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Opinion statement

ABL1 tyrosine kinase inhibitors (TKI) have dramatically improved the outcome for CML
(chronic myeloid leukemia) patients. When TKI therapy is addressed appropriately, it can
lead to an optimal molecular response in the majority of CML patients and a life expectancy
that approaches that of the general population. However, lifelong TKI therapy may have
consequences, including chronic, mostly low-grade, adverse events that can substantially
impact patients’ quality of life, adherence to therapy and, consequently, success of
treatment. In the last few years, several groups have demonstrated that approximately
50% of chronic phase CML patients (CP-CML) who have achieved a stable deep molecular
response (DMR) can stop therapy without suffering molecular relapse. Nowadays,
treatment-free remission (TFR) has a significant role in the management of CML and
should be considered in selected motivated patients that fulfill well-defined requirements
to maximize the probability of successful discontinuation of TKI therapy.
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Introduction

Chronic myeloid leukemia (CML) is a myeloprolifera-
tive neoplasia caused by the fusion of the BCR and ABL1
genes, most frequently as the result of the reciprocal
translocation t(9;22)(q34;q11). The resulting BCR-
ABL1 gene fusion codes for a tyrosine kinase with aber-
rant activity that drives multiple downstream signaling
pathways, leading to increased proliferation and geno-
mic instability with decreased apoptosis [1]. ABL1 tyro-
sine kinase inhibitors (TKIs) have dramatically im-
proved the outcome for CML patients. Indeed, when
TKI therapy is addressed appropriately, it can lead to
an optimal molecular response in the majority of CML
patients and a life expectancy that approaches that of
age-matched individuals in the general population [2].
Several TKIs are approved for the treatment of CML,
including first-line inhibitor imatinib; second-line in-
hibitors dasatinib, nilotinib, and bosutinib; and third-
line inhibitor ponatinib. For the selection of the most

appropriate therapy for individual patients, several fac-
tors must be taken into account, including efficacy, pa-
tient comorbidities, tolerability, early and late toxicity,
and drugs costs. Until recently, the main goal of CML
therapy was disease control with the best possible over-
all survival (OS) but with lifelong treatment. However,
lifelong TKI therapy may have consequences, including
chronic, mostly low-grade, adverse events that can sub-
stantially impact patients’ quality of life, adherence to
therapy, and, consequently, success of treatment [3].
More recently, the paradigm for CML management has
gradually changed to increase the quality of life, to
minimize long-term organ toxicities, and to identify
strategies to maximize the possibility of treatment-free
remission (TFR), i.e., to stop TKI therapy [3]. Indeed,
long-term treatment-free remission with sustained deep
molecular response (DMR) off TKI therapy is nowadays
considered the most optimal aim of CML treatment.

Definitions and relevance of molecular response in CML

Most patients receiving TKIs achieve a complete cytogenetic response,
warranting more sensitive approaches for monitoring residual disease with
reverse transcriptase quantitative polymerase chain reaction (RT-qPCR) to esti-
mate the amount of BCR-ABL1 mRNA relative to an internal reference gene
(Table 1) [4, 5••]. BCR-ABL1 levels should be expressed on the International
Scale (IS) as a percentage relative to a consensus baseline value used in the IRIS
(International Randomized Study of Interferon and STI571) trial [6]. This only
applies to CML patients that present with typical BCR-ABL1 transcripts (e13a2
and e14a2), which can be found in approximately 98% of patients with CML
[7]. This implies that the remaining patients with atypical rearrangements
cannot have their BCR-ABL1 levels expressed on the IS. A major molecular

Table 1. Definitions of molecular response in patients with CML [4, 5••]

BCR-ABL1 transcript
level IS (%)

Molecular
response level

Minimum number of ABL1
transcripts

Minimum number of GUSB
transcripts

100 - - -

≤0.1 MR3.0 (MMR) 910,000 924,000

≤0.01 MR4.0 10,000–31,999 24,000–76,999

≤0.0032 MR4.5 32,000–99,999 77,000–239,999

≤0.001 MR5.0 ≥100,000 ≥240,000

CML chronic myeloid leukemia, IS International Scale, MR molecular response, MMR major molecular response
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response (MMR) is defined as a 3-log reduction from the standardized baseline
(MR3.0 or BCR-ABL1IS ≤0.1%), which is an important step toward a favorable
outcome. Indeed, stable MMR represents a solid surrogate marker for long-term
progression-free survival [3]. However, patients in MMR but who do not
achieve a DMR must receive TKIs indefinitely to maintain CML under control
because the likelihood of TFR is unlikely [4]. With prolonged TKI therapy,
deeper levels of response can be achieved, with some patients reaching levels
where no disease can be detected. Laboratory recommendations for scoring
deepmolecular response (DMR) are defined as MR4.0 (either detectable disease
⩽0.01% BCR-ABLIS (MR4.0 positive) or undetectable disease in cDNA with 10
000–31 999 ABL1 transcripts or 24 000–76 999 GUSB transcripts (MR4.0

