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Abstract The objective of this prospective clinical trial
(JALSG-STIM213, UMIN000011971) was to evaluate
treatment-free remission (TFR) rates after discontinuation of
imatinib in chronic myeloid leukemia (CML). CML patients
who received imatinib treatment for at least 3 years and sus-
tained deep molecular response for at least 2 years were
eligible. Molecular recurrence was defined as loss of major
molecular response (MMR). Of the 68 eligible patients,
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38.2% were women, the median age was 55.0 years, and the
median duration of imatinib treatment was 97.5 months. The
12-month TFR rate was 67.6%. Patients who lost MMR were
immediately treated with imatinib again; all re-achieved
MMR. Three-year treatment-free survival (TFS) was esti-
mated as 64.6% using the Kaplan—-Meier method. Undetect-
able molecular residual disease (UMRD) was defined as no
BCR-ABLI in > 100,000 ABLI control genes using interna-
tional scale polymerase chain reaction. UMRD at the study
baseline was found to be predictive of continuation of TFR.
Our findings suggest that CML patients who meet all the
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eligibility criteria that have commonly been used in the TFR
trials are able to discontinue imatinib use safely. TFR may
thus be valuable as a new goal for CML treatment in Japan.

Keywords Imatinib - BCR-ABLI - Treatment-free
remission - Undetectable molecular residual disease - Deep
molecular response

Introduction

Chronic myeloid leukemia (CML) is caused in hematopoi-
etic stem cells by the BCR-ABLI fusion gene on the Phila-
delphia chromosome. CML is a rare hematological malig-
nancy, occurring at an incidence of approximately 1-2 per
100,000 person-years [1-3]. Without any treatment, CML in
the chronic phase (CP) progresses to the accelerated phase
(AP) or blast phase (BP), which are usually associated with a
lethal outcome in 5 years [4, 5]. The tyrosine kinase inhibitor
(TKI) imatinib, which inhibits function of BCR-ABLI tyros-
ine kinase, has dramatically improved the prognosis of CML
[6-8] and has become a standard therapy for CML [9, 10].

However, according to the Japanese Society of Hematol-
ogy (JSH) guidelines [11] and the European LeukemiaNet
(ELN) guidelines [12], patients with CML should not stop
imatinib therapy because imatinib is unable to eradicate
CML stem cells in vitro and in vivo [13-15]. Although
allogenous hematopoietic stem cell transplantation (allo-
HSCT) is the only curative treatment to eradicate CML stem
cells [16], the outcome of allo-HSCT depends on treatment-
related mortality, the risk of which is associated with disease
status, age, complications, and donor types [17]. Further-
more, the JSH guidelines do not recommend allo-HSCT for
patients with CML-CP who respond to TKI [11]. So, CML
patients are generally expected to continue TKI treatment
throughout their lives.
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Nevertheless, a prospective treatment-free remission
(TFR) study, the Stop Imatinib (STIM) trial, suggested
that approximately 39% of CML patients who maintained
deep molecular response (DMR) for more than 2 years
could safely stop imatinib [18, 19]. Although 61 of the 100
enrolled CML patients lost DMR, no patient progressed to
AP/BC and 56 patients re-achieved DMR after re-treatment
with imatinib [18, 19]. Since this pivotal study, TFR has
been extensively studied and several TFR trials have been
published to date [20-24]. Although these prospective TFR
studies confirmed that 40-60% of CML patients could safely
stop imatinib, the definition of molecular relapse varied
across studies [25]. Additionally, few of the studies included
Japanese cohorts that could be used as a basis for revising
the JSH guidelines for CML treatment [22, 26]. Moreover,
many Japanese patients with CML have been receiving
imatinib treatment for long periods and have had continued
DMR. According to a survey by members of the JSH, these
patients often hope to stop taking imatinib for various rea-
sons, including mild adverse events, health care costs, and
the desire to become pregnant [27].

We conducted a phase 2 clinical trial JALSG-STIM213,
UMINO000011971) to evaluate the rate of successful TFR,
assess the safety of discontinuing imatinib, and define pre-
dictive factors for successful TFR after imatinib has been
stopped.

