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Switching TKIs during CML therapy is frequent, mostly driven
by intolerance, and does not affect survival: a prospective
Quebec registry study
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Dear Editor
Tyrosine kinase inhibitors (TKI) targeting the BCR::ABL1 fusion gene

have dramatically improved the prognosis of patients with chronic
myeloid leukemia (CML) to the point where most patients can enjoy
a normal life expectancy [1]. Outside of clinical trials, the use of
different TKIs in 1 L is largely influenced by drug accessibility, toxicity
profile [2], and treatment-free remission (TFR) as the therapeutic goal
[3]. However, there is a paucity of information on how therapeutic
choices are made in the real-world (RW) setting, and on how
resistance and tolerance drive switching compared to published
clinical trials [4]. This study aimed to document treatment patterns
and outcomes from a large provincial CML registry that includes
20 oncology centers, comprising both academic and community-
based hospitals, reflecting a broad general treatment population.
This prospective observational study used data from the registry

of the Quebec CML Research Group (GQR LMC-NMP). All patients
signed an informed consent, and the study protocol was approved
by the institutional review board of all participating centers. Data
were extracted from medical charts and then transferred to a
database by a limited number of trained data managers, ensuring
consistency. The registry was initiated in 2009 and is actively
recruiting new patients. Clinical data predating 2009 were
collected retrospectively, thereafter all data were collected
prospectively. Patients with a clinical diagnosis of CML, aged 18
years or older, and able to provide informed consent were
included in the registry. Exclusion criteria for this analysis were a
diagnosis prior to 2008, life expectancy inferior to 3 months due to
a condition unrelated to CML, accelerated or blast phase at
diagnosis, and ponatinib or bosutinib as 1 L treatment. Data used
for the current analysis were extracted from the registry in April of
2024. Choice of TKI was at the discretion of the physician, however,
local regulatory approvals impacted on the choice of 1 L therapy.
Switching was defined as a change of a specific TKI to another

TKI or hematopoietic cell transplant (HSCT). Reasons for switching
were categorized as resistance, intolerance, or other. Serial
switchers were defined as individuals switching TKI ≥2 con-
secutive times for the same reason (intolerance or resistance).
Event-free survival (EFS) was calculated from the date of TKI
initiation until TKI switching, HSCT, or death. Patients ending
treatment for an attempt at treatment-free remission (TFR) were
censored at the time of TKI cessation for analysis. Details
concerning statistical methods are available in the supplementary
appendix.

At the time of data extraction, 661 patients were eligible for
the analysis. Characteristics of the study population are available
in Table S1 (supplementary). Imatinib was the preferred choice
overall: 474 (71.7%) were on imatinib, 113 (17.1%) on nilotinib,
and 74 (11.2%) on dasatinib. Switching was frequent in 1 L
across all TKI, with 326 (49.3%) patients transitioning to 2 L.
Switching from 2 L to 3 L line occurred in 141 patients,
representing 21.3% of the total population and 43.3% of the
patients who made a first switch. Finally, switching from 3 L to
fourth line (4 L) TKI occurred in 54 patients (8.2% of the total
population and 38.3% of the patients receiving 3 L therapy). The
complexity of switching patterns is illustrated in Fig. S1
(supplementary).
A total of 504 switches to another TKI occurred either for

intolerance or resistance from 1 L to 4 L of treatment. Intolerance
was the reported cause in 65.9% of those switches compared to
34.1% for resistance (p < 0.01). In 1 L, intolerance led to switching
in 185 (27.2%) patients, and resistance led to switching in 127
(19.2%) patients (p < 0.01). The proportion of intolerance (27.3%)
was higher than resistance (7.0%) for patients on 2 G TKI in 1 L. In
2 L, intolerance led to switching in 105 (32.2%) patients, and
resistance led to switching in 33 (10.1%) patients (p < 0.01).
Treatment discontinuation by TKI and by line of treatment is
depicted in Fig. S2 (supplementary). Across lines of treatment,
there were 3.6 times more serial switchers (2 or more switches)
for intolerance (n= 77) than serial switchers for resistance
(n= 21).
The main adverse events (AE) leading to switching in 1 L

were diverse but in-line with the known safety profile of
specific TKIs: pleural effusion for dasatinib, cardiovascular
abnormalities for nilotinib, and several different AEs for
imatinib, including GI toxicity. Adverse events leading to TKI
switching in 1 L are available in Table S2 (supplementary). For
resistance in 1 L, 98 patients (77.2% of the 1 L resistant
population) were switched after losing MMR while on treat-
ment: 14 patients (11.0%) were switched because they did not
achieve the milestones, seven patients (5.5%) because the
physician was not satisfied with the depth of response, and
data were incomplete for eight patients.
In 1 L, EFS was significantly better for dasatinib with an

