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Abstract

Purpose The current standard of care for chronic-phase chronic myeloid leukemia (CP-CML) is tyrosine kinase inhibitors
(TKIs). Treatment recommendations are unclear for CP-CML failing > 2 lines of treatment, partly due to the paucity of
head-to-head trials evaluating TKIs. Thus, matching-adjusted indirect comparisons (MAICs) were conducted to compare
asciminib with competing TKIs in third- or later line (>3L) CP-CML.

Methods Individual patient-level data for asciminib (ASCEMBL,; follow-up: > 48 weeks) and published aggregate data for
comparator TKIs (ponatinib, nilotinib, and dasatinib) informed the analyses. Major molecular response (MMR), complete
cytogenetic response (CCyR), and time to treatment discontinuation (TTD) were assessed, where feasible.

Results Asciminib was associated with statistically significant improvements in MMR by 6 (relative risk [RR]: 1.55; 95%
confidence interval [CI]: 1.02, 2.36) and 12 months (RR: 1.48; 95% CI: 1.03, 2.14) vs ponatinib. For CCyR, the results vs
ponatinib were similar by 6 (RR: 1.11; 95% CI: 0.81, 1.52) and 12 months (RR: 0.97; 95% CI: 0.73, 1.28). Asciminib was
associated with improvements in MMR by 6 months vs dasatinib but with a CI overlapping one (RR 1.52; 95% CI: 0.66,
3.53). Asciminib was associated with statistically significant improvements in CCyR by 6 (RR: 3.57; 95% CI: 1.42, 8.98) and
12 months (RR: 2.03; 95% CI: 1.12, 3.67) vs nilotinib/dasatinib. Median TTD was unreached for asciminib in ASCEMBL.
However, post-adjustment asciminib implied prolonged TTD vs nilotinib and dasatinib, but not vs ponatinib.

Conclusion These analyses demonstrate favorable outcomes with asciminib versus competing TKIs, highlighting its thera-
peutic potential in > 3L CP-CML.

Keywords Chronic myeloid leukemia - Asciminib - ASCEMBL - Tyrosine kinase inhibitors - Indirect treatment
comparison

Introduction its pathogenesis is due to unfaithful DNA repair resulting
in the formation of an abnormal Philadelphia chromosome,
Chronic myeloid leukemia (CML) is characterized by abnor-  the reciprocal translocation between chromosomes 9 and 22.

mal uncontrolled proliferation of myeloid cells (Hehlmann (Hehlmann et al. 2007; Rohrbacher and Hasford 2018; Cor-
et al. 2007; Cortes and Lang 2021). In majority of cases,  tes and Lang 2021). At diagnosis, approximately 90-95% of
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patients with CML are in the chronic phase (CP) (Jabbour
and Kantarjian 2020). Untreated CML progresses from the
CP to the advanced phases, which comprise the accelerated
phase (AP) and the blastic phase (BP) (Hochhaus et al. 2017;
NCCN 2021). The estimated annual incidence of CML
ranges from approximately 1/100,000 in Europe (Hoffmann
et al. 2014) to 1.9/100,000 in the United States (US) (ACS
2018; SEER 2021).

Prior to the availability of ABL kinase inhibitors, median
survival among untreated CP-CML patients ranged from 3 to
5 years. The advent of tyrosine kinase inhibitors (TKIs) has
since improved median survival in CP-CML such that it was
comparable to that of the general population; this improve-
ment was especially seen in patients who at least achieved
a complete cytogenetic response (CCyR) (Kantarjian et al.
1993; Sasaki et al. 2015). However, this improvement has
not been demonstrated in all patient subgroups (Bower et al.
2016). Either the first-generation (imatinib) or a second-gen-
eration (2G; nilotinib, dasatinib, bosutinib) TKI is recom-
mended as the frontline therapy for CP-CML by the National
Comprehensive Cancer Network (NCCN) guidelines and
European LeukemiaNet (ELN) recommendations (Hochhaus
et al. 2017; Hochhaus et al. 2020a, b; NCCN 2021). How-
ever, almost 40% of patients require change to another treat-
ment within 5 years of targeted therapy (Cortes et al. 2016;
Hochhaus et al. 2016; Briimmendorf et al. 2020; Kantarjian
et al. 2021). In addition, only 50% of patients resistant to
imatinib in first line achieve complete cytogenetic remis-
sion (CCyR) with second-line (2L) therapy (Hochhaus et al.
2011; Jabbour and Kantarjian 2016). Patients whose disease
fails to respond to multiple TKIs are reportedly suscepti-
ble to show lack of durable response with an alternative 2G
TKI as third- or later line (>3L) therapy (Garg et al. 2009;
Ibrahim et al. 2010; Ribeiro et al. 2015; Levy et al. 2019).
Although ponatinib is known to be a potent choice for highly
pretreated patients, its use is associated with life-threatening
cardiovascular events requiring thorough monitoring and
addition of treatment for risk factors, as well as potential
dose reductions (Garcia-Gutierrez and Hernandez-Boluda
2019; Mauro 2021).

For patients receiving > 3L therapy, the treatment options
include alternative TKIs that might not have been previously
used, such as nilotinib, dasatinib, bosutinib, ponatinib, and
asciminib. Allogeneic stem cell transplantation (allo-SCT)
is a potentially curative therapeutic modality in selected
patients with either CP- or AP-CML, often as a treatment
of last resort, with the ability to deliver long-term survival
(Cortes and Lang 2021). However, it is associated with sig-
nificant morbidity and mortality. Current guidelines and
treatment recommendations are unclear in defining the opti-
mal treatment pathway in patients receiving > 3L therapy,
and treatment options in later lines become limited due to
resistance or intolerance to multiple TKIs (Hochhaus et al.
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2017; Hochhaus et al. 2020a, b; NCCN 2021). Asciminib,
an inhibitor specifically targeting the ABL myristoyl pocket
(STAMP) (Wylie et al. 2017; Manley et al. 2020; Novartis
2021), is promising for use as a targeted agent in patients
with CP-CML. While exhibiting specific action on the ABL
family of kinases, it remains inactive against other kinases.
Due to limited off-target activity, the safety profile of asci-
minib is very promising, compared to existing TKIs (Mauro
2021). Asciminib was given recent FDA approval based on
its superior efficacy and favorable safety profile compared
with bosutinib after 24 weeks of therapy in the ASCEMBL
(NCT03106779) trial (Novartis 2021).

