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ABSTRACT

Introduction: Efficacy of ponatinib-based
treatment for patients with Philadelphia chro-
mosome-positive acute lymphoblastic leukemia
(Ph ? ALL) has not been compared to imatinib-
based treatments in head-to-head clinical trials.
We evaluated its efficacy versus imatinib-based
regimens using a matching adjusted indirect
comparison.
Methods: Two ponatinib studies were used: the
phase 2 MDACC study of ponatinib ? hyper-

CVAD (cyclophosphamide, vincristine, dox-
orubicin, and dexamethasone) in adult patients
and the phase 2 GIMEMA LAL1811 study of
ponatinib ? steroids in patients[60 years/unfit
for intensive chemotherapy and stem cell
transplant. Studies on imatinib as first-line
treatment in adults with Ph ? ALL were identi-
fied using a systematic literature search. Popu-
lation adjustment was based on the prognostic
factors and effect modifiers identified by clinical
experts. Hazard ratios (HRs) were calculated for
overall survival (OS) and odds ratios (ORs) for
complete molecular response (CMR).
Results: The systematic literature search iden-
tified two studies (GRAAPH-2005 and
NCT00038610) reporting the efficacy of first-
line imatinib ? hyper-CVAD and one study
reporting the efficacy of first-line imatinib
monotherapy induction ? imatinib-based con-
solidation (CSI57ADE10). Ponatinib ? hyper-
CVAD prolonged OS and gave a higher CMR
rate than imatinib ? hyper-CVAD. The adjusted
HR [95% confidence interval (CI)] for OS was
0.35 (0.17–0.74) for MDACC vs. GRAAPH-2005
and 0.35 (0.18–0.70) for MDACC vs.
NCT00038610; the adjusted OR (95% CI) for
CMR was 12.11 (3.77–38.87) for MDACC vs.
GRAAPH-2005 and 5.65 (2.02–15.76) for
MDACC vs. NCT00038610. Ponatinib ? steroids
prolonged OS and gave a higher CMR rate than
imatinib monotherapy induction ? imatinib-
containing consolidation. The adjusted HR
(95% CI) for OS was 0.24 (0.09–0.64) and the
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adjusted OR (95% CI) for CMR was 6.20
(1.60–24.00) for GIMEMA LAL1811 vs.
CSI57ADE10.
Conclusion: In adults with newly diagnosed
Ph ? ALL, first-line treatment with ponatinib
was associated with better outcomes than first-
line treatment with imatinib.

Keywords: Acute lymphoblastic leukemia;
Efficacy; Imatinib; Indirect treatment
comparison; Matching adjusted indirect
comparison; Philadelphia chromosome;
Ponatinib; Tyrosine kinase inhibitor

Key Summary Points

Ponatinib has been investigated as a first-
line treatment for patients with
Philadelphia chromosome-positive acute
lymphoblastic leukemia (Ph ? ALL).

However, it has not been compared to
standard first-line imatinib-based
regimens in a head-to-head clinical trial.

Matching adjusted indirect comparison
was used to compare the efficacy of
ponatinib versus imatinib ? hyper-CVAD
(cyclophosphamide, vincristine,
doxorubicin, and dexamethasone) and
imatinib monotherapy
induction ? imatinib-containing
consolidation.

Compared to imatinib, ponatinib
prolonged overall survival and increased
complete molecular response rates in
patients with newly diagnosed Ph ? ALL.

This study suggests that first-line
treatment with ponatinib gives better
outcomes than first-line treatment with
imatinib-based regimens.

INTRODUCTION

The Philadelphia chromosome (Ph) is a com-
mon cytogenetic abnormality associated with

acute lymphoblastic leukemia (ALL) and
accounts for approximately 20–30% of ALL
cases in adults [1, 2]. The incidence of Ph ? ALL
increases with age and may be up to 50% in
patients[50 years [2–6]. Ph is formed from a
reciprocal translocation that causes the fusion
of the ABL1 tyrosine kinase gene on chromo-
some 9 to the BCR gene on chromosome 22 and
results in the formation of the BCR::ABL1
oncogene [7, 8]. This oncogene encodes the
p190- or p210-BCR::ABL1 isoforms detected in
most adults with Ph ? ALL [7, 9]. The
BCR::ABL1 fusion protein has elevated tyrosine
kinase activity that drives the transformation of
immature lymphoid cells in Ph ? ALL.

