J Cancer Res Clin Oncol (2017) 143:2059-2066
DOI 10.1007/s00432-017-2445-z

@ CrossMark

ORIGINAL ARTICLE - CLINICAL ONCOLOGY

An analysis of the Kinetics of molecular response during the first
trimester of treatment with nilotinib in newly diagnosed chronic
myeloid leukemia patients in chronic phase

Juan Luis Steegmann’

- Dolors Colomer? - Maria-Teresa Gémez-Casares® - Valentin Garcia-Gutiérrez® -

4

Guillermo Orti® - Angel Ramirez-Payer® - Eduardo Olavarria’ - Ferran Vall-llovera?® - Pilar Giraldo’ -
Eulogio Conde'’ - Rolando Vallansot'! - Jose Luis Lopez-Lorenzo'? - Luis Palomera'® - Alberto Alvarez-Larran'* -
Venancio Conesa'® - Guiomar Bautista'® - Laura Casas'” - Frank Giles'® - Andreas Hochhaus" -

Luis Felipe Casado-Montero®

Received: 27 April 2017 / Accepted: 18 May 2017 / Published online: 27 May 2017

© Springer-Verlag Berlin Heidelberg 2017

Abstract

Purpose This study was aimed to analyze the associa-
tion of very early molecular response to nilotinib with
the achievement of deep molecular response (MR4) at
18 months. We hypothesized that the BCR-ABL1 levels
during the first 3 months of therapy, and the kinetics of
their descent in this period, could be predictive of deep
molecular response thereafter.

Methods This substudy of the ENEST st trial included 60
patients with chronic myeloid leukemia in chronic phase
treated with front-line nilotinib, and BCR-ABLI1IS lev-
els were measured using GUS as the control gene. The
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analysis included seven time points during the first trimes-
ter of treatment (baseline and fortnightly thereafter).
Results The rates of MMR at 12 months, and of MR4 at
18 months (primary variable of the study), were 70 and
41%, respectively, similar to those obtained in the core
study. BCR-ABLI1IS <10% was achieved at 1, 1.5, 2 and
3 months in 50, 70, 83 and 93% of the patients, respec-
tively. The observed shape of the BCR-ABLIIS descent
was biphasic, with a faster slope during the first trimester
and a median halving time (HT) of 11 days, the shortest
reported in the literature. An HT <13 days was predictive
of MMR at 12 months and MR4 at 18 months.
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Conclusions The association of a shorter HT with response
provides a rationale for exploring very early kinetics pat-
terns in all patients treated with potent TKIs such as
nilotinib.

Keywords Chronic myeloid leukemia - Nilotinib -
ENEST1st

Introduction

Nilotinib (Tasigna, Novartis Pharmaceuticals Corporation,
East Hanover, NJ, USA) is a BCR-ABL1 tyrosine kinase
inhibitor (TKI) approved for the treatment of newly diag-
nosed Philadelphia chromosome-positive (Ph+) chronic
myeloid leukemia in chronic phase (CML-CP) (Corpo-
ration 2015). With 5 years of follow-up of the ENESTnd
study, nilotinib showed improved efficacy over imatinib in
the frontline setting for patients with CML-CP, including
earlier and deeper molecular responses and a low rate of
progression to AP/BC (Hochhaus et al. 2016b). Besides,
nilotinib led to higher rates of BCR-ABLI®S <10% and
BCR-ABLI™ <1% at 3 months than imatinib.(Saglio et al.
2010) ENEST1st was a phase 3b, multicenter, single-arm
open-label study evaluating the efficacy and safety of nilo-
tinib in a large population of patients with newly diag-
nosed Ph+ CML-CP, with an emphasis on deep molecular
response. The primary end point was MR* (BCR-ABLI"
<0.01%) at 18 months. In patients treated with nilotinib
upfront, the rate of MR* at 18 months was 38.3%, and the
proportion of patients of the landmark population having
BCR-ABLI"™ <10% by 3 months was 97%(Hochhaus et al.
2016b). Patients with a ratio <10% at 3 months achieved
the highest rates of response at later time points, whereas
no patient with a ratio >10% at 3 months achieved MR* by
24 months.

