world analysis, we aim to present 
efficacy and safety profile in real world use of Nilotinib as 
first line and later lines of therapy in routine daily practice. 

Materials and Methods

General Study details
This was a retrospective observational study done 

in the Medical Oncology department of a tertiary care 
cancer centre in India. Approval to conduct this study was 
obtained from the Institute Ethics Committee. Waiver of 
consent was obtained from IEC in view of the retrospective 
nature of this study. No funding was taken for the study.

 
Participants

We enrolled adult (age > 18 years) patients (n = 126) 
with chronic myeloid leukemia (CML-CP or CML-AP) 
patients under our follow up and has received Nilotinib as 
1st line (n = 40) or 2nd line (n = 66) or 3rd line TKI (n = 20) 
for at least 90 days (3 months). It was essential to have 
at least one RQ PCR BCR: ABL value post Nilotinib 
initiation to enroll patients in this study.

Aims and Objective
To determine efficacy of Nilotinib in different lines 

in terms of achievement of Early Molecular Response 
(EMR) and Major Molecular response (MMR). To derive 
adverse effect profile in terms of haematological (anemia, 
thrombocytopenia, neutropenia) and non-haematological 
toxicity. 

Study Methodology
Hospital Electronic Medical Record was screened 

for adult (age > 18 years) CML patients registered (n = 
1290) at our hospital from 1st May 2018 to 31st December 
2022. Cutoff date for data analysis was 31st Aug 2023. 

This list was screened for all patients who were diagnosed 
as CML-CP or CML-AP and prescribed Nilotinib in any 
line of therapy (n = 148). Among these patients, those 
who have received Nilotinib as 1st line (n = 40) or 2nd 
line (n = 66) or 3rd line TKI (n = 20) for at least 90 days 
(3 months) and have at least one RQ PCR BCR: ABL 
value post Nilotinib initiation, were enrolled in this study 
(n = 126).

Electronic Medical Record clinical notes and 
Laboratory records were used to collect safety and 
clinical response data. As institute policy we do safety 
assessments, including haematological and biochemical 
laboratory investigations at baseline, every month for 
the first 3 months, and every 3 months thereafter. This 
data was derived from Electronic Medical Record. 
Additional Clinical Data (eg previously done ECGs, non 
haematological adverse effects) were collected through 
case record form when these patients visited OPDs in the 
time period of 1st Jan 2023 to 31st may 2023. Complete 
blood and differential cell counts were used to assess the 
hematologic response. Complete hematologic response 
(CHR) was defined as platelet count <450 × 109/L, 
white blood cell (WBC) count <10 × 109/L, without 
immature granulocytes, and with <5% of basophils, 
and non palpable spleen. We as institute policy perform 
cytogenetic study only at baseline and do not perform 
cytogenetic response assessment in CML patients at follow 
up. Molecular response assessments were conducted at 
in house laboratory using quantitative real-time reverse 
transcriptase polymerase chain reaction (RQ-PCR) to 
quantify the BCR-ABL1 transcripts using peripheral 
blood samples.

Statistics
The study did not have a formal sample size 

calculation, as this was a non interventional, observational 
study. Continuous variables were summarized by mean, 
median, standard deviation (SD), minimum, maximum 
and 95% confidence intervals (CIs), and the categorical 
variables were summarized by counts and percentages 
in the frequency table. The time-related variables were 
analysed using the Kaplan–Meier (KM) method.

Results

A total of 148 patients were prescribed and started 
on Nilotinib in any line of therapy. Thirteen patients 
discontinued within 3 months of therapy due to financial 
reasons and were shifted to imatinib (n = 10) or dasatinib 
(n = 3). Six patients were lost to follow up after 
initiation and 4 patients discontinued Nilotinib (within 3 
months) due to adverse effect as severe myalgia (n = 1), 
thrombocytopenia (n = 2) and development of new onset 
psoriasis (n = 1). All 4 patients were shifted to imatinib. 
A total of 126 patients met eligibility criteria and hence 
were included in study. Among enrolled patients, 40 
patients received Nilotinib as 1st line TKI, 66 received 
Nilotinib as 2nd line TKI and 20 patients received Nilotinib 
as 3rd line TKI. 
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the range of 1-3%. Three of these patients achieved BCR-
ABL1 ≤ 1% at 18 months follow up and one patient is yet 
to reach 18 months follow up. 

Out of forty patients, 4 (10%) discontinued Nilotinib. 
Reason for Nilotinib discontinuation was intolerance 
(persistent grade 3/4 thrombocytopenia) in 2 patients and 
failure in 2 patients including one patient who progressed 
to blast crisis. 

The most common haematological toxicity was 
thrombocytopenia (n = 14, 35%) while neutropenia 
(n = 3, 7.5%) and anaemia (n = 10, 25%) were less common 
(Table 3). Grade 3/4 thrombocytopenia was noted in 4 
patients in which Nilotinib dose reductions was attempted 
however 2 patients needed Nilotinib discontinuation due 
to persistent grade 3/4 thrombocytopenia and in 2 patients 
Nilotinib was continued as lower dose (200 mg BD) 
with optimal response. Twenty two patients (55%) 
experienced some grade of hyperbilirubinemia but grade 3 
hyperbilirubinemia was seen in only 6 (15%) patients and 
none had grade 4. Hyperbilirubinemia was predominantly 
unconjugated and was associated with normal liver 
enzymes except in one patient with grade 2 AST 
elevation. Grade 3 hyperbilirubinemia was managed with 
intermittent use of ursodeoxycholic acid and no patient 
required Nilotinib discontinuation for hyperbilirubinemia. 
Other toxicities noted were new onset hyperlipidemia in 
three patients (7.5%) and new onset diabetes mellitus in 
one patient (2.5%). Routine pancreatic enzyme (amylase 
and lipase) testing was not done during follow up however 
symptomatic pancreatic dysfunction was not noted in 
any patient. Electrocardiographic plots for at least one 

Nilotinib as first line therapy in CML
Forty patients received Nilotinib as first line TKI 

and the median age of the study population was 32 years 
(range, 21–68 years), of whom 24 (60%) were male. 
Thirty two (80%) of the patients were in CML-CP and 8 
(20%) in CML-AP at diagnosis as described in Table 1. 