Prognosis for Ph ? ALL has historically been
poor, especially for old or unfit patients. Treat-
ment options for ALL initially included
chemotherapy-based regimens; however, recur-
rence rates were high [2, 10]. Stem cell trans-
plantation improves outcomes but is not
suitable for elderly patients. Tyrosine kinase
inhibitor (TKI)-based treatments targeting the
BCR::ABL1 oncoprotein combined with stan-
dard or reduced-intensity chemotherapy have
revolutionized the treatment response and
improved the long-term survival of Ph ? ALL
patients [1, 2, 8, 11–16].

TKI-based treatment strategies for patients
with Ph ? ALL include a TKI in combination
with chemotherapy or steroids. Imatinib is a
first-generation TKI approved by the European
Medicines Agency in combination with
chemotherapy for newly diagnosed Ph ? ALL
patients and as monotherapy in patients with
relapsed or refractory Ph ? ALL. In the US,
imatinib is approved for adults with relapsed or
refractory Ph ? ALL [17, 18]. Dasatinib is a sec-
ond-generation TKI approved in the EU and US
for adult Ph ? ALL patients with resistance or
intolerance to prior therapy [19–21]. Ponatinib
is a third-generation TKI with potent activity
against unmutated and mutated BCR::ABL1,
including the BCR::ABL1 T315I mutant [14, 22].
First-line treatment with ponatinib in combi-
nation with chemotherapy achieved long-term
remission in patients with newly diagnosed
Ph ? ALL in a phase 2 study (NCT01424982)
[23, 24]. Ponatinib was additionally effective
against relapsed or refractory Ph ? ALL
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[1, 8, 25–28]. Recent trials combining TKIs
(dasatinib or ponatinib) and immunotherapy
(blinatumomab) as front-line therapy for
Ph ? ALL yielded promising outcomes [29–31].
Ponatinib is approved in the EU for adults with
Ph ? ALL who are resistant to dasatinib; who
are intolerant to dasatinib and for whom sub-
sequent treatment with imatinib is not clini-
cally appropriate; or who have the T315I
mutation [32]. In the US, it is approved for
adults with Ph ? ALL for whom no other kinase
inhibitors are indicated or who have T315I-
positive Ph ? ALL [33].

The efficacy of ponatinib as a first-line
treatment for patients with Ph ? ALL has not
been compared to the standard first-line ima-
tinib-based treatment in a head-to-head clinical
trial. The aim of this study was to evaluate the
relative efficacy of ponatinib versus imatinib-
based treatments for Ph ? ALL. The efficacy of
ponatinib was evaluated based on two studies:
(1) MDACC (NCT01424982), a phase 2, single-
center, open-label, single-arm study of pona-
tinib in combination with hyper-CVAD (cy-
clophosphamide, vincristine, doxorubicin, and
dexamethasone) in adults with Ph ? ALL; and
(2) GIMEMA LAL1811 (NCT01641107), a phase
2, multicenter, open-label, single-arm study of
ponatinib therapy with prednisone in
adults[60 years with newly diagnosed with
Ph ? ALL [24, 34]. Ponatinib showed a good
efficacy profile in the MDACC study, with
3-year event-free survival (EFS) of 70% and a
complete molecular response (CMR) in 83% of
patients. Similarly, ponatinib showed good
efficacy in the GIMEMA LAL1811 study, with
over 86% of patients in complete hematologic
response (CHR) after 6 months, over 95% of
patients showing a CHR sometime during
treatment, and more than 81% of patients
achieving a CMR sometime during treatment.

In this study, we used matching adjusted
indirect comparison (MAIC) to compare the
efficacies of ponatinib and imatinib in the
treatment of Ph ? ALL. Dasatinib was not con-
sidered for this MAIC analysis as it is currently
not recommended as first-line therapy for
Ph ? ALL, but is instead used to treat patients
who are not responsive to imatinib-based
treatment regimens [21].. The MAIC is an

approach that enables treatments in different
trials to be compared by adjusting for between-
trial differences in baseline characteristics [35].
An MAIC can be used when individual patient
data are available only for one treatment and
aggregate data are available for the other treat-
ment. Given that both MDACC and GIMEMA
LAL18115 are single-arm studies lacking a
comparator arm that could be used as an anchor
for the indirect treatment comparison, an
unanchored MAIC was used to compare the
relative efficacy between treatments.

