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Although nilotinib has improved efficacy compared to imatinib, suboptimal

Correspondence response and intolerable adverse events (AEs) limit its effectiveness in many
Inho Kim, Department of Internal Medicine, patients with chronic myeloid leukemia in chronic phase (CML-CP). We
Seoul National University Hospital, Cancer investigated the 2-year efficacy and safety of nilotinib and their relationships

Research Institute, Seoul National University
College of Medicine, 101, Daehak-ro,
Jongno-gu, Seoul 03080, Korea.

with plasma nilotinib concentrations (PNCs). In this open-label, multi-
institutional phase 4 study, 110 Philadelphia chromosome-positive CML-CP

Tel: +82-2-2072-0834: patients were treated with nilotinib at a starting dose of 300 mg twice daily.
Fax: +82-2-764-2199: Molecular responses (MRs) and AEs were monitored for up to 24 months. The
E-mail: ihkimmd@snu.ac.kr 24-month cumulative MR*? rate was evaluated as the primary endpoint. Plasma
samples were collected from 94 patients to determine PNCs, and the per-patient

Funding '"f°"“aﬁ9“ . mean was used to categorize them into four mean PNC (MPNC) groups.
E\IC(XI?/::\I; g:i?;ﬁ%“cals Corporation Cumulative MR rates and safety were compared between groups. With a median
’ follow-up of 22.2 months, the 24-month cumulative MR*> rate was 56.2%
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(95% confidence interval, 44.0%-8.3%), and the median time to MR*® was
23.3 months. There were no significant differences in the cumulative rates of
major molecular response, MR, and MR*> between MPNC groups. One patient
died due to acute viral hepatitis, and two developed hematological or cytogenetic
relapse, while no progression to accelerated or blast phase was observed. Safety

results were consistent with previous studies with no new safety signal identi-

Junghoon Shin and Youngil Koh contributed
equally to this work.

fied. Across the MPNC groups, there was no significant linear trend in the
frequency of AEs. Nilotinib is highly effective for the treatment of CML-CP

with manageable AEs. The measurement of PNC has no predictive value for
patient outcomes and is thus not found to be clinically useful. This study is
registered with clinicaltrials.gov, Number NCT03332511.

Introduction

Chronic myeloid leukemia (CML) is a clonal hematopoietic
stem cell disorder caused by a reciprocal balanced trans-
location between the ABLI locus and the BCR regions
in the long arms of chromosome 9 and 22, respectively,
which results in the formation of the BCR-ABLI fusion
gene. The unregulated kinase activity of the BCR-ABLI
oncoprotein mediates autophosphorylation and activation
of multiple downstream signaling pathways and results
in the uncontrolled proliferation and reduced apoptosis
of CML cells [1]. With the introduction of imatinib, the
first-generation tyrosine kinase inhibitor (TKI), the prog-
nosis was revolutionized, with the 10-year survival reaching
~85% and 10-year relative survival over 90% [2, 3].

Nilotinib is a second-generation TKI with improved
efficacy in terms of an earlier and deeper molecular
response, lower rates of progression to accelerated or blast
phase, fewer CML-related deaths, and fewer treatment-
emergent BCR-ABLI mutations, when compared to
imatinib [4-6]. Based on the promising results of the
landmark phase 3 trial, along with risks of adverse events
(AEs) comparable with imatinib, its use was approved
for the treatment of newly diagnosed CML in chronic
phase (CML-CP) and imatinib-resistant or imatinib-
intolerant CML in chronic or accelerated phase [4].
However, even with this highly effective agent, there are
still many patients for whom the therapeutic response is
inadequate, or toxicity is limiting the treatment [7].
Therefore, there is room for further optimization of the
current CML therapy.

Increasing the dose of nilotinib is associated with a
dose-proportional increase in steady-state serum levels,
and the major AEs of nilotinib are known to occur in
a dose-dependent manner [8]. Despite the administration
of a uniform dosage, considerable interpatient variability
in the serum concentration of nilotinib has been observed,
implying that drug exposure may differ substantially

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

between patients even when taking identical doses [9].
Serum concentration of nilotinib was shown to affect time
to response and progression, making it a surrogate marker
for prognosis and the severity of certain AEs [9, 10].
Based on these observations, we hypothesized that the
optimal plasma level of nilotinib that is sufficient to achieve
adequate clinical response while not generating major AEs
could be elucidated by the analysis of combined clinical
and pharmacokinetic data. Here, we report the results of
Evaluating Nilotinib Efficacy and Safety in Clinical Trials-
Korea (ENESTKorea) which evaluated the 2-year efficacy
and safety of nilotinib treatment, and the relationship
between the plasma nilotinib concentration (PNC) and
clinical outcomes using prospectively collected patient data
and plasma samples of CML-CP patients treated with
nilotinib in South Korea.

Patients and Methods

Patient eligibility

ENESTKorea was a phase 4, multi-institutional, single-arm,
open-label study investigating the efficacy and safety of
nilotinib at the currently approved dose (300 mg twice
daily) in adult patients diagnosed as Philadelphia chromo-
some (Ph)-positive CML-CP. The diagnosis was confirmed
by cytogenetic analysis of at least 20 bone marrow meta-
phase cells, performed locally using standard methods,
within the 6 months before enrollment. See supporting
information for a list of exclusion criteria (Data S1).