HR= 0.54 (95% CI: 0.38–0.77, p < 0.01) and for nilotinib with an
HR= 0.55 (95% CI: 0.38–0.77, p < 0.01) compared to imatinib
when adjusted for age, gender, and comorbidities (Fig. 1). EFS
was not statistically significantly different in 2 L (p= 0.46) and
in 3 L (p= 0.12) between available TKIs. In multivariate
analysis, dasatinib (SHR= 0.26 (95% CI: 0.11–0.60, p < 0.01))
and nilotinib (SHR= 0.19 (95% CI: 0.09–0.42, p < 0.01)) were
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associated with less resistance 1 L compared to imatinib. Age
<50 years and male sex negatively impacted EFS due to
resistance in 1 L. There was no statistically significant differ-
ence for EFS due to intolerance between dasatinib or nilotinib

and imatinib in 1 L in multivariate analysis. Age >65 years,
female sex, and having >3 comorbidities at diagnosis all
negatively impacted EFS due to intolerance (Table S3
supplementary). The cumulative incidence of intolerance and

Fig. 1 Event-free survival. This figure shows the probability of event-free survival according to the TKI used (imatinib= red, dasatinib= blue,
nilotinib= green, bosutinib= burgundy). A is 1 L of treatment, B is 2 L of treatment, and C is 3 L.
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Fig. 2 Cumulative incidence of failure in the first line of treatment. This figure shows the cumulative incidence of failure in 1 L of treatment
according to the TKI used (imatinib= green, dasatinib= blue, nilotinib= green). Panel A shows a cumulative incidence of resistance leading
to switching in 1 L. Panel B shows the cumulative incidence of intolerance leading to switching in 1 L.
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resistance leading to switching in 1 L using a competing risk
model is shown in Fig. 2.
Estimated median OS was not different and not reached for

those who never switched and for those who switched only 1 time
or many times (p= 0.90) (Fig. S3, supplementary).
In this RW study, we examined routine TKI prescription patterns

with a focus on therapy switching. We benefit from one of the
largest worldwide registries that includes the majority of CML
patients in the province of Québec in Canada. We confirm and
further characterize previous observations and identify the
tolerability as a main target to optimize CML management. In
comparison to the pivotal frontline randomized trials [5–7], the
rates of discontinuation for AE of the given TKI were lower than
the switching rates for intolerance observed in our study. The
maturity of our registry allowed us to have meaningful data
beyond 1 L. Intolerance was the most frequent cause for
switching in all lines of treatment for all TKI and the difference
was more pronounced in 2 L and 3 L. It is important to note that
in this study, we did not look at the prevalence of AEs, but only at
those that led to TKI switching. Factors which may explain the
disparate rates of switching in real life include less stringent and
more heterogeneous definitions of intolerance. It may be that
access to multiple 2 L options weighs in favor of changing
treatments rather than attempting to palliate the side effects.
However, the observation that a significant proportion of patients
are serially intolerant supports the notion that for some, it may be
due to a drug class effect. The introduction of a non-ATP-binding
TKI, such as asciminib, has already led to improved tolerability
[8–11].
We used EFS a surrogate marker of global efficacy, which

encompasses optimal disease control for the hematologist and
acceptable tolerance for the patient. In 1 L, dasatinib and
nilotinib were associated with significantly better EFS than
imatinib. This global advantage of 2 G in 1 L is mainly driven by
better efficacy. The TKIs had similar failure rates for intolerance
in 1 L. All TKI fared the same for EFS in 2 L and 3 L, suggesting
that at these timepoints, there was not a globally superior TKI.
That said, a given patient may benefit from one molecule over
the other when comorbidities are considered.
This study demonstrates that the CML patient journey is more

complex than suggested by clinical trials, and that although the
overall survival of these patients is excellent [1], the tolerance to
the medication is the major driver of therapy changes in all lines of
treatment; this occurs more frequently than in clinical trials. We
speculate that intolerance may be a factor limiting eligibility for
treatment-free remission, and that better-tolerated treatment
strategies would lead to more sustained deep molecular response
which is a prerequisite for TFR attempt. For example, lower starting
doses of dasatinib [12], weekend holiday schedules [13], and (C)
min titration [14] have been shown to be more tolerable and at
least equally effective than the 100mg daily approved dosing.
In summary, this RW study of a large cohort of CML patients

identify that TKI switching is frequent in all lines of treatment
and mainly driven by intolerance. An event-free survival
analysis demonstrated that 2 G are superior to imatinib in 1 L
owing to less resistance, but that all TKI are globally equivalent
in later lines of treatment. Overall survival was the same
regardless of whether patients remained on their first TKI
or switched. Our results suggest that the most important
unmet medical need in CML is better-tolerated treatment
strategies.
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