
haematologica | 2018; 103(11) 1835

Received: April 4, 2018.

Accepted: June 28, 2018.

Pre-published: July 5, 2018.

©2018 Ferrata Storti Foundation

Material published in Haematologica is covered by copyright.
All rights are reserved to the Ferrata Storti Foundation. Use of
published material is allowed under the following terms and
conditions: 
https://creativecommons.org/licenses/by-nc/4.0/legalcode. 
Copies of published material are allowed for personal or inter-
nal use. Sharing published material for non-commercial pur-
poses is subject to the following conditions: 
https://creativecommons.org/licenses/by-nc/4.0/legalcode,
sect. 3. Reproducing and sharing published material for com-
mercial purposes is not allowed without permission in writing
from the publisher.

Correspondence: 
naotot@doc.med.akita-u.ac.jp

Ferrata Storti
Foundation

Haematologica 2018
Volume 103(11):1835-1842

ARTICLEChronic Myeloid Leukemia

doi:10.3324/haematol.2018.194894

Check the online version for the most updated
information on this article, online supplements,
and information on authorship & disclosures:
www.haematologica.org/content/103/11/1835

The purpose of this trial was to evaluate the efficacy of 2-year
consolidation therapy with nilotinib, at a dose of 300 mg twice
daily, for achieving treatment-free remission in chronic myeloid

leukemia patients with a deep molecular response (BCR-ABL1IS

≤0.0032%). Successful treatment-free remission was defined as no con-
firmed loss of deep molecular response. We recruited 96 Japanese
patients, of whom 78 sustained a deep molecular response during the
consolidation phase and were therefore eligible to discontinue nilotinib
in the treatment-free remission phase; of these, 53 patients (67.9%;
95% confidence interval: 56.4–78.1%) remained free from molecular
recurrence in the first 12 months. The estimated 3-year treatment-free
survival was 62.8%. Nilotinib was readministered to all patients (n=29)
who experienced a molecular recurrence during the treatment-free
remission phase. After restarting treatment, rapid deep molecular
response returned in 25 patients (86.2%), with 50% of patients achiev-
ing a deep molecular response within 3.5 months. Tyrosine kinase
inhibitor withdrawal syndrome was reported in 11/78 patients during
the early treatment-free remission phase. The treatment-free survival
curve was significantly better in patients with undetectable molecular
residual disease than in patients without (3-year treatment-free sur-
vival, 75.6 versus 48.6%, respectively; P=0.0126 by the log-rank test).
There were no significant differences in treatment-free survival
between subgroups based on tyrosine kinase inhibitor treatment
before the nilotinib consolidation phase, tyrosine kinase inhibitor-
withdrawal syndrome, or absolute number of natural killer cells. The
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Introduction

Nilotinib is a second-generation tyrosine kinase inhibitor
(TKI) that has been shown to be highly efficacious as a
first- or second-line treatment for patients with
Philadelphia chromosome-positive chronic myeloid
leukemia (CML) in chronic phase. In patients newly diag-
nosed with CML in chronic phase superior rates of deep
molecular response (DMR) were achieved with nilotinib in
comparison with imatinib, which is a first-generation TKI
currently used as the standard treatment for this disease.1-3
In addition, switching to nilotinib after a minimum of 2
years on imatinib led to increased DMR rates compared to
remaining on imatinib.4
Recently, treatment-free remission (TFR) has been pro-

posed as a goal for CML treatment.5-7 Indeed, prospective
trials have indicated that imatinib therapy can be success-
fully discontinued in CML patients who have maintained
a DMR for at least 2 years.8-10 In these prospective trials, the
TFR rate was 43% [95% confidence interval (CI): 33–52%]
at 6 months9 and 41% (95% CI: 29–52%) at 12 months in
the STIM1 trial,8 while the TWISTER study revealed a TFR
rate of 47.1% (95% CI: 31.5–62.7%) at 24 months.10
Moreover, the first TFR study of second-generation TKI,
the DADI trial reported by Imagawa et al., showed that
second-generation TKI therapy can be successfully discon-
tinued.11 In this trial, all patients received dasatinib consol-
idation therapy for at least 1 year. The estimated TFR rate
was 49% (95% CI: 36–61%) at 6 months.11 On the other
hand, the ENESTfreedom study, which is a TFR study fol-
lowing frontline nilotinib treatment, required that all
patients sustained DMR during the consolidation phase
with nilotinib for 1 year. The TFR rate at 48 weeks was
51.6% (95% CI: 44.2–58.9%).12 Although the DMR in the
consolidation phase with a second-generation TKI was
sustained in both the DADI trial and the ENESTfreedom
study, the TFR rate was not superior to those in the previ-
ously reported imatinib TFR studies.8-10 Most relapses
occurred within 6 months of discontinuing second-genera-
tion TKI or imatinib therapy, and there was no disease pro-
gression in patients with molecular relapse after discontin-
uation.8-12 All patients who relapsed remained sensitive to
TKI re-treatment in these TFR studies.8-12
Compared to imatinib, nilotinib may enable a greater