Materials and methods
Study design and patients

JALSG-STIM213 is a phase 2, multicenter, single-arm
study performed by the Japan Adult Leukemia Study Group
(JALSG) in Japan. This study was conducted in accordance
with the Declaration of Helsinki. Written informed consent
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was obtained from all individual participants before enroll- Figure 1a presents the study design of JALSG-STIM?213.
ment. The study was approved by the Ethics Committee of  Patients with CML-CP who received imatinib treatment for
Akita University (no. 1051) and by the ethics committees of ~ at least 3 years and who sustained DMR (at least 4-log reduc-
all institutions that participated in this study. tion of BCR-ABLI mRNA) for at least 2 years [confirmed

Fig. 1 a STIM213 study A IS-PCR monitoring: 1/M  1/2M 1/3M
design. TFR* was defined as

no findings of loss of MMR (IS
> 0.1%) after discontinuation of
treatment. Molecular responses

were assessed regularly by IS-

PCR every month for the first Year 1 Year 2 Year 3

6 months, every 2 months for CML-CP with MR*> on IM

the next 6 months, and every (N=68)

3 months thereafter in the TFR

phase. Re-treatment was started 1. IM duration >3 years

immediately at the loss of 2. DMR duration >2 years  STOP-IM Primary endpoint: Secondary endpoint:

MMR without a re-examination TFR* rate at 12 months 3-year treatment-free survival

of IS-PCR. b The kinetics of
BCR-ABL transcript in the TFR
phase. Twenty-five patients B

lost MMR (IS > 0.1%) and 5
patients showed fluctuation
in the value of BCR-ABLI
transcript that was below MMR
level. ¢ Kaplan—Meier estimates s
of treatment-free survival (TFS) :‘:’
after discontinuation of imatinib g
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imatinib until loss of MMR. For
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censored at the date of the last
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by 4 consecutive polymerase chain reaction (PCR) tests]
were eligible. MR*> [BCR-ABLI international scale (IS)
< 0.0032%, 4.5-log reduction of BCR-ABLI mRNA] was
confirmed before stopping imatinib. Patients who were
treated with the other TKIs or received stem cell transplan-
tation were excluded.

In the TFR phase after stopping imatinib, BCR-ABLI" %
was regularly monitored by IS-PCR testing every month for
the first 6 months, every 2 months for the next 6 months, and
every 3 months thereafter. Molecular recurrence was defined
as loss of major molecular response (MMR). When a molec-
ular recurrence was detected, patients started imatinib treat-
ment immediately, without confirmation of loss of MMR
by IS-PCR. In the re-treatment phase, BCR-ABLI IS 9 was
monitored by IS-PCR every month. The study protocol was
terminated at the time that MMR was achieved again, when
BCR-ABLI"™ % increased 3 times consecutively in 6 months,
or at 6 months even if the patient had never re-achieved
MMR.

Real-time quantitative reverse transcription polymerase
chain reaction

During the TFR and re-treatment phases, IS-PCR analyses
were performed using Ipsogen BCR-ABL1M-BCR IS-PCR
kits in a central laboratory (Sysmex, Kobe, Japan). The
Ipsogen IS-PCR kit possesses sufficient sensitivity to score
MR*? according to the strictest conditions for avoiding
false-negative results, as previously reported [28]. MMR was
defined as 3-log reduction (BCR-ABLI 8 <0.1%), MR*? was
defined as 4.5-log reduction in BCR-ABL] transcript (BCR-
ABLI'™S < 0.0032%), and undetectable molecular residual
disease (UMRD) was defined as no BCR-ABLI transcripts.
At least 100,000 control genes (ABLI) were required in IS-
PCR analyses based on the kit-specific limit of detection
(LoD) of 3 BCR-ABLI copies/assay for the sample to be
classified adequately [28].