METHODS

Study Design

Individual patient data for ponatinib and
aggregated data for imatinib from published
sources were compared using MAIC. Individual
patient data for ponatinib were obtained from
the MDACC (high-dose eligible population, i.e.,
patients were eligible to receive high-dose
therapy and stem cell transplantation) and
GIMEMA LAL1811 studies (high-dose non-eli-
gible population, i.e., patients were not eligible
to receive high-dose therapy and stem cell
transplantation) [24, 34]. A systematic literature
search was conducted on 15 March 2021 to
identify studies investigating the clinical effi-
cacy of imatinib as a first-line treatment for
adults with Ph ? ALL (Fig. 1). Literature sear-
ches and abstract screening also included stud-
ies on ponatinib, but these were not considered
for full-text review as the aim of the systematic
literature search was to identify imatinib data
for indirect treatment comparison. Systematic
searches were conducted in MEDLINE, Embase,
the Cochrane Library, and the Database of
Abstracts of Reviews of Effectiveness to identify
peer-reviewed studies (published between 2000
and 2021) and in conference proceedings to
identify abstracts from recent scientific meet-
ings (2015–2021). ClinicalTrials.gov was sear-
ched to identify clinical trials that were not
detected in the electronic database searches.
The systematic literature search included ran-
domized controlled, single-arm, and non-ran-
domized controlled trials (phase II–IV) and
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observational/real-world studies published in
English that included C 15 patients receiving
imatinib therapy as first-line treatment. Studies
evaluating other interventions or imatinib/
ponatinib in combination with other targeted
therapies or immunotherapy or evaluating
imatinib as second- or later-line treatment were
excluded, as were studies including only pedi-
atric patients and studies of patients with Ph-
ALL and other leukemias.

Results from the literature search were doc-
umented using DistillerSR software (Evidence
Partners, Canada) [36]. Titles and abstracts of all
articles identified in the literature searches were
reviewed independently by two researchers to
determine whether they met the inclusion and
exclusion criteria of the systematic literature

search, and discrepancies were resolved by a
third reviewer. Data were then extracted from
full-text articles by one reviewer and validated
by a second reviewer.

Studies identified in the systematic literature
search were divided into two groups: studies
that included patients who were eligible to
receive intensive therapy and stem cell trans-
plantation (intensive eligible population), and
studies that included patients not eligible to
receive intensive therapy and stem cell trans-
plantation (non-intensive eligible population).
Clinical experts were consulted to confirm
imatinib-based treatment protocols reflecting
current clinical practices.

Studies of imatinib meeting all the following
criteria were included in the indirect treatment

Fig. 1 Selection of imatinib studies for the MAIC
analysis. CDSR Cochrane Database of Systematic Reviews,
CENTRAL Cochrane Central Register of Controlled
Trials, DARE Database of Abstracts of Reviews of
Effectiveness, MAIC matching adjusted indirect compar-
ison, SLR systematic literature review. *Study only
reported median age of patients. **The SLR identified 18
unique studies investigating imatinib-based regimens for
patients with newly diagnosed Philadelphia chromosome-

positive acute lymphocytic leukemia. Studies that did not
follow a treatment of interest (i.e., induction without
imatinib; not from a German multicenter study group for
adult acute lymphoblastic leukemia protocol for hyper-
CVAD; imatinib not given continuously) or that reported
too few baseline characteristics to allow a meaningful
population-adjustment were excluded from the MAIC
analysis
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comparison: studies of imatinib in combination
with hyper-CVAD or as part of the German
multicenter study group for adult acute lym-
phoblastic leukemia; studies in which imatinib
was started at the beginning of the induction
therapy; studies in which imatinib was given
throughout the study; and studies which
reported data on critical prognostic factors. To
be included, randomized controlled trials of
imatinib had to pass a quality assessment per-
formed using the Cochrane Risk of Bias tool for
RCTs v2.0 [37].

Matching Adjusted Indirect Comparison

The outcomes evaluated in this study included
overall survival (OS), CMR, disease-free survival
(DFS), EFS, CHR, and major molecular response
(MMolR). The definitions for efficacy outcomes
are listed in Table S1.

