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Letter to editor

Philadelphia chromosome—positive acute lymphoblastic leukemia (Ph-positive ALL) remains a
challenging subtype of adult ALL due to its high relapse rates and adverse genetic features, particularly
in patients with /IKZF1-plus deletions. While ponatinib has demonstrated superior molecular responses
compared to imatinib in clinical trials "4, real-world data remain limited, especially in settings without
post-transplant maintenance therapy. In this retrospective study, we found that ponatinib significantly
improved measurable residual disease (MRD) progression-free survival (70.1% vs. 33.1%) and showed
a trend toward better overall survival. Notably, early reduction of ponatinib to 15 mg/day-was associated
with a significantly increased relapse risk, even among patients who achieved early complete molecular
response (CMR). These findings were more significantly observed in patients with high-risk genetic
profiles such as triple deletions of IKZF1, CDKN2A/B, and PAX5. This study was approved by the Data
Review Board and the Institutional Review Board of The Catholic University of Korea
(No.KC25RISI0371). The requirement for written informed consent was waived due to the retrospective
nature of the study involving only de-identified data and procedures were conducted in accordance with

the Declaration of Helsinki.

We retrospectively analyzed 39 adult patients with newly diagnosed Ph-positive ALL treated with
frontline ponatinib plus hyper-CVAD at our institution between October 2023 and July 2025, compared
to 158 historical patients who received imatinib-based induction between April 2018 and September
2023. In both groups, we excluded cases of early death during induction therapy (2 [5.1%] in ponatinib
and 10 [6.3%] in imatinib) and then we finally focused on 37 in ponatinib group and 148 in imatinib
group. All of them had MRD results at both TP1, after completion of hyper-CVAD cycle 1A (post-
induction) and TP2, after completion of cycle 1B (first consolidation). TP3 was defined as the last MRD
assessment performed either before allogeneic hematopoietic cell transplantation (allo-HCT) or, in non-
transplanted patients, after completion of hyper-CVAD cycle 2A. MRD monitoring for BCR::ABL1
transcripts was centrally evaluated by real-time quantitative PCR (RT-qPCR) with 5.0-log sensitivity,
with relapses defined by a significant MRD increase by at least 1-log. Poor molecular response (PMR)
was defined by ratio of BCR::ABL1 to ABL1 = 0.1%, while CMR was defined as absence of detectable

BCR::ABL1 transcripts. Major molecular response (MMR) was defined as a detectable BCR::ABL1
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transcript level with a BCR::ABL1/ABL1 ratio < 0.1%. In cases of CMR discordance, we followed NGS
or MFC results indicating higher MRD levels . For genetic analysis, we have conducted multiplex
ligation probe amplification (MLPA) assay to detect common gene deletion and/or amplification
targeting IKZF1, CDKN2A, CDKN2B, PAX5, BTG1, EBF1, ETV6, JAK2, RB1, and PARL1 region using
the SALSA MLPA Probemix Kit (P335 ALL-IKZF1; MRC Holland, Amsterdam, The Netherlands), as
well as next generation sequencing (NGS) to identify mutations of 73 genes. Ponatinib was
administered at 45 mg/day for 14 days at the first cycle of hyper-CVAD, and then maintained 30 mg/day,
followed by dose reduction to 15 mg/day upon achieving CMR. Imatinib was administered at 600 mg/day,
but the dose was reduced to 400 mg for many intolerant patients, and dasatinib and ponatinb were
sequentially applied in cases of resistance. Excluding some unfit patients, we mostly conducted allo-
HCT for post-remission therapy. No post-HCT prophylactic therapy was administered, as such use has
not been approved by the Korean national regulatory authority. To date, only preemptive imatinib is

officially recognized and permitted in Korea.

Complete remission (CR) was observed in 96.6% in imatinib and 100% in ponatinib group (p =
0.585), and 27 of them in imatinib group relapsed before transplantation, while no one relapsed in
ponatinib group (p = 0.004). Median time from induction to allo-HCT was not significantly different
between patients with early ponatinib dose reduction (< 3 months of 30 mg/day) and those maintaining
30 mg/day (median 5.4 vs 5.6 months, p = 0.506). Between imatinib and ponatinib, median interval from
induction start to allo-HCT was 5.9 and 5.5 months (p = 0.101). To evaluate the dynamics of molecular
response, we analyzed MRD status across three defined timepoints (TP1, TP2, TP3) in both imatinib
and ponatinib frontline treatment cohorts (Table 1). Both subgroups exhibited progressive shifts from
PMR to MMR and eventually CMR over time. At TP1, a considerable proportion of patients in both
groups remained in the PMR category (43.2% in imatinib vs. 29.7% in ponatinib), with relatively low
CMR rates (27.7% in imatinib vs. 24.3% in ponatinib) showing no different statistical values. However,
by TP2, ponatinib demonstrated a notably reduced proportion of PMR (5.4% vs. 25.7%, p=0.011)
compared to imatinib, followed by a significantly higher rate of CMR (73.5% vs. 54.0%, p=0.003) and a
lower PMR rate at pre-transplant TP3 (2.9% vs. 21.4%, p<0.001), indicating a statistically significant

improvement over time (Supplementary Figure 1).