Study endpoints and assessments

The primary endpoint was the TFR rate at 12 months after
stopping imatinib. Secondary endpoints were the 3-year
treatment-free survival (3y-TFS), MMR rate and time to
MMR achieved by imatinib re-treatment. To establish pre-
dictive factors that were associated with TFR, we evaluated
patients’ characteristics, including sex, Sokal score, Euro-
pean Treatment and Outcome Study (EUTOS) score, prior
interferon-o treatment, duration of imatinib treatment, time
to MMR, time to DMR, and UMRD before TFR phase.
Safety was evaluated during the TFR phase, especially
symptoms related to withdrawal syndrome. Adverse events
were classified using the Common Terminology Criteria for
Adverse Events, version 4.03.

@ Springer

Statistical analysis

The planned sample size was calculated using the 1-arm bino-
mial program from Southwest Oncology Group (SWOG) sta-
tistical tools (https://stattools.crab.org/Calculators/one ArmBi-
nomialColored.html), estimating the minimum number of
patients who would be required to reject the null hypothesis for
the primary endpoint (< 40% TFR rate at 12 months). Assum-
ing that 15% of enrolled patients would not qualify for the TFR
phase, a minimum enrollment of 62 patients was required to
achieve 90% power to reject the null hypothesis with a 1-sided
a-level of 5% if the true TFR rate at 12 months was > 60%.
With an actual enrollment of 68 patients, the power increased
to 95% with all the other assumptions being the same.

The primary endpoint was presented as a percentage with
95% confidence interval (CI). Binomial test (one sided)
of the primary endpoint was performed for a predefined
threshold success rate of 40%. TFS was estimated using the
Kaplan—Meier method and compared between groups using
the log-rank test. TFS was measured from the date of stop-
ping imatinib to the date of first molecular recurrence in
the 68 eligible patients. For patients without a molecular
recurrence, the survival time was censored at the date of the
last assessment. Rates of regained MMR in the re-treatment
phase were reported as cumulative incidences. Deaths before
regaining MMR were treated as competing-risk events. To
identify covariates that predicted longer TFS, univariate
and multivariate Cox regression analyses were performed.
The following variables were considered: patients’ age, sex,
Sokal risk, EUTOS risk, prior interferon-a (IFN-a), dura-
tion of imatinib treatment, time to MMR, time to DMR, and
UMRD before TFR. A stepwise multivariate approach was
used to identify the most important prognostic factors with
a variable retention criterion of two-sided P < 0.05. Vari-
ables which showed associations of marginal significance
(two-sided P < 0.2) were used for multivariate model build-
ing. Statistical analyses were performed with EZR, which
is a graphical user interface for R (version 2.13.0; The R
Foundation for Statistical Computing, Vienna, Austria) [29]
and Stata (version 13.0; Stata Corporation, College Station,
TX, USA).

The data presented herein are based on a cutoff date of 30
June 2017, at which time all patients who entered the TFR
phase had completed > 36 months of TFR, entered the re-
treatment phase, or discontinued the study.

Results
Patients

From 30 November 2013 to 31 March 2014, a total of 77
patients with CML-CP from 26 institutions were screened
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for eligibility to enroll in this study. Nine were excluded
(consent withdrawal n = 1, not MR*> n = 8), and 68 entered
the TFR phase. Of the 68 patients, 26 (38.2%) were women
(Table 1). The median age was 55.0 years. Nine (13.2%)
and 11 patients (16.2%) were classified as belonging to the
high-risk group according to their EUTOS and Sokal risk
scores, respectively. Thirteen patients (19.1%) were treated
with interferon-o (IFN-a) prior to imatinib therapy. Most
patients (73.5%) were treated by a standard dose of imatinib
of 400 mg per day. The median duration of imatinib treat-
ment was 97.5 months (range 78—130 months). The dura-
tion of imatinib treatment was less than 5 years in 12%,
5-8 years in 34%, and > 8 years in 54% of patients. The
median time to MMR was 11.5 months (25th—75th percen-
tiles, 7.5-22.7 months) and the median time to DMR was
30.6 months (25th—75th percentiles, 17.6-59.9 months).
UMRD (BCR-ABLI transcripts not detected) was confirmed
by IS-PCR in 54 patients (79.4%) at the enrollment of this
study.