Data of the kinetics during the first trimester are availa-
ble in patients treated with frontline imatinib, nilotinib, and
dasatinib, but there is a great heterogeneity in the chosen
time points. Most studies have used BCR-ABLI" levels at
diagnosis (Branford et al. 2014; Hanfstein et al. 2014; Huet
et al. 2014; Michor et al. 2005; Olshen et al. 2014; Tang
et al. 2011) as baseline parameters, whereas only one study
has used ratios obtained just before treatment as baseline
levels (Iriyama et al. 2015). In addition, most studies have
used only the 3-month milestone to calculate the kinetics,
and only one has used data at the first month as intermedi-
ate measurement (Iriyama et al. 2015). Given the scarcity
and heterogeneity of the data on the kinetics of the descent
of BCR-ABLI® in patients treated with nilotinib upfront,
the purpose of our study was to analyze the kinetics of the
transcript’s descent using seven time points during the first
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trimester and to establish if this kinetics has a predictive
value on subsequent response.

Our hypothesis was that deep molecular response to
nilotinib would be associated with the values of BCR-
ABLI™ during the first 3 months of therapy and the kinetics
of their descent during this period.

Patients and methods

ENESTIst was registered in the EU Clinical Tri-
als Registry (2009-017775-19) and at clinicaltrials.gov
(NCTO01061177). Adults (aged >18 years) with newly
diagnosed (<6 months), cytogenetically confirmed Ph+
CML-CP or Ph-BCR-ABL1+4 CML-CP were eligible for
enrollment. In this particular substudy, imatinib was not
allowed prior to nilotinib, but hydroxyurea (HU) was per-
mitted (<6 months). This study was conducted in accord-
ance with the International Conference on Harmonization
Harmonized Tripartite Guidelines for Good Clinical Prac-
tice, the Declaration of Helsinki, and applicable local reg-
ulations. Eligible patients were only included in the study
after providing written consent and in accordance with
local laws/regulations. The protocol and informed con-
sent forms were reviewed and approved by an institutional
review board, independent ethics committee, or research
ethics board prior to study start at each participating institu-
tion. All enrolled patients received nilotinib 300 mg twice
daily for up to 24 months. Dose escalation of nilotinib was
not allowed. Nilotinib dose reduction was required for
patients with grade 3/4 hematologic adverse events (AEs)
concerning white blood cells and platelets (not concern-
ing hemoglobin level), or grade 2, 3, or 4 non-hematologic
AEs. The primary objective was to find a level of BCR-
ABLI™ within the first 3 months that has prognostic value
on the primary variable of the core study, i.e., MR* (BCR-
ABLI" <0.01%) at 18 months. The secondary objectives of
this substudy were to evaluate the kinetics of the reduction
of the BCR-ABLI", and to study a potential association of
kinetic variables and the attainment of MR* at 18 months.
The classification of response was made according to stand-
ard definitions (Cross et al. 2012, 2015). Major molecular
response (MMR), defined as a BCR-ABLI" <0.1%, MR*
(defined as detectable BCR-ABLI™ <0.01% or undetect-
able BCR-ABLI in samples with >24 000 GUS transcripts),
and MR*? (defined as detectable BCR-ABLI1" <0.0032%
or undetectable BCR-ABLI in samples with >77 000 GUS
transcripts).

Assessments

The BCR-ABLI transcript type was determined by multi-
plex PCR at baseline (Cross et al. 1994). Only patients with
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typical transcripts (el3a2 and/or el4a2) were included.
Molecular responses were assessed at baseline (i.e., just
before the first dose of nilotinib was given), and then every
15 days (£2) during the first 3 months and on months 6, 9,
12, 18 and 24 during study treatment. Samples were ana-
lyzed using real-time quantitative polymerase chain reac-
tion (RQ-PCR) at a designated EUTOS reference labora-
tory. Samples were analyzed using GUS as control genes.
AEs were assessed according to the Common Terminology
Criteria for Adverse Events (CTAE) version 4.0.