At a median follow-up of 20.1 months (range 11.8-25.4) for ponatinib and 52.4 months (range 23.8-
88.5) for imatinib, the ponatinib group exhibited better 2-year overall survival (OS, 91.8% vs. 77.7%,
p=0.053) and significantly superior progression-free survival (PFS) involving disease-free survival (DFS)
and MRD relapse or increment (70.1% vs. 33.1%, p<0.001) (Figure 1). Cumulative incidence of relapse
(CIR) of ponatinib group was 12.9%, which was lower than 31.8% of imatinib (p=0.057), and relapse
including MRD progression was significantly lower in ponatinib group (24.4% vs. 56.8%, p<0.001). All
5 hematological relapses were observed in early dose-reduction group, especially with high-risk
molecular cytogenetics. The patterns of relapse included BM relapse alone in one patient, isolated EMR
in one, and concomitant BMR and EMR in three patients (including one CNS relapse). Thus, analysis
of the ponatinib dose reduction strategy revealed that patients who were rapidly dose-reduced to 15
mg/day upon achieving CMR showed a significantly higher relapse incidence (23.0% vs. 0.0%, p =
0.038) compared to those who maintained 30 mg/day of ponatinib due to insufficient MRD response
(Figure 2). After excluding MRD as a treatment-dependent variable, baseline clinical and molecular
characteristics were comparable between the two subgroups (Supplementary Table 1). There were no
significantly different treatment outcomes in terms of OS, PFS, CIR, and non-relapse mortality
according to the donor, graft source, preconditioning regimen intensity, and GVHD prophylaxis although
those parameters were imbalanced between the two TKI cohorts. The adverse outcome was not

overcome by allo-HCT consequently.

The prognostic impact of IKZF1, CDKN2A/B, and PAX5 gene deletions were evaluated in terms of
survival and relapse incidence. As single-gene deletions, IKZF1del was observed in 78.3% of patients,
while CDKN2del and PAX5del were identified in 40.0% and 38.4%, respectively. As PAR1 region
alteration or ERGdel were not detected in our study cohort, we operationally classified IKZF1-plus
based on the presence of double-gene deletions (IKZF1del plus either CDKN2del or PAX5del, n=32) or
triple-gene deletions (concurrent deletions in all three genes, n=48). Patients harboring triple-gene
deletions exhibited significantly inferior survival outcomes, with a DFS rate of 41.6%, compared with
65.5% in the single-gene deletion group and 62.1% in the double-gene deletion group. Subgroup
analysis according to TKI type further confirmed the adverse prognostic impact of triple-gene deletions.

In the imatinib-treated group, patients with triple-gene deletions had a DFS of 37.8%, compared to 61.3%



in those without (p = 0.004). Similarly, in the ponatinib-treated group, DFS was 52.6% in the ftriple-
deletion cohort versus 90.7% in others (p = 0.017). Notably, among patients receiving ponatinib, the
relapse incidence was also significantly higher in the triple-gene deletion group (38.6% vs. 5.0%, p =

0.029), as shown in Supplementary Figure 2.

Most significant adverse events were observed during administration of the initial 45 mg dose of
ponatinib, while no serious adverse events were observed when we used 30mg or lower dose. Clinically
significant vascular events were infrequent across both ponatinib dose groups: stroke (n=1), pulmonary
embolism (n=1), and coronary disease (n=1). No excess incidence was noted among patients who

continued 30 mg/day for >3 months compared with those with early reduction (Supplementary Table 2).