proportion of patients with CML in chronic phase to
achieve successful TFR if they receive nilotinib consolida-
tion therapy for 2 years to sustain DMR; this is the same
length of time required to achieve TFR in imatinib stud-
ies.8,9 The aim of this STAT2 trial (Stop Tasigna® Trial) was
to evaluate the efficacy of 2-year consolidation treatment
with nilotinib for achieving successful TFR in patients with
chronic phase CML.

Methods 

Patients and study design
The eligibility criteria for this multicenter, phase II, single-treat-

ment arm, open-label clinical trial included: patients with CML in

chronic phase, age ≥16 years, an Eastern Cooperative Oncology
Group performance status of 0–2, and no severe primary organ
dysfunction. Patients who had accelerated phase or blast crisis
CML, a T315I mutation, or who had received allogeneic
hematopoietic stem-cell transplantation were excluded from this
study. Patients with a DMR (BCR-ABL1IS ≤0.0032% or a molecu-
lar response, MR4.5, defined as a 4.5-log reduction in BCR-ABL1
transcripts according to the international scale], assessed by real-
time quantitative polymerase chain reaction (RQ-PCR), under
treatment with imatinib or a second-generation TKI following
imatinib were eligible for the STAT2 trial. Nilotinib (300 mg) was
administered twice daily (600 mg/day) for 2 years in the consoli-
dation phase. Patients who maintained a MR4.5 during the 2-year
consolidation phase were eligible to enter the TFR phase and
cease nilotinib treatment. Molecular recurrence was defined as
the loss of a major molecular response (MMR: BCR-ABL1IS ≤0.1%)
or confirmed loss of MR4.5 (at two consecutive assessments within
4 weeks) after discontinuing nilotinib, based on criteria used both
in the STIM1 trial8 and the TWISTER study.9 Patients with molec-
ular recurrence during the TFR phase restarted nilotinib 300 mg
twice daily, thus entering the re-treatment phase. 

Endpoints and assessments
The primary endpoint of the STAT2 trial was the 12-month

TFR rate after discontinuing nilotinib treatment; secondary end-
points were the 24-month TFR rate after discontinuing nilotinib
treatment, the 3-year treatment-free survival, and the MR4.5 rate
and time to MR4.5 achieved by nilotinib in the re-treatment phase.
Safety profiles, especially vascular adverse events in the consoli-
dation phase or symptoms related to TKI withdrawal syndrome
in the TFR phase, were evaluated. Adverse events were assessed
according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.03. 
MR was evaluated by BCR-ABL1IS RQ-PCR analysis upon study

entry and every 3 months thereafter in the consolidation phase.
After discontinuing nilotinib in the TFR phase, molecular recur-
rence was monitored by monthly BCR-ABL1IS RQ-PCR testing in
the first year, bi-monthly testing in the second year, then every 3
months thereafter. In the re-treatment phase, BCR-ABL1IS was
monitored by monthly RQ-PCR testing. The study protocol was
terminated when MR4.5 was re-achieved, or when BCR-ABL1IS

increased twice consecutively in the re-treatment phase.
BCR-ABL1IS RQ-PCR was performed using a Molecular MD

One-Step qRT-PCR BCR-ABL kit (BML Inc., Kawagoe, Japan). To
validate BCR-ABL1 amplification, ABL1 was used as an internal
control. A MMR was defined as a 3-log reduction in the BCR-
ABL1 transcript according to the international scale (BCR-ABL1IS

≤0.1%), MR4.5 was defined as a 4.5-log reduction in the BCR-ABL1
transcript (BCR-ABL1IS ≤0.0032%), and MR5 was defined as a 5-
log reduction in the BCR-ABL1 transcript (BCR-ABL1IS ≤0.001%),
as described above. Undetectable molecular residual disease was
defined as undetectable BCR-ABL1 transcript with MR5 (UMRD
with MR5). At least 100,000 control genes (ABL1) were required
for a sample to be considered as adequate. 

Ethics
Forty-six institutions participated in this study. The study was

conducted in accordance with the principles of the Declaration of
Helsinki. Written informed consent was obtained from each par-

results of this study indicate that it is safe and feasible to stop tyrosine kinase inhibitor therapy in
patients with chronic myeloid leukemia who have achieved a sustained deep molecular response with
2 years of treatment with nilotinib. This study was registered with UMIN-CTR (UMIN000005904).



ticipant before enrollment. The study was approved by the Ethics
Committee of Akita University (N. 786) and by all institutional
ethic committees that participated in this study. The study was
registered with UMIN-CTR (UMIN000005904).