Treatment and assessment

Eligible patients were enrolled within 14 days of screening
and followed for up to 24 months. Patients were treated
with nilotinib at a starting dose of 300 mg twice daily,
with a 12-h interval. Transient interruption of treatment
was recommended at the occurrence of grade 3 or 4
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hematological AEs (except for anemia) or of grade 2—4
nonhematological AEs. Upon improvement, treatment was
resumed at the original dose, resumed at a decreased
dose, or discontinued indefinitely, depending on the sever-
ity and frequency of occurrence of AEs (Data S2).
Investigators were encouraged to attempt to escalate the
dose to the starting level if patients were free from dose-
limiting AEs after a four-week period of reduced dose
treatment. If, however, they showed no recovery, despite
the interruption of treatment, or if treatment failed, the
administration was permanently discontinued. Treatment
failure was defined as follows: no complete hematological
response (CHR) at 3 months, Ph > 65% at 6 months,
no partial cytogenetic response (PCyR: Ph < 35%) at
12 months, no complete cytogenetic response (CCyR: no
Ph observed by cytogenetic analysis) at 18 months, loss
of CHR, PCyR, or CCyR, or progression to the acceler-
ated or blast phase.

The BCR-ABLI transcript type was determined by mul-
tiplex polymerase chain reaction at baseline [11].
Quantitative real-time polymerase chain reactions (qRT-
PCRs) were performed at the central laboratory (BML,
Daejeon, South Korea) every 3 months, for the quanti-
fication of BCR-ABLI fusion transcripts, standardized to
the international scale (BCR-ABLI'S) [12]. AEs were pro-
spectively assessed and recorded throughout the study
treatment, at maximum of three-month intervals. They
were graded according to the Common Terminology
Criteria for Adverse Events, version 4.0 [13].

PNC measurement

Plasma samples were collected every 3 months, for up
to 12 months, to determine nilotinib concentrations. This
time frame was longer than the sufficient time to reach
a steady state (achieved by day 8) [14]. Because the man-
datory collection of plasma samples was specified in an
amendment to the study protocol in March 2014, fewer
measurements were performed for some patients. To obtain
a trough PNC level, patients were encouraged to visit the
study center before 10:00 aM on the day of plasma sam-
pling and not to take nilotinib before sampling on that
day.

Plasma concentrations of nilotinib were determined
using liquid chromatography—tandem mass spectrometry
(Agilent 1260 HPLC system and Agilent 6460 Triple
Quadrupole; Agilent Technologies, Inc., Santa Clara, CA).
The analyte was separated with a xBrigeTM C18 column
(3.5 pym particle size, 2.1 X 50 mm; Waters, Milford,
MA). The mobile phase used a mixture of 10 mmol/L
ammonium acetate, with 0.1% formic acid in distilled
water and 0.1% formic acid in acetonitrile, under gradient
conditions. The calibration curve was linear over the range

1816

J. Shin et al.

of 5-5000 ng/mL (12 > 0.9998). The precision results of
quality control samples were all <3.481% and the mean
accuracy within £4.82% of nominal values.

Study endpoints

The primary endpoint was the cumulative rate of molecular
response 4.5 (MR*’ BCR-ABLI'S <0.0032%) by
24 months. Secondary endpoints included the cumulative
rates of major molecular response (MMR; BCR-ABLI'S
<0.1%) and molecular response 4 (MR?* BCR-ABLI'S
<0.01%) by 12 and 24 months; rates of MMR, MR*, and
MR*> at 3, 12, and 18 months; time to MMR, MR, and
MR*3; progression-free survival (PFS); overall survival
(OS); and safety. Disease progression was defined as the
development of an accelerated or blast phase or the loss
of complete hematological or cytogenetic response. PFS
was defined as the time from enrollment to documented
disease progression or death from any cause. OS was
defined as the time from enrollment to death from any
cause. Data regarding outcomes were collected only during
the study treatment; after discontinuation, data collection
was also terminated.

Statistical analysis

Landmark analyses of primary and secondary endpoints
included the intention-to-treat (ITT) population (all
enrolled patients). For calculation of the response rates
“at” designated time points, patients were considered
responders only if response assessment at a specified time
point indicated achievement of the response. The 95%
confidence intervals were calculated using the Clopper—
Pearson method. Cumulative response rates and time to
responses were presented as time-to-response graphs, using
a cumulative incidence function [15]. For calculation of
the cumulative response rates, patients who achieved a
response at, or before, a specified time point were treated
as responders “by” that time point. Dropouts due to
treatment failure, AEs, death from any cause, or withdrawal
of consent were considered as competing risks of the
response. If these patients dropped out before achieving
a response, they were counted as nonresponders thereafter.
Patients who were lost to follow-up due to transfer to
another institution, or without a documented reason, were
censored on the last QRT-PCR assessment date. PFS and
OS were estimated using the Kaplan—Meier method. If
no event was recorded, patients were censored on the
last follow-up date.

Correlations between PNCs and clinical outcomes were
analyzed based on the patients with available PNC data,
who were categorized into quartile groups according to
their per-patient arithmetic mean PNC (MPNC).

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Categorical and continuous variables were compared
between MPNC groups, using Fisher’s exact tests and
one-way analyses of variance, respectively. Cumulative rates
of MMR, MR%, and MR*> were compared using Gray’s
test [16]. A Fine and Gray subdistribution hazards model
was constructed to estimate the hazard ratios for molecular
responses in each MPNC group, after adjusting for demo-
graphic and clinical variables [17]. Only complete cases
with no missing data were used for modeling. The Cochran—
Armitage trend test was used to test whether the frequency
of AEs had a linear trend across the MPNC groups.