Our data highlights several key messages. First, ponatinib-based frontline therapy shows clear real-
world advantages over imatinib in MRD response and survival after allo-HCT. In the PhALLCON trial,
the primary endpoint—MR4-negative CR at 3 months—was higher with ponatinib (43.0% vs. 22.1%) 3.
Similarly, in our study, MR4-negative CR was significantly higher with ponatinib (75.7% vs. 55.4%) than
with historical imatinib data. Although follow-up was short, both PhRALLCON and our study demonstrated
superior PFS with ponatinib. However, while the trial showed no OS difference, our data suggested a
trend toward better OS in the ponatinib group (91.8% vs. 77.7% at 20 months, p=0.053). Second, timing
and patient selection for ponatinib dose reduction require caution. Early reduction to 15 mg/day—
resulting in <3 months of 30 mg exposure—was linked to higher relapse rates post-HCT. Notably, all
early-reduction patients had achieved early CMR, underscoring that tapering should not rely solely on
early response. Thus, optimizing both timing and intensity of ponatinib exposure appears essential to
sustain remission and prevent relapse. Third, unlike the PhALLCON trial population, many in our cohort
did not receive post-HCT ponatinib maintenance, underscoring an unmet need for standardized post-
transplant strategies. This is particularly critical for high-risk patients where relapse prevention remains

a challenge ©.

Based on previous genetic analyses focusing on specific gene deletions in Ph-positive ALL during
the era of frontline imatinib treatment 7-8, we sought to explore whether similar genetic alterations would

yield different clinical implications in the current era of ponatinib-based frontline therapy. This transition



in treatment landscape raises important and timely questions, but our data still showed very poor
survival outcome of patients with triple-gene deletions (IKZF1del, CDKNZ2del, and PAX5del) even after
ponatinib-based frontline therapy followed by allo-HCT. Finally, the poor prognosis associated with
triple-gene deletions was consistently observed across both imatinib and ponatinib cohorts, highlighting
that this genetic signature retains its predictive value of intrinsically high-risk disease regardless of TKI
potency. On the other hand, these findings may also reflect the limitations of our transplantation-focused
strategy in the absence of post-HCT maintenance therapy, suggesting that such an approach may have
been insufficient to prevent relapse in patients with high-risk genetic features. Therefore, these findings
underscore the need for enhanced therapeutic strategies or post-transplant interventions in high-risk
patients. We may suggest intensive MRD surveillance, maintaining an optimal dose of ponatinib prior
to transplantation, and incorporation of post-transplant maintenance therapy, particularly using potent
TKis like ponatinib, in future protocols for patients harboring triple-gene deletions or other adverse-risk
profiles. Moreover, integrating broad genomic profiling and evaluating TKI-based combinations with

immunotherapeutic or epigenetic agents will be key for patients with poor response or early relapse °

10

Several limitations apply. First, this was a retrospective, single-center small cohort, limiting
generalizability. Multivariable analyses were not performed due to the limited number of relapse events
in the ponatinib cohort to avoid model overfitting. Second, while we focused on three key deletions,
other components of the IKZF1-plus definition, such as PAR1 region and ERGdel, were not assessed,
possibly underestimating risk. Third, the comparison with historical imatinib data has inherent limitations,
although treatment practices aside from TKIs were largely similar. Finally, nearly all patients in this study
proceeded to allo-HCT and no standardized post-transplant ponatinib maintenance was implemented,
our findings should be interpreted within this transplantation-oriented context. They may not directly
extend to non-transplant protocols where ponatinib is continued with chemotherapy or blinatumomab
for prolonged periods °. Nevertheless, because no patients in our cohort proceeded to allo-HCT within
the first 3 months (median time to transplant 5.5 months), the shorter exposure to 30 mg/day ponatinib
in the early-reduction group cannot be attributed to early transplantation. Thus, the observed inferior

outcomes are more likely associated with intentional dose reduction after CMR rather than confounding



by early HCT timing.
In conclusion, our findings highlight the unmet need for optimized ponatinib exposure and post-
transplant strategies, particularly for patients with triple-gene deletions who remain at high risk of

relapse despite potent TKI-based induction.
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Table 1. Baseline characteristics between imatinib and ponatinib frontline therapy subgroups