Median duration of follow up of these patients was 17 
months (range 7-79 months). The cumulative EMR and 
MMR rates by 3 months were 82.5% and 10%, and none of 
the patients had achieved MR4 (Table 2). Among 7 patients 
who didn’t achieve EMR at 3 months, 1 progressed to blast 
crisis at 4 months, two patients discontinued Nilotinib 
at 7 months due to intolerance (persistence grade 3-4 
thrombocytopenia) whereas 4 patients were continued 
on Nilotinib and all of these patients achieved optimal 
response at 6 months (BCR-ABL1 ≤ 1%) and hence 
were continued on Nilotinib thereafter. On patient who 
achieved EMR at 3 months progressed with BCR/ABL 
of more than 10% at 12 months and hence was switched 
to dasatinib at 13 months. 

Thirty three patients were eligible for analysis at 12 
months (Three patients discontinued Nilotinib before 
12 months and 4 patients had follow up of less than 
12 months). Of these 33 patients, 14 (42.4%) achieved 
MMR at 12 months and half of these patients [7 patients, 
21.2%] had also achieved MR4 at this time point. As per 
ELN 2020 guidelines [19], five patients were classified 
as failure at 12 months (BCR-ABL1 > 1%). Of these 5 
patients, Nilotinib was switched to dasatinib in one patient 
and rest four were continued on Nilotinib on physicians 
discretion as BCR/ABL levels in these patients were in 

Characteristics N (%) Median (Range)
Age, Median (range) 32 (21-68)
     >40 years 6 (15)
     <40 years 34 (85)
Sex 
     · Male 24 (60)
     · Female 16 (40)
Disease Phase
     · Chronic Phase 32 (80)
     · Accelerated Phase 8 (20)
Baseline Laboratory values
     · Hb gm/dL, median (range) 10.4 (5.9-14.8)
     · White blood cells (× 109/L), median (range) 128.7 (5.4-424.4)
     · Platelet count (× 109/L), median (range) 325 (35-1811)
     · Peripheral blood blasts (%), median (range) 3 (1-17)
     · Bone marrow blasts(%), median (range) 4 (1-18)
     · Basophils (%), median (range) 9 (3-21)
Spleen (bcm), median (range) 6 (0-18)
EUTOS Risk Score, median (range) 92.5 (28-170)
EUTOS Risk group
     · High Risk 23 (57.5)
     · Low Risk 17 (42.5)

Table 1. Shows Characteristics of Patients who Were Started on 1st Line Nilotinib (n = 40)

EUTOS, European Treatment and Outcomes Study (EUTOS) score
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time point were available for 22 patients (55%) and no 
abnormalities were detected. New onset hypertension 
was noted in one (2.5%) patient and other symptomatic 
cardiovascular events were not noted.

Nilotinib as second line therapy in CML after Dasatinib
Fourteen patients received Nilotinib as second line 

TKI after dasatinib (generic or bio similar) failure or 
intolerance. The median age of this population was 37 
years (range, 27–66 years), of whom 5 (35.7%) were male 
and rest female. Eight (57.1%) patients were in CML-AP 
and 6 (42.9%) in CML-CP at diagnosis. Ten patients 
(71.5%) were in EUTOS High Risk Group at diagnosis 
and 4 (28.5%) in Low risk group. 

Median duration of exposure to dasatinib among all 
14 patients was 9 months (range 2-42 months). Reason 
for change to Nilotinib was failure in 5 (35.7%) patients, 
intolerance in 7 (50%) patients and intolerance as well as 
failure in 2 (14.2%) patients. Among total of 9 patients 
who had intolerance with or without failure, four (44.4%) 

had persistent grade 2 or 3 diarrhoea, three (33.3%) had 
recurrent or persistent cytopenias and two (22.2%) had 
cytopenia as well as diarrhoea. TKD mutation analysis 
was done only in one patient prior to change in TKI and 
it was negative. 

Median duration of follow up of these patients on 
Nilotinib was 20 months (range 6-54 months). At 3 months 
a total of 12 (85.7%) patients achieved a BCR-ABL1 level 
of ≤ 10% whereas one (7.1%) patient failed to achieve 
a BCR-ABL1 level of ≤ 10% (Table 4). One patient 
(7.1%) was not in CHR at 3 months and hence RQ-PCR 
was not done. This patient progressed to blast crisis and 
expired at 6 months of follow up. At 12 months analysis 
5 (38.4%) patients were labelled as failure (BCR-ABL1 > 
1%) however 2 of these patients were on reduced dose 
Nilotinib (150 mg BD) in view of grade 3/4 cytopenias. 
Three of these 5 patients were continued on Nilotinib 
as there BCR-ABL1 was near 1% (range 1.34-2.25) 
including one patient on reduced dose Nilotinib. Two of 
these 5 patients were switched back to dasatinib (TKD 
mutation was not done) in view of limited options of 
affordable TKIs. MMR and MR4 rates at 12 month was 
46.1% and 23.1% respectively. 

The most common haematological toxicity was 
thrombocytopenia (n = 6, 42.8%) while neutropenia 
(n = 1, 7.1%) and anaemia (n = 5, 35.7%) were less 
common. Grade 3/4 hematological toxicity was noted 
in 3 patients in whom Nilotinib dose reduction was 
attempted (150 mg BD). Among these three patients 
on reduced dose Nilotinib, one patient progressed to 
blast crisis (expired) and 2 patients showed suboptimal 

Characteristics N (%) Median (Range)
Starting dose of Nilotinib per day (mg)
     · 800 6 (15)
     · 600 34 (85)
Dose reduction required (number of patients, %) 4 (10)
Follow up duration in months (Median, Range) 17 (7-79)
Response at 3 months (evaluable 40/40)
     · EMR, BCR-ABL1 ≤ 10% 33 (82.5)
     · BCR-ABL1 ≤ 1% 14 (35)
     · MMR, BCR-ABL1 ≤ 0.1% 4 (10)
     · MR4, BCR-ABL1 ≤ 0.01% NIL
Response at 12 months (evaluable 33*/40)
     · BCR-ABL1 > 1% (Failure) 5 (12.5)
     · BCR-ABL1 ≤ 1% 28 (84.8)
     · MMR, BCR-ABL1 ≤ 0.1% 14 (42.4)
     · MR4, BCR-ABL1 ≤ 0.01% 7 (21.2)
Nilotinib Discontinued (in number of patients, %) 4 (10)
Reasons for Nilotinib Discontinuation
     · Intolerance (Thrombocytopenia) 2 (5)
     · Failure/Progression 2 (5)

Table 2. Treatment Characteristics and Outcome of Patients Started on First Line Nilotinib

EMR, Early Molecular Response which is generally defined as BCR-ABL ≤ 10% at 3 months of 1st line TKI initiation, MMR (Major Molecular 
Response) is defined as BCR-ABL1 transcript level ≤0.1%, MR4 is defined as BCR-ABL1 transcript level ≤0.01%. *Three patients discontinued 
Nilotinib before 12 months and 4 patients had follow up of less than 12 months.