Tests were two-tailed, a P-value <0.05 was considered
statistically significant, and no adjustment was made for
multiple comparisons. R version 3.4.1 (R Foundation for
Statistical Computing, Vienna, Austria) was used for
computation.

Results

Patient characteristics and PNC

Between May 2013 and November 2014, 110 CML patients
from 20 institutions in South Korea were enrolled in
ENESTKorea (Fig. 1). The median age was 55 years at

Phase 4 Study of Nilotinib in CML-CP

enrollment (Table 1). Prior treatment with hydroxyurea
and imatinib accounted for 58 (52.7%) and 1 (0.9%)
patient(s), respectively. In total, 78 (71%) patients com-
pleted the full 2 years of study treatment (median follow-
up duration, 22.2 [range, 0-26.2] months). Dropout reasons
included AEs (n = 9), treatment failure (n = 3), withdrawal
of consent (n = 7), and transfer to another institution
(n = 6). No reason was documented in seven patients.

Plasma samples for PNC measurements were available
for 94 patients (all four measurements for 49 patients, 3
for 21, 2 for 13, and 1 for 11 patients). PNC ranged
from 44.2 to 5053 ng/mL with the median value of
1270.5 ng/mL (Fig. S1). Inter- and intra-individual vari-
ations in the PNC are shown in Figure S2, showing
approximately double the amount of variation explained
by the interindividual rather than by the intra-individual
differences (65.2% and 34.8% of the total variance, respec-
tively). There was a slight increasing trend in PNC levels
with time after enrollment (Fig. S3). After averaging the
PNC levels for each patient, the MPNC levels ranged
from 437.4 to 3311.7 ng/mL with the median at 1309.
5 ng/mL. The quartiles of MPNC levels were used for
classifying the 94 subjects into four groups: the low
(437-1055 ng/mL), low-intermediate (1055-1311 ng/mL),

Screened for eligibility (n = 114) |

N

A 4
Enrolled (n = 110)2

gl Did not meet eligibility criteria (n = 4)

A 4

=I Had no available plasma sample (n = 16)

Had = 1 PNC level measured (n = 94) I

A 4 Y

A 4

Low Low-intermediate High-intermediate High
MPNC group MPNC group MPNC group MPNC group
(n=24) (n=23) (n=24) (n=23)

h 4

Completed 2-year study
treatment (n = 78)

Figure 1. CONSORT diagram. @These patients comprise the intention-to-treat population. PNC, plasma nilotinib concentration; MPNC, mean plasma

nilotinib concentration.
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high-intermediate (1311-1667 ng/mL), and high (1667—
3312 ng/mL) MPNC groups (Fig. 1). Overall, demographi-
cal and clinical characteristics were balanced across MPNC
groups (Table 1).

Molecular response and survival

Among patients in the ITT population, the cumulative
rate of MR*> by 24 months was 56.2% (95% confidence
interval [CI], 44%—68.3%), and the median time to MR*>
was 23.3 months (Fig. 2A). Cumulative rates of MMR
and MR* by 12 months were 80.6% (95% CI, 72.8-88.4%)
and 26.4% (95% CI, 17.6%-35.2%), respectively. By
24 months, the cumulative rate of MMR could not be
estimated as the longest follow-up duration among non-
responders (with respect to MMR) was 22.1 months, while
the cumulative rate of MR* was 73.8% (95% CI, 64—83.7%).
Rates of MMR, MR%, and MR*? at 3, 12, and 18 months
are summarized in Table 2. The median time to MMR
and MR* was 8 and 16.9 months, respectively. All patients
who completed the 2-year study treatment achieved MMR

Table 1. Patient characteristics.

J. Shin et al.

(n = 78), while 87.2% (n = 68) and 59% (n = 46) of
them achieved MR* and MR*>.

The median time to MMR, MR*, and MR*> was 6.1,
18, and 22.9 months, respectively, in the low MPNC group;
8, 17.4, and 22.8 months in the low-intermediate MPNC
group; 6.1, 13.9, and 22.7 months in the high-intermediate
MPNC group; and 6.5, 15.2, and 22.3 months in the
high MPNC group. In the nonparametrical comparison,
there were no significant differences in the cumulative
rates of MMR, MR*, and MR*® among the four MPNC
groups (Fig. 1B-D). After excluding two cases with incom-
plete data, the multivariable Fine and Gray subdistribution
hazards models also revealed no significant differences in
the cumulative rates of MMR, MR*, and MR*> between
groups (Table 3).