negative)), MR4.5 (either detectable disease ⩽ 0.0032% BCR-ABLIS (MR4.5 pos-
itive) or undetectable disease in cDNA with 32 000–99 999 ABL1 transcripts or
77 000–239 999 GUSB transcripts (MR4.5 negative)), and MR5.0 (either detect-
able disease ⩽ 0.001% BCR-ABLIS (MR5.0 positive) or undetectable disease in
cDNA with ⩾100 000 ABL1 transcripts or ⩾240 000 GUSB transcripts (MR5.0

negative)) (Table 1) [4, 5••]. Achieving and maintaining a DMR is particularly
important for the long-term success of TKI discontinuation, defined as the
patient remaining in DMR or at least in MMR [5••].

Clinical trials of TKI discontinuation

In 2007, the French CML group published a seminal study of 12 patients
with no detectable disease evaluated by RTq-PCR for more than 2 years
that discontinued imatinib treatment [8]. They found that 50% of the
patients remained in molecular remission with undetectable BCR-ABL1
levels [8]. The first prospective trial for discontinuation TKI treatment
was the STIM (STtop IMatinib) trial, which showed that 38% of the
patients maintained a molecular remission after a median follow-up of
77 months (Table 2) [9••, 10]. The eligibility criterion for interrupting
treatment was no detectable disease, corresponding to a molecular re-
sponse of around MR4.5 sustained for at least 2 years before stopping
[9••]. In this trial, molecular relapse was defined as two positive RT-
qPCR results over a period of 1 month, which was a trigger for restarting
imatinib treatment [9••]. Since then, multiple trials have been conducted
in an attempt to explore the result of ceasing TKI therapy in highly selected
patients, including not only in patients treated with imatinib but also in
patients treated with second-generation TKIs (2G-TKI) such as dasatinib
and nilotinib, which used slightly different entry criteria and different
triggers to restart TKI treatment (Table 2) [10–14, 15•, 16–18, 19••, 20–
31]. A recent meta-analysis of 29 studies that included 3105 patients
showed a probability of molecular recurrence after TKI cessation of 49%,
illustrating the high reproducibility of the results [32]. Most molecular
relapses occurred during the first 6 months of a first TFR attempt, empha-
sizing the need for frequent monitoring and follow-up during this early
period, whereas the molecular recurrence after a second TFR attempt is not
only more frequent but also seems to occur over a wider window of time
[32]. Importantly, a large body of evidence has demonstrated that, provid-
ed proper residual disease monitoring and strict criteria for resuming
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Table 2. Key characteristics of selected clinical trials of discontinuation of TKIs

Reference TKI/-
treatment
line

Median
duration
of TKI
treatment

DMR status Median
duration
of DMR

Trigger to
restart TKI

Patients in
TFR (%)

STIM [9••, 10]
(n = 100)

Imatinib, first 50 months UMRD for ≥2 years 35 months Loss of UMRD 38 at 60 months

TWISTER [11,
12]

(n = 40)

Imatinib, first 70 months UMRD for ≥2 years 36 months Loss of UMRD 45 at 60 months

STIM2 [13]
(n = 218)

Imatinib, first 79 months UMRD for ≥2 years 39 months Loss of UMRD 50 at 24 months

DOMEST [14]
(n = 99)

Imatinib, first 100 months MR4.0 for ≥2 years 55 months Loss of MR4.0 64 at 24 months

A-STIM [15•]
(n = 80)

Imatinib, first 79 months UMRD for ≥2 years 41 months Loss of UMRD
Loss of MMR

44 at 36 months
61 at 36 months

KID [16]
(n = 90)

Imatinib, first 81 months UMRD for ≥2 years 40 months Loss of MMR 69 at 24 months

ISAV [17]
(n = 108)