The MAIC was conducted according to the
methods described by Signorovitch et al. and
the guidelines of the National Institute for
Health and Care Excellence [35, 38]. The MAIC
consisted of estimating balancing weights
through propensity score-like regression to
weight the ponatinib populations (index pop-
ulations) so that they became comparable to the
imatinib populations (comparator populations)
on key demographic and clinical characteristics.
All available prognostic factors were considered
for the population adjustment, and those
identified by clinical experts were used in the
analysis (Table S2). The key prognostic factors
and effect modifiers identified by clinical
experts for population adjustment were age,
Eastern Cooperative Oncology Group (ECOG)
performance status, white blood cell (WBC)
count, and type of BCR::ABL transcript at base-
line. Cytogenetic factors could not be included
in the population adjustment because they were
not available in all studies.

The MAIC adjusted for imbalances in as
many prognostic factors and effect modifiers as
possible while maximizing the effective sample
size resulting from the population adjustment.
The effective sample size corresponded to the
number of individual (unweighted) patients
that would give the same level of uncertainty in

the estimates as the weighted cohorts. Three
scenarios were considered to determine the
strategy for deriving MAIC weights: all available
baseline characteristics (scenario 1); all clini-
cally validated prognostic factors and effect
modifiers (scenario 2); and factors prioritized by
clinical experts (scenario 3).

Several matching models were tested and
those that resulted in a pre-specified effective
sample size of\15 were excluded from the
analysis. This threshold value was used as it
represented the value below which the central
limit theorem might not apply. The specifica-
tions for the matching models (base case and
sensitivity) used in the study are outlined in the
Supplemental Appendix (Tables S3, S4, and S5).

Statistical Analysis

For OS, DFS, and EFS, relative efficacy was
quantified as the hazard ratio (HR) and 95%
confidence interval (CI). HRs were obtained
using a Cox regression analysis [39, 40]. For
CMR and CHR, relative efficacy was quantified
as the odds ratio (OR) and 95% CI. The MDACC
and NCT00038610 studies included some
patients who had previously received minimal
treatment for Ph ? ALL. For these patients, only
those who were not in response at the start of
the study were included in the efficacy analyses.
The ORs were calculated using a logistic regres-
sion analysis. The Cox and logistic regression
models were fitted to the ponatinib study data
and reconstructed individual patient data from
the comparator imatinib study used in the
matching. To estimate the reduction in bias
induced by the population adjustment, regres-
sion models were fitted using unweighted and
weighted MDACC/GIMEMA LAL1811 data.
Robust estimators were used to calculate stan-
dard errors. Reconstructed individual patient
data for imatinib time-to-event outcomes were
generated using the algorithm developed by
Guyot et al. [41].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
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with human participants or animals performed
by any of the authors.

RESULTS

Studies Identified in the Systematic
Literature Review

Two imatinib studies (GRAAPH-2005 and
NCT00038610) including high-dose therapy
eligible patients and one imatinib study
(CSI57ADE10) including high-dose therapy
non-eligible patients were selected for the MAIC
analysis (Table 1) [11, 14, 15, 34, 42]. The
GRAAPH-2005 (NCT00327678) trial was a phase
3, randomized, multicenter, open-label trial in
adults with newly diagnosed Ph ? ALL. The
NCT00038610 trial was a phase 2, single-arm,
single-center, open-label study of ima-
tinib ? hyper-CVAD in adults with newly diag-
nosed or minimally treated Ph ? ALL (i.e.,
patients had received B 2 courses of prior
chemotherapy without TKIs). The
CSTI571ADE10 trial was a multicenter, ran-
domized, open-label, phase 2 study of single-
agent imatinib or multi-agent chemotherapy
induction in adults with Ph ? ALL
aged C 55 years who were not eligible for stem
cell transplantation. Study attrition for high-
dose therapy eligible and non-eligible patients
is presented in Table S6 and Table S7, respec-
tively [11, 12, 15, 16, 43–59].

Baseline Characteristics of MAIC
Populations

The characteristics of the ponatinib study pop-
ulations were successfully matched with the
relevant imatinib study populations, i.e.,
MDACC vs. GRAAPH-2005 (Table S8) MDACC
vs. NCT00038610 (Table S9), and GIMEMA
LAL1811 vs. CSI57ADE10 (Table S10), at the
treatment-arm level following population
adjustment.

Comparative Efficacy in the MAIC
Populations

OS and CMR data were available from all studies
included in the MAIC analysis, while DFS and
EFS were only reported in some of the studies.
Results obtained using base case matching
models are discussed here. Results from sensi-
tivity models were aligned with the base case
analyses and are presented in the Supplemental
Appendix (Tables S3, S4, S5, S11, and S12).