Results 

Patients and treatment 
Between July 2011 and December 2012, 96 patients who

achieved MR4.5 were enrolled in the STAT2 trial. These
patients started treatment in the consolidation phase and
were defined as the safety analysis set. Seventy-eight
patients entered the TFR phase and were analyzed as the
full analysis set for TFR. The baseline demographics of the
safety and full analysis sets are shown in Table 1. 
The median age in the safety analysis set was 55.5 years

(range, 20–83). Thirty-six (37.5%) patients were female
and 16 (16.7%) patients had been administered interferon-
a before TKI treatment. Based on TKI therapy prior to
entry into the current study, patients were classified into
three groups: 50 patients (52.1%) who had received only
imatinib (‘imatinib only’), 40 patients (41.7%) who had
received nilotinib following imatinib (‘nilotinib following
imatinib’, including patients from the STAT1 study), and
six patients (6.3%) who had received other therapy

(‘other’). The STAT1 study (Switch to Tasigna® Trial) is a
clinical trial to evaluate the efficacy of 2-year consolidation
treatment with nilotinib for achieving DMR in chronic
phase CML patients with MMR, recently reported by our
study group.13 Among 40 patients in STAT2 treated by nilo-
tinib following imatinib, 21 patients joined this study from
STAT1 since they achieved MR4.5 in the STAT1 study. The
reasons for switching from imatinib to nilotinib in the 40
patients included imatinib resistance in 7.5%, imatinib
intolerance in 20.0%, and upon patients’ request in 72.5%
(Online Supplementary Table S1). The median duration of
imatinib or nilotinib treatment was 73.6 months (range,
11–126) or 7.7 months (range, 0–35), respectively. All
patients showed MR4.5 at the time of entry into the study,
and the median time to MR4.5 on TKI therapy was 48.1
months (range, 6–128). Among 96 patients in the safety
analysis set, 70 (73.7%) achieved the MR4.5 by prior ima-
tinib treatment and 25 (26.3%) by prior nilotinib treat-
ment. Comparing patients in different subgroups based on
prior TKI therapy (‘imatinib only’ versus ‘nilotinib follow-
ing imatinib’), there were no significant differences except
in the duration of imatinib therapy and time to MR4.5

(Online Supplementary Table S1). Of these, 40 patients in the
‘imatinib only’ group, 33 patients in the ‘nilotinib follow-
ing imatinib’ group, and five patients in the ‘other’ group
entered the TFR phase.
Nilotinib was taken twice daily (600 mg/day) for 2 years

in the consolidation phase (median dose intensity, 600
mg/day). Patients’ outcomes at the end of the consolida-
tion phase at 24 months are summarized in Table 2.
Among the 96 patients in the safety analysis set, 18
(18.8%) discontinued the study treatment. The most fre-
quent reason for discontinuation was adverse events; dis-
ease progression was not observed in any of the patients.

Treatment-free remission after nilotinib discontinuation
Among the 96 patients in the safety analysis set, 78 with

sustained MR4.5 during the consolidation phase were eligi-
ble for nilotinib discontinuation in the TFR phase. The
median follow-up of patients in the TFR phase was 35.4
months (range, 1.8–44.2). Among the 78 patients, 53
remained in the TFR phase without a confirmed loss of
MR4.5 in the first 12 months; the 12-month TFR primary
endpoint was 67.9% (95% CI: 56.4–78.1%), exceeding the
targeted 40% success rate. The 24-month TFR rate was
62.8% (95% CI: 51.1–73.5%). The Kaplan-Meier curve for

TFR after 2-year nilotinib consolidation
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Table 1. Baseline demographics of all patients included in the study.
                                                           SAS (n=96)                  FAS (n=78)
                                                       before entering            before entering 
                                                 the consolidation phase      the TFR phase

Age (years)                                                55.5 (20–83)                     57.0 (22–85)
Sex
Male                                                              60 (62.5)                           45 (57.7)
Female                                                         36 (37.5)                           33 (42.3)
Sokal risk
Low                                                                56 (59.6)                           44 (57.1)
Intermediate                                               20 (21.3)                           17 (22.1) 
High                                                               18 (19.1)                           16 (20.8)
Prior interferon-a                                       16 (16.7)                           12 (15.4)
Prior TKI before the trial
Only imatinib                                              50 (52.1)                           40 (51.3)
Nilotinib following imatinib                     40 (41.7)                           33 (42.3)
Other                                                              6 (6.3)                                5 (6.4)
Total duration of TKI                                75.6 (8–131)                    99.0 (25–156)
treatment (months)
Duration of imatinib (months)            73.6 (11–126)                   74.9 (11–125)
Duration of nilotinib (months)               7.7 (0–35)                       25.3 (23–60)
Time to CCyR (months)                            5.6 (1–63)                         5.5 (1–63)
Time to MMR (months)                          14.5 (3–103)                     14.2 (3–103)
Time to MR4.5 (months)                           48.1 (6–128)                     47.9 (6–128)
Treatment at achieving MR4.5