ASCEMBL is an open-label, randomized, phase III trial
comparing asciminib with bosutinib as a > 3L therapy in
patients with CP-CML, where the primary endpoint was to
assess the superiority in achieving major molecular response
(MMR; BCR::ABL1<0.1%) at week 24 (Rea et al. 2021).
The trial met the primary objective with an MMR rate of
25.5% vs 13.2% with asciminib vs bosutinib, respectively
(Rea et al. 2021). The between-arm difference in MMR at
24 and 48 weeks was 12.2% and 16.1%, respectively, after
adjustment for major cytogenetic response status at baseline.
With fewer grade >3 adverse events (AEs; 50.6% vs 60.5%)
and treatment discontinuation due to AEs (5.8% vs 21.1%),
asciminib showed promising safety along with favorable effi-
cacy results (Rea et al. 2021).

ASCEMBL is the first and only head-to-head randomized
controlled trial (RCT) in patients with CP-CML previously
treated with multiple TKIs. Although RCTs facilitating
direct or head-to-head comparisons provide the most valid
treatment effectiveness estimates, there is often a paucity
of RCTs evaluating each competing intervention in a given
therapeutic area. RCTs are often time-consuming, costly,
and sometimes impractical to conduct especially in settings
where there is a rapidly changing treatment landscape popu-
lated by several, or even numerous competing interventions.
Moreover, RCTs often compare interventions to a standard
of care or placebo. Consequently, it is common for there
to be an absence of any direct comparisons between a new
treatment and one or more relevant competitor interven-
tions. Given that evidence-based healthcare decision-making
requires the assessment of all alternative interventions, there
is a need to conduct a comprehensive analysis that includes
all relevant interventions despite the constraints of RCTs.

In the absence of direct head-to-head trials comparing
asciminib with all other competing interventions for > 3L
CP-CML, indirect treatment comparisons (ITCs) are
required to estimate the relative treatment effect between
asciminib and other TKIs. ITCs involve comparisons of non-
randomized treatment groups and are akin to observational
studies and subject to important limitations. In particular,
cross-study differences in patients’ baseline characteristics
or other study characteristic differences can bias indirect
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comparative effectiveness results. These limitations are dif-
ficult to address using only published aggregate data (AD).
However, indirect treatment comparisons such as match-
ing-adjusted indirect comparisons (MAICs) use statistical
methods to simulate a direct comparison of two therapies
(Signorovitch et al. 2012; Phillippo et al. 2016, 2018) by
matching individual patient-level data (IPD) from one trial
to published AD from another trial (Dias et al. 2013). As
such, MAICs that leverage IPD may generate the best com-
parative evidence available. The availability of IPD from
ASCEMBL and published AD from comparator studies
permitted adjustment of cross-study differences in baseline
characteristics and reduced other study characteristic differ-
ences to allow the comparisons of more clinically similar
studies. In the United Kingdom (UK), MAICs have been
used in over 20 successful drug reimbursement evaluations
and are included in methodological guidance for indirect
comparisons issued by the National Institute of Health and
Care Excellence (NICE) (Ivanescu et al. 2017).

The objective of this study was to conduct an MAIC,
estimating the relative efficacy of asciminib compared with
TKIs other than bosutinib, commonly used in treating > 3L
CP-CML patients, to inform clinical practice in the absence
of head-to-head RCTs.

Methods
Study selection

A clinical systematic literature review (SLR) was conducted
by searching the EMBASE®, MEDLINE®, and CENTRAL
databases through OVID® to identify all relevant publi-
cations, available from database inception to May 2021,
reporting results in adult (aged > 18 years) patients with
CP-CML who had received >2 TKIs prior to study entry.
The SLR was performed and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Online Resource 1).

The identified studies were shortlisted for the MAIC anal-
yses if they either reported the baseline characteristics for
the subgroup containing patients of interest for the current
analysis or the baseline characteristics for a group of partici-
pants where >75% of patients matched the target population
(prior treatment with >2 TKIs and absence of the T315I
mutation), with the assumption that the outcomes in the
overall patient population will represent the outcomes for the
patients of interest for this analysis. Interventions reported
among the identified studies included: ponatinib, dasatinib,
nilotinib, and omacetaxine. Given that TKIs are the global
standard of care for > 3L CP-CML, the MAIC analyses only
included studies investigating TKIs (i.e., ponatinib, nilo-
tinib, and dasatinib). Detailed eligibility criteria used for

identifying the studies eligible for the analysis are presented
in Online Resource 2. Studies not included in the MAIC
are listed in Online Resource 3 Reference source not found
along with the reason for exclusion.

A summary of the six unique studies that met the eligi-
bility criteria to inform the MAIC analyses is presented in
Table 1.

Outcomes

Five outcomes were assessed in this analysis: MMR rate
by 6 and by 12 months, CCyR rate by 6 and by 12 months,
time to MMR by 6 and by 12 months, time to CCyR by 6
and by 12 months, and TTD. Of note, time to MMR and
CCyR curves were reported for ponatinib only, which were
digitized using WebPlotDigitizer (v4.5) to retrieve the rel-
evant data points. TTD Kaplan—-Meier (KM) curves were
not available for any comparator, hence the median treat-
ment duration reported for each comparator was used as an
alternative and included in the analysis for comparing the
median TTD reported for asciminib in the ASCEMBL trial.

Comorbidities and drug safety profiles are of importance
when choosing the TKI upon starting treatment and dis-
ease management. Hence, the intent was to also compare
the safety outcomes across current > 3L CP-CML treatment
options. However, the use of the MAIC method to compare
the safety outcomes across trials was not feasible due to the
varying definitions of safety outcomes and classification of
adverse events (AEs). Alternatively, a naive comparison was
undertaken (Levy et al. 2019). For the naive comparison
of safety outcomes, the reported rates of any-cause AEs,
treatment-related AEs, serious AEs, treatment discontinua-
tion due to AEs, and treatment-related deaths with asciminib
and other > 3L TKIs were compared.

Statistical analyses

Matching-adjusted indirect comparison

Given the lack of a common comparator, an unanchored
MAIC was used to estimate the relative treatment effect
of asciminib vs other > 3L TKIs by leveraging IPD from
ASCEMBL and published AD from comparator studies.
Additional details of the MAIC methodology are provided
in Online Resource 4.

The ASCEMBL population was adjusted to match the
eligibility criteria and distribution of prognostic factors in
each of the comparator studies. Patients in ASCEMBL who
did not fulfill the eligibility criteria of the comparator study
were removed to better align the two populations (Table 2).
Patients from ASCEMBL who satisfied the eligibility
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Table 2 Summary of results of matching performed for the asciminib MAIC

Treatment Comparison Comparator Study How was matching on eligibility criteria performed? Number of patients
in ASCEMBL after
matching®

Asciminib vs Ponatinib PACE ASCEMBL allowed patients with CCyR at baseline whereas 103

PACE excluded patients with CCyR.

19 patients from ASCEMBL had CCyR at baseline; 35
patients had unknown CCyR status. All patients having con-
firmed CCyR at baseline or unknown CCyR status (n = 54)
were removed from ASCEMBL.