Adverse effects All Grade, n (%) Grade 3 - 4, n (%)
Thrombocytopenia 14 (35) 4 (10)
Anemia 10 (25) 0 (0)
Neutropenia 3 (7.5) 2 (5)
ALT/AST elevation 3 (7.5) 1 (2.5)
Bilirubin elevation 22 (55) 6 (15)

Table 3. Shows Haematological and Non Haematological 
Adverse Events in Patients Treated with 1st Line Nilotinib 
(n = 40). NCI CTCAE v5.0 
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response at 12 months. Four patients (28.5%) experienced 
hyperbilirubinemia but grade 3/4 hyperbilirubinemia was 
seen in none of the patients. Other toxicities noted were 
new onset hyperlipidaemia in one patients (7.1%).

Nilotinib as second line therapy in CML after Imatinib
Fifty-one patients received Nilotinib as second line 

TKI after Imatinib (generic or bio similar) failure or 
intolerance. The median age of this population was 46 
years (range, 19–68 years). Other demographic details 
and baseline parameters are described in Table 5. 

Median duration of exposure to Imatinib among 
all 51 patients was 13 months (range 4-168 months). 
Reason for change to Nilotinib was failure in 43 (84.3%) 
patients, intolerance in 1 (1.9%) patients and intolerance 
as well as failure in 7 (13.7%) patients. Disease status in 
terms of CHR and RQ PCR BCR/ABL levels at the time 
of TKI switch from Imatinib to Nilotinib is shown in 
table 6. TKD mutation analysis was done in 22 (43.1%) 
patient prior to change in TKI. Mutations detected 
were singly occurring missense mutations (n = 4) and 
insertions and deletions without point mutations (n = 3) 
and remaining 15 (68.2%) cases were negative for any 
TKD mutation. Singly occurring missense mutations 
seen were Q252X, E459K, H396R and T315I (one in 
each patient). Insertions and deletions without point 
mutation seen was 185bp deletion in exon 7 of the ABL 
KD (p.R362fs*21/c.1086_1270del185 ) in 3 patient. The 
patient with T315I mutation was switched to hydroxyurea 
as mutation report came and he is currently alive and in 

CHR. Patient with Q252X and E459K mutations achieved 
MR4 (BCR/ABL= 0.005%) and optimal response (BCR/
ABL = 0.159%) respectively at 12 months follow up. 
Patient with H396R mutation failed on Nilotinib (BCR/
ABL = 5.399% at 36 months) and hence was switched 
to dasatinib and he also failed on dasatinib (BCR/ABL = 
6.15% at 12 months) and is being continued on Dasatinib. 
One patient with 185bp deletion progressed to blast crisis 
(B-Lymphoid) at 27 months of follow up on Nilotinib, one 
patient failed Nilotinib (BCR/ABL = 8.36% at 36 months) 
and was switched to Dasatinib. Remaining one patient 
(total 3 with 185bp deletion) achieved MR4 (BCR/ABL 
= 0.008% at 24 months).

Median duration of follow up of these patients on 
Nilotinib was 24 months (range 3-84 months). Three 
month BCR-ABL evaluation was done in 49 patients (out 
of 51). One patient progressed to blast crisis and other 
had nilotinib intolerance (grade 4 thrombocytopenia) and 
Nilotinib was discontinued without BCR-ABL evaluation 
(n = 2). Out of 49 patients, 36 (73.5%) patients achieved 
a BCR-ABL1 level of ≤ 10% at 3 months. Twelve month 
BCR-ABL evaluation was done in 42 patients (out of 51). 
Nine patients had follow up duration on Nilotinib of 
less than 12 months. In these 9 patients Nilotinib was 
discontinued before 12 months because of failure or 
progression. Among evaluable patients at 12 months 
(n = 42), 32 (76.2%) patients achieved optimal response 
of BCR-ABL1 ≤ 1%. (Table 7).

The most common haematological toxicity was 
thrombocytopenia (n = 25, 49.2%) while neutropenia 

Characteristics N (%) Median (Range)
Starting dose of Nilotinib per day (mg)
     · 800 5 (35.7)
     · 600 9 (64.2)
Dose reduction required (number of patients, %) 3 (21.4)
Follow up duration after starting Nilotinib (in months) 20 (6-54)
Response at 3 months on Nilotinib (evaluable 14/14)*
     · Not in CHR 1 (7.1)
     · EMR, BCR-ABL1 ≤ 10% 12 (85.7)
     · BCR-ABL1 ≤ 1% 8 (57.1)
     · MMR, BCR-ABL1 ≤ 0.1% 4 (28.5)
     · MR4, BCR-ABL1 ≤ 0.01% 1 (7.1)
Response at 12 months (evaluable 13/14)*
     · BCR-ABL1 > 1% (Failure) 5 (38.4)
     · BCR-ABL1 ≤ 1% 8 (61.5)
     · MMR, BCR-ABL1 ≤ 0.1% 6 (46.1)
     · MR4, BCR-ABL1 ≤ 0.01% 3 (23.1)
Nilotinib Discontinued (in number of patients, %) 3 (21.4)
Reasons for Nilotinib Discontinuation
     · Failure/Progression 3 (21.4)

Table 4. Treatment Characteristics and Outcome of Patients Started on Second line Nilotinib after Dasatinib Failure/
Intolerance. (n = 14)