Overall Survival
Ponatinib 1 Hyper-CVAD vs. Imatinib 1

Hyper-CVAD Overall, ponatinib ? hyper-
CVAD significantly prolonged OS compared to
imatinib ? hyper-CVAD. The HR (95% CI) for
OS was 0.41 (0.25–0.68) before population
adjustment and 0.35 (0.17–0.74) after popula-
tion adjustment for MDACC (ponatinib) vs.
GRAAPH-2005 (imatinib) (Table 2 and Fig. 2).

The NCT00038610 study (imatinib) reported
OS censoring of patients who received stem cell
transplantation therapy. This enabled an
assessment of the effect of ponatinib ? hyper-
CVAD vs. imatinib ? hyper-CVAD uncon-
founded by the proportion of patients who
received a subsequent stem cell transplant. For
MDACC vs. NCT00038610, the unadjusted HR
(95% CI) for OS was 0.42 (0.24–0.73) before
censoring for stem cell transplantation and 0.36
(0.20–0.63) after censoring for stem cell trans-
plantation. The adjusted HR (95% CI) for OS
was 0.35 (0.18–0.70) without censoring patients
who received a subsequent stem cell transplant
and 0.30 (0.15–0.59) when censoring patients
who received a subsequent stem cell transplant.
Notably, the OS estimates for imatinib ? hyper-
CVAD were worse after censoring patients who
received a stem cell transplant in the
NCT00038610 study, whereas the OS estimates
for ponatinib ? hyper-CVAD changed slightly
as only a few patients received a subsequent
stem cell transplant in MDACC. Overall, the HR
for OS was better for ponatinib ? hyper CVAD
compared with imatinib ? hyper-CVAD.
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Median OS was not achieved at the data cut-
off point in the MDACC study, despite a median
follow-up of 45.1 months. For the GRAAPH-
2005 study, the median OS for the ima-
tinib ? hyper-CVAD arm was 1.8 years after a
median follow-up of 4.8 years. For the
NCT00038610 study, the median OS was
reached at 31 months (27 months with censor-
ing of patients receiving stem cell transplants).

Ponatinib 1 Steroids vs. Imatinib Monother-
apy Induction Followed by Age-adjusted Con-
solidation with Imatinib 1 Intrathecal
Chemotherapy Ponatinib prolonged OS com-
pared to imatinib both before and after popu-
lation adjustment. The unadjusted HR (95% CI)
was 0.40 (0.20–0.81) and the adjusted HR was
0.24 (0.09–0.64) for GIMEMA LAL1811 (pona-
tinib) vs. CSI57ADE10 (imatinib) (Table 2;
Fig. 2). However, the median OS was not
achieved at the data cut-off point in the
GIMEMA LAL1811 study, despite a median fol-
low-up of 34.9 months. In the CSI57ADE10
study, the median follow-up was 11.2 months;
the median OS was 23.5 months in patients
who received imatinib induction and
12.3 months in patients who received
chemotherapy induction.

Complete Molecular Response
Ponatinib 1Hyper-CVAD vs. Ima-
tinib 1Hyper-CVAD Patients who received
ponatinib ? hyper-CVAD achieved a CMR

significantly more frequently than those who
received imatinib ? hyper-CVAD. The adjusted
OR (95% CI) for CMR was 12.11 (3.77–38.87) for
MDACC vs. GRAAPH-2005 and 5.65
(2.02–15.76) for MDACC vs. NCT00038610
(Table 3).

Ponatinib 1 Steroids vs. Imatinib Monother-
apy Induction Followed by Age-adjusted Con-
solidation with Imatinib 1 Intrathecal
Chemotherapy Patients who received pona-
tinib ? steroids were more likely to achieve a
CMR than patients who received imatinib
monotherapy. The adjusted OR (95% CI) for
CMR was 6.20 (1.60–24.00) for GIMEMA
LAL1811 vs. CSI57ADE10 (Table 3).

Complete Hematologic Response, Event-Free
Survival, and Disease-Free Survival
As all the patients in the MDACC study
achieved a CHR, no relative efficacy estimate
could be calculated. Ninety-one percent of
patients in the GRAAPH-2005 study and 93% of
patients in the NCT00038610 study achieved a
CHR. As 95.5% of the ponatinib-treated patients
in the GIMEMA LAL1811 study and all ima-
tinib-treated patients in the CSI57ADE10 study
achieved a CHR, the two treatments were
regarded as similar in the achievement of CHR.