Throughout the study period, hematological or cytoge-
netic relapse occurred in only 2 (1.8%) patients and death
in only 1 (0.9%). No progression to accelerated or blast
phase was observed. The median PFS and OS were not
reached by study completion. The 24-month PFS rate
and OS rate were 96.6% (95% CI, 92.8-100%) and 99%

ITT population Low MPNC Low-intermediate High-intermediate High MPNC
Variables (N=110)0 (N =24) MPNC (N = 23) MPNC (N = 24) (N =23) P-value
Median age at 55 (18-83) 57.5 (23-78) 58 (19-80) 54.5 (28-83) 51 (27-68) 0.418
enrollment (range),
years
Age group, n (%)
<65 83 (75.5) 17 (70.8 18 (78.3) 16 (66.7) 21(91.3) 0.45
>65 27 (24.5) 7(29.2) 5(21.7) 8(33.3) 2(8.7)
Sex, n (%)
Male 71 (64.5) 19(79.2 16 (69.6) 11 (45.8) 17 (73.9) 0.083
Female 39 (35.5) 5(20.8 7 (30.4) 13 (54.2) 6(26.1)
Anthropometry, median (range)
Height, cm 165 (146-188) 167.5 (149-178) 168 (150-188) 166 (146-182) 161 (149-185) 0.251
Body weight, kg 64 (43-100) 62.5 (49-79) 63 (46-100) 65 (46-89) 65 (46-90.4) 0.849
BMI, kg/m? 23.8(18-30.3) 22.8(18.6-26.6) 23.7 (18-28.3) 25(19.1-27.8) 24.1 (19.7-30.3) 0.188
ECOG performance status, n (%)
0 78 (70.9) 16 (66.7) 73.9) 20 (83.3) 15 (65.2) 0.558
1 28 (25.5) 5(20.8) 26.1) 4(16.7) 8(34.8)
2 1(0.9) 1(4.2) 0) 0(0) 0 (0)
Not recorded 3(2.7) 2(8.3) 0) 0 (0) 0 (0)
Prior treatment, n (%)
Hydroxyurea 58 (52.7) 13(54.2) 65.2) 12 (50) 11 (47.8) 0.655
Imatinib 1(0.9) 0 (0) 0) 0(0) 0(0)
Neither 50 (45.5) 10 (41.7) 34.8) 12 (50) 12 (52.2)
Not recorded 1(0.9) 1(4.2) 0) 0 (0) 0 (0)
Completion of study treatment, n (%)
Completed 78 (70.9) 17 (70.8 18 (78.3) 21(87.5) 22 (95.7) 0.1
Discontinued 32 (29.1) 7(29.2 5(21.7) 3(12.5) 1(4.3)

aThe sum of numbers of four MPNC groups (94) is not equal to the number of the number of the ITT population (110) as 16 patients had no PNC

data.

ITT, intention to treat; MPNC, mean plasma nilotinib concentration; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; MPNC,

mean plasma nilotinib concentration.

1818

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



J. Shin et al.

>

or 4
100% 1 _ uvR

2 - MR*
T 80%{ — MR*®
%
5
2 60%
o
2 40%
®
S
g 20% 1
o

0% A

0 6 12 18 24
Months from enroliment

€ 100%

°1 P-value=0.385 J
o 5 — Low
S 80%1 — Low-intermediate
‘5 - H!gh—intermediate
£ 60% ~ Hiah
g
= 40%
g
(.:J] 20% 1

0%

0 6 12 18 24
Months from enrolliment

Phase 4 Study of Nilotinib in CML-CP

o

100% 1 p_value = 0.556

x

% 80% A

S

o 60%

©

)

2 40%

O

S

2 20% - — Low

S b — Low-intermediate

— High-intermediate
0% —Hion
0 6 12 18 24
Months from enrollment
D 100%-
P-value =0.983

i o, | —Low

% 80% 1 — Low-intermediate

i — High-intermediate

@ 60%{ — High

T

)

é 40% A

©

=

€ 20%1

Q

0% A

0 6 12 18 24
Months from enrollment

Figure 2. Cumulative molecular response rates in the intention-to-treat population (A) and cumulative MMR (B), MR? (C), and MR*> (D) rates in each
of the four MPNC groups. MMR, major molecular response; MR#, molecular response 4; MR*>, molecular response 4.5; MPNC, mean plasma nilotinib

concentration.

(95% CI, 97-100%), respectively. No statistical comparison
of survival was performed among the four MPNC groups
due to the small number of events.

Safety

Among the ITT population, AEs (of any grade) were
reported in 95 (86.4%) patients and grade 3-5 AEs in
36 patients (32.7%; Table 4). Most nonhematological AEs
were of grade 1 or 2. The most common nonlaboratory
AEs were skin rashes and QT interval prolongation, reported
in 38 (34.5%) and 36 (32.7%) patients, respectively. Grade
3 and 4 nonlaboratory AEs included abdominal pain
(n = 3), QT interval prolongation (n = 2), cerebral infarc-
tion (n = 2), infectious colitis (n = 2), skin rash (n = 1),
acute viral hepatitis (n = 1), acute pancreatitis
(n = 1), unstable angina (n = 1), mechanical ileus (n = 1),
meningitis (n = 1), and congestive heart failure (n = 1).

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Table 2. Rates of MMR, MR4, and MR4> at 3, 12, and 18 months
(intention-to-treat population; n = 110).

3 months 12 months 18 months
MMR, n (%) 6 (5.5) 74 (67.3) 78 (70.9)
95% ClI 2-11.5 57.7-75.9 61.5-79.2
MR?, n (%) 0(0) 25(22.7) 56 (50.9)
95% ClI 0-3.3 15.3-31.7 41.2-60.6
MR%4>, n (%) 0(0) 8(7.3) 24(21.8)
95% ClI 0-3.3 3.2-13.8 14.5-30.7

MMR, major molecular response; MR?*, molecular response 4; MR*>,
molecular response 4.5; Cl, confidence interval.

One patient died due to acute hepatitis A virus
infection.