Statistical analyses

Summary data for demographic variables and baseline
characteristics were determined for the intent-to-treat
(ITT) patient population, which included all patients who
received >1 dose of study treatment. Efficacy analyses
were performed on the ITT population. Response rates are
presented as the percentage of patients with the response at
the specified time point.

Independent variables

Independent variables at diagnosis included in the analysis
were those of Sokal, Hasford and EUTOS scores. Besides,
the following independent variables were obtained at base-
line (i.e., just before nilotinib initiation) and included in
the analysis: BCR-ABLI", spleen size, leukocyte number,
percentages of basophils and immature granulocytes. Dif-
ferential counts were centrally assessed. Independent vari-
ables during the treatment were: BCR-ABLI™ obtained
at 15, 30, 45, 60, 75 and 90 days of treatment, the ratios
between them and the baseline ratios and halving times
(HT). Descriptive statistics were used for independent and
dependent variables. Correlations between numerical vari-
ables were calculated by the Pearson or Spearman’s cor-
relation coefficient, depending of the distribution of the
variables.

Analysis of the Kkinetics of the descent of the
BCR-ABLI"S

BCR-ABLI' measurements were done every 15 days in the
first 3 months of therapy. As a coarse estimation of kinet-
ics, we calculated the ratios between the BCR-ABLI"™ values
obtained during the first trimester. For example, BCR-ABLI"
at 3 m/BCR-ABLI" at baseline, BCR-ABLI" at 3 m/BCR-
ABLI" at day 15 and so forth. Logarithmic transformations
in base 10 of the BCR-ABLI™S levels were made in each visit.
After that, slopes per day were calculated since baseline until
the third month and from this month to the 18 month, fol-
lowing the method by Michor et al. (2005). To determine if
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Table 1 Demographic characteristics
At diagnosis
Sex (M/F) 4020  66.7%/33.3%
Age (years) 51.8 19.4-80.6
Spleen (cm) 0 0-22
Sokal 36/17/7 60%/28.3%/11.7%
Hasford 31/25/3  52.5%/42.4%/5.1%
EUTOS 58/2 96.7%/3.3%
At baseline Median Range Mean + SD
Months diagnosis: 0.64 0.034.4 0.93 £ 091
nilotinib
Leukocytes 29.1 3.2-245.1 52.8 £52.5
Basophils 4 0-21.5 48+4.1

the diminution of the ratio fits a constant logarithm, the Pear-
son’s correlation coefficient between the time and the vari-
able logl10 (BCR-ABLI™) was calculated. We accepted that
the reduction was constant logarithmic in those patients who
had a correlation coefficient near —1 and with a p < 0.05.
With this method, we selected 49 patients out of 57. HT was
calculated using the method of logarithmic transformation
(Branford et al. 2014) for the following time points: day 15,
day 30, day 45, months 2 and 3. It was calculated as follows:
HT = —In (2)/k, where k = [In(ratio tx) — In(baseline ratio)/
number of days between the measurements]. the k coefficient
measures the velocity of diminution in this given interval of
time. When there was no reduction of the ratio, the HT was
negative. These values were excluded from the analysis.
Molecular response was analyzed at every time point, accord-
ing to international guidelines (Cross et al. 2012). To ana-
lyze the impact of the independent variables on subsequent
variables of molecular response, we performed a logistic
regression analysis independently for each time point, using
the “enter” method. The analysis was done by two methods.
First, by entering all the independent variables and, second,
entering only the variables at diagnosis and those obtained
during the first 3 months. Odd ratios (OR) with correspond-
ent p values and confidence intervals (CI) were estimated. If
several variables achieved statistic significance, a multivariate
logistic regression was used. To find a threshold that could
predict subsequent responses, a receiver operating curve anal-
ysis (ROC) was performed. The safety population was identi-
cal to the ITT population.