The following scenarios were considered in addition to the

base case:

Removal of patients having confirmed CCyR at baseline

(n=19)

Asciminib vs Nilotinib Giles et al. (2010)

ASCEMBL and Giles et al. (2010) had similar eligibility 157

criteria. Thus, no patients were removed from ASCEMBL.
A scenario where patients achieving major cytogenic
response were removed was considered separately.

Asciminib vs Dasatinib Rossi et al. (2013)

Tan et al. (2019)
Asciminib vs Nilotinib/Dasatinib  Ibrahim et al. (2010)

criteria.

ASCEMBL and both studies had similar eligibility criteria. 157
Thus, no patients were removed from ASCEMBL.

ASCEMBL and Ibrahim et al. (2010) had similar eligibility 103

Only CCyR response data were available from Ibrahim et al.

(2010).

CCyR response data were only available for the CCyR
subgroup in ASCEMBL. Thus, the ASCEMBL CCyR
subgroup (n = 103) was considered for the MAIC.

There were 157 patients in ASCEMBL prior to the matching process

21% of patients who were on nilotinib (in the study conducted by Giles et al. 2010) were able to achieve major cytogenic response. However, it
was not known if the response achieved in these patients was the best response achieved or was achieved at the start of nilotinib therapy. Thus,
major cytogenic response was assumed to be at the start of the nilotinib treatment for the base case analysis as a conservative assumption

CCyR complete cytogenic response; MAIC matching-adjusted indirect comparison; 77D time to treatment discontinuation

criteria of each comparator study were then reweighted to
adjust for imbalances in baseline characteristics of prog-
nostic significance. A form of propensity score weighting
was used, in which patients in ASCEMBL were weighted
by the inverse odds of being in that group compared to the
other group (derived from the competitor study for which
only AD was available). Weights were based on a gener-
alized method-of-moments propensity score algorithm,
which guaranteed a close balancing of covariates between
the ASCEMBL and comparator populations. Results of
the ASCEMBL study were re-analyzed using the weighted
patient-level data set. Treatment outcomes were then com-
pared across balanced study populations. To quantify the
overlap between the two study populations, the effective
sample size (ESS) was calculated to reflect the impact of
weighting on the available information in the IPD. The ESS
is the number of non-weighted patients that would produce
a treatment effect estimate with the same precision as the
reweighted sample estimate. Since these MAIC analyses
provided an unanchored indirect comparison due to the
lack of a common comparator arm in each comparison, all
treatment effect modifiers and prognostic variables should

be adjusted to ensure balance and reduce bias (Phillippo
et al. 2018).

Prior to conducting the analyses, potentially impor-
tant prognostic factors, which were identified based on an
SLR for clinical outcomes in CP-CML patients who had
received >2 TKIs prior to study entry and by consulting
clinical experts, were ranked in order of importance based
on their expected impact on outcome. Nine factors were
identified to be the most important prognostic variables:
gender, baseline age, race, partial cytogenetic response
(PCyR) at baseline, number of prior TKIs received before
study entry, resistance to prior TKIs, intolerance to prior
TKIs, mutation status, and Eastern Cooperative Oncology
Group Performance Status (ECOG PS). From the various
MAIC simulations executed for each comparison, the most
suitable scenario was selected based on convergence of the
model with maximum number of matching baseline vari-
ables and an optimal ESS.

Relative efficacy for asciminib versus comparator TKIs was
determined for the binary endpoints MMR and CCyR rates by
estimating the relative risks (RRs) and their 95% confidence
intervals (ClIs). The difference between the compared groups

@ Springer



6252

Journal of Cancer Research and Clinical Oncology (2023) 149:6247-6262

was considered statistically significant when the 95% CI range
did not include “1.” Of note, cumulative incidence curves
to MMR and CCyR were only available for asciminib and
ponatinib. The curves reported for ponatinib were digitized
using WebPlotDigitizer (v4.5) to retrieve relevant data points
required to calculate RR. RRs comparing asciminib versus the
remaining comparators were calculated as a ratio of risks using
comparator response data reported at specified timepoints.

Relative efficacy is typically determined for TTD (i.e., a
time-to-event outcome) by estimating a hazard ratio (HR)
using a Cox proportional hazards model. This method requires
that Kaplan—Meier (KM) curves are reported for the compet-
ing treatments, so that they can be leveraged to capture the data
at every timepoint. Although a TTD KM curve was reported in
ASCEMBL, none of the comparator trials reported a TTD KM
curve. Thus, it was not possible to calculate an indirect treat-
ment effect estimate using a Cox proportional hazards model.
Alternatively, the median TTD of the adjusted population
receiving asciminib was compared to the median treatment
duration reported for each of the comparators.

All analyses were conducted using R (R Core Team,
Vienna, Austria: http://www.R-project.org/) based on the
methods developed by (Signorovitch et al. 2010, 2012), with
an adapted sample code from the NICE Decision Support Unit
(DSU) Technical Support Document 18 for calculating MAIC
weights (Phillippo et al. 2016, 2019).

Quantitative approaches to assess the numerical feasibility
of conducting a MAIC (Glimm and Yau 2022) were recently
introduced and validated in R code. By the means of numeri-
cal examination of the patient baseline characteristics, these
approaches assessed whether sufficient overlap in patient
characteristics between IPD and AD was present for a valid
MAIC to proceed. It was necessary to perform these additional
statistical tests of the data after clinical aspects of the compa-
rability of the studies have been confirmed. This is because
although the eligibility criteria of the different data sources
can be similar, differences in the average patient character-
istics may be present due to shifts in regions or centers. For
the analysis, these statistical tests were conducted using the
ASCEMBL IPD and the AD of each of the comparators and
they confirmed that it was appropriate to conduct the MAIC.

Results

Study identification

The SLR identified five unique studies for the respective
comparators of asciminib: ponatinib (PACE), nilotinib

(Giles et al. 2010; Ibrahim et al. 2010), and dasatinib (Ibra-
him et al. 2010; Rossi et al. 2013; Tan et al. 2019) (Table 1).