Anemia and thrombocytopenia occurred in 65 (59.1%)
and 38 (34.5%) patients, respectively, and 7 (6.4%) and 10
(9.1%) of them were of grades 3-5. Grade 3-5 neutropenia
was reported in 9 (8.2%) patients, including 2 (1.8%) cases

1819
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Table 3. Fine and Gray subdistribution hazards model for the cumulative rates of MMR, MR#, and MR#>,

MMR2 MR4a MR4.Sb
MPNC groups HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
Low 1 1 1
Low-intermediate 0.75(0.37-1.51) 0.41 1.11(0.55-2.23) 0.77 1.18 (0.53-2.62) 0.68
High-intermediate 1.23(0.65-2.32) 0.52 1.25(0.61-2.54) 0.54 0.9 (0.4-2.02) 0.8
High 1.18 (0.63-2.18) 0.61 1.75(0.91-3.37) 0.094 1.23(0.53-2.86) 0.63

@Models for the MMR and MR# were adjusted for the age at enrollment (<65 vs. >65), sex, ECOG performance status, and prior treatment with

hydroxyurea.

bThe model for the MR#5 was adjusted for the same variables except for the ECOG performance status since including it resulted in overfitting.
MMR, major molecular response; MR?#, molecular response 4; MR*>, molecular response 4.5; MPNC, mean plasma nilotinib concentration; HR, hazard

ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group.

of febrile neutropenia. Hypocalcemia and hyperbilirubinemia
were the most common biochemical AEs, occurring in 62
(56.4%) and 50 (45.5%) patients, respectively.
Hypertriglyceridemia ~and  hypercholesterolemia ~ were
reported in 38 (34.5%) and 20 (18.2%) patients, respectively.
Because routine monitoring of serum glucose and glycated
hemoglobin levels was not mandated in the study protocol,
the frequency of hyperglycemia and newly occurring, or
worsening, diabetes mellitus could not be evaluated.

Transient dose interruptions or changes were made in
15 (13.6%) patients due to high-grade AEs and 9 (8.2%)
discontinued treatment before completion of the 2-year
study. Dropout causing AEs included thrombocytopenia
(n = 3), neutropenia (n = 1), unstable angina (n = 1),
hepatotoxicity (n = 1), acute viral hepatitis (n = 1), pan-
creatitis (n = 1), and infectious colitis (n = 1). Across
the four MPNC groups, there were no significant linear
trends in the frequency of total AEs, nonlaboratory AEs,
hematological AEs, or biochemical AEs, either at any grade
or at grades 3-5 (Table 5).

Discussion

In ENESTKorea, we determined the efficacy and safety
of nilotinib, administered at the currently approved dose
(300 mg twice daily), in patients with Ph-positive CML-CP
in South Korea. The results confirm findings from previ-
ous studies [5-7], showing excellent efficacy of nilotinib,
with 56.2% of the enrolled patients achieving MR*> by
24 months (the primary endpoint), with tolerable safety
profiles. Achievement of a deep molecular response
(DMR), represented by MR*?, is known as a key sur-
rogate marker for a desirable long-term prognosis in
patients with CML. Patients who achieve DMR have
better clinical outcomes, including decreased risks of
progression and relapse, and longer survival than those
who fail to achieve DMR [18, 19]. Furthermore, select
patients with durable (usually >2 years) DMR are

1820

Table 4. Adverse events reported in the ITT population (N = 110).

Adverse events Any grade Grade 1-2 Grade 3-5
Total, n (%) 95 (86.4) 94 (85.5) 35(31.8)?
Nonlaboratory abnormalities, n (%)°
Skin rash 38(34.5) 37 (33.6) 1(0.9)
QT interval 36 (32.7) 34 (30.9) 2(1.8)
prolongation
Headache 21(19.1) 21(19.1) 0(0)
Fatigue 19(17.3) 19(17.3) 0(0)
Abdominal pain 16 (14.5) 13(11.8) 3(2.7)
Pruritus 15(13.6) 15(13.6) 0(0)
Myalgia 14(12.7) 14(12.7) 0(0)
Anorexia 12 (10.9) 12 (10.9) 0 (0)
Nausea 9(8.2) 9(8.2) 0 (0)
Alopecia 6 (5.5) 6 (5.5) 0 (0)
Hematological abnormalities, n (%)
Anemia 65 (59.1) 58 (52.7) 7 (6.4)
Thrombocytopenia 38 (34.5) 28 (25.5) 10(9.1)
Leukopenia 27 (24.5) 23(20.9) 4 (3.6)
Neutropenia 22 (20) 13(11.8) 9(8.2)
Febrile neutropenia 2(1.8) NA 2(1.8)
Biochemical abnormalities, n (%)P
Hypocalcemia 62 (56.4) 61 (55.5) 1(0.9)
Hyperbilirubinemia 50 (45.5) 49 (44.5) 1(0.9)
ALT increase 39 (35.5) 37 (33.6) 2(1.8)
Hypertriglyceridemia 38 (34.5) 37 (33.6) 1(0.9)
Lipase increase 28 (25.5) 20(18.2) 8(7.3)
ALP increase 23(20.9) 23(20.9) 0 (0)
Hypercholesterolemia 20(18.2) 20(18.2) 0 (0)
Hyperkalemia 18 (16.4) 16 (14.5) 2(1.8)
Hyponatremia 15(13.6) 14(12.7) 1(0.9)
Amylase increase 15(13.6) 11 (10) 4 (3.6)
AST increase 13(11.8) 12 (10.9) 1(0.9)
Hypernatremia 8(7.3) 8(7.3) 0 (0)
Azotemia 8(7.3) 8(7.3) 0 (0)
Hypoalbuminemia 6 (5.5) 6 (5.5) 0 (0)

aGrade 3-5 adverse events occurring in <5% of patients were counted
in the total frequency, but not listed in the table.

bOnly adverse events occurring in 5% of patients at any grade were
summarized.