Imatinib                                                        70 (73.7)                           58 (75.3)
Nilotinib                                                       25 (26.3)                           19 (25.7)
Molecular status
MR4.5                                                               96 (100)                            78 (100)
UMRD with MR5                                          29 (30.2)                           41 (52.6)

Data are given as median (range) or n (%). SAS: safety analysis set; FAS: full analysis
set; TFR: treatment free remission; TKI: tyrosine kinase inhibitor; CCyR: complete cyto-
genetic response; MMR: major molecular response; MR4.5: 4.5-log reduction of BCR-
ABL1 transcripts by IS-PCR; UMRD: undetectable BCR-ABL1 transcript; MR5: 5-log
reduction of BCR-ABL1 transcripts by IS-PCR.

Table 2. Patients’ outcomes and dose intensity at the end of the 2-year
nilotinib consolidation phase.
                                                                               SAS (n=96)

Dose reduction                                                                     14 (14.6)
Interruption                                                                           13 (13.5)
Treatment discontinuation                                                 18 (18.8)
Adverse events                                                                      6 (6.3)
Confirmed loss of MR4.5                                                       3 (3.1)
Withdrawal of consent                                                        4 (4.2)
Lost to follow-up                                                                  1 (1.5)
Other                                                                                       6 (6.3)
Duration of nilotinib (days)                                          737.5 (14–859)
Dose intensity of nilotinib (mg/day)                        600 (204.6–674.5)

Data are given as n (%) or median (range). SAS, safety analysis set; MR4.5, 4.5-log reduc-
tion of BCR-ABL1 transcripts by IS-PCR.



treatment-free survival is shown in Figure 1A. The estimat-
ed 3-year treatment-free survival was 62.8%. Among
patients with a confirmed loss of MR4.5, 25 patients lost the
MR4.5 within the first 6 months after discontinuing nilotinib
(median, 3.4 months; range, 1.8–5.8 months), and the
remaining four patients lost the MR4.5 between 16 and 20
months within the TFR phase (Figure 1B). 
In a subanalysis of groups based on prior TKI before

entry into the STAT2 trial, the 12-month TFR rate was
62.5% (95% CI: 45.8–77.3%) in the ‘imatinib only’ group
and 69.7% (95% CI: 51.3–84.4%) in the ‘nilotinib follow-
ing imatinib’ group. In another subanalysis based on posi-
tivity of molecular residual disease (MRD) before the TFR
phase, the 12-month TFR rate was 56.8% (95% CI: 39.5–

72.9%) in the MRD group and 78.0% (95% CI: 62.4–
89.4%) in the UMRD with MR5 group; the corresponding
24-month TFR rates were 48.6% (95% CI: 31.9–65.6%)
and 75.6% (95% CI: 59.7–87.6%).
An analysis of baseline factors as predictors of TFR at 12

months was conducted. With the exception of detectable
MRD before entering the TFR phase (odds ratio, 0.369;
95% CI: 0.138–0.988; P=0.0473), there were no significant
predictors in the univariate logistic regression analysis,
including the absolute number of natural killer cells and
natural killer cell cytotoxicity (Table 3). Multivariate analy-
sis was not, therefore, performed. On the other hand, the
treatment-free survival curve was significantly better in the
UMRD with MR5 group than in the MRD group (estimated
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Figure 1. Treatment-free remission after 2-year consolidation with nilotinib. (A)
Kaplan-Meier estimates of treatment-free survival after discontinuation of nilotinib
(n=78). (B) The kinetics of BCR-ABL1 transcripts in the treatment-free remission
(TFR) phase. Twenty-five patients lost MR4.5 within 12 months and eight patients
showed fluctuations in the amounts of BCR-ABL1 transcript around the MR4.5 level.
Among the eight patients with fluctuations, four lost MR4.5 after 16, 16, 17, and 20
months. (C) Kaplan-Meier estimates of treatment-free survival after discontinuation
of nilotinib according to the molecular response [molecular residual disease (MRD)
positive or undetectable MRD (UMRD with MR5)] at enrollment in the TFR phase.
UMRD with MR5 was defined as undetectable BCR-ABL1 transcripts by IS-PCR in
which at least 100,000 control genes (ABL1) were required for the sensitivity of MR5.
(D) Cumulative incidence of MR4.5 in patients who lost MR4.5 during the TFR phase
and were subsequently readministered nilotinib (n=29). (E) Cumulative incidence of
reacquisition of major molecular response (MMR) in patients who lost MMR and
were readministered nilotinib (n=16). 