TFR rate at 12 months and 3y-TFS

At 12 months, 46 of the 68 patients who were eligible to
enter the TFR phase remained in TFR without re-treatment
(67.6%, 95% CI 56.5-78.8%), exceeding the predefined
threshold success rate of 40% (binomial test, one sided
P < 0.0001). Twenty-two patients had a loss of MMR during
the first 12 months and entered into the re-treatment phase
of the study. Additionally, 5 patients had loss of MR* (but
not loss of MMR) and showed fluctuations of BCR-ABLI
transcripts. Of the 5 patients, 3 finally had loss of MMR at
14.9, 34.1, and 36.0 months as late molecular recurrences
(Fig. 1b). The 3y-TFS was estimated to be 64.6% (95% CI
52.0-74.7%) using the Kaplan—-Meier method (Fig. 1c). All
patients with molecular recurrence regained MMR within

6 months after receiving imatinib in the re-treatment phase
of the study (Fig. 1d).

Analysis based on background characteristics

In univariate analyses, UMRD before TFR was the only
factor that was significantly predictive of continuation of
MMR in the TFR phase (hazard ratio for loss of MMR in the
TFR phase: 0.36, 95% CI 0.01-0.09, P = 0.014) (Table 2).
Other factors did not show significant or marginally signifi-
cant associations. Therefore, multivariate analysis was not
performed. As estimated using the Kaplan—Meier method,
the TFS curve was significantly better in patients with
UMRD than in patients with MR*> (3y-TFS 72.2 vs. 35.7%,
P =0.0097) (Fig. le). Comparison of clinical characteristics

Table 2 Univariate analyses for predicting loss of MMR in TFR
phase

Variable HR 95% C1 p value
Sex (male) 1.46 0.63-3.39 0.377
Age (> 56 years) 0.96 0.44-2.11 0.920
Sokal risk (int. or high) 0.89 0.36-2.23 0.803
EUTOS risk (high) 0.51 0.12-2.16 0.361
Prior IFN« (yes) 0.81 0.28-2.36 0.697
Duration of imatinib treatment 1.16 0.25-5.31 0.845
(> 96 month)
Time to MMR (> 12 month) 0.87 0.39-1.91 0.724
Time to DMR (> 36 month) 1.38 0.63-3.03 0.418
UMRD before TFR (yes) 0.36 0.16-0.80 0.014

HR hazard ratio, CI confidence interval, Int. intermediate, EUTOS
European Treatment and Outcome Study, /FN-a interferon-o, MMR
major molecular response, DMR deep molecular response, TFR treat-
ment-free remission, UMRD undetectable molecular residual disease
by IS-PCR

Table 1 Patient characteristics

N =68) Characteristics Median or count Distribution or percentage
Age, year, range 55.0 23-84
Sex, male/female 42/26 61.8%/38.2%
Sokal risk, low/int./high 51/6/11 75.0%/8.8%/16.2%
EUTOS risk, low/high 59/9 86.8%/13.2%
Prior IFN-a, yes/no 13/55 19.1%/80.9%
Dose of imatinib, < 300/300/400 mg 6/12/50 8.9%/17.6%/73.5%
Duration of imatinib treatment, months, 25-75% 97.5 78-130

< 60/60-96/> 96 months 12%/34%/54%

Time to MMR months, 25-75% 11.5 7.5-22.7
Time to DMR months, 25-75% 30.6 17.6-59.9
DMR before TFR, UMRD/MR*> 54/14 79.4%/20.6%

Int. intermediate, EUTOS European Treatment and Outcome Study, /FN-a interferon-a, MMR major
molecular response, DMR deep molecular response, TFR treatment-free remission, UMRD undetectable
molecular residual disease by IS-PCR, MR*’ 4.5-log reduction of BCR-ABLI transcripts by IS-PCR
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between patients with UMRD and those with MR*? revealed
no significant differences (Supplemental Table 1).