Imatinib, first 103 months UMRD for ≥18
months

26 months Loss of MMR 48 at 36 months

JALSG-STIM213
[18]

(n = 68)

Imatinib, first 97 months MR4.0 for ≥2 years 67 months Loss of MMR 65 at 36 months

EURO-SKI
[19••]

(n = 755)

Imatinib, first 7.5 years MR4.0 for ≥1 year 4.7 years Loss of MMR 49 at 24 months

DESTINY [20,
21]

(n = 125)
(n = 49)

Imatinib, first 6.5 years
7.7 years

MR4.0 for ≥1 year
MMR for ≥1 year

NR
5.5 years

Loss of MMR
Loss of MMR

72 at 36 months
36 at 36 months

DADI First-Line
[22]

(n = 58)

Dasatinib, first 40 months MR4.0 for ≥1 year 23 months Loss of MR4.0 55 at 12 months

DADI [23, 24]
(n = 63)

Dasatinib,
second

82 months MR4.0 for ≥1 year NR Loss of MR4.0 44 at 36 months

D-STOP [25]
(n = 54)

Dasatinib,
first and
second

92 months MR4.0 for ≥2 years 51 months Loss of MR4.0 63 at 12 months

DASFREE [26]
(n = 84)

Dasatinib,
first and
second

69 months MR4.5 for ≥2 years 28 months Loss of MMR 46 at 24 months

STOP 2G-TKI
[27]

(n = 30)

Dasatinib and
Nilotinib,
first and
second

76 months UMRD for ≥2 years 29 months Loss of MMR 54 at 48 months

STAT2 [28]
(n = 78)

Nilotinib,
second

99 months MR4.5 for ≥2 years 51 months Loss of MR4.5 63 at 36 months
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therapy were followed, CML sensitivity to TKI therapy was largely retained.
Indeed, DMR could be restored soon after treatment reintroduction in
more than 90% of the patients [32].

Predictors of successful TKI discontinuation

Despite promising results, the probability of a successful treatment interruption
remains uncertain, which can be a cause of anxiety for both patients and
clinicians. The exact mechanism of relapse after TKI discontinuation is un-
known, even though several studies have described clinical and biologic pre-
dictive factors potentially associated with TFR success. These include age, sex,
Sokal risk score, type of BCR-ABL1 transcript, number and type of NK cells at the
time of TKI discontinuation, duration of TKI treatment, prion interferon-alpha
therapy, duration of DMR, and depth of response. Of these, the total duration
of TKI treatment and the duration of DMR prior to TKI discontinuation
emerged as the most strongly associated with a higher probability of TFR
[9••, 16, 19••, 33, 34]. A consistent inclusion criterion in most clinical studies
of TKI discontinuation was a minimum duration of therapy of 3 years and a
sustained DMR of at least 1 year. Indeed, the TFR success rate of patients in
stable MMR, but not in DMR, seems to be significantly lower than for stable
DMR, but further TFR data are required for this group [35]. Indeed, a more
stringent depth of molecular response prior to TKI discontinuation might be
associated with a higher likelihood of successful TFR outcome [36, 37]. How-
ever, differences in clinical trial design and discrepancies in the classification of
the level of molecular response between laboratories involved in clinical trials
can result in a bias concerning the proportion of patients that can achieve TFR
[37]. Thus, the results of the distribution of patients bymolecular response level
should be routinely published along TFR data, and such differences need to be
considered when comparing results from different studies [37]. Furthermore,
data from the EURO-SKI trial suggest that each additional year of DMR (defined
as a molecular response of at least MR4.0) under TKI treatment seems to be
associated with an increase of 2–3% of remaining in MMR after treatment

Table 2. (Continued)

Reference TKI/-
treatment
line

Median
duration
of TKI
treatment

DMR status Median
duration
of DMR

Trigger to
restart TKI

Patients in
TFR (%)

ENESTop [29]
(n = 126)

Nilotinib,
second

88 months MR4.5 for ≥1 year 32 months Loss of MR4.0 53 at 24 months

ENESTfreedom
[30, 31]

(n = 190)

Nilotinib, first 44 months MR4.5 for ≥1 year 30 months Loss of MMR 49 at 24 months