A

C

B

D E



3-year treatment-free survival, 75.6 versus 48.6%; P=0.0126
by the log-rank test) (Figure 1C). There were no significant
differences in the treatment-free survival curves between
subgroups based on TKI treatment prior to the consolida-
tion phase by nilotinib (‘imatinib only’ versus ‘nilotinib fol-
lowing imatinib’ group, P=0.9508 by the log-rank test),
presence of TKI withdrawal syndrome (P=0.4096 by the
log-rank test), or absolute number of natural killer cells (≥
median versus < median, P=0.4527 by the log-rank test). 

Response to nilotinib treatment re-initiation
Nilotinib was readministered to all 29 patients with a

molecular recurrence during the TFR phase. After recom-
mencing treatment, MR4.5 rapidly returned in 25 patients
(86.2%), with 50% of patients achieving MR4.5 within 3.5
months (Figure 1D). Four out of 29 patients discontinued
treatment: one patient discontinued at 1 month because of
a nilotinib-associated rash, one at 2.5 months following the
patient’s request, and two at 10 and 11 months because of
increasing BCR-ABL1IS. Despite discontinuation of the
study, all patients, including the two patients with increas-
ing BCR-ABL1IS during the re-treatment phase, achieved
DMR. The clinical course details of these four patients are
shown in Online Supplementary Figure S1. Among 29
patients with a molecular recurrence, 16 had lost their

MMR at the first or second assessment of BCR-ABL1IS

using RQ-PCR during the TFR phase. After starting treat-
ment again, a MMR rapidly returned in all 16 patients
(100%) in 3 months and 50% of patients achieved the
MMR within 2 months (Figure 1E). 

Safety, vascular adverse events, and tyrosine kinase
inhibitor withdrawal syndrome
No patients progressed to accelerated phase or blast cri-

sis CML, or died during this study. Adverse events (all
grades) were reported in 55 patients (57.3%) in the safety
analysis set in the consolidation phase, and 30 patients
(38.7%) in the full analysis set in the TFR phase; the inci-
dence of grade 3/4 adverse events was 14.6%, and 2.6% in
the safety analysis set and full analysis set, respectively
(Online Supplementary Table S2). 
Vascular adverse events of any grade were reported in six

patients (6.2%) during the nilotinib consolidation phase
(Table 4). Ischemic heart disease (acute coronary syndrome
or angina pectoris) was reported in three patients and cere-
bral infarctions in three patients, but peripheral arterial
occlusive disease was not reported in any patient. Among
the six patients with vascular adverse events, four had at
least one traditional risk factor for such events (e.g., hyper-
tension, hyperlipidemia, diabetes mellitus, smoking, or

TFR after 2-year nilotinib consolidation
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Table 3. Univariate analysis of predictive factors for treatment-free remission at 12 months.
                                                           Coefficient                     SE                       DF                  P-value                       OR                            95% CI