Safety and TKI withdrawal syndrome

No patients progressed to AP/BC in this study. There were
no severe adverse events in the TFR phase. In contrast, 10
patients (15%) showed “TKI withdrawal syndrome”, which
is transitory musculoskeletal pain within several weeks
after imatinib discontinuation. Two patients had continued
withdrawal syndrome of grade 1, but the remaining patients
recovered completely with or without treatments, such as
non-steroidal anti-inflammatory drugs (NSAIDs) (Table 3).
Among 10 patients with TKI withdrawal syndrome, 7
patients (70%) had continued TFR throughout the 36-month
follow-up.

Discussion

Recently, National Comprehensive Cancer Network (NCCN)
guidelines have recommended discontinuation of TKI ther-
apy outside of clinical trials for CML patients who meet
several criteria, including having received TKI therapy for
at least 3 years, DMR (BCR-ABLI < 0.01%) for at least
2 years, no history of resistance to any TKI, and monthly
molecular monitoring by IS-PCR [30]. All these criteria fol-
low the common eligibility criteria reported in previous pro-
spective TFR studies [18, 20, 21, 24], and they are also the
same as the eligibility criteria used in the present TFR trial.
In JALSG-STIM213, 67.6% of patients remained in TFR
at 12 months and the 3y-TFS was estimated to be 64.6%,
including 3 late recurrences after 12 months, which was
consistent with results from other TFR studies. The most
important observation is that no one progressed to AP/BC

in JALSG-STIM213 or any of the other clinical trials under
scheduled monitoring with IS-PCR. Our findings suggest
that CML patients who meet the above eligibility criteria
(those listed in the NCCN guidelines and used in the present
trial) could safely stop imatinib outside the setting of clini-
cal trials. This suggestion is also supported by the NCCN
guidelines [30], as well as the new ELN guidelines that will
be revised in the end of 2017 as a result of the EURO-SKI
study [31].

There were 3 late molecular recurrences after 12 months
in this trial. This finding is different from the STIM trial,
in which there have not been any patients with molecular
recurrence after 7 months [18, 19]. It seems that the pres-
ence or absence of late molecular recurrences depends
substantially on the definition of molecular recurrence that
is used. A stricter definition of recurrence was used in the
STIM trial and, if we had used this stricter definition, the 3
patients who showed fluctuation of BCR-ABLI transcripts
would have been re-treated by imatinib within the first
12 months. Therefore, if a different definition of recurrence
had been used, there might not have been any late molecular
recurrences in this trial, as was observed in the STIM trial.
Although the mechanisms of the late molecular recurrences
were not clarified, they might be related to the immunologi-
cal effects of NK/T cells against minimal residual disease
[32].

The TFR rate in JALSG-STIM213 was slightly higher
than the rates that have previously been reported for TFR
trials. Using data from the previously published TFR trials,
we performed a basic meta-regression analysis of the asso-
ciation between the median duration of TKI and the TFR
rate. Simple linear regression was used, and revealed that
relationship was approximated by (TFR rate, %) = 0.4386
(median TKI duration, months) + 20.447 (R?> = 0.485)
(Fig. 1f). This finding suggested that JALSG-STIM213

Table 3 TKI withdrawal syndrome in 10 patients after imatinib discontinuation

Age (decade) Sex Duration  Muscle pain Time of CTCAE Localization of symptoms  Therapy of WS  Duration of TFR 36M
of IM (mo) before DC ~ WS (mo) grade WS (mo)
40’s M 114 Yes 2 1 S, An, K No 12 Yes
50’s F 82 Yes 0.5 2 H, W, E, Ar, S No 12 No
50’s M 61 Yes 1 2 H, W,E, Ar, S,LB,Lg, An No 36+ Yes
40’s F 54 Yes 1 1 H, W, E No 11 Yes
50’s M 135 Yes 0.5 1 H,W,E No 15 No
40’s F 145 Yes 0.5 2 w NSAIDs 15 No
50’s M 98 No 2 2 H NSAIDs 36+ Yes
50’s F 126 Yes 0.5 1 H, W,E, LB No 13 Yes
40’s F 144 No 35 2 H,LB, Lg No 10 Yes
60’s F 112 Yes 3 2 An NSAIDs 3 Yes