TKI tyrosine kinase inhibitor, DMR deep molecular response, TFR treatment-free remission, UMRD undetectable minimal residual disease, MMR
major molecular response, MR molecular response
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discontinuation [19••]. Moreover, recent data seems to suggest that initial de-
escalation of TKI therapy before discontinuation might improve the success of
TFR. Indeed, de-escalation of TKI therapy to half the standard dose for a period
of 12 months in patients in stable MR4.0 before treatment interruption resulted
in a subsequent 2-year molecular relapse-free survival of 72%, although the
mechanism of its benefit is not yet clear [35]. However, to date, all these factors
are still far from having a meaningful impact on clinical practice, and a validat-
ed TFR predictive algorithmhas not yet been reported. Nevertheless, irrespective
of the criteria used in a TFR attempt, there is a consensus that loss of MMR
should be the trigger to restart treatment, since this surrogate marker has been
validated in most studies [38]. Confirmation of MMR loss on a second evalu-
ation is not required or advisable since it could delay treatment resumption
[5••].

Requirements for TKI discontinuation

Treatment interruption is a safe procedure that should be performed only in
centers with access to high-quality molecular monitoring and after careful
patient selection [39]. However, not all patients are comfortable with the
possibility of interrupting treatment, preferring to remain on therapy [36]. For
this reason, a previous discussion with the patient about the information
available on TFR is of particular importance [35]. Both European LeukemiaNet
(ELN) and National Comprehensive Cancer Network (NCCN) have recently
published guidelines for discontinuation of TKI therapy in CML [5••, 40].
According to ELN, TKI discontinuation should be considered only inmotivated
patients in first CP, when access to high-quality RT-qPCR (sensitivity of detec-
tion of at least MR4,5) using the IS with rapid turn-around of PCR results is
warranted and when patients agree to more frequent monitoring after stopping
treatment (monthly for the first months, every 2 months for months 6–12, and
every 3months thereafter) [5••] (Fig. 1). Moreover, TKI discontinuation should
only be considered in patients in first-line therapy or second-line if intolerance
was the only reason to change TKI with no prior treatment failure [5••]. Patients
should present typical e13a2 or e14a2 BCR-ABL1 transcripts at diagnosis, which
excludes patients with rare, atypical transcripts since their results cannot be
expressed in the IS. Duration of TKI therapy should be 5 years or longer for
first-generation TKI imatinib and can be reduced to 4 years if a 2G-TKI such as
nilotinib or dasatinib is used, which is slightly superior to the minimum of 3
years TKI treatment suggested by NCCN [5••, 40]. Ideally, TKI discontinuation
can be attempted in patients with DMR duration longer than 3 years if the
patient is in sustained MR4.0 (2 years according to the NCCN guidelines) or 2
years if MR4.5, but this should not preclude selected patients inMR4.0 for at least
2 years to stop therapy [5••]. Centers which propose treatment discontinuation
should have a centralized or local standardizedmolecular laboratory capable of
providing a report within 4 weeks to allow prompt resumption of TKI therapy
in case of MMR loss. Patients who lost MMR should be followed monthly by
molecular monitoring until MMR is re-achieved, and thereafter indefinitely
every 3 months [40]. For those rare patients who fail to achieve MMR after 3
months of TKI resumption, BCR-ABL1 kinase domain mutation should be
performed, and monthly molecular monitoring should be continued for
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another 6 months [40]. Finally, considering the limitations of qRT-PCR, the
implementation of even more sensitive and accurate methods, such as digital
PCR,may providemore robust estimates ofmolecular response levels, allowing
a better selection of patients for a TFR trial.

Second TFR attempt

A second attempt of TKI discontinuation after a first unsuccessful attempt is
possible, although we still lack robust data to support this strategy, such as the
identification of strong biomarkers that predict relapse. The largest study of TKI
interruption after a first failed attempt was the French RE-STIM, in which 70
patients with molecular relapse after a first TKI discontinuation regained DMR
and stopped treatment for a second time [41]. The probability of TFR at 36
months using loss of MMR as a trigger for treatment resumption with the same
TKI was 35%; however, we must be cautious when interpreting these results
since the criteria to restart TKI at the first attempt was loss of MR4.5 [41]. In the
Australasian CML8 study, 12 of the 22 patients who regained DMR, with
undetectable disease after a first failed TKI interruption, attempted TKI

Fig. 1. Requirements for tyrosine kinase inhibitor discontinuation according to the ELN 2020 recommendations. CML chronic
myeloid leukemia, CP chronic phase, TKI tyrosine kinase inhibitor, DMR deep molecular response
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discontinuation for a second time [42]. In both attempts, loss ofMMRwas used
as the definition of molecular relapse. With this criteria, half of the patients
remained in MMR at a median follow-up of 8.6 years [42]. These results show
that a second TKI discontinuation attempt is safe and that a first failed attempt
does not preclude a second successful attempt. However, additional studies
including prospective trials are clearly needed to address this question.