Results
Patients and treatment exposure

In total, 61 patients were included in this substudy. The
demographic characteristics are depicted in Table 1. One

@ Springer



2062

J Cancer Res Clin Oncol (2017) 143:2059-2066

Table 2 Reasons for discontinuation

NID Time off-study Cause

3414-2 Month 14 Hypophosphatemia

3442-2 Month 12 Creatinine elevation

3438-1 Month 10 Acute myocardial infarction
3417-1 Month 9 Creatinine elevation

3410-3 Month 9 CK elevation

3438-4 Month 9 Neutropenia

3412-1 Month 6 Acute myocardial infarction
3410-2 Month 6 GGT elevation

3423-1 Month 5 GOT/GPT elevation

3403-2 D15 Lipase elevation

patient died just after the baseline visit, before receiving
the first dose of nilotinib and was excluded for analysis. Of
patients in the ITT population, 66.7% (n = 40) were male.
The median age was 52 years (range 19-81 years). The
median time since diagnosis was 0.6 months (range 0.03—
4.4), and 41.7% (n = 25) of patients had received HU as
prior treatment for CML, with a median duration of 15 days
(1-120). The baseline ratios were not significantly different
between patients with or without previous HU (39.6 & 32
vs. 56.3 £+ 35, p = 0.078). No other TKI was allowed
prior to nilotinib. The majority of patients (96.7%; n = 58)
had low EUTOS risk scores; Sokal risk scores were low,

intermediate and high in 60% (n = 36), 28.3% (n = 17),
and 11.7% (n = 7) of patients, respectively. The corre-
sponding figures for Hasford scores were 52% (n = 31),
42% (n = 25) and 5% (n = 3), respectively. Fifty patients
(83.3%) completed >18 months of study treatment. Ten
patients (16.7%) discontinued study treatment before
18 months, and the reason for discontinuation was AEs or
laboratory abnormalities (Table 2). The median duration of
nilotinib exposure was 23.8 months (range 0.6-29.2). Dose
changes or interruptions occurred in 36.7% (n = 22) of
patients and were most commonly due to AEs or laboratory
abnormalities (89.6%) or dosing error (7.8%). The median
dose intensity was 593 mg/day (range 133-597).

Response rates

Table 3 depicts the value of BCR-ABLI®™ using GUS as
reference gene at different time points, including baseline.
MR* at 18 months was obtained in 29 patients (48.3%). The
rates of MMR at 12 and 18 months were 70% (n = 42) and
68.3% (n = 41), respectively. A ratio <10% at 3 months
was achieved in 93.3% of the patients. The correspondent
percentages for 1, 1.5 and 2 months were 50, 70 and 83%,
respectively. Three-quarters of the patients obtained a ratio
<1% at 3 months, and 38% obtained MMR at this time
point (Table 4).