EMR, Early Molecular Response which is generally defined as BCR-ABL ≤ 10% at 3 months of 1st line TKI initiation, MMR (Major Molecular 
Response) is defined as BCR-ABL1 transcript level ≤0.1%, MR4 is defined as BCR-ABL1 transcript level ≤0.01%. *One patient had no CHR 
in peripheral blood sample at 3 months of follow up and hence RQ-PCR was not done. This patient progressed to Blast crisis and expired hence 
excluded from 12 months analysis. 
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(n = 3, 5.8%) and anaemia (n = 15, 29.4%) were 
less common. Grade 3/4 haematological toxicity 
(thrombocytopenia) was noted in 7 (13.7%) patients. Grade 
3 anaemia was concomitant in 3 (5.8%) of these 7 patients 
and grade 3 neutropenia in 1 (1.9%) patient. Nilotinib 
dose interuptions for 10-14 days was done in these 7 
patients and only one patient required dose reduction 
(200 mg BD) while others were restarted and continued 
on initial dose (300 mg BD or 400 Mg BD). Twenty one 
(41.2%) experienced hyperbilirubinemia (predominantly 
indirect) however grade 3 hyperbilirubinemia was seen in 
only 4 (7.8%) patient and none of the patients had grade 
4 hyperbilirubinemia. None of the patient required dose 
interruption for hyperbilirubinemia and responded to use 
of ursodeoxycholic acid. Other toxicities noted were new 
onset hyperlipidaemia in 5 patients (9.8%) and new onset 
diabetes mellitus in 3 patient (5.8%).

At median follow up of 24 months (range 3-84 
months), Nilotinib was discontinued in 16 (31.3%) 
patients. Predominant reason for discontinuation was 
Nilotinib failure (Table 7). Median duration of Nilotinib 
exposure before discontinuation was 12 months (range 
3-50 months). Three patients progressed to blast crisis 
(Myeloid blast crisis in 2 patients and B-Lymphoid blast 
crisis in 1 patient) while on Nilotinib. One patient with 
myeloid blast crisis expired.

Nilotinib as Third line therapy in CML after Imatinib 
and Dasatinib

Twenty patients received Nilotinib as third line TKI 
after Imatinib and Dasatinib (generic or bio similar) failure 

or intolerance. The median age of this population was 48 
years (range, 17–70 years). Ten were male (50%) and 
rest were female. All 20 (100 %) patients were in CML-
CP at diagnosis. Twelve patients (60%) were in EUTOS 
High Risk Group at diagnosis. All patients after failure 
of 2nd line TKI were counselled for need of Allo HSCT 
however due to logistic and financial issues these patients 
were continued on 3rd line agents and Allo HSCT referral 
or referral for compassionate basis asciminib was made 
after failure of 3rd line agent only.

All of these patients were first started on Imatinib and 
then switched to 2nd line dasatinib after a median interval 
of 9 months (range 1-95 m). Dasatinib to 3rd line nilotinib 
switch was made at median interval of 9 months (range 
1-24 months). Median duration of TKI exposure before 
starting Nilotinib was 24 months (range 12-112 months). 
Imatinib to 2nd line Dasatinib switch was mainly because 
of Imatinib failure [17 patients (85%) as depicted in 
Table 8. Dasatinib to 3rd line Nilotinib switch was for 
Intolerance & failure in 9 (45%) patients and intolerance 
in 6 (30%) patients. Among 15 (75%) patients with 
dasatinib intolerance with without failure, five (33.3%) 
had recurrent pleural effusion, one (6.6%) had pericardial 
effusion, three (19.8%) had grade 3 or 4 diarrhoea, five 
(33.3%) had cytopenias requiring dose reduction and 
interuptions. One (6.6%) patient had pyrexia of unknown 
origin for which extensive workup didn’t reveal any cause 
however switch to Nilotinib resulted in resolution in fever.

Median duration of exposure to 3rd line Nilotinib in 
was 20 months (range 12-38 months). Disease status in 
terms of CHR and RQ PCR BCR/ABL levels at the time 

Baseline Characteristics (at diagnosis) N (%) Median (Range)
Age, Median (range) 46 (19-68)
     >40 years 31 (60.7)
     <40 years 20 (39.3)
Sex 
     · Male 27 (52.9)
     · Female 24 (47.1)
Disease Phase
     · Chronic Phase 46 (90.1)
     · Accelerated Phase 5 (9.9)
Baseline Laboratory values (at diagnosis) 
     · Hb gm/dL, median (range) 10.2 (5.9-14.5)
     · White blood cells (× 109/L), median (range) 163.8 (3.5-730.3)
     · Platelet count (× 109/L), median (range) 305 (54-1970)
      · Peripheral blood blasts (%), median (range) 2 (1-18)
     · Bone marrow blasts(%), median (range) 4 (2-18)
     · Basophils (%), median (range) 10 (1-22)
Spleen (bcm), median (range) 7 (0-20)
EUTOS Risk Score, median (range) 90 (37-193)
EUTOS Risk group
     · High Risk 28 (54.9)
     · Low Risk 23 (45.1)

Table 5. Characteristics of Patients who Were Started on 2nd Line Nilotinib after Imatinib Failure/Intolerance (n = 51)

EUTOS, European Treatment and Outcomes Study (EUTOS) Score
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of TKI switch from dasatinib to Nilotinib is shown in table 
8. TKD mutation analysis was done in 12 (60%) patient 
prior to change in TKI to Nilotinib. Singly occurring 
missense mutation E355A was detected in one patient 
(8.3%) and 185bp deletion in exon 7 of the ABL KD 
(p.R362fs*21/c.1086_1270del185) was detected in one 
(8.3%) patient. Other 10 (83.3%) patients were negative 
for TKD mutation. 

Out of 20 patients, 13 (65%) patients achieved a 
BCR-ABL1 level of ≤ 10% and 8 (40%) patients achieved 
a BCR-ABL1 level of ≤ 1% at 3 months of Nilotinib 
initiation. At 12 months 8 patients (40%) patients qualified 

as failure as per ELN guidelines [19]. Out of these 8 
patients 4 (50%) patients were on low dose nilotinib 
(200 mg BD) for their nilotinib intolerance (cytopenias). 
Out of these 8 patients, one (12.5%) was switched to 
hydroxyurea, one (12.5%) was switched to bosutinib, 2 
(25%) were continued on full dose nilotinib and 4 (50%) 
were continued on low dose nilotinib (Table 9). At last 
follow up all patients were alive. 