@ Springer

Study and patient characteristics

An overview of the study and patient characteristics of the
included studies is presented in Table 1. ASCEMBL was an
open-label, phase III RCT, while all other comparator stud-
ies were single-arm and non-randomized. Namely, PACE
and the study conducted by Giles et al. (2010) were phase II
single-arm studies; the study conducted by Tan et al. (2019)
was a retrospective study; and studies conducted by Rossi
et al. (2013) and Ibrahim et. al., 2010 were prospective stud-
ies. There was variation in follow-up and treatment durations
across the included studies. There was also variation in the
requirement for prior treatment among the included stud-
ies. ASCEMBL recruited patients who had >2 prior TKIs
at study entry, with failure or intolerance to the last line
of TKI. However, patients in PACE were required either
to have disease that was resistant/intolerant to dasatinib
or nilotinib or to have developed the T3151 mutation after
any TKI therapy. Moreover, Giles et al. (2010) recruited
patients whose disease was resistant/intolerant to imatinib
and had failed to respond to dasatinib. Tan et al. (2019)
recruited patients whose disease had failed either imatinib
alone or both imatinib and nilotinib. Although Rossi 2013
and Ibrahim 2010 recruited patients who received 2 prior
lines of TKI, these patients had to have disease that failed
first-line imatinib and then failed either nilotinib or dasatinib
during second line of treatment. Three studies (including
ASCEMBL) excluded patients harboring the T3151 muta-
tion. ASCEMBL allowed patients with CCyR at baseline,
whereas PACE excluded them; the remaining studies did
not report criteria pertaining to these patients. ASCEMBL
reported a median age of 50 years, which was similar to a
median age of 50 years reported by Tan et al. (2019); the
remaining comparator studies reported a higher median age
at baseline. ASCEMBL and PACE both required patients to
have an ECOG PS score of 0-2; the remaining studies did
not specify this criterion.

Outcome availability and definitions

Only cumulative response outcomes reported by 6 and
12 months were included in the analysis. AD for comparison
of response were only available from the PACE (Cohort A;
patients receiving > 3L treatment) (ponatinib), Ibrahim et al.
(2010) (pooled nilotinib/dasatinib), and Tan et al. (2019)
(dasatinib) studies. A comparison of treatment response
was conducted using the available AD for CCyR and MMR
rates by 6 and 12 months from PACE (cohort A) (ponatinib),
CCyR and MMR rates by 6 months from Tan et al. (2019)
(dasatinib), and CCyR by 6 and 12 months from Ibrahim
et al. (2010) (pooled nilotinib/dasatinib). In addition to these
comparisons, an analysis comparing asciminib and ponatinib
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was conducted, where 13 ponatinib-pretreated patients were
further excluded from ASCEMBL. This was done to bet-
ter align patients in ASCEMBL to the eligibility criteria of
PACE, which excluded ponatinib-pretreated patients. AD
for comparison of TTD were only available from the PACE
(Cohort A + B; patients either receiving > 3L treatment
or harboring the T315I mutation) (ponatinib), Giles et al.
(2010) (nilotinib), and Rossi et al. (2013) (dasatinib) studies.

Definitions of MMR were similar across the studies
reporting this outcome. ASCEMBL, PACE, and Tan et al.
(2019) classified MMR according to BCR::ABL1 transcript
levels according to the International Scale (IS). Definitions
of CCyR were mostly similar across the studies reporting
this outcome. ASCEMBL and PACE both defined CCyR
as the absence of Ph + cells in at least 20 metaphases. How-
ever, Ibrahim et al. (2010) defined CCyR as the absence
of Ph + cells in two consecutive bone marrow examinations
with at least 30 metaphases. Tan et al. (2019) was unclear
in defining CCyR. Definitions of TTD were mostly simi-
lar across the studies that reported this outcome, with all
definitions specifying treatment failure and unacceptable
toxicity as reasons for discontinuation. ASCEMBL was
the only study to define treatment failure according to the
ELN recommendations. However, ASCEMBL and PACE
reported similar definitions of TTD, specifying additional
reasons for discontinuation such as: death, disease progres-
sion, loss to follow-up, withdrawal of consent, and discretion
of the investigator. Among the included studies, ASCEMBL
was the only study to report a TTD curve. Thus, it was not
possible to calculate an indirect treatment effect estimate
using a Cox proportional hazards model. Alternatively, the
median TTD of the adjusted population receiving asciminib
was compared to the median treatment duration reported for
each of the comparators.

Matching-adjusted indirect comparisons
Asciminib vs ponatinib (MMR and CCyR)

In the adjusted base case analysis, 54 patients in ASCEMBL
who did not satisfy PACE’s inclusion criteria for CCyR were
excluded (Table 2). Further exclusions were not required,
as all other key eligibility criteria were similar between the
trials. After reweighting the remaining 103 patients from
ASCEMBL to align with the population of interest in PACE
(Cohort A), all the baseline characteristics of interest were
similar (Table 3), accompanied by a 48% reduction in ESS
for the asciminib population. The following factors were
included in the base case analysis based on convergence
of the model, including the maximum number of vari-
ables, and obtaining an optimal ESS: baseline age, ECOG
PS, proportion of patients with no mutations, PCyR rate,
and proportion of patients with two prior TKIs (Table 3).

The overall ranges from various scenarios are presented in
Online Resource 5.

For both the unadjusted and adjusted comparisons, the
observed MMR and CCyR rates, and the relative treatment
effect estimates (RRs) are summarized in Table 4.

By 6 months, the unadjusted MMR and CCyR rates
among patients receiving asciminib were 28% and 41%,
respectively. In comparison, 19% and 34% of patients treated
with ponatinib (Cohort A) achieved MMR and CCyR,
respectively. After base case adjustment, patients treated
with asciminib demonstrated significant improvement over
ponatinib (Cohort A) in terms of MMR by 6 months (RR:
1.55, 95% CI: 1.02, 2.36). By the same timepoint, asciminib
showed numerical improvement over ponatinib (Cohort A)
in terms of CCyR (RR: 1.11, 95% CI: 0.81, 1.52).

By 12 months, the unadjusted MMR and CCyR rates
among patients receiving asciminib were 35% and 46%,
respectively. In comparison, 23% and 43% of patients treated
with ponatinib (Cohort A) achieved MMR and CCyR,
respectively. After base case adjustment, asciminib demon-
strated significant improvement over ponatinib (Cohort A)
in terms of MMR by 12 months (RR: 1.48, 95% CI: 1.03,
2.14). However, ponatinib demonstrated slight improvement
over asciminib in terms of CCyR by 12 months although this
result was not statistically significant (RR: 0.97, 95% CI:
0.73, 1.28). Moreover, asciminib had relatively favorable
results compared with ponatinib (Cohort A) for the times
taken to achieve MMR by 6 and 12 months, and CCyR by
6 months (Fig. 1).