Imatinib (n=148) Ponatinib (n=37) p
Age
Median (range) 44 (19-71) 42 (20-72) 0.857
> 40 years old 83 (56.1%) 21 (56.8%) 1.000
Gender, Male 59 (39.95) 18 (48.6%) 0.433
Leucocyte count (x10%/L)
>30.0 (x10%/L) 68 (45.9%) 22 (59.5%) 0.198
BCR::ABLI transcript
Minor 120 (81.1%) 31 (83.8%)
Major 28 (18.9%) 6 (16.2%)
Gene deletions, available 143 (100%) 33 (89.2%)
IKZF1 119 (80.4%) 26 (78.8%) 1.000
CDKN2 58 (39.2%) 16 (48.5%) 0.432
PAXS 56 (37.8%) 14 (42.4%) 0.771
Triple deletions 37 (25.0%) 11 (33.3%) 0.445
MRD, qPCR
TP1
CMR, not detected 41 (27.7%) 9 (24.3%) 0.626
MMR, any to < 0.1% 43 (29.1%) 17 (45.9%) 0.019
PMR >0.1% 64 (43.2%) 11 (29.7%) 0.056
TP2
CMR, not detected 69 (46.6%) 21 (56.8%) 0.150
MR4 82 (55.4%) 28 (75.7%) 0.025
MMR, any to < 0.1% 41 (27.7%) 14 (37.8%) 0.130
PMR >0.1% 38 (25.7%) 2 (5.4%) <0.001
TP3 (Pre-HCT)
CMR, not detected 68 (54.0%) 25 (73.5%) 0.003
MR4 80 (63.5%) 31 (91.2%) 0.002
MMR, any to < 0.1% 31 (24.6%) 8 (23.5%) 1.000
PMR >0.1% 27 (21.4%) 1(2.9%) <0.001
Time to transplantation 5.9 months (4.1-16.7) 5.5 months (5.0-7.1) 0.101
Allo-HCT 126 (85.1%) 34 (91.9%) 0.420
Donor
Matched sibling donor 33 (26.2%) 8 (23.5%) 0.003
Unrelated donor 49 (38.9%) 16 (47.1%)
Haploidentical donor 15 (11.9%) 10 (29.4%)
Cord blood units 29 (23.0%) 0 (0.0%)
Intensity
Myeloablative 62 (49.2%) 2 (5.9%) <0.001
Reduced toxicity 64 (50.8%) 32 (94.1%)
Allo-HCT in CR1 107 (72.3%) 34 (91.9%) 0.034

Abbreviations: MRD, measurable residual disease; qPCR, real-time quantitative polymerase chain reaction;
TP, MRD time point; CMR, complete molecular response; MMR major molecular response; PMR, poor

molecular response; Allo-HCT, allogeneic hematopoietic cell transplantation; CR, complete remission.
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Figure legends

Figure 1. Comparison of OS and PFS between imatinib and ponatinib groups. A. The 2-year OS was
77.7% (95% CI: 70.1-83.6%) in the imatinib group and 91.8% (95% CI: 76.7-97.3%) in the ponatinib
group. B. The 2-year PFS was significantly superior in the ponatinib group (70.1%, 95% CI: 50.3—-83.2%)

compared to the imatinib group (33.1%, 95% CI: 25.6-40.7%).

Figure 2. Cumulative incidence of relapse stratified by ponatinib dose reduction strategy. A. Patients
who were rapidly dose-reduced to 15 mg/day showed a significantly higher relapse incidence of 23.0%
(95% Cl: 6.4-45.6%) compared to 0% (95% CI: 0.0-0.0%) in those who maintained 30 mg/day of
ponatinib. B. Post-allo-HCT relapse was also higher (26.3%, 95% CI: 7.5-50.2%) in patients who were
rapidly dose-reduced to 15 mg/day, while no relapse was observed in those who maintained 30 mg/day

of ponatinib.
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Supplementary Figure 1. Comparison of molecular response dynamics between imatinib
and ponatinib groups across three timepoints (TP1, TP2, TP3). Stacked bar graphs display
the proportion of patients achieving complete molecular response (CMR), major molecular
response (MMR), and partial molecular response (PMR) at each timepoint. Ponatinib group

showed a significantly higher rate of CMR and a marked reduction in PMR by TP3.
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5.7-72.9%) compared to 5.0% (95% Cl: 0.3-21.1%).



Supplementary Table 1. Baseline characteristics between shorter and longer application of ponatinib 30mg

according to MRD response.

Shorter ponatinib 30mg <3mo
Early dose reduction (n=17)

Longer ponatinib 30mg > 3mo
Dose maintained (n=20)