The most common haematological toxicity was 
thrombocytopenia (n = 9, 45%) while neutropenia (n = 3, 
15%) and anaemia (n = 5, 25%) were less common. Grade 
3/4 haematological toxicity (thrombocytopenia) was noted 

Reason for Change from Imatinib to Nilotinib* N (%)
· Intolerance 1 (1.9)
· Failure 43 (84.3)
     Not in CHR 5 (11.6)
     BCR-ABL1 > 10% 25 (58.1)
     BCR-ABL1 1-10% 13 (30.2)
· Failure/Intolerance# 7 (13.7)
     Not in CHR 1 (14.2)
     BCR-ABL1 > 10% 4 (57.1)
     BCR-ABL1 1-10% 2 (28.5)

Table 6. Reason for Change from Imatinib to Nilotinib

*Median duration of exposure to Imatinib was 13 months (range 4-168 months). #Patients who were having intolerance and frequent dose reductions 
and interruptions. 

Characteristics N (%) Median (Range)
Starting dose of Nilotinib per day (mg)
     · 800 23(45.1)
     · 600 28 (54.9)
Dose reduction required (number of patients, %) 5 (9.8)
Follow up duration in months (Median, Range) 24 (3-84)
Response at 3 months (evaluable 49/51)*
     · BCR-ABL1 ≤ 10% 36 (73.5)
     · BCR-ABL1 ≤ 1% 19 (38.8)
     · MMR, BCR-ABL1 ≤ 0.1% 4 (7.8)
     · MR4, BCR-ABL1 ≤ 0.01% NIL
Response at 12 months (evaluable 42/51)#
     · BCR-ABL1 > 1% (Failure) 10 (23.8)
     · BCR-ABL1 ≤ 1% 32 (76.2)
     · MMR, BCR-ABL1 ≤ 0.1% 16 (38.1)
     · MR4, BCR-ABL1 ≤ 0.01% 6 (14.3)
Nilotinib Discontinued (in number of patients, %) 16 (31.3)
Reasons for Nilotinib Discontinuation
     · Intolerance (Thrombocytopenia) 1 (1.9)
     · Intolerance/Failure 2 (3.8)
     · Failure/Progression (all cases) 13 (25.4)
     · Progression to CML-Blast crisis 3 (5.7)

Table 7. Treatment Characteristics and Outcome of Patients Started on Second Line Nilotinib after Imatinib Failure/
Intolerance. (n = 51)

EMR, Early Molecular Response which is generally defined as BCR-ABL ≤ 10% at 3 months of 1st line TKI initiation, MMR (Major Molecular 
Response) is defined as BCR-ABL1 transcript level ≤0.1%, MR4 is defined as BCR-ABL1 transcript level ≤0.01%. *Two patients discontinued 
Nilotinib on or before 3 months and hence BCR/ABL RQ PCR was not done @ 3 months. #Nine patients had follow up duration on Nilotinib of 
less than 12 months. 
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in 4 (20%) patients. Grade 3 anaemia was concomitant in 
2 (10%) of these 4 patients and grade 3 neutropenia in 2 
(10%) patient. Nilotinib dose interuptions for 10-14 days 
was done in 5 patients and 4 patient required continuation 
on low dose nilotinib (200 mg BD) while one was 
continued on initial dose (400 Mg BD). Thirteen patients 
(65%) experienced hyperbilirubinemia (predominantly 
indirect) however grade 3 hyperbilirubinemia was seen 
in only 3 (15 %) patient and one patient (5%) had grade 4 
hyperbilirubinemia. Extensive work up didn’t reveal any 
other cause in patient with grade 4 hyperbilirubinemia 
(Maximum Total Bilirubin 7.5 mg/dl) and it was 
considered drug (nilotinib) induced. Dose reduction to 
200 mg BD lead to resolution of this issue and hence 
patient was continued on same dose. Two patients (10%) 
developed hypertriglyceridemia during follow up and 

required antihyperlipidemic drugs. 

Overall summary of safety and efficacy of Nilotinib
One hundred twenty six patients were started on 

Nilotinib as first or later lines of therapy. At 12 months 
of follow up, 108 patients were eligible for BCR/ABL 
analysis. Eighteen patients were excluded from analysis 
as 13 patients had follow up duration of less than 12 
months and 5 patients discontinued nilotinib before 12 
months. Out of 108 patients, 80 (74.1%) patients achieved 
BCR/ABL of ≤ 1% at 12 months. MMR and MR4 at 12 
months was seen in 44 (40.7%) and 19 (17.6%) patients 
respectively. Twenty five patients (19.8%) discontinued 
nilotinib. Reason for discontinuation was nilotinib 
failure in 20 (15.8%) patients, intolerance (cytopenia) in 
3 (2.3%) patients and intolerance as well as failure in 2 

Reason for TKI Switch Imatinib to Dasatinib Dasatinib to Nilotinib
· Intolerance 2 (10) 6 (30)
· Failure 17 (85) 5 (25)
     Not in CHR NIL NIL
     BCR-ABL1 > 10% 9 (52.9) 5 (100)
     BCR-ABL1 1-10% 8 (47.05) NIL 
· Failure/Intolerance# 1 (5) 9 (45)
     Not in CHR NIL NIL
     BCR-ABL1 > 10% 1 (100) 7 (77.7)
     BCR-ABL1 1-10% NIL 2 (22.2)

Table 8. Reason for TKI Switch to Nilotinib as 3rd Line.

#Patients who were having intolerance and frequent dose reductions and interruptions. 