ITT, intention to treat; ALT, alanine aminotransferase; ALP, alkaline
phosphatase; AST, aspartate aminotransferase.
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Table 5. Frequency of adverse events in the four MPNC groups.

Phase 4 Study of Nilotinib in CML-CP

Low-intermediate

High-intermediate

Adverse events Low (N = 24) (N=23) (N =24) High (N = 23) P-value
Total, n (%)
Any grade 20 (83.3) 21(91.3) 24 (100) 17 (73.9) 0.556
Grade 3-5 9(37.5) 9(39.1) 8(33.3) 5(21.7) 0.226
Nonlaboratory abnormality, n (%)
Any grade 17 (70.8) 17 (73.9) 22 (91.7) 16 (69.6) 0.7
Grade 3-5 3(12.5) 0(0) 3(12.5) 4(17.4) 0.353
Hematological abnormality, n (%)
Any grade 13 (54.2) 15 (65.2) 17 (70.8) 13 (56.5) 0.759
Grade 3-5 6 (25) 4(17.4) 4(16.7) 1(4.3) 0.064
Biochemical abnormality, n (%)
Any grade 18 (75) 17 (73.9) 20 (83.3) 14 (60.9) 0.432
Grade 3-5 3(12.5) 7 (30.4) 2(8.3) 1(4.3) 0.152

MPNC, mean plasma nilotinib concentration.

potential candidates for attempting TKI discontinuation,
given that they are under more frequent molecular moni-
toring than typically recommended for patients on active
TKI therapy [20, 21].

We note that the cumulative rates of molecular
responses were higher throughout the observed period
in ENESTKorea than in the same-dosage arms of previ-
ous phase 3 trials (ENESTnd and ENESTchina) and the
phase 3b ENEST1st study [5-7]. For example, the cumu-
lative rate of MMR by 12 months was 80.6% (95% CI,
72.8-88.4%) in ENESTKorea versus 55%, 56%, and
68.9% in the ENESTnd, ENESTchina, and ESESTIst
studies, respectively, and the cumulative rates of MR*
and MR*? by 24 months were 73.8% (95% CI, 64-83.7%)
and 56.2% (95% CI, 44-68.3%), respectively, in
ENESTKorea versus 39% and 25% in the ENESTnd
study, and 55.2% and 38.6% in the ENESTIst study.
These differences have probably arisen from the meth-
odological measure implemented in ENESTKorea that
censored patients on the last molecular assessment date
if they were lost to follow-up. In contrast, other studies
considered patients with missing molecular assessments
to be nonresponders, regardless of the reason. Since
dropouts of patients due to reasons not related to the
clinical outcomes of interest are common in clinical
trials, treating these patients as nonresponders in a time-
to-response analysis may underestimate the effectiveness
of the investigated agent. Therefore, the cumulative
response rates may better reflect the real-world
outcomes.

In ENESTKorea, analysis of the relationship between
measured PNC levels and clinical outcomes has shown
no significant exposure—outcome associations in terms
of the cumulative rates of MMR, MR*, and MR*> or
the frequency of AEs. These results imply that measuring
the PNC level may provide no clinical benefit in CML
patients. In contrast to the results from this study,

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

previous studies showed that the administration of higher-
dose nilotinib was associated with more frequent AEs,
such as cardiovascular events and fluid retention, and
the steady-state trough concentration of nilotinib was
correlated with responses and laboratory abnormalities
[7-9]. Similarly, in CML patients treated with standard-
dose imatinib, the mean trough plasma drug level was
significantly higher in those who achieved CCyR and/
or MMR, than in those without CCyR and/or MMR,
and the optimal sensitivity and specificity to discriminate
patients with MMR were 77% and 71%, respectively
[22]. Negative exposure—outcome associations may be
due to a lack of statistical power, owing to an insuf-
ficient sample size (n = 94). However, it should be noted
that the guideline regarding time points of plasma sam-
pling for PNC measurements (that recommended sam-
pling before 10:00 am and before taking nilotinib on
that day) was provided to the investigators but not
specified in the study protocol, and data regarding the
sampling time points were not collected. Therefore, we
could not know whether the obtained PNC values were
truly the trough levels. The substantial intra-individual
variation in PNC levels (Fig. S2) possibly reflects the
various time points of plasma sampling. Uncontrolled
timing of plasma sampling might have masked the true
relationship between the PNC level and clinical outcomes.
Therefore, future research with a larger sample size and
tightly scheduled sampling is necessary to draw a firm
conclusion on this topic.

Although the cross-study comparison should be made
with caution, patients were slightly older at enrollment
in ENESTKorea (median age, 55 years) than in the nilo-
tinib 300 mg twice daily arm of the ENESTnd trial and
in the ENESTIst study (median age, 47 and 53 years,
respectively). This contradicts the epidemiological data,
suggesting CML patients are younger in Asians than in
Western populations [23, 24], and implies that the patients
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enrolled in ENESTKorea better represent the elderly popu-
lation, compared to previous studies. Although TKIs are
well tolerated in elderly patients, old age is still among
the predictors of poor outcome for CML, rendering elderly
patients to be of major clinical concern [25]. Therefore,
results from ENESTKorea may provide a practical refer-
ence for real-world practicing clinicians, who treat elderly
CML patients.