Table 3 BCR-ABLI/GUS ratios

as) % BCR-ABL/GUS N Mean SD Median Min Max
Baseline 57 33.53 33.66 23.52 3.37 148.20
Day 15 56 22.14 21.19 15.17 0.02 98.07
1 Month 56 13.03 13.19 8.49 0.71 60.45
Day 45 57 8.99 15.97 3.95 0.05 107.91
2 Months 56 4.18 7.98 1.34 0.02 32.95
Day 75 51 1.118 2.03 0.25 0.02 10.16
3 Months 56 0.72 1.48 0.14 0.0004 7.80
6 Months 54 0.45 1.39 0.02 0.00 6.77
12 Months 50 0.09 0.29 0.004 0.00 1.51
18 Months 46 0.05 0.11 0.01 0.00 0.46
Table 4 Molecular response Ratio <10%  Ratio <1% MMR <0.1%  MR4 <0.01%  MR4.5 <0.0032%
with GUS as the control gene
(ITT) BCR-ABL/GUS
1M 30/60 (50%) 2/60 (3.3%) 0/60 (0%) 0/60 (0%) 0/60 (0%)
15M  42/60 (70%) 9/60 (15%) 1/60 (1.7%) 0/60 (0%) 0/60 (0%)
2M 50/60 (83.3%)  25/60 (41.7%)  2/60 (3.3%) 0/60 (0%) 0/60 (0%)
3M 56/60 (93.3%)  45/60 (75%) 23/60 (38.3%)  9/60 (15%) 5/60 (8.3%)
6M 54/60 (90%) 50/60 (83.3%) 35/60 (58.3%) 19/60 (31.7%) 10/60 (16.7%)
12M 50/60 (83.3%) 48/60 (80%) 42/60 (70%) 31/60 (51.7%) 20/60 (33.3%)
18 M 46/60 (76.7%) 46/60 (76.7%) 41/60 (68.3%) 29/60 (48.3%) 11/60 (18.3%)
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Table 5 Analysis of molecular response using BCR-ABLI/GUS ratios

Variables found significant in the univariate analysis

Variables found significant in Best model of ROC

multivariate analysis

MMR 12 m Sokal (p = 0.06)

Ratio at 3 m (p = 0.023)

Ratio at 6 m (p = 0.013)*

Ratio at 3 m/baseline ratio (p < 0.001)
Ratio at 3 m/ratio d45 (p < 0.002)
Ratio <1% at 3 m (p = 0.006)

MMR at 6 m (p = 0.001)*

Halving time (p = 0.001)

Sokal (p = 0.068)

Ratio at 3 m (p = 0.037)

Ratio at 12 m (p = 0.012)*

Ratio at 3 m/baseline ratio (p < 0.023)
Ratio at 3 m/ratio d45 (p = 0.075)
Ratio <1% at 3 m (p = 0.038)

MMR at 3 m (p = 0.018)

MMR at 6 m (p = 0.006)*

Spleen size (p = 0.051)

Ratio at 3 m (p = 0.035)

Ratio at 6 m (p = 0.027)*

Ratio at 12 m (p = 0.019)*

Ratio at 3 m/baseline ratio (p < 0.004)
Ratio at 3 m/ratio d45 (p = 0.023)
Ratio <1% at 3 m (p = 0.044)

MMR at 3 m (p = 0.006)

MMR at 6 m (p = 0.00003)*

Halving time (p = 0.029)

MMR 18 m

MR4 18 m

Halving time
OR: 0.35 (0.15-0.80)
p =0.013

Ratio 3 m/baseline ratio
(p = 0.025)

Sokal
OR: 0.088 (0.008-0.935)
p = 0.044

MMR at 3 m
OR: 22.1 (1.81-270)
p =0.015

Spleen size Ratio at 3 m
OR: 0.74 (0.57-0.96) AUC: 0.76
p=0.027 Cutoff: 0.19
PPV: 75% NPV: 75.9%
MMR at 3 m
OR: 7.15 (1.77-28.7)
p =0.006

Association between independent variables and subsequent responses

In bold case, variables found significant. Normal case, trend. Baseline ratio was not found to be significantly associated with response. For
MMR 12 m: p = 0.874; MMR 18 m p = 0.578; MR4 18 m: p = 0.310. The value for HT was that obtained at 3 months

* Excluded from multivariate analysis

Kinetics of the descent of the transcript

The curve of descent of BCR-ABLI values was biphasic,
with a faster slope during the first trimester. The slope
per day during the first trimester was —0.052. The corre-
sponding figure for the period between 3 and 18 months
was —0.003. As we had values available every 15 days,
HT was calculated with values at every time point. When
there was no reduction of the ratio, the HT was nega-
tive. This happened in 19 cases for the estimation made
at 15 days, 9 cases at 1 month and 5 cases at 45 days.
These cases were excluded of the analysis. The value
of HT with measurements taken at 3 months showed a
median HT of 11.1 days (range 6.3-29.4) (mean + SD:
12.7 £ 5.3 days).