Age (years)                                                       0.0168                           0.0190                          1                        0.3769                           1.017                             0.980–1.055
Height (cm)                                                     -0.0387                          0.0265                          1                        0.1447                           0.962                             0.913–1.013
Body weight (kg)                                            -0.0122                          0.0226                          1                        0.5876                           0.988                             0.945–1.033
Comorbidity                                                      0.3325                           0.5125                          1                        0.5165                           1.395                             0.511–3.808
Platelet count                                                   0.0083                           0.0055                          1                        0.1322                           1.008                             0.997–1.019
Blast cells in PB (%)                                     -0.1340                          0.1683                          1                        0.4259                           0.875                             0.629–1.216
Eosinophils in PB (%)                                   -0.0803                          0.0680                          1                        0.2379                           0.923                             0.808–1.054
Basophils in PB (%)                                       0.0343                           0.0466                          1                        0.4612                           1.035                             0.945–1.134
Spleen size (cm)                                            -0.1052                          0.0839                          1                        0.2099                           0.900                             0.764–1.061
Sokal risk (low)                                              -0.5124                          0.5933                          1                        0.3878                           0.599                             0.187–1.916
Hasford (low)                                                 -0.2131                          0.5112                          1                        0.6768                           0.808                             0.297–2.201
EUTOS (low)                                                  -0.1178                          0.6687                          1                        0.8602                           0.889                             0.240–3.297
Prior interferon-a                                          0.4283                           0.7163                          1                        0.5499                           1.535                             0.377–6.248
Duration of imatinib (days)                         0.0000                           0.0002                          1                        0.8169                           1.000                             1.000–1.000
Time to CCyR (days)                                     -0.0005                          0.0009                          1                        0.5240                           0.999                             0.998–1.001
Time to MMR (days)                                      0.0001                           0.0004                          1                        0.6993                           1.000                             0.999–1.001
Time to MR4.5 (days)                                       0.0126                           0.0082                          1                        0.1227                           1.013                             0.997–1.029
MRD positive                                                   -0.9966                          0.5025                          1                        0.0473                           0.369                             0.138-0.998
Total nilotinib dose (mg)                              0.0000                           0.0000                          1                        0.3515                           1.000                             1.000–1.000
Duration of nilotinib (days)                         0.0066                           0.0097                          1                        0.4956                           1.007                             0.988–1.026
Nilotinib dose intensity (mg/day)              -0.0056                          0.0051                          1                        0.2713                           0.994                             0.984–1.004
T cells (CD3+CD8+)                                        -0.0335                          0.0338                          1                        0.3207                           0.967                             0.905–1.033
T-LGL (CD3+CD57+)                                       -0.0221                          0.0306                          1                        0.4714                           0.978                             0.921–1.039
NK cells (CD3-CD56+)                                   -0.0010                          0.0013                          1                        0.4305                           0.999                             0.997–1.001
NK cells (CD16+CD56+)                                -0.0191                          0.0265                          1                        0.4723                           0.981                             0.931–1.033
NK cell activity E/T ratio 10:1                       -0.0220                          0.0208                          1                        0.2915                           0.978                             0.939–1.019
NK cell activity E/T ratio 20:1                       -0.0112                          0.0150                          1                        0.4527                           0.989                             0.960–1.018
SE: standard error; OR: odds ratio; 95% CI: 95% confidence interval; PB: peripheral blood; CCyR: complete cytogenetic response; MMR: major molecular response; MR4.5: 4.5-log
reduction of BCR-ABL1 transcripts by IS-PCR; MRD:molecular residual disease; T-LGL:T-cell large granular lymphocytes; NK: natural killer; E/T: effector-target cell. 



chronic kidney disease). Percutaneous intervention was
performed in three patients with ischemic heart disease.
All patients, except one, with vascular adverse events
recovered or improved. Although three patients with vas-
cular adverse events stopped nilotinib treatment and
switched to another TKI, three patients continued the
study treatment and entered the TFR phase, eventually
achieving successful TFR. No patients developed new vas-
cular adverse events during the TFR phase.
Arthralgia was reported only in the TFR phase (Online

Supplementary Table S2). Eleven patients reported muscu-
loskeletal pain events during the early phase of the TFR;
these events were categorized as TKI withdrawal syn-
drome. The characteristics of the patients with TKI with-
drawal syndrome are described in Table 5. The median
time of onset of the TKI withdrawal syndrome in the TFR
phase was 1 month (range, 0–6). All patients recovered
completely with or without treatment. Of the 11 patients
with the syndrome, eight (73%) maintained TFR at 12
months and remained in remission throughout the 36-
month follow-up period. There were no significant differ-
ences in the TFR survival curves between subgroups based
on TKI withdrawal syndrome.

Discussion 

The design of the STAT2 trial resembled that of the
STIM18,9 and TWISTER trials,10 with the aim of adminis-
tering a TKI during a 2-year consolidation phase to obtain
a sustained DMR before TKI discontinuation. In this trial,
in contrast to the aforementioned studies, imatinib was
replaced with nilotinib as the consolidation TKI therapy.
However, the assessment of BCR-ABL1 and the definition
of molecular recurrence in this trial are identical to those
in the aforementioned studies.8-10 Nilotinib was adminis-
tered instead of imatinib because previous studies had
indicated that nilotinib could induce DMR in a greater
number of patients than imatinib,1-3 thereby potentially
increasing the number of patients who achieve successful
TFR. The 2-year period of consolidation therapy in this
study was selected as the STIM18,9 and TWISTER10 trials
required 2 years of sustained DMR before stopping ima-
tinib therapy. Additionally, our retrospective study
revealed that a DMR duration of at least 2 years was a
significant predictive factor for successful TFR in Japanese
CML patients.14 Therefore, the treatment duration for this
trial involved a consolidation phase of 2 years, and sus-
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Table 4. Treatment-related vascular adverse events in the consolidation phase.
      Age            Sex          Duration          Duration         Traditional     Vascular         CTCAE             Outcome                               Treatment outcome
  (decade)       (M/F)      of imatinib       of nilotinib             risk           adverse           grade
                                       (months)         (months)            factors         events                                                                               