Characteristics N (%) Median (Range)
Starting dose of Nilotinib per day (mg)
     · 800 14(70)
     · 600 6 (30)
Dose reduction required (number of patients, %) 5 (25)
Follow up duration in months (Median, Range) 20 (12-38)
Response at 3 months (evaluable 20/20)
     · BCR-ABL1 ≤ 10% 13 (65)
     · BCR-ABL1 ≤ 1% 8 (40)
     · MMR, BCR-ABL1 ≤ 0.1% 3 (15)
     · MR4, BCR-ABL1 ≤ 0.01% 2 (10)
Response at 12 months (evaluable 20/20)
     · BCR-ABL1 > 1% (Failure) 8 (40)
     · BCR-ABL1 ≤ 1% 12 (60)
     · MMR, BCR-ABL1 ≤ 0.1% 8 (40)
     · MR4, BCR-ABL1 ≤ 0.01% 3 (15)
Nilotinib Discontinued (in number of patients, %) 2 (10)
Nilotinib continued at low dose (in number of patients, %) 4 (20)
Reasons for Nilotinib Discontinuation
     · Failure 2 (10)

Table 9. Treatment Characteristics and Outcome of Patients Started on Third Line Nilotinib after Imatinib and 
Dasatinib Failure/Intolerance. (n = 20)

EMR, Early Molecular Response which is generally defined as BCR-ABL ≤ 10% at 3 months of 1st line TKI initiation, MMR (Major Molecular 
Response) is defined as BCR-ABL1 transcript level ≤0.1%, MR4 is defined as BCR-ABL1 transcript level ≤0.01%.
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(1.6%) patients. A total of five (3.9%) patients progressed 
to blast crisis while on nilotinib and 2 (1.6%) of them 
expired. The most common haematological toxicity 
was thrombocytopenia of any grade seen in 54 (42.8%) 
patients. Twenty three 23 (18.2%) had grade 3/4 
thrombocytopenia. Nilotinib discontinuation was required 
in 4 patients with persistent grade 4 thrombocytopenia. 
Hyperbilirubinemia (indirect) without significant AST/
ALT elevation was seen in 60 (47.6%) patients. Grade 
3 hyperbilirubinemia was seen in in 13 (10.3%) patients 
and grade 4 in 1 (0.8%) patient. 

Discussion

This study represents one of the largest cohort of 
CML-CP and CML-AP patients who were treated with 
Nilotinib as first line and later lines of therapy from India. 
Generic Imatinib and Dasatinib are available in India at 
monthly expense of USD 10 and 40 respectively and hence 
preferred choice of TKI and is commonly used as 1st and 
2nd line TKI in CML. Nilotinib at a monthly cost of 96 
USD (with patient support program) is costlier than other 
two options which limits it use in LMIC contries like India. 

Till date only two small studies have reported its safety 
and efficacy in Indian patients. Singh et al reported use 
of 1st line Nilotinib in 37 patients and Manuprasad et al 
reported its use as 2nd line TKI in 37 patients [18, 17].

Registration trails for 1st line nilotinib have shown 
MMR rate of 51% with Nilotinib 300 mg BD [14]. 
ENESTchina trail which was a phase 3 nilotinib vs 
imatinib trial in newly diagnosed CML patients reported 
MMR of 52.2% at 12 months [20]. Other real world studies 
have shown MMR rates as high as 73% at 12 months [21]. 
Only other retrospective Indian study in this setting had 
reported MMR rate of 71.5% at 12 months [18]. In our 
study 42.4% patients achieved MMR at 12 months in 1st 
line Nilotinib. Drug compliance is unlikely to be reason 
in our study of lower MMR rates as drug compliance was 
ensured with help of medical social workers. Registration 
trial for 2nd line nilotinib had shown that at 6 months of 
follow up, complete cytogenetic response was achieved 
in 28% of patients [22]. MMR rates were not reported 
in this study. Real world data from Taiwan showed that 
MMR was achieved in 39.7% patients at 12 months on 2nd 
line Nilotinib [23]. In our patient cohort using nilotinib 
as 2nd line TKI, 38.1 % patients achieved MMR at 12 
months in patients with imatinib failure or intolerance and 
46.1% patients achieved MMR at 12 months in patients 
with dasatinib failure or intolerance. In the study of the 
Giles et al. [24], the authors evaluated 60 patients with 
CML (39 in CP and 21 in AP) who received third-line 
nilotinib. Complete cytogenetic response (CCyR) was 
achieved in 24% and MMR rates were not reported. 
Several other studies which reported outcomes with third 
line nilotinib has shown MMR rates of 15-20% at 12-21 
months [25, 26]. In our study MMR rate at follow up of 
12 months was 40%.

Side effect profile observed in our study was similar as 
reported in earlier studies [16, 22, 27]. Thrombocytopenia 
was most common haematological adverse effect as 

seen in 54 (42.8%) patients including twenty three 23 
(18.2%) patients with grade 3/4 thrombocytopenia. 
Hyperbilirubinemia (indirect) without significant 
AST/ALT elevation was most commonly seen non 
haematological side effect in 60 (47.6%) patients. 
We noted a relatively higher frequency of all grade 
hyperbilirubinemia in our patients however grade 
3/4 hyperbilirubinemia incidence was comparable to 
incidence reported from the West [16, 22]. Extensive work 
up didn’t reveal any other cause in patient with grade 3/4 
hyperbilirubinemia and it was considered drug (nilotinib) 
induced. This is likely an effect of pharmacogenomic 
profile of nilotinib in Indian patients. The other major 
concern with nilotinib is cardiovascular toxicity which 
was not observed within the short follow-up period. Our 
study is a retrospective analysis and hence grade 1 and 2 
side effects are less likely to be represented.

Nilotinib discontinuation rates in 1st line use was 
reported as 16% and 18% with dose of 300 BD and 400 BD 
respectively at 12 months by Saglio et al [16]. Two major 
cause for discontinuations reported were adverse effects 
and suboptimal response. ENESTchina trail reported 
nilotinib discontinuation rate of 13.4% at 24 months 
follow up [20]. In our study nilotinib discontinuation was 
seen in 4 (10%) patients at median follow up of 17 months 
in 1st line nilotinib setting (2 due to adverse effect and 
2 due to suboptimal response). Higher discontinuation 
rates have been reported in 2nd line Nilotinib setting. 
Discontinuation rate of 48% was reported in the ENACT 
study and 61% in the registration study [14, 27, 28, 29]. 
In real world scenario discontinuation rates of 36.5% was 
reported in a study from Taiwan, although only 4.7% of 
the patients discontinued due to adverse effects, while 
16.5% discontinued due to unsatisfactory therapeutic 
effect [23]. In our study nilotinib discontinuation was 
seen in 31.1% patients (2nd line after imatinib) and 21.1% 
patients (2nd line after dasatinib). Suboptimal response or 
progression was major cause of nilotinib discontinuation 
in 84.2% of these patients. In 3rd line nilotinib setting 
discontinuation rate of 10% was noted. Overall, our study 
shows that nilotinib discontinuations are predominantly 
because of suboptimal response or progression of disease. 
Among discontinuations due to adverse effect grade 4 
thrombocytopenia was major cause. Hyperbilrubinemia 
is a common side effect of nilotinib however none of the 
patient required drug discontinuation. One patient required 
dose reduction by 50% which lead to resolution of grade 
4 hyperbilirubinemia. 