Age
Median (range) 42 (20-64) 41 (26-72) 0.714
> 40 years old 10 (58.8%) 11 (55.0%) 1.000
Gender, Male 10 (58.8%) 9 (45.0%) 0.515
Leucocyte count (x10°/L) 49.0 (1.3-221.0) 33.1(1.3-494.0) 0.916
>30.0 (x10°/L) 11 (64.7%) 11 (55.0%) 0.792
BCR::ABLI transcript
Minor 16 (94.1%) 15 (75.0%)
Major 1 (5.9%) 5 (25.0%)
Gene deletions, available 15 (88.2%) 18 (90.0%)
IKZF1 12 (80.0%) 14 (77.8%) 1.000
CDKN2 9 (60.0%) 7 (38.9%) 0.391
PAXS 8 (53.3%) 6 (33.3%) 0.421
Triple deletions 6 (40.0%) 5(27.8%) 0.711
MRD, qPCR
TP1
CMR, not detected 9 (52.9%) 0 (0.0%) <0.001
MMR, any to <0.1% 7 (41.2%) 10 (50.0%)
PMR >0.1% 1 (5.9%) 10 (50.0%)
TP2
CMR, not detected 16 (94.1%) 5 (25.0%) <0.001
MMR, any to <0.1% 1 (5.9%) 13 (65.0%)
PMR >0.1% 0 (0.0%) 2 (10.0%)
TP3 (Pre-HCT)
CMR, not detected 14 (82.4%) 11 (64.7%) 0.438
MMR, any to <0.1% 3 (17.6%) 5(29.4%)
PMR >0.1% 0 (0.0%) 1 (5.9%)
Time to transplantation 5.5 months (5.2-6.1) 5.5 months (5.0-7.1) 0.796
Allo-HCT in CR1 17 (100%) 17 (85.0%) 0.420
Donor
Matched sibling donor 4 (23.5%) 4 (23.5%) 1.000
Unrelated donor 8 (47.1%) 8 (47.1%)
Haploidentical donor 5 (29.4%) 5(29.4%)
Intensity
Myeloablative 0 (0.0%) 2 (11.8%) 0.485
Reduced toxicity 17 (100%) 15 (88.2%)

Abbreviations: MRD, measurable residual disease; qPCR, real-time quantitative polymerase chain reaction;
TP, MRD time point; CMR, complete molecular response; MMR major molecular response; PMR, poor
molecular response; Allo-HCT, allogeneic hematopoietic cell transplantation; CR, complete remission.



Supplementary Table 2. Adverse events of ponatinib plus hyper-CVAD.

CTCAE grade
Toxicity Total 1 2 3 4 5
Infection
Neutropenia fever 22 (59.4%) 8(21.6%) 11(29.7%) 3 (8.1%) 0 (0.0) 0(0.0)
Pneumonia 5(13.5%) 3 (8.1%) 2 (5.4%) 0(0.0) 0 (0.0) 0(0.0)
Sepsis 4 (10.8%) 0(0.0) 2 (5.4%) 1 (2.7%) 0(0.0) 1 (2.7%)
Viral infection 4 (10.8%) 2 (5.4%) 2 (5.4%) 0(0.0) 0 (0.0) 0(0.0)
Fungal infection 3 (8.1%) 0(0.0) 1 (2.7%) 1 (2.7%) 0(0.0) 1 (2.7%)
Necrotizing fasciitis 3 (8.1%) 0(0.0) 0 (0.0) 0(0.0) 3 (8.1%) 0(0.0)
Hepatobiliary
Pancreatitis 3 (8.1%) 1 (2.7%) 2 (5.4%) 0(0.0) 0 (0.0) 0(0.0)
Hyperbilirubinemia 4 (10.8%) 2 (5.4%) 2 (5.4%) 0(0.0) 0 (0.0) 0(0.0)
Transaminitis 6 (16.2%) 1 (2.7%) 2 (5.4%) 3 (8.1%) 0 (0.0) 0(0.0)
Cardiovascular
Hypertension 4 (10.8%) 3 (8.1%) 1 (2.7%) 0(0.0) 0 (0.0) 0(0.0)
Thromboembolism 1 (2.7%) 0(0.0) 0(0.0) 0(0.0) 1 (2.7%) 0(0.0)
Gastrointestinal
Nausea 3 (8.1%) 2 (5.4%) 1 (2.7%) 0(0.0) 0 (0.0) 0(0.0)
Dyspepsia 3 (8.1%) 3 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
Constipation 2 (5.4%) 2 (5.4%) 1 (2.7%) 0(0.0) 0 (0.0) 0(0.0)
Neurological
Headache 4 (10.8%) 3 (8.1%) 1 (2.7%) 0(0.0) 0 (0.0) 0(0.0)
Blurred vision 4 (10.8%) 2 (5.4%) 1 (2.7%) 1 (2.7%) 0 (0.0) 0(0.0)
Tinnitus 3 (8.1%) 1 (2.7%) 2 (5.4%) 0(0.0) 0 (0.0) 0(0.0)
Others
Skin rash 5 (13.5%) 0(0.0) 0 (0.0) 0(0.0) 0 (0.0) 0(0.0)
Arthralgia 3 (8.1%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)