      40s                 M                  99.4                      22.6              Hypertension          CI                       2                     Improvement                             Nilotinib discontinuation,
                                                                                                                                                                                                                                                  switched TKI 
        70s                  F                   41.5                      22.4                     None                ACS                     3                     Improvement by PCI                 Entered TFR phase
        70s                  F                   87.2                      52.6              Hypertension         AP                      3                     Improvement by PCI                 Entered TFR phase
        40s                  F                   70.3                      10.5                     None                 CI                       2                     Recovery                                      Nilotinib discontinuation,
                                                                                                                                                                                                                                                  switched TKI
        80s                 M                  45.7                      24.0              Hypertension          CI                       2                     No change                                   Entered TFR phase
        70s                 M                 124.6                     17.9                  DM, CKD            ACS                     3                     Recovery by PCI                         Nilotinib discontinuation,
                                                                                                                                                                                                                                                  switched TKI
M: male; F: female; CTCAE: Common Terminology Criteria for Adverse Events; DM: diabetes mellitus; CKD: chronic kidney disease; CI: cerebral infarction; AP: angina pectoris; ACS:
acute coronary syndrome; PCI: percutaneous intervention; TFR: treatment-free remission; TRI: tyrosine kinase inhibitor.

Table 5. Tyrosine kinase inhibitor withdrawal syndrome in the treatment-free remission phase.
     Age         Sex       Duration       Muscle       Time    CTCAE        Localization of symptoms                                   WS therapy      Duration         TFR at 
 (decade)    (M/F)        of TKI           pain         of WS    grade                                                                                                             of WS        12 months
                                (months)    before DC (months)                                                                                                                                          (months)

      50s              F                 103                 Yes                0              1               Myalgia, whole body                                                            None                    5                      Yes
      50s              F                 107                 No                 1              2               Arms                                                                                      NSAID                  10                     Yes
      50s              F                 124                 No                 1              2               Hands, wrists, arms, shoulders, legs                            NSAID                   5                      Yes
      30s              F                  51                   No                 1              1               Hands, elbows                                                                     NSAID                   7                       No
      60s              F                  94                   No                 1              3               Hands, feet                                                                    Prednisolone           19                      No
      30s             M                120                 Yes                1              1               Hands, wrists, shoulders, lower back, legs                  None                   13                     Yes
      50s              F                 140                 No                 2              2               Shoulders, legs, knees                                               Prednisolone           26                     Yes
      50s              F                 139                 No                 3              1               Hands, wrists, elbows, arms                                            None                   17                      No
      40s             M                 99                   No                 3              1               Hands, wrists, elbows, arms                                            None                   14                     Yes
      50s             M                135                 No                 5              2               Hands                                                                             Prednisolone           15                     Yes
      60s              F                  88                   No                 6              2               Hands, wrists, elbows, lower back                                 NSAID                  11                     Yes
M: male; F: female;  TKI: tyrosine kinase inhibitor; DC: discontinuation of nilotinib; WS: withdrawal syndrome; CTCAE: Common Terminology Criteria for Adverse Events (for the
highest grade in the TFR phase); TFR: treatment-free remission; NSAID: non-steroidal anti-inflammatory drugs.



tained DMR without loss of MR4.5 was confirmed by reg-
ular BCR-ABL1IS RQ-PCR testing for 2 years.
Among 78 patients who entered the TFR phase, 53

remained in TFR in the first 12 months; the 12-month TFR
primary endpoint was, therefore, 67.9% (95% CI: 56.4–
78.1%). Although the TFR rate is higher than that in the
STIM1 trial (41%; 95% CI: 29–52%), it is difficult to com-
pare this result with those in other TFR studies with vary-
ing designs. Among 29 patients with a molecular recur-
rence, MR4.5 was rapidly regained in 25 patients who were
readministered nilotinib, and no patients progressed to
accelerated phase or blast crisis CML in this study. Thus,
our findings suggest that nilotinib therapy may allow the
majority of patients to achieve successful TFR after discon-
tinuation of nilotinib; this result is comparable to those of
previous TFR studies with imatinib.8-10
In this study, the identified predictive factor for success-