This study has limitations. First, the study period was
set to be too short (2 years) to show the long-term effi-
cacy and safety of nilotinib. Some patients did not complete
the 2-year study treatment and were lost to follow-up
due to various causes. These limitations have hindered
precise estimation of the clinical outcomes and reduced
statistical power. Second, as mentioned above, the sampling
time for plasma used for the PNC measurements was
not strictly controlled. However, the impact of the high
variability in PNC levels per patient on the results was
minimized through averaging all measured PNC levels in
each patient to obtain the MPNC values that were used
in analysis. Third, no outcome data (including qRT-PCR
assessment results and safety data) were collected after
discontinuation of the study treatment, meaning that
analysis was limited to patients on treatment. Fourth, the
spleen size was not recorded at baseline. Because this
information is necessary to calculate the Sokal [26], Hasford
[27], or European Treatment and Outcome Study risk
scores [28], the three most widely used risk scoring sys-
tems for CML, we could not analyze the relationship
between the baseline risk grades of patients and treatment
outcomes.

Despite the limitations, to the best of our knowledge,
ENESTKorea is the first phase 4 study, evaluating the
efficacy and safety of nilotinib and the clinical utility of
directly measured PNC levels in CML-CP patients. Overall,
nilotinib is a highly effective therapeutic option for CML-CP
patients with manageable AEs and no newly emerging
safety concerns. The measurement of PNC levels, however,
seems to provide no information regarding efficacy or
safety outcomes and is thus not considered clinically
useful.

Ethics and Registration

The study protocol and consent forms were approved
by the institutional review board at each participating
institution. Written informed consent was provided by
all participants. All procedures were carried out in
accordance with the ethical standards of each institu-
tional research ethics committee and the Helsinki
Declaration (revised in 2013; World Medical Association).
This study is registered with clinicaltrials.gov, Number
NCT03332511.

1822

J. Shin et al.

Acknowledgments

This study was supported by Novartis Korea, which pro-
vided laboratory costs for monitoring molecular response
(CAMN107AKR11T). This manuscript was edited by native
English-speaking experts from Editage.

Conflict of Interest

The authors declare no conflict of interests.

References

1. Apperley, J. F. 2015. Chronic myeloid leukaemia. Lancet
385:1447-1459.

2. Hochhaus, A., R. A. Larson, F. Guilhot, J. P. Radich, S.
Branford, T. P. Hughes, et al. 2017. Long-term
outcomes of imatinib treatment for chronic myeloid
leukemia. N. Engl. J. Med. 376:917-927.

3. Hehlmann, R., M. Lauseker, S. Sauszele, M. Pfirrmann,
S. Krause, H. J. Kolb, et al. 2017. 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 11:2398.

4. Saglio, G., D.-W. Kim, S. Issaragrisil, P. Le Coutre, G.
Etienne, C. Lobo, et al. 2010. Nilotinib versus imatinib
for newly diagnosed chronic myeloid leukemia. N. Engl.
J. Med. 362:2251-2259.

5. Hochhaus, A., G. Saglio, T. Hughes, R. A. Larson, D.
W. Kim, S. Issaragrisil, et al. 2016. Long-term benefits
and risks of frontline nilotinib vs imatinib for chronic
myeloid leukemia in chronic phase: 5-year update of
the randomized ENESTnd trial. Leukemia 30:1044.

6. Wang, J., Z.-X. Shen, G. Saglio, J. Jin, H. Huang, Y.
Hu, et al. 2015. Phase 3 study of nilotinib vs imatinib
in Chinese patients with newly diagnosed chronic
myeloid leukemia in chronic phase: ENESTchina. Blood
125:2771-2778.

7. Hochhaus, A., G. Rosti, N. C. Cross, J. L. Steegmann,
P. Le Coutre, G. Ossenkoppele, et al. 2016. Frontline
nilotinib in patients with chronic myeloid leukemia in
chronic phase: results from the European ENESTIst
study. Leukemia 30:57-64.

8. Kantarjian, H., F. Giles, L. Wunderle, K. Bhalla, S.
O’brien, B. Wassmann, et al. 2006. Nilotinib in
imatinib-resistant CML and Philadelphia chromosome—
positive ALL. N. Engl. J. Med. 354:2542-2551.

9. Giles, F. J., O. Q. Yin, W. M. Sallas, P. D. le Coutre,
R. C. Woodman, O. G. Ottmann, et al. 2013. Nilotinib
population pharmacokinetics and exposure-response
analysis in patients with imatinib-resistant or -intolerant
chronic myeloid leukemia. Eur. J. Clin. Pharmacol.
69:813-823.

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



J. Shin et al.

10. Larson, R. A., O. Q. Yin, A. Hochhaus, G. Saglio, R. E.
Clark, H. Nakamae, et al. 2012. Population
pharmacokinetic and exposure-response analysis of
nilotinib in patients with newly diagnosed Ph+ chronic
myeloid leukemia in chronic phase. Eur. J. Clin.
Pharmacol. 68:723-733.