Treatment-free remission and pregnancy

All TKIs used to treat CML patients can have teratogenic effects as a result of their
off-target activity, particularly when used during the first trimester of pregnancy
[43–45]. Therefore, women with CML who wish to become pregnant are a
specific population that needs TKI interruption before a pregnancy attempt or, if
not possible, as soon as pregnancy is confirmed. According to published
guidelines, women who are eligible for a TFR attempt can safely discontinue
TKI treatment in order to conceive [5••, 40]. Subsequent management will
depend on the maintenance or loss of MMR, and a plan for handling this
eventuality should be previously discussed with the patient [5••]. It must be
kept inmind that stopping TKI therapy too soonmay increase the risk of disease
recurrence that requires intervention. Nevertheless, women who lose MMR and
are pregnant are likely to reach term without a clinical need for restarting
treatment [5••]. Particularly challenging could be the case of the woman who
desires to become pregnant, but that does not meet the minimum required
criteria. In this case, substitution of TKI treatment by interferon could be an
alternative [5••, 36]. For men taking TKIs, there is no associated increased risk
of congenital abnormalities for the fetus and, therefore, men planning father-
hood do not need to discontinue treatment [43, 44].

Risks associated with TKI discontinuation

The safety of TKI discontinuation should be of the utmost importance since
CML patients in DMR while receiving therapy have a negligible risk of second-
ary resistance, disease progression, or CML-related death. So far, of the more
than 3000 patients who have been followed after TKI discontinuation, in only
very rare instances, an adverse outcome was reported, but it is likely that
numbers will increase with more patients observed over longer periods of time.
One patient who lost MMR during the TFR phase was found to have a detect-
able nilotinib-resistant BCR-ABL1 mutation (F359V), but whether this muta-
tion was pre-existing could not be determined [46]. Three case reports describe
the occurrence of a sudden blast crisis following a TFR attempt, which was
lymphoid in two cases and myeloid in one case [15•, 47, 48]. In all three cases,
the event occurred in patients who experiencedmolecular relapse following TKI
discontinuation, resumed treatment, regainedDMR, and had disease relapse 6–
8.5 months after restarting TKI treatment [15•, 47, 48]. However, it is unknown
if the events were triggered by the TFR attempt or whether they might have
occurred even receiving continued treatment. After TKI interruption, most
possible drug-related adverse events disappear; however, in approximately
30% of the patients, newly occurring or worsening of preexisting musculoskel-
etal pain can develop [49]. This is known as TKI withdrawal syndrome, can arise
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within several weeks of TKI discontinuation and last up to several months, and
is probably the result of TKI undefined off-target effects. Data from the EURO-
SKI trial showed that longer treatment duration and the prior existence of
musculoskeletal symptoms were associated with a higher incidence of with-
drawal syndrome [19••]. In most patients, the symptoms are mild and self-
limited, although some patients may require temporary treatment with anti-
inflammatory drugs and in some instances with corticosteroids [5••].

Conclusion

Achieving TFR is currently the optimal therapy goal for patients with newly
diagnosed CML. Good and structured communication between clinician and
patient is a crucial step to maximize the probability of successful discontinua-
tion of TKI therapy. The patient should be clearly aware that TFR is a safe
strategy, unlikely to cause clinical relapse or disease progression. Candidate
patients should be highly motivated and selected for TFR based on both their
molecular response and the type and duration of TKI therapy. Only chronic-
phase CML patients in first-line therapy, or second-line if intolerance was the
only reason to change TKI, and who agree to a more frequent monitoring
schedule after discontinuation should be selected. A sustained DMR (3 years
for patients in MR4.0 or 2 years if MR4.5) is an essential prerequisite. Patients
should be followed in an IS standardized molecular laboratory capable of
providing a report within 4 weeks to allow prompt resumption of TKI therapy
in case of molecular relapse. In the future, additional studies are warranted to
identify novel biomarkers to more accurately select candidate patients for TFR.
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