In conclusion, our study demonstrates that treatment 
with nilotinib was well-tolerated in Indian patients and 
was effective in achieving molecular remission rates in 
1st, 2nd or 3rd line therapy in the real-world setting. Safety 
and efficacy were in line with published western or Asian 
studies.



146 Asian Pacific Journal of Cancer Biology• Vol 9• Issue 2

apjcb.waocp.com                                                Sujeet Kumar, et al: Real World Analysis of Safety and Efficacy of Nilotinib Indian Patients

References

1. Nowell PC, Hungerford DA. Minute chromosome in human 
chronic granulocytic leukemia. Science. 1960;132:1497.

2. Klein A, Kessel AG, Grosveld G, Bartram CR, Hagemeijer 
A, Bootsma D, Spurr NK, Heisterkamp N, Groffen J, 
Stephenson JR. A cellular oncogene is translocated to the 
Philadelphia chromosome in chronic myelocytic leukaemia. 
Nature. 1982 Dec 23;300(5894):765-767. https://doi.
org/10.1038/300765a0

3. Buchdunger E, Matter A, Druker BJ. Bcr-Abl inhibition as a 
modality of CML therapeutics. Biochimica Et Biophysica 
Acta. 2001 08 31;1551(1):M11-18. https://doi.org/10.1016/
s0304-419x(01)00022-1

4. Druker BJ, Guilhot F, O’Brien SG, Gathmann I, Kantarjian 
H, Gattermann N, Deininger MWN, et al. Five-year follow-
up of patients receiving imatinib for chronic myeloid 
leukemia. The New England Journal of Medicine. 2006 
Dec 07;355(23):2408-2417. https://doi.org/10.1056/
NEJMoa062867

5. Deininger M, O’brien S, Guilhot F, Goldman J, Hochhaus 
A, Hughes T, Radich J, et al. International Randomized 
Study of Interferon Vs STI571 (IRIS) 8-Year Follow 
up: Sustained Survival and Low Risk for Progression or 
Events in Patients with Newly Diagnosed Chronic Myeloid 
Leukemia in Chronic Phase (CML-CP) Treated with 
Imatinib.. Blood. 2009 Nov 20;114. https://doi.org/10.1182/
blood.V114.22.1126.1126

6. Hochhaus A, Larson RA, Guilhot F, Radich JP, Branford S, 
Hughes TP, Baccarani M, et al. Long-Term Outcomes of 
Imatinib Treatment for Chronic Myeloid Leukemia. The 
New England Journal of Medicine. 2017 03 09;376(10):917-
927. https://doi.org/10.1056/NEJMoa1609324

7. Hochhaus A, O’Brien SG, Guilhot F, Druker BJ, Branford S, 
Foroni L, Goldman JM, et al. Six-year follow-up of patients 
receiving imatinib for the first-line treatment of chronic 
myeloid leukemia. Leukemia. 2009 06;23(6):1054-1061. 
https://doi.org/10.1038/leu.2009.38

8. Jain P, Kantarjian H, Alattar ML, Jabbour E, Sasaki K, 
Nogueras Gonzalez G, Dellasala S, et al. Long-term 
molecular and cytogenetic response and survival outcomes 
with imatinib 400 mg, imatinib 800 mg, dasatinib, and 
nilotinib in patients with chronic-phase chronic myeloid 
leukaemia: retrospective analysis of patient data from five 
clinical trials. The Lancet. Haematology. 2015 03;2(3):e118-
128. https://doi.org/10.1016/S2352-3026(15)00021-6

9. Bower H, Björkholm M, Dickman PW, Höglund M, 
Lambert PC, Andersson TM. Life Expectancy of Patients 
With Chronic Myeloid Leukemia Approaches the Life 
Expectancy of the General Population. Journal of Clinical 
Oncology: Official Journal of the American Society of 
Clinical Oncology. 2016 08 20;34(24):2851-2857. https://
doi.org/10.1200/JCO.2015.66.2866

10. Hehlmann R, Lauseker M, Saußele S, Pfirrmann M, Krause S, 
Kolb HJ, Neubauer A, et al. Assessment of imatinib as first-
line treatment of chronic myeloid leukemia: 10-year survival 
results of the randomized CML study IV and impact of non-
CML determinants. Leukemia. 2017 Nov;31(11):2398-2406. 
https://doi.org/10.1038/leu.2017.253

11. Breccia M. Imatinib improved the overall survival of 
chronic myeloid leukemia patients in low- and middle-
income countries: A therapeutic goal has been reached. 
EClinicalMedicine. 2020 02;19:100277. https://doi.
org/10.1016/j.eclinm.2020.100277

12. Maas CCHM, Klaveren D, Ector GICG, Posthuma EFM, 
Visser O, Westerweel PE, Janssen JJWM, Blijlevens 

NMA, Dinmohamed AG. The evolution of the loss of life 
expectancy in patients with chronic myeloid leukaemia: 
a population‐based study in the Netherlands, 1989–2018. 
British Journal of Haematology. 2022 03;196(5):1219-1224. 
https://doi.org/10.1111/bjh.17989

13. Weisberg E, Manley P, Mestan J, Cowan-Jacob S, Ray 
A, Griffin JD. AMN107 (nilotinib): a novel and selective 
inhibitor of BCR-ABL. British Journal of Cancer. 
2006 06 19;94(12):1765-1769. https://doi.org/10.1038/
sj.bjc.6603170

14. Kantarjian HM, Giles FJ, Bhalla KN, Pinilla-Ibarz J, Larson 
RA, Gattermann N, Ottmann OG, et al. Nilotinib is effective 
in patients with chronic myeloid leukemia in chronic phase 
after imatinib resistance or intolerance: 24-month follow-up 
results. Blood. 2011 01 27;117(4):1141-1145. https://doi.
org/10.1182/blood-2010-03-277152

15. Giles FJ, Coutre PD, Pinilla-Ibarz J, Larson RA, Gattermann 
N, Ottmann OG, Hochhaus A, et al. Nilotinib in imatinib-
resistant or imatinib-intolerant patients with chronic myeloid 
leukemia in chronic phase: 48-month follow-up results of a 
phase II study. Leukemia. 2013 01;27(1):107-112. https://
doi.org/10.1038/leu.2012.181