In a comparison of MDACC vs. GRAAPH-
2005, ponatinib ? hyper-CVAD significantly
prolonged EFS compared to imatinib ? hyper-
CVAD (Tables S11, S12; Fig. S1). The adjusted

Table 2 Relative efficacy of ponatinib vs. imatinib—overall survival

OS MDACC vs. GRAAPH-
2005

MDACC vs.
NCT00038610

GIMEMA LAL1811 vs.
CSI57ADE10

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Unadjusted comparison 0.41 (0.25, 0.68) \0.001 0.42 (0.24, 0.73)a 0.002 0.40 (0.20, 0.81) 0.011

0.36 (0.20, 0.63)b \0.001

Population-adjusted comparison 0.35 (0.17, 0.74) 0.006 0.35 (0.18, 0.70)a 0.003 0.24 (0.09, 0.64) 0.004

0.30 (0.15, 0.59)b 0.001

CI confidence interval, HR hazard ratio, OS overall survival
aHR with no censoring on stem cell transplantation
bHR with censoring on stem cell transplantation
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HR (95% CI) for EFS was 0.42 (0.21–0.83). The
NCT00038610 and CSI57ADE10 studies did not
report any data for EFS.

Ponatinib ? hyper-CVAD also significantly
prolonged DFS compared to imatinib ? hyper-
CVAD. The unadjusted HR (95% CI) for DFS was
0.55 (0.32–0.92) and the adjusted HR (95% CI)
was 0.50 (0.27–0.93) in MDACC vs.
NCT00038610 (Tables S11, S12; Fig. S2). The
GIMEMA LAL1811 and GRAAPH-2005 studies
did not report data for DFS.

DISCUSSION

This is the first study to compare the efficacy of
ponatinib and imatinib in the treatment of
Ph ? ALL. Treatment with ponatinib in combi-
nation with hyper-CVAD prolonged survival
and increased molecular response rates in
Ph ? ALL patients compared to treatment with
imatinib in combination with hyper-CVAD.

Similarly, ponatinib in combination with ster-
oids prolonged survival and increased the pro-
portion of patients achieving a CMR compared
to imatinib monotherapy induction ? imatinib-
containing consolidation. Compared to treat-
ment with imatinib, OS was longer and the
proportion of patients achieving a CMR was
higher following treatment with ponatinib in
both high-dose eligible and high-dose non-eli-
gible patients with Ph ? ALL. Sensitivity analy-
ses conducted using alternative matching
scenarios provided results consistent with the
base case.

Imatinib, the first approved BCR::ABL1
inhibitor, revolutionized the treatment of
Ph ? ALL [1]. However, imatinib is not effective
against tumors harboring emerging BCR::ABL
mutants, including the BCR::ABL T315I ‘‘gate-
keeper’’ mutation, which disrupts the interac-
tion between the drug and its target ATP-
binding site on the BCR::ABL tyrosine kinase.
The BCR::ABL T315I mutation occurs in a subset
of patients with Ph ? ALL and tumors with this
mutation are resistant to the first- and second-
generation TKIs used to treat Ph ? ALL [60].
Ponatinib is the only approved TKI for the
BCR::ABL T315I mutation in Ph ? ALL. A recent
study showed that treatment with ponatinib
(30 mg/day) with standard induction and con-
solidation chemotherapy followed by allo-
geneic hematopoietic stem cell transplant was

bFig. 2 Unadjusted and adjusted Kaplan–Meier curves of
OS. MDACC vs. NCT00038610 without censoring for
stem cell transplantation (A) and with censoring for stem
cell transplantation (B); MDACC vs. GRAAPH-2005
(C); and GIMEMA LAL1811 vs. CSI57ADE10 (D).
CVAD cyclophosphamide, vincristine, doxorubicin, and
dexamethasone, OS overall survival

bFig. 2 continued
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well tolerated and showed promising EFS in
adults with newly diagnosed Ph ? ALL [61].
Further, a comparison between this trial and the
ALLPh08 trial investigating the same schedule
with imatinib showed significant improvement
in OS for patients treated with ponatinib (3-year
OS 96% vs. 53%, p = 0.002) [61]. Therefore, our
findings add to existing evidence that ponatinib
could be an effective first-line treatment for
patients with Ph ? ALL.