An additional analysis further excluding 13 ponatinib-
pretreated patients in ASCEMBL was conducted. After
reweighting the remaining 90 patients from ASCEMBL to
align with the population of interest in PACE (Cohort A), all
the baseline characteristics of interest were similar (Table 3),
accompanied by a 58% reduction in ESS for the asciminib
population. Asciminib demonstrated significant improve-
ments over ponatinib (Cohort A) in terms of MMR by both 6
(RR: 1.68,95% CI: 1.1, 2.55) and 12 months (RR: 1.72, 95%
CI: 1.2, 2.45). Asciminib demonstrated numerical improve-
ments over ponatinib (Cohort A) in CCyR by both 6 (RR:
1.15, 95% CI: 0.84, 1.59) and 12 months (RR: 1.03, 95%
CI: 0.78, 1.36). Detailed results of the additional analysis
are presented in Online Resource 6 and Online Resource 7

Asciminib vs ponatinib (TTD)

Similar to what was observed for matching according to
PACE (Cohort A), 54 patients in ASCEMBL who did not
satisfy PACE’s inclusion criteria for CCyR were excluded
from the ASCEMBL in the base case analysis (Table 2). Fur-
ther exclusions were not required, as all other key eligibility
criteria were similar between the trials. After reweighting
the remaining 103 patients from ASCEMBL to align with

@ Springer



Journal of Cancer Research and Clinical Oncology (2023) 149:6247-6262

6254

J10YIqIYUI 9SBULY QUISOIA) 1Y [

‘asuodsar onouag0o1ko [ented yA4Hg osuodsar onousadolfo sofewr YLy ‘uostredwod 10axpur pajsnlpe-umyorewr Dy 2zis duwes aanosye 57 ‘dnoin A3ojoouQ 2aneradoo) uidiseq HODF

%001 - %S9 - BLT - - %T6 - IS a4 - Ge=8Sd  DIVIN-Isod — TINHDSY
%HES - %0¥ - %BOL - - %98 - €S a4 - €0I=N DIVIN-o1d — TINADSY
%001 - %S9 - BLT - - BYS - 9 BYS - 9C=N 010T 'Te 30 wiyeiqg
C=sDIL qunesep/qIuiofiN qrunesep/qIunofIN QuDSOP/qIUIOJIU SA qIUIIISD [UOSLIDdUO0)
%001 %08 - %68 - - - %YS - 0s %E€9 - €2=SSd  DIVIN-1sod — TGINFOSY
%V %ET - %8¢ - - - %L - [4Y %HCS - LST=N DIVIN-21d — TINHDSV
%001 %08 - %6S - - - BYS - 0S %€ - YC=N 610T 'Te o uey,
quDSDP SA QUIUIISD UOSLIDAUIO0)
%001 %TCl %6¢ %6S yXa4 - - %6L - 9 BHES - 19=SSd  DJIVIN-Isod — TIINHOSV
r 334 %€T %¥S %8E BYS - - BLY - [43 %HTS - LST=N OIVIN-o1d — THNADSY
%001 %0S %9 %65 %¥6 - - %0S - 09 BLT - YE=N €10T T8 19 1ss0y
C=SDIL  QIUDOMIN qiupew]  qUOOJIN qrunew] QPSP SA QIIUIISD JUOSLIDAUI0)
%001 %L %YL %1E %TE 1T - %S6 BLL €S - - 8y=SSH  DIVIN-1sod — THINADSY
BTS BSE BYS V94 %¥S %8¢C - %L8 %08 [49 - - LST=N OIVIN-o1d — THNHDSV
%001 %L BS1 BlE %S8 %1T - %ee %¥9 9 - - 6E=N 010T 'Te 39 s9[D
T=SDIL quneseq qunew]  quupeseq qrunewy QIUIO[IU SA qruIWIoSe :uostreduwo))
SIe - - - - - %Tol %0°L9 %S89 19 ey 6€L  €5=SSH  DIVIN-Isod — THNADSY
WY ES - - - - - %EVC %198 %LOL €S WBLEY BIL  €OI=N DIVIN-21d — TENADSY
%S 1€ - - - - - »C6l %0°L9 %S"89 19  %89v LS8 COT=N qJOvd
(v 140y02) quuipuod sa quuiudsy :uostinduio)
BLEE - adq! - %9°6L - %96l B11S %0°0L 09  %9ve BSIL 1€=SSsd  OIVIN-1sod — TINADSY
BY'ES - %86 - %669 - BEVC %¥"98 %L9L €S BL'EY B8IL  €OI=N DIVIN-21d — THNAOSY
BLEE - yad! - %9°6L - %961 LTS %0°0L 09  %eeES %608  OLT=N qOvd
(g + Vv 1oyos) quuipuod sa quuiui1dsy :uosivduio)

C=SDIL qrunesep/qIunofIN qlunesep/qIunorIN
SILL Jotig QourIS[OJUT ouesIsay  YADIN YADd uonelnwoN (=D0DH OSeueipo]y  OR]N  (9IYA) 90vy Apmyg/[eriy,

DIVIA Jolje pue 210Joq SONSLIgOBIRYD durfaskq jo uostedwo) ¢ ajqel

pringer

Qs



Journal of Cancer Research and Clinical Oncology (2023) 149:6247-6262

6255

Table 4 Overview of relative efficacy of different interventions comparing the rate of MMR/CCyR by 6 months and 12 months

Study MMR

CCyR

6 months 12 months

6 months 12 months

% patients RR [95% CI] % patients RR [95% CI] % patients RR [95% CI] % patients RR [95% CI]

Asciminib vs ponatinib (cohort A)*

ASCEMBL - pre- 28% - 35% -
MAIC

ASCEMBL - post- 29% 1.55[1.02,2.36] 34% 1.48 [
MAIC

PACE 19% 23%

Asciminib vs nilotinib/dasatinib

ASCEMBL - pre- - - - -
MAIC

ASCEMBL - post- - - - -
MAIC

Ibrahim et al. (2010) - - - _

Asciminib vs dasatinib

ASCEMBL - pre- 27% - - -
MAIC

ASCEMBL - post- 27% 1.29[0.57,2.93] — -
MAIC

Tan et al. (2019) 21% - -

Rossi et al. (2013)

41% - 46% -

1.03,2.14] 38% 1.11[0.81, 1.52] 42% 0.97 [0.73, 1.28]
34% 43%
41% - 46% _
54% 3.57 [1.42,8.98] 63% 2.03[1.12, 3.67]
15% 31%

“PACE cohort A (N=203) includes patients on > 3L CP-CML therapy

CCyR complete cytogenetic response; CI confidence interval; MAIC matching-adjusted indirect comparison; MCyR major cytogenetic response;
RR risk ratio; TKI tyrosine kinase inhibitor; 77D time to treatment discontinuation

the population of interest in PACE (Cohort A +B), all the
baseline characteristics of interest were similar (Table 3),
accompanied by a 70% reduction in ESS for the asciminib
population. The following factors were included in the base
case analysis based on convergence of the model, including
the maximum number of variables, and obtaining an optimal
ESS: baseline age, ECOG status, proportion of patients with

no mutations, PCyR rate, resistance or intolerance to prior
nilotinib or dasatinib, and proportion of patients with two
prior TKIs (Table 3).