ful 12-month TFR was UMRD with MR5 before discontin-
uation of nilotinib. In the EURO-SKI trial, there were no
differences in MMR status at 6 months after treatment stop
between depths of molecular response (MR4.5 versus no
MR4.5).15 However, our finding suggests that a deeper MR
favors successful achievement of TFR in CML patients,
which is consistent with data from previous studies.16,17
Among four patients without TFR in the late TFR phase, in
whom MR4.5 loss occurred at 16, 16, 17, and 20 months,
three patients had MRD before entering the TFR phase. It
is difficult to determine the quantity of BCR-ABL1 mRNA
below MR4.5/MR5 because of the sensitivity of IS-RQ-
PCR.18 However, UMRD with MR5 before TFR is one of
the minimum requirements for TFR and the sustained
duration of DMR might be a surrogate marker for the mag-
nitude of the MR or the eradication of MRD during TKI
treatment.19,20 Meanwhile, 1-year consolidation with either
dasatinib or nilotinib, which are both second-generation
TKI, was proposed in the DADI trial11 and the ENEStop
study,21 respectively. Although the 1-year consolidation
enabled identification of enrolled patients who had sus-
tained MR4.5 and were eligible to stop treatment,21 it is still
unknown whether 1 year of consolidation with a second-
generation TKI is sufficient to achieve DMR/UMRD below
MR4.5/MR5 for TFR.
Of the 96 patients in the safety analysis set, 78 achieved

a sustained MR4.5 on nilotinib consolidation and entered
the TFR phase, including 33 patients (42.3%) who were
treated with nilotinib following imatinib prior to enroll-
ment in STAT2. Most patients (n=29, 72.5%) were
switched from imatinib to nilotinib at the patients’ request
prior to the trial, primarily to obtain a deeper and more sus-
tained MR, despite not having imatinib resistance or intol-
erance. Similarly, the ENESTcmr study showed that a sig-
nificant minority of patients who continued with imatinib
therapy did later achieve DMR.4 In the subanalysis evalu-
ating prior TKI exposure, the 12-month TFR was almost
identical between patients treated with only imatinib
(62.5%) and those treated with nilotinib following ima-
tinib (69.7%). This suggests that, regardless of the specific
TKI, DMR is the first step for achieving successful TFR in
patients with CML.  
The proportion of natural killer cells in peripheral blood

has been reported as a predictive marker, which might be
related to a previously reported immuno-oncological
effect.22,23 However, it was beyond the remit of this trial to

identify the significance of either the activity or the propor-
tion or natural killer cells in peripheral blood. 
TKI withdrawal syndrome is the most common muscu-

loskeletal pain-related adverse event in imatinib TFR stud-
ies, being first reported in the EURO-SKI trial.24 TKI with-
drawal syndrome was detected in 11 patients in the TFR
phase in this study. Rousselot et al. suggested that pro-
longed inhibition of c-Kit signaling by imatinib may mod-
ulate nociceptive sensitivity, and that the sudden discontin-
uation of imatinib may reverse this phenomenon.25 As nilo-
tinib targets the same tyrosine kinases as imatinib, includ-
ing BCR-ABL kinase and c-Kit, albeit with differing poten-
cies, nilotinib may also result in TKI withdrawal syndrome
via the same mechanisms. Although TKI withdrawal syn-
drome was reported as an independent predictive factor
for successful TFR by a Korean group,26 there was no sig-
nificant relationship between TKI withdrawal syndrome
and TFR identified in this nilotinib TFR study. However,
because of the limited number of events during the TFR
phase, univariate analysis is definitely limited in identify-
ing a significant relationship between TKI withdrawal syn-
drome and TFR. Further examination with larger numbers
of patients will be necessary to identify biomarkers for suc-
cessful TFR. 
Although the safety of nilotinib is generally regarded as

being acceptable, vascular adverse events are an important
concern in nilotinib therapy. The frequency of such events
in this study was similar to the frequency in the nilotinib
300 mg twice daily arm in the ENESTnd trial.3 The inci-
dence of vascular adverse events in patients treated with
nilotinib 300 mg twice daily was estimated to be 2.8 per
100 patient-years in a meta-analysis.27 In the STAT2 trial, all
patients with vascular adverse events, except one, either
recovered or improved with intervention or supportive
care after nilotinib discontinuation. Moreover, three
patients achieved TFR after the occurrence of vascular
adverse events during the TFR phase of STAT2. Since four
of the six patients had at least one traditional risk factor for
vascular adverse events, patients should be carefully
screened for risk factors prior to nilotinib administration,
with appropriate treatment or supportive care of comor-
bidities to avoid the development of vascular adverse
events. After considering the risk of vascular adverse
events in patients given consolidation with nilotinib, we
conclude that this therapeutic agent can be safely adminis-
tered to achieve a successful TFR in CML patients.
In conclusion, although previous evidence regarding TFR

after discontinuation of second-line nilotinib therapy is
limited, our study suggests that a 2-year consolidation peri-
od of nilotinib therapy can safely induce higher TFR rates
in patients with MR4.5. Thus, 2-year consolidation therapy
with this agent may be an effective strategy for achieving
TFR in large numbers of CML patients.
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