Analysis of the variables influencing the response

Table 5 depicts the variables found significant in the univari-
ate and multivariate analysis. For the purpose of this analysis,
we used the value of HT with ratios taken at 3 months. Base-
line BCR-ABLI values were not significantly associated with
subsequent responses in univariate analysis. In multivariate
analysis, high Sokal score remained significantly associated
with lower probability of MMR at 18 months. Larger spleen
size was linked with lower probability of MR* at 18 months.
The ratio at 3 months was associated with subsequent
responses. Having a ratio <0.19 at 3 months was associated
with a 75% probability of having an MR* at 18 months.

As depicted in Fig. 1, a faster kinetics was associated
with response. In fact, the halving time was significantly

@ Springer
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BCR-ABL/GUS (%)

-2
10 Baseline 15d im 45d 2m 75d 3Im

—o—No MMR at12 months ~ —e—MMR at12 months

Fig. 1 Kinetics of the BCR-ABL/GUS ratio with time in patients
with and without MMR at 12 months. Slopes per day were signifi-
cantly higher in patients having MMR at 12 months (Mean + SD:
—0.057 £ 0.01) than in those without MMR at 12 months
(Mean + SD: —0.032 +£ 0.02). Halving time was significantly lower
in those patients with MMR (11.8 & 5.1 days) than in those with no
MMR at 12 months (16.9 + 4.6 days) (p = 0.001)

lower in those patients with MMR (11.8 £ 5.1 days) than
in patients with no MMR at 12 months (16.9 & 4.6 days)
(p = 0.001). Using ROC, we found that a value of 13 days
had a sensitivity of 89%, specificity of 78%, PPV of
50% and NPV of 97%. OR: 29 (p = 0.003). This means
that having an HT <13 days was associated with a 97%
probability of having an MMR at 12 months. For MR* at
18 months, HT was significantly lower in those patients
with MR* (11.6 days + 4.8) than in patients with no MR*
(14.8 &= 5.7) (p = 0.029). Using ROC, we found that a
value of 13 had a sensitivity of 58%, specificity of 81%,
PPV of 69% and NPV of 72%. This means that having an
HT <13 days was associated with a 72% probability of
having an MR? at 18 months. When entering HT in a mul-
tivariate analysis, HT and the ratio BCR-ABL ' 3 M/BCR-
ABL 'S baseline were the only two variables independently
associated with MMR at 12 months, but HT was not inde-
pendently associated with MR* at 18 months.

Safety

Most of the reasons for permanent discontinuation in our
study were because of laboratory abnormalities. Two
patients discontinued the study because of ischemic heart
disease (acute myocardial infarction). There were no cases
of disease progression or deaths in our series.

Discussion
The proportion of patients in whom the primary end

point, MR* at 18 months, was achieved was 48%, simi-
lar to that obtained in the core study (Hochhaus et al.
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2016a). As in the core study, the rate of early molecular
responses (EMR) (ratio <10%) at 3 months was achieved
in almost all of the patients (93.3%) in this series, quite
similar to the percentage found in the core study in the
subgroup of patients not previously treated with imatinib
(97%).

With respect to the kinetics, it is important to note that in
our series, we have used GUS as control gene, which min-
imizes the bias introduced when ABLI is used as control
gene in samples containing higher levels of BCR-ABLI,
levels commonly found at diagnosis. In fact, the interna-
tional scale is only applicable for ratios up to 10%, a range
in which BCR-ABLI/ABLI is considered to reflect BCR-
ABLI1 levels in an almost linear way (Muller et al. 2009).