This study has some limitations. The pona-
tinib and imatinib populations may have been
imbalanced because of unobserved factors that
were not included in the population adjust-
ment. Notably, few baseline characteristics were
available for adjustment in the comparison
conducted in the high-dose therapy-non-eligi-
ble population. Moreover, population adjust-
ment for cytogenetic and additional molecular
factors was not possible as data were not
reported comparably across studies. Addition-
ally, baseline ECOG performance status was not
reported in the CSI57ADE10 study and so could
not be included in the population adjustment.
Therefore, the analyses of ponatinib versus
imatinib in the high-dose non-eligible popula-
tion may have been affected by unobserved
imbalances.

Unanchored MAICs can mitigate bias in rel-
ative efficacy estimates due to imbalances in
baseline characteristics between studies. How-
ever, they cannot mitigate bias that is caused by
differences in study designs and definitions of
outcomes. In this MAIC analysis, the definitions
used for some of the efficacy outcomes were
different in the MDACC and comparator stud-
ies. The definitions for molecular responses
differed slightly across studies but were regarded

as comparable. The definitions of CHR in the
GIMEMA LAL1811 and CSI57ADE10 studies
were different; therefore, the CHR could not be
compared.

The ORs for CMR differed between the
GRAAPH-2005 and NCT00038610 studies. This
might be due to the different monitoring of
patients for response in the GRAAPH-2005
study, which investigated imatinib ? hyper-
CVAD as a bridging therapy to stem cell trans-
plantation. Specifically, CMR was assessed only
during the initial two cycles of treatment;
patients who continued to receive ima-
tinib ? hyper-CVAD without undergoing stem
cell transplantation were not monitored fur-
ther. By contrast, CMR was monitored
throughout the NCT00038610 study. This
might explain why more CMRs were captured
in the NCT00038610 study compared to the
GRAAPH-2005 study. As patients were moni-
tored throughout the MDACC study, it is
expected that the OR values obtained in the
comparison against the NCT00038610 study are
more representative of the true treatment effect
of ponatinib versus imatinib than the ORs
obtained in the comparison against the
GRAAPH-2005 trial.

The comparison of ponatinib versus imatinib
in high-dose therapy non-eligible patients was
subject to considerable uncertainty because of
the small effective sample size achieved fol-
lowing MAIC. Moreover, the OS data in pona-
tinib studies was immature and the median OS
was not reached in the MDACC or GIMEMA
LAL1811 studies. As a result, the true picture of
OS is unknown for ponatinib and the relative
efficacy of ponatinib versus imatinib for OS
might change if the analysis was repeated using

Table 3 Relative efficacy of ponatinib vs. imatinib—complete molecular response

CMR MDACC vs. GRAAPH-
2005

MDACC vs.
NCT00038610

GIMEMA LAL1811 vs.
CSI57ADE10

OR (95% CI) p-value OR (95% CI) p value OR (95% CI) p value

Unadjusted comparison 12.34 (5.77, 26.41) \0.001 4.93 (2.13, 11.39) \0.001 7.65 (2.48, 23.64) \0.001

Population-adjusted

comparison

12.11 (3.77, 38.87) \0.001 5.65 (2.02, 15.76) \0.001 6.20 (1.60, 24.00) 0.008

CI confidence interval, CMR complete molecular response, OR odds ratio
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OS data for ponatinib with longer follow-up.
Finally, MAICs do not provide the same level of
statistical evidence as randomized controlled
trials [35].

CONCLUSIONS

Our findings warrant further research compar-
ing ponatinib-based and imatinib-based regi-
mens. Several studies investigating ponatinib as
a first-line treatment for Ph ? ALL are currently
ongoing. These include a phase 3 clinical trial
(NCT03589326) comparing ponatinib versus
imatinib (each in combination with reduced-
intensity chemotherapy) and a phase 3 study
(NCT04722848) investigating treatment with
ponatinib and blinatumomab (sequence) versus
imatinib and chemotherapy (combined) in
patients with newly diagnosed Ph ? ALL
[62, 63]. Another phase 2 study is investigating
treatment with ponatinib in combination with
blinatumomab in patients with Ph ? and/
BCR::ABL ? ALL. This MAIC analysis of pona-
tinib versus imatinib suggests that ponatinib is
more effective than imatinib in both high-dose
therapy eligible and non-eligible patients with
newly diagnosed or minimally treated
Ph ? ALL, and that ponatinib could be a
potential first-line treatment for these patients.
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