TKI tyrosine kinase inhibitor, /M imatinib, mo months, DC discontinuation of imatinib, WS withdrawal syndrome, TFR 36M treatment-free
remission at 36 months, M male, F female, S shoulders, An ankles, K knees, H hands, W wrists, E elbows, Ar arms, LB lower back, Lg legs,

NSAIDs non-steroidal anti-inflammatory drugs

@ Springer
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might have included a larger proportion of patients who were
treated with imatinib for longer durations and achieved much
deeper molecular responses, which may have resulted in the
slightly higher TFR rate that we observed. Duration of TKI
treatment was one of the predictive factors for successful
TFR in previous TFR studies [18, 21, 31, 33]. According
to the mathematical models [34-36], BCR-ABLI clones are
gradually decreased by TKI therapy and, depending on the
treatment duration, these declines are expected to extend
even below the minimum detectable level by IS-PCR. The
linear correlation between the TFR rate and the duration of
TKI therapy might indicate that TKIs can gradually erode
residual BCR-ABLI clones in bone marrow, in association
with the duration of treatment, even though they cannot
eradicate CML stem cells easily.

In the present trial, we also found an association between
relapse risk and the level of deep molecular response that
was obtained with imatinib. The only identified predictive
factor for successful TFR was undetectable BCR-ABLI tran-
script in > 100,000 ABLI control genes before discontinua-
tion of imatinib. This suggests that deeper responses are bet-
ter for TFR in CML treatment. In the EURO-SKI trial, there
were no differences in TFR between MR* and MR** values
measured before TFR [31]. However, the sensitivity of the
IS-PCR that was used in EURO-SKI might have been lower
than the IS-PCR kit used in our study. In Japan, we can usu-
ally (and routinely) detect BCR-ABLI transcripts in cDNA
with > 100,000 ABLI control genes in 1 PCR assay [28].
Cross et al. proposed defining molecular response as MR?,
which refers to either detectable disease with 0.01% BCR-
ABLI" or undetectable disease in cDNA with 10,000 ABLI
transcripts [37]. On the other hand, MR*? refers to either
detectable disease with 0.0032% BCR-ABLI'S or undetect-
able disease in cDNA with 32,000 ABL] transcripts [37]. So,
in the EURO-SKI trial, some patients who were classified
as MR* (according to Cross et al.’s definition) might have
actually achieved MR*? or much deeper responses because
of the low sensitivity of PCR. Moreover, ELN proposed that
the limit of detection (LoD) of BCR-ABLI transcripts should
be 1 copy per IS-PCR assay [12]. Although the sensitivity
for scoring MR*3 depended on the kit-specific LoD of 3
BCR-ABLI copies per assay and in cDNA with > 100,000
ABLI in our study, it roughly equaled the sensitivity for scor-
ing MR? based on the LoD of 1 copy per assay in the ELN
proposal. As defined in this study, UMRD was probably
one of the deepest molecular levels analyzed in the TFR
trials that included monitoring with IS-PCR. In the ISAV
study [38] and the KID study [23], UMRD by IS-PCR and
digital PCR was also one of the predictive factors for TFR.
Although the sensitivity of IS-PCR is lower than that of
digital PCR, our findings also suggest that deeper responses
are better for TFR in CML treatment. Deininger proposed a
sustenance limit of BCR-ABLI clones based on the findings

of the STIM study. We do not know the molecular level
of the sustenance limit exactly, because it is far below the
detection limit of quantitative PCR [36]. To address this
uncertainty, TFR trials will need to use digital PCR or other
new technologies that offer better quantitative accuracy than
IS-PCR for MR*>.

In conclusion, the results of JALSG-STIM213 suggest
that TFR would be valuable as a new goal for CML treat-
ment in Japan.
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