Prior to base case adjustment, the median TTD for
patients receiving asciminib was not reached in the
ASCEMBL trial. A median TTD of 32.1 months (published
as ‘median treatment duration’) was reported for patients

(a) (b)
45% Time to MMR S0% Time to CCyR
40% 45%
o 357 T 40% I
O —
é 30% o 35%
» =
£ 259 3 30%
S 2
2 20% S 25%
e 2 20%
L 15% £ 20%
§ 2 .
< = 15%
7 10% ——— Asciminib MMR ] o N
a o o 10% Asciminib CCyR
X 5y —— Asciminib MMR - MAIC o o
. o = Asciminib CCyR - MAIC
o Ponatinib MMR - 3L 5% -
0% i Ponatinib CCyR - 3L
0 10 20 30 40 50 60 0%
Time (months) 0 5 10 15 20 25 30 35
Time (months)

Fig. 1 Cumulative response curves for time to MMR and CCyR
curves. a MMR, asciminib (ASCEMBL) vs ponatinib (PACE cohort
A). b CCyR, asciminib (ASCEMBL) vs ponatinib (PACE cohort A).

PACE cohort A (N=203) includes patients on >3L CP-CML therapy.
3L third line; CCyR complete cytogenetic response; MAIC matching-
adjusted indirect comparison; MMR major molecular response
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receiving ponatinib in the PACE (Cohort A + B) trial. After
adjusting the ASCEMBL population to align with that
of PACE (Cohort A + B), the median TTD for asciminib
was 15.5 months. After the base case adjustment, the TTD
curve for asciminib shifted downwards; this implied that
the adjustment resulted in an overall shorter TTD among
patients receiving asciminib matched to PACE (Cohort
A +B) compared to the ASCEMBL population prior to
adjustment. Figure 2 presents the KM curve comparing the
TTD for asciminib (ESS =31) with that of ponatinib (PACE
[Cohort A+ B]; N=270).

Asciminib vs nilotinib (TTD)

In the adjusted base case analysis, ASCEMBL and Giles
et al. (2010) (nilotinib) had similar eligibility criteria;
therefore, exclusions from the ASCEMBL IPD were not
required (Table 2). After reweighting the 157 patients from
ASCEMBL to align with the population of interest in Giles
et al. (2010), all the baseline characteristics of interest were
similar (Table 3), accompanied by a 69% reduction in ESS
for the asciminib population. The following factors were
included in the base case analysis based on convergence of
the model, including the maximum number of variables,
and obtaining an optimal ESS: baseline major cytogenetic
response rate (MCyR), resistance or intolerance to dasatinib,
and proportion of patients with two prior TKIs (Table 3).
The overall ranges from various scenarios are presented in
Online Resource 5.

Prior to base case adjustment, the median TTD for
patients receiving asciminib in ASCEMBL was not reached.
The median TTD (originally reported as median treatment
duration) was reported as 11 months for patients receiv-
ing nilotinib in Giles et al (2010). After adjusting the
ASCEMBL population to align with the Giles et al. (2010),
the median TTD for asciminib remained unreached. After
this adjustment, the TTD curve for asciminib shifted upward;
this implied that the adjustment resulted in an overall longer
TTD among patients receiving asciminib compared to the
ASCEMBL population prior to adjustment. Figure 2 pre-
sents the KM curve comparing the TTD for asciminib
(ESS =48) with that of nilotinib (Giles et al. 2010; N=39).

Asciminib vs nilotinib/dasatinib (CCyR)

In the adjusted base case analysis, ASCEMBL and the study
by Ibrahim et al. (2010) (pooled nilotinib/dasatinib) had
similar eligibility criteria; therefore, exclusions from the
ASCEMBL IPD were not required. However, only the CCyR
outcome was available in Ibrahim et al. (2010) and given
that CCyR data was only available for the CCyR subgroup
in ASCEMBL, only this population was considered in
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the analysis (Table 2). After reweighting the 103 patients
from ASCEMBL to align with the population of interest
in Ibrahim et al. (2010), all the baseline characteristics
of interest were similar (Table 3), accompanied by a 66%
reduction in ESS for the asciminib population. The following
factors were included in the base case analysis based on
convergence of the model, including the maximum number
of variables, and obtaining an optimal ESS: resistance or
intolerance to prior nilotinib/dasatinib and the proportion of
patients with two prior TKIs (Table 3). The overall ranges
from various scenarios are presented in Online Resource 5.

For both the unadjusted and adjusted comparisons, the
CCyR rates and the relative treatment effect estimates (RRs)
are summarized in Table 4.

By 6 months and 12 months, the unadjusted CCyR rates
among patients receiving asciminib were 41% and 46%,
respectively. In comparison, 15% and 31% treated with nilo-
tinib/dasatinib achieved CCyR by 6 months and 12 months,
respectively. After base-case adjustment, patients treated
with asciminib demonstrated significant improvements over
nilotinib/dasatinib in terms of CCyR by 6 months (RR: 3.57,
95% CI: 1.42, 8.98) and 12 months (RR: 2.03,95% CI: 1.12,
3.67) (Table 4).

Asciminib vs dasatinib (MMR)

In the adjusted base case analysis, ASCEMBL and the
study by Tan et al. (2019) had similar eligibility criteria;
therefore, exclusions from the ASCEMBL IPD were not
required (Table 2). After reweighting the 157 patients from
ASCEMBL to align with the population of interest in Tan
et al. 2019, all the baseline characteristics of interest were
similar (Table 3), accompanied by an 85% reduction in ESS
for the asciminib population. The following factors were
included in the base case analysis based on convergence of
the model, including the maximum number of variables, and
obtaining an optimal ESS: baseline age, proportion of male
patients, proportion of patients with no mutations, resistance
or intolerance to nilotinib, and proportion of patients with
two prior TKIs (Table 3). The overall ranges from various
scenarios are presented in Online Resource 5.

For both the unadjusted and adjusted comparisons, MMR
and the relative treatment effect estimates (RRs) are sum-
marized in Table 4.