11. Cross, N. C., J. V. Melo, L. Feng, and J. M. Goldman.
1994. An optimized multiplex polymerase chain reaction
(PCR) for detection of BCR-ABL fusion mRNAs in
haematological disorders. Leukemia 8:186—189.

12. Hughes, T., M. Deininger, A. Hochhaus, S. Branford, J.
Radich, J. Kaeda, et al. 2006. Monitoring CML patients
responding to treatment with tyrosine kinase inhibitors:
review and recommendations for harmonizing current
methodology for detecting BCR-ABL transcripts and
kinase domain mutations and for expressing results.
Blood 108:28-37.

13. US Department of Health and Human Services. 2009.
Common terminology criteria for adverse events
(CTCAE) version 4.0. National Institutes of Health,
National Cancer Institute; 4.

14. Hazarika, M., X. Jiang, Q. Liu, S. L. Lee, R.
Ramchandani, C. Garnett, et al. 2008. Tasigna for
chronic and accelerated phase Philadelphia
chromosome—positive chronic myelogenous leukemia
resistant to or intolerant of imatinib. Clin. Cancer Res.
14:5325-5331.

15. Lin, D. 1997. Non-parametric inference for cumulative
incidence functions in competing risks studies. Stat.
Med. 16:901-910.

16. Gray, R. J. 1988. A class of K-sample tests for
comparing the cumulative incidence of a competing
risk. Ann. Stat. 16:1141-1154.

17. Fine, J. P, and R. J. Gray. 1999. A proportional
hazards model for the subdistribution of a competing
risk. J. Am. Stat. Assoc. 94:496-509.

18. Etienne, G., S. Dulucq, F.-E. Nicolini, S. Morisset, M.
P. Fort, A. Schmitt, et al. 2014. Achieving deeper
molecular response is associated with a better clinical
outcome in chronic myeloid leukemia patients on
imatinib front-line therapy. Haematologica 99:458—464.

19. Hehlmann, R., M. C. Miiller, M. Lauseker, B. Hanfstein,
A. Fabarius, A. Schreiber, et al. 2014. Deep molecular
response is reached by the majority of patients treated
with imatinib, predicts survival, and is achieved more
quickly by optimized high-dose imatinib: results from
the randomized CML-study IV. J. Clin. Oncol.
32:415-423.

20. Rea, D., F. E. Nicolini, M. Tulliez, F. Guilhot, J. Guilhot,
A. Guerci-Bresler, et al. 2016. Discontinuation of
dasatinib or nilotinib in chronic myeloid leukemia:
interim analysis of the STOP 2G-TKI study. Blood
129:846-854.

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Phase 4 Study of Nilotinib in CML-CP

21. Hochhaus, A., T. Masszi, F. J. Giles, J. P. Radich, D.
M. Ross, M. G. Casares, et al. 2017. Treatment-free
remission following frontline nilotinib in patients with
chronic myeloid leukemia in chronic phase: results from
the ENESTfreedom study. Leukemia 31:1525-1531.

22. Picard, S., K. Titier, G. Etienne, E. Teilhet, D. Ducint,
M. A. Bernard, et al. 2007. Trough imatinib plasma
levels are associated with both cytogenetic and
molecular responses to standard-dose imatinib in
chronic myeloid leukemia. Blood 109:3496-3499.

23. Mendizabal, A. M., P. Garcia-Gonzalez, and P. H.
Levine. 2013. Regional variations in age at diagnosis
and overall survival among patients with chronic
myeloid leukemia from low and middle income
countries. Cancer Epidemiol. 37:247-254.

24. Au, W. Y., P. B. Caguioa, C. Chuah, S. C. Hsu, S.
Jootar, D. W. Kim, et al. 2009. Chronic myeloid
leukemia in Asia. Int. J. Hematol. 89:14-23.

25. Jain, P, H. M. Kantarjian, A. Ghorab, K. Sasaki, E. J.
Jabbour, G. Nogueras Gonzalez, et al. 2017. Prognostic
factors and survival outcomes in patients with chronic
myeloid leukemia in blast phase in the tyrosine kinase
inhibitor era: Cohort study of 477 patients. Cancer
123:4391-4402.

26. Sokal, J. E., E. B. Cox, M. Baccarani, S. Tura, G. A.
Gomez, J. E. Robertson, et al. 1984. Prognostic
discrimination in” good-risk” chronic granulocytic
leukemia. Blood 63:789-799.

27. Hasford, J., M. Pfirrmann, R. Hehlmann, N. C. Allan,
M. Baccarani, J. C. Kluin-Nelemans, et al. 1998. A new
prognostic score for survival of patients with chronic
myeloid leukemia treated with interferon alfa Writing
Committee for the Collaborative CML Prognostic
Factors Project Group. J. Natl Cancer Inst. 90:850-859.

28. Hasford, J., M. Baccarani, V. Hoffmann, J. Guilhot, S.
Saussele, G. Rosti, et al. 2011. Predicting complete
cytogenetic response and subsequent progression-free
survival in 2060 patients with CML on imatinib
treatment: the EUTOS score. Blood 118:686-692.

Supporting Information

Additional supporting information may be found in the
online version of this article:

Data S1. Exclusion criteria.

Data S2. Guideline for resuming nilotinib treatment
after transient interruption.

Figure S1. Histogram of the plasma concentration of
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Figure S2. Per-patient distributionof the plasma nilotinib
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Figure S3. Trendin the plasma nilotinib concentration
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