Our results show that the reduction of BCR-ABLI™
transcripts is biphasic, with an exponential decline of
—0.05 & 0.03 per day, which corresponds to a decline of
5% per day, in the first 3 months of therapy. The second
slope starts in the third month and is roughly ten times
lower. It is worth noting that in previous publications
with imatinib, the second slope started approximately at
6 months, whereas for patients treated with nilotinib the
turning point was at 4.8 months (Tang et al. 2011). This
rate of decline is similar to that published by Michor et al.
in 68 patients treated with imatinib. However, three major
differences must be pointed out in our series. Firstly, they
had used values at diagnosis, whereas baseline values
were used in our study. Secondly, our study included four
or five time point’s values between baseline and the value
at 3 months. Thirdly, Michor et al. excluded patients who
showed any increase in transcript during the first 12 months
of therapy (Michor et al. 2005), whereas the higher number
of measurements done in our series could compensate for
transient increases (blips) in transcripts levels. In a previ-
ous study with a smaller group of 28 patients treated with
nilotinib 400 mg twice daily, the first slope was —0.04 per
day, slightly lower to that found in our study (—0.05/day)
(Tang et al. 2011). However, in that study, diagnostic sam-
ples were used to calculate the slopes, and these patients
were selected according to a monotonous decrement during
the first year of therapy. In our series, the median HT was
11.1 days, slightly shorter than that reported in other stud-
ies with imatinib (18 days) (Huet et al. 2014). In 29 patients
treated with second-generation TKI in first line, HT was
similar (19 days) (Huet et al. 2014). In 52 patients treated
with dasatinib in front line, median HT was not reported
(Iriyama et al. 2015).

Predictors of response
Sokal and spleen size at diagnosis retained prognostic

importance. Spleen size was independently associated
with MR4 at 18 months, and a larger size was strongly
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associated with a lower probability of MR* at 18 months,
reflecting the importance of intrinsic disease characteristics
in the achievement of deep responses. In our study, base-
line levels (i.e., immediately previous to nilotinib) were not
predictive for response, even in univariate analysis, in con-
trast with the study done by Vigneri et al. in patients treated
with imatinib, in which they found that high BCR-ABL1/
GUS ratios at diagnosis were associated with lower prob-
abilities of optimal responses (Vigneri et al. 2015). How-
ever, it is important to point out that 25 of our patients had
received HU after diagnosis. Some authors have excluded
patients with previous HU to measure the predictive value
of the reduction of the ratio (Hanfstein et al. 2014). How-
ever, to the best of our knowledge, the possible influence
of previous HU on the BCR-ABLI™ levels has not yet been
published.

Importantly, EMR was obtained very early in our series,
with 50% of the patients achieving it in the first month of
therapy. Obtaining EMR at 1 month has been associated
with a higher probability of complete cytogenetic response
in patients treated with nilotinib as second line (Branford
et al. 2010), but it has never been assessed with nilotinib
as first line. In our series, the earlier time points in which
the ratio had an independent predictive value on MR* at
18 months was at 3 months with a cutoff value of 0.19%.

Although we have not identified a predictive ratio of
MR* at 18 months at a time earlier than 3 months, our
results emphasize the importance of a faster kinetics. In
previous studies, HT was found to discriminate two groups
of patients among those who had not obtained a ratio of
<10% at 3 months: better outcomes were seen in those who
had a HT lower than 76 days (Branford et al. 2014). Like-
wise, an HT lower than 14 days was predictive of a cumu-
lative higher probability of MMR by 12 months in patients
treated with dasatinib as first line, although only univari-
ate analyses were performed (Iriyama et al. 2015). In our
study, an HT lower than 13 days was predictive of MR* at
18 months and was independently associated with higher
probability of optimal response (MMR) at 12 months.

Conclusions

Our study showed that nilotinib in first line produced very
fast responses, with 38% of the patients obtaining an MMR
at 3 months. The slope of the transcript reduction is bipha-
sic, steeper until 3 months, and the median HT is the short-
est reported in the literature (11 days). A shorter HT was
predictive of optimal response at 12 months and of MR* at
18 months. These findings provide a rationale for assess-
ing very early kinetics patterns in other studies with potent
TKIs such as nilotinib.
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