By 6 months, the unadjusted MMR rate among patients
receiving asciminib was 27%. In comparison, 21% treated
with dasatinib achieved MMR by 6 months. After base-case
adjustment, patients treated with asciminib demonstrated
numerical improvement over dasatinib in terms of MMR
by 6 months (RR: 1.52, 95% CI: 0.66, 3.53), respectively.
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Fig.2 TTD KM curves before and after MAIC. a Asciminib
(ASCEMBL) vs Ponatinib (PACE cohort A+B). b Asci-
minib (ASCEMBL) vs Nilotinib (Giles et al. 2010). ¢ Asciminib

Asciminib vs dasatinib (TTD)

In the adjusted base case analysis, ASCEMBL and Rossi
et al. (2013) (dasatinib) had similar eligibility criteria;
therefore, exclusions from the ASCEMBL IPD were not
required (Table 2). After reweighting the 157 patients from

(ASCEMBL) vs Dasatinib (Rossi et al. 2013). KM Kaplan—Meier;
MAIC matching-adjusted indirect comparison; 77D time to treatment
discontinuation

ASCEMBL to align with the population of interest in Rossi
et al. (2013), all the baseline characteristics of interest were
similar (Table 3), accompanied by a 61% reduction in ESS
for the asciminib population. The following factors were
included in the base case analysis based on convergence of
the model, including the maximum number of variables,
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and obtaining an optimal ESS: resistance to nilotinib and
proportion of patients with two prior TKIs (Table 3). The
overall ranges from various scenarios are presented in
Online Resource 5.

Prior to base case adjustment, the median TTD for
patients receiving asciminib was not reached. The median
TTD (originally reported as median treatment duration) was
reported as 14 months for patients receiving dasatinib. After
adjusting the ASCEMBL population to align with that of
Rossi et al. (2013), the median TTD for asciminib remained
unreached. After this adjustment, the TTD curve for asci-
minib did not shift substantially; this implied that the adjust-
ment did not have an appreciable impact on TTD among
patients receiving asciminib compared to the ASCEMBL
population prior to adjustment. Figure 2 presents the KM
curve comparing the TTD for asciminib (ESS=61) with that
of dasatinib (Rossi et al. (2013); N=34).

Naive comparison of safety outcomes

Although safety outcomes were of interest for the analyses,
there were several challenges in adjusting for the differences
in baseline characteristics. Across the included studies, there
were several differences in key factors influencing safety
outcomes, such as: definition and classification of AEs, fre-
quency and severity of AEs, and duration of treatment expo-
sure. As a result, adjusting for differences in baseline char-
acteristics was not feasible and MAICs could not be used to
assess safety outcomes. Alternatively, unadjusted data on
AEs were compared naively using the prescribing informa-
tion of ASCEMBL and published comparator studies.

Among the included studies, asciminib had a better over-
all safety profile. In terms of treatment discontinuation,
patients treated with asciminib demonstrated favorable out-
comes when compared to dasatinib, ponatinib, and nilotinib.

Detailed results of the naive safety analyses are presented
in Online Resource 8.

Discussion

With a novel mechanism of action, asciminib exhib-
ited a favorable efficacy and safety profile in the phase 3
ASCEMBL trial. In addition to gaining FDA approval for the
treatment of patients with CP-CML after >2 TKIs (Novartis
2021) who do not harbor the T3151 mutation, it was recently
recommended for reimbursement in the UK (NICE 2022)
and received approval from the Committee for Medicinal
Products for Human Use (CHMP) of the European Medi-
cines Agency (EMA) (Novartis 2022). The approval and rec-
ommendations of asciminib represent a promising advance-
ment in the > 3L CP-CML treatment landscape. In the
absence of head-to-head RCTs, the present analyses assessed
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the effectiveness of asciminib in those who do not harbor the
T315I mutation versus alternative > 3L TKIs in the treatment
of CP-CML. Published AD from the comparator studies and
IPD from ASCEMBL enabled the correction of cross-trial
imbalances in patient characteristics through the conduct of
unanchored MAICs. The results from these analyses dem-
onstrated that asciminib had superior efficacy for most of the
outcomes when compared with the conventionally used > 3L
TKIs for CP-CML. Moreover, a naive comparison showed
that asciminib had a favorable safety profile when compared
to the other TKIs. However, these analyses are subject to a
few limitations arising from their methodology and must be
considered during the interpretation of their results. Albeit
these limitations, the present analyses facilitated treatment
comparisons between asciminib and key comparators based
on currently available data, thus addressing the noted lack
of published head-to-head RCTs evaluating TKIs in>3L
CP-CML. The results of these analyses can be used to aid
key stakeholders involved in healthcare decision-making
related to more well-defined treatment pathways for patients
with > 3L CP-CML.

These analyses showed that asciminib mostly demon-
strated favorable response outcomes when compared with
key comparator treatments for > 3L CP-CML. Significant
improvements were especially noted in MMR rate for asci-
minib over ponatinib (Cohort A). Asciminib also demon-
strated numerical improvements in CCyR rate by 6 months
when compared to ponatinib (PACE [Cohort A]) and sig-
nificant improvements by both 6 and 12 months when com-
pared to pooled patients receiving either nilotinib or dasat-
inib. However, CCyR rate by 12 months for post-adjustment
asciminib was slightly lower when compared to ponatinib
(PACE [Cohort A]). Asciminib had relatively favorable
results compared with ponatinib (PACE [Cohort A]) for the
times taken to achieve MMR by 6 and 12 months, and CCyR
by 6 months.

In an additional analysis comparing asciminib and
ponatinib and excluding ponatinib-pretreated patients in
ASCEMBL, the improvements of asciminib over ponatinib
in achieving MMR and CCyR were further highlighted.
Among the excluded patients, only one patient received
asciminib as a>3L therapy, whereas the remaining 12
patients were highly pretreated (fourth- or later line [>4L]
therapy). The exclusion of these highly pretreated patients
may have contributed to the improved relative efficacy of
asciminib compared to ponatinib and presented a more
objective comparison of the two treatments.

Where feasible, the results of the analyses showed that
asciminib demonstrated improvements in MMR when com-
pared to ponatinib, dasatinib, and nilotinib/dasatinib. These
results are of importance as MMR is acknowledged as a
well-established surrogate for long-term survival outcomes
(NICE 2022).
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Prior to adjustment, the median TTD for asciminib was
not reached in the ASCEMBL trial with a follow-up of least
48 weeks. Adjustment of the ASCEMBL population accord-
ing to the nilotinib and dasatinib study populations resulted
in a median TTD that was not yet reached for asciminib.
However, a shorter median TTD was noted for asciminib
when compared to ponatinib. A longer TTD observed for
ponatinib could be due to the reduction in the number of
patients receiving asciminib after adjustment according to
patients receiving ponatinib (PACE [Cohort A + B]); thus,
patients with better outcomes in ASCEMBL may have been
eliminated. In the PACE trial, a clear difference in response
outcomes (both MMR and CCyR) was observed when com-
paring patients with and without T315I mutation. A bet-
ter response observed with presence of the T3151 mutation
may encourage patients to remain on ponatinib, especially
given heavy pre-treatment and the lack of alternative subse-
quent treatments other than allo-SCT (Boddu et al. 2018).
Thus, the overall TTD results may be skewed in favor of
ponatinib, when comparing the mixed group of patients in
the PACE (Cohort A + B) trial with those of ASCEMBL
(which excluded patients who harbored T3 151 mutation).