16. Saglio G, Kim D, Issaragrisil S, Coutre P, Etienne G, Lobo 
C, Pasquini R, et al. Nilotinib versus imatinib for newly 
diagnosed chronic myeloid leukemia. The New England 
Journal of Medicine. 2010 06 17;362(24):2251-2259. https://
doi.org/10.1056/NEJMoa0912614

17. Manuprasad A, Ganesan P, Ganesan TS, Radhakrishnan V, 
Dhanushkodi M, Mani S, Sagar TG. Experience with the Use 
of Nilotinib in Indian Patients. Indian Journal of Hematology 
& Blood Transfusion: An Official Journal of Indian Society 
of Hematology and Blood Transfusion. 2018 07;34(3):443-
447. https://doi.org/10.1007/s12288-017-0877-x

18. Singh R, Kapoor J, Ahmed R, Mehta P, Khushoo V, Agrawal 
P, Bhurani D, Agrawal N. A Retrospective Cohort Study of 
Upfront Nilotinib in Chronic Myeloid Leukemia: A Single-
Center Experience. South Asian Journal of Cancer. 2021 
Dec;10(4):246-250. https://doi.org/10.1055/s-0041-1733301

19. Hehlmann R. The New ELN Recommendations for 
Treating CML. Journal of Clinical Medicine. 2020 Nov 
16;9(11):3671. https://doi.org/10.3390/jcm9113671

20. Wang J, Shen Z, Saglio G, Jin J, Huang H, Hu Y, Du X, et 
al. Phase 3 study of nilotinib vs imatinib in Chinese patients 
with newly diagnosed chronic myeloid leukemia in chronic 
phase: ENESTchina. Blood. 2015 04 30;125(18):2771-2778. 
https://doi.org/10.1182/blood-2014-09-601674

21. Masarova L, Cortes JE, Patel KP, O’Brien S, Nogueras-
Gonzalez GM, Konopleva M, Verstovsek S, et al. Long-term 
results of a phase 2 trial of nilotinib 400 mg twice daily 
in newly diagnosed patients with chronic-phase chronic 
myeloid leukemia. Cancer. 2020 04 01;126(7):1448-1459. 
https://doi.org/10.1002/cncr.32623

22. Kantarjian HM, Giles F, Gattermann N, Bhalla K, Alimena 
G, Palandri F, Ossenkoppele GJ, et al. Nilotinib (formerly 
AMN107), a highly selective BCR-ABL tyrosine kinase 
inhibitor, is effective in patients with Philadelphia 
chromosome-positive chronic myelogenous leukemia in 
chronic phase following imatinib resistance and intolerance. 
Blood. 2007 Nov 15;110(10):3540-3546. https://doi.
org/10.1182/blood-2007-03-080689

23. Kuo C, Wang P, Hwang W, Tzeng C, Bai L, Tang J, Chang 
M, et al. Safety and efficacy of nilotinib in routine clinical 
practice in patients with chronic myeloid leukemia in 
chronic or accelerated phase with resistance or intolerance 
to imatinib: results from the NOVEL study. Therapeutic 
Advances in Hematology. 2018 03;9(3):65-78. https://doi.



147

 

Asian Pacific Journal of Cancer Biology• Vol 9• Issue 2

apjcb.waocp.com                                                    Sujeet Kumar, et al: Real World Analysis of Safety and Efficacy of Nilotinib Indian Patients

org/10.1177/2040620718756603
24. Giles FJ, Abruzzese E, Rosti G, Kim D, Bhatia R, Bosly 

A, Goldberg S, et al. Nilotinib is active in chronic and 
accelerated phase chronic myeloid leukemia following 
failure of imatinib and dasatinib therapy. Leukemia. 2010 
07;24(7):1299-1301. https://doi.org/10.1038/leu.2010.110

25. Garg RJ, Kantarjian H, O’Brien S, Quintás-Cardama A, 
Faderl S, Estrov Z, Cortes J. The use of nilotinib or dasatinib 
after failure to 2 prior tyrosine kinase inhibitors: long-term 
follow-up. Blood. 2009 Nov 12;114(20):4361-4368. https://
doi.org/10.1182/blood-2009-05-221531

26. Russo Rossi A, Breccia M, Abruzzese E, Castagnetti F, 
Luciano L, Gozzini A, Annunziata M, et al. Outcome of 82 
chronic myeloid leukemia patients treated with nilotinib 
or dasatinib after failure of two prior tyrosine kinase 
inhibitors. Haematologica. 2013 03;98(3):399-403. https://
doi.org/10.3324/haematol.2012.064337

27. Nicolini FE, Turkina A, Shen Z, Gallagher N, Jootar S, Powell 
BL, De Souza C, Zheng M, Szczudlo T, Coutre P. Expanding 
Nilotinib Access in Clinical Trials (ENACT): an open-
label, multicenter study of oral nilotinib in adult patients 
with imatinib-resistant or imatinib-intolerant Philadelphia 
chromosome-positive chronic myeloid leukemia in the 
chronic phase. Cancer. 2012 01 01;118(1):118-126. https://
doi.org/10.1002/cncr.26249

28. Smith G, , Rizzieri DA, , Alimena G,, et al.. Expanding 
Nilotinib Access in Clinical Trials (ENACT) study in adult 
patients with imatinibresistant or-intolerant Philadelphia 
chromosomepositive (Ph+) chronic myelogenous leukaemia 
(CML) in chronic phase (CP), accelerated phase (AP), or 
blast crisis (BC): updated safety analysis. Br J Haematol 
2008.141:34-5.

29. Nicolini FE, Masszi T, Shen Z, Gallagher NJ, Jootar S, Powell 
BL, Dorlhiac-Llacer PE, Zheng M, Szczudlo T, Turkina A. 
Expanding Nilotinib Access in Clinical Trials (ENACT), an 
open-label multicenter study of oral nilotinib in adult patients 
with imatinib-resistant or -intolerant chronic myeloid 
leukemia in accelerated phase or blast crisis. Leukemia & 
Lymphoma. 2012 05;53(5):907-914. https://doi.org/10.310
9/10428194.2011.627480

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