Due to the challenges of comparing the safety outcomes
using MAICs, unadjusted data on AEs taken from the
prescribing information and published studies were
compared naively. Overall, asciminib demonstrated a
favorable safety profile when compared to the other TKIs.
Notably, patients on asciminib had lower rates of treatment
discontinuation due to AEs. Favorable safety outcomes may
be attributed to the novel mechanism of action of asciminib
specific to ABL kinases and may provide an advantage
over key comparators in > 3L CP-CML. Ponatinib, a
third-generation TKI therapy, is approved in patients
with CP-CML resistant or intolerant to second-generation
TKIs or in CML patients harboring the T3151 mutation.
However, safety concerns were raised due to potential life-
threatening AEs, including arterial occlusive events, venous
thromboembolic events, and heart failure; thus, the use of
ponatinib was restricted in patients with prior cardiovascular
risk factors (Hochhaus et al. 2020a, b; Cortes and Lang
2021). With a promising safety profile, asciminib may allow
a broader patient population to benefit from its treatment
without restriction from co-morbidities and tolerability
challenges. However, the results of the naive comparisons
must be interpreted with caution as they are limited by the
heterogeneity of study variables, definitions of AEs used,
and limited data in the available publications.

A key strength of the current analysis was the incorpora-
tion of IPD from the ASCEMBL trial, which was adjusted
according to key comparator populations to facilitate treat-
ment comparisons involving asciminib. The logistic pro-
pensity score model used to estimate weights for the IPD
from ASCEMBL for alignment with weighted mean baseline

characteristics of the comparator population was consistent
with the recommendations from the DSU commissioned by
NICE (Phillippo et al. 2016, 2018). Despite a lack of pub-
lished consensus on the appropriate reduction in ESS, these
comparisons with asciminib generated ESS estimates which
aligned with those found in previously published MAICs
(Levy et al. 2019; Phillippo et al. 2019). The post-MAIC
reductions in ESS, ranging between ~48% (asciminib vs
ponatinib [PACE]) and ~85% (asciminib vs dasatinib [Tan
et al. 2019]), aligned with reductions reported by Phillippo
et al. 2019 (median: 74.2%; range: 7.9-94.1%) and Levy
et al. 2019 (27.8%) (Levy et al. 2019; Phillippo et al. 2019).

Although this analysis was able to facilitate compari-
sons between asciminib and other available treatments for
patients with > 3L CP-CML, there are a few limitations that
must be considered. Given that the analysis was limited to
published AD for the comparators, the populations were
balanced based on aggregate statistics rather than on the
individual patients themselves. As a result, there may still
be residual heterogeneity at the patient level contributing to
potential bias in the treatment effect estimates. This limita-
tion could be compensated for to some extent due to the
robust approach used for selecting the prognostic factors and
prioritizing them for the propensity model. However, it is
unclear whether any unaccounted risk of bias was induced
due to the differences in reporting of baseline characteris-
tics and the definitions used in various studies. Moreover,
although the present analysis aimed to adjust for all identi-
fied important patient characteristics relevant to the target
population, the model did not converge when accounting
for all these characteristics. Therefore, the present analysis
aimed to balance the number of variables adjusted for while
maintaining sufficient ESS.

Many studies did not have a sufficient overlap of patient
population when compared with ASCEMBL,; therefore, the
ESS used in MAIC was smaller than the actual sample size
of ASCEMBL. The smaller ESS sizes may have contrib-
uted to wider Cls, thus affecting the interpretation of the
data. Although the adjustment of sample size accounted for
the between-study differences and contributed to objective
comparison, these results must be interpreted with caution.
Despite this constraint, most of the important patient char-
acteristics were retained during the present analysis. Thus,
the analysis was still able to achieve balance between the
number of variables adjusted for while maintaining a suf-
ficient ESS aligning with those reported in previously pub-
lished MAICs.

The MAIC was limited by the number of studies used
to inform each treatment comparison, as most comparators
were informed by single studies reporting on the comparator
and meeting stringent criteria of the SLR and the analyses.
Comparisons with nilotinib and dasatinib were informed
by three retrospective studies having small sample sizes
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(range: 24-39 patients Giles et al. 2010; Ibrahim et al. 2010;
Rossi et al. 2013)). Moreover, the present analysis could
not include all studies reporting on mixed study populations
containing > 3L patients and patients not of interest, such as
BYOND and OPTIC. This is because our criteria for MAICs
required > 75% of the study population to be in > 3L CP-
CML, along with the availability of baseline characteris-
tics for this target patient group to minimize heterogeneity
(Online Resource 3). In addition, as none of the comparator
studies reported KM curves for TTD, a time-to-event indi-
rect comparative analysis could not be conducted with a Cox
proportional hazards model and a HR was not calculated.
Alternatively, the median TTD of post-adjustment asciminib
was compared with the median treatment duration reported
in each of the comparator studies. These comparisons may
be limited by the differences in outcome definition, as the
definition of median treatment duration may not necessarily
equate to that of TTD; thus, results should be interpreted
with caution. In addition to the discussed limitations, the
analysis highlights the lack of RCTs evaluating treatments
in the > 3L CP-CML setting.

Despite the noted limitations, the present analyses facili-
tated treatment comparisons between asciminib and key
comparators based on currently available data. The pre-
sent analyses provide insights into the relative comparative
effectiveness to address the paucity of head-to-head clini-
cal trials evaluating asciminib against key comparators in
patients with CP-CML in the third-line setting. The results
of these analyses can be used to aid researchers, clinicians,
and policymakers involved in healthcare decision-making.
Such comparative analyses are vital in supporting the deci-
sions of optimal treatment choice, which can help reduce
the overall disease burden in patients who are resistant to
multiple TKIs.

Conclusion

The present analyses facilitated treatment comparisons
between asciminib and key TKIs in > 3L CP-CML, based
on the most currently available data given a paucity of
literature reporting > 3L CP-CML treatments. These
treatment comparisons showed that asciminib mostly
demonstrated favorable outcomes in MMR rate, CCyR rate,
and TTD, compared with other treatments used in patients
with CP-CML previously treated with at least two TKIs.
Of note, these analyses were limited by the ability to adjust
for all characteristics, a lack of head-to-head trials, and
limited studies to inform comparisons. The analysis aimed
to include comparator populations where the majority of
patients satisfied the inclusion criteria of ASCEMBL

@ Springer

(treated with >2 TKIs and absence of T315I mutation).
However, due to the consideration of mixed populations,
some patients harboring the T315I mutation were included
in the analysis. Despite these caveats, the comparative
evidence from these MAIC analyses may help in bridging
the gap to define a clear treatment pathway in patients whose
disease fails > 2 TKI therapies.
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