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Qifa Liu1,4*, Hongsheng Zhou1,4* and Na Xu1,4*

1Department of Hematology, Nanfang Hospital, Southern Medical University, Guangzhou, China,
2Department of Hematology, Guangdong Second Provincial General Hospital, Guangzhou, China,
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Background: Relapsed or refractory Philadelphia chromosome-positive acute

lymphoblastic leukemia (R/R Ph+ ALL) and chronic myeloid leukemia in the blast

phase (CML-BP) are associated with poor prognoses. Olverembatinib (HQP1351), a

novel third-generation tyrosine kinase inhibitor (TKI), has shown promising efficacy and

safety in clinical trials against nearly all BCR-ABL1 kinase mutations, including T315I.

Methods:Data were collected and analyzed to evaluate the efficacy and safety of

olverembatinib-based therapy for advanced Ph+ leukemia. The primary outcome

was the overall response rate at 28 days. Secondary outcomes included overall

survival (OS), event-free survival (EFS), disease-free survival (DFS), the proportion

of patients undergoing allo-HSCT, and adverse events.

Results: A total of 59 patients participated in the study, including 40 patients with

Ph+ ALL and 19 with CML-BP. Among them, 36 (61.0%) were men, and 23 (39.0%)

were women. Themedian age was 39 years (interquartile range [IQR], 30–48), and

the median follow-up duration was 7.8 months (IQR, 4.1–11.3). A total of 16 (27.1%)

and 11 patients (18.6%) had received treatment with two and ≥ 3 prior TKIs,

respectively. Additionally, 19 patients (33.9%) had been treated with ponatinib. In

a cohort of 19 CML patients, 12 (63.2%) achieved CR/CRi by day 28. Five (26.3%)

achieved a complete cytogenetic response with a median duration of 2.9 months,

and two (10.5%) achieved a major molecular response with a median duration of

5.5 months. Among 40 evaluated ALL patients, 37 (92.5%) achieved CR/CRi by day

28, 30 (75.0%) attained MRD negativity, and 22 (55.0%) achieved CMR. The

probabilities of DFS, EFS, and OS at 12 months were 80.3% (95% confidence

interval [CI]: 61.0%–90.7%), 80.2% (95% CI: 61.0%–90.7%), and 93.3% (95% CI:
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75.8%–98.3%) for patients with R/R Ph+ ALL, compared to 52.0% (95% CI: 17.7%–

78.0%), 23.0% (95%CI, 4.2%-50.6%), and 75.6% (95% CI: 37.7%–92.3%) for those

with CML-BP. The prevalent treatment-related nonhematologic adverse events,

primarily classified as grade 1/2, included skin hyperpigmentation, proteinuria,

increased liver enzyme levels, and hypertriglyceridemia.

Conclusions: Olverembatinib-based therapy demonstrated significant efficacy

and manageable toxicity in patients with advanced Ph+ leukemia.
KEYWORDS

acute lymphoid leukemia, Philadelphia chromosome positive, Ph
+
, chronic myeloid

leukemia, blast phase, olverembatinib, HQP1351
1 Introduction

Relapsed or refractory Philadelphia chromosome-positive acute

lymphoid leukemia (R/R Ph+ ALL) and chronic myeloid leukemia

(CML) in blast phase (BP) are aggressive leukemias with a poor

prognosis (1–4). Tyrosine kinase inhibitors have significantly

improved survival and quality of life for patients with Ph+

leukemia, particularly third-generation tyrosine kinase inhibitors

(TKIs) for those harboring various BCR::ABL1 mutations (5–8).

Olverembatinib is a novel inhibitor that targets the ATP-

binding site of the BCR::ABL1 kinase. The National Medical

Products Administration approved its use in November 2021 for

adult chronic or accelerated-phase CML patients harboring the

T315I mutation. In November 2023, it received approval for a new

indication in adult patients with chronic-phase CML who are

resistant and/or intolerant to first- and second-generation TKIs

(9). Recently, olverembatinib was approved to initiate a global phase

III clinical trial and has been included in the latest version of the

National Comprehensive Cancer Network guidelines for the

treatment of CML (10). The complete remission rate exceeds 90%

when frontline treatment for newly diagnosed Ph+ ALL

incorporates TKIs in combination with chemotherapy or

immunotherapy. However, relapse remains a significant clinical

challenge, frequently associated with resistance mutations in the

ABL1 kinase domain, particularly the T315I mutation (11–13).

The efficacy and toxicity of an olverembatinib-based regimen in

Ph+ advanced leukemia remain unclear. Currently, no unified

guidelines exist for its treatment strategy. Therefore, we

conducted this study to evaluate the activity and safety of

olverembatinib in Ph+ advanced leukemia.

2 Methods

2.1 Study design and patients

This retrospective multicenter study was conducted at three

hospitals in China—Nanfang Hospital, Guangdong Second
02
Provincial General Hospital, and The Second Affiliated Hospital

of Guangzhou Medical University—from December 2021 to

October 2023. Data were retrospectively collected and analyzed

data from patients aged 14 to 70 years with an Eastern Cooperative

Oncology Group performance status of 0 to 2, diagnosed with R/R

Ph+ ALL or advanced CML according to World Health

Organization 2022 classification (14) and the 2020 European

LeukemiaNet criteria (15). Exclusion criteria included impaired

cardiac function, severe cardiovascular disease, and lactating or

pregnant women.
2.2 Treatment

Drug doses were administered per prescribed instructions and

institutional protocols. Olverembatinib was given at 40 mg orally

with meals every 2 days within a 28-day dosing cycle. Treatment

continued until disease progression, intolerable toxicity, or other

circumstances required cessation of treatment.

Patients diagnosed with myeloid blast phase (MBP) could receive

olverembatinib either as monotherapy or in combination with

systemic chemotherapy or blinatumomab. Chemotherapy regimens

included the HA regimen (homoharringtonine and cytarabine) and

hypomethylating agents (HMA) such as azacitidine or decitabine.

Patients with lymphoid blast phase (LBP) were treated with either

monotherapy or a combination therapy involving the vincristine,

daunorubicin, and prednisone (VDP) regimen or blinatumomab.

Patients with Ph+ ALL could receive olverembatinib in combination

with blinatumomab, systemic chemotherapy, or radiotherapy (for

extramedullary leukemia only). Chemotherapy regimens included the

VDP regimen and the hyper-fractionated cyclophosphamide,

vincristine, doxorubicin, and dexamethasone (hyper-CVAD)

regimen. Allogeneic hematopoietic stem cell transplantation (allo-

HSCT) was considered a potential option after achieving a response if

a patient was eligible and a donor was available. Routine intrathecal

injection (dexamethasone, 10 mg; cytarabine, 50 mg; and

methotrexate, 10 mg) was administered to prevent or treat central

nervous system leukemia (16, 17). Eligible patients underwent
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comprehensive baseline assessments, including a detailed medical

history review, physical examination, imaging tests, and laboratory

analyses, which covered peripheral blood assessments, bone marrow

evaluations, and BCR::ABL1 transcript analysis.
2.3 Assessments

Several outcomes were evaluated, including response rates, overall

survival (OS), event-free survival (EFS), disease-free survival (DFS), the

proportion of patients undergoing allo-HSCT, and the toxicity of

olverembatinib. Complete response (CR) and complete response with

incomplete hematological recovery (CRi) were defined as bone

marrow blasts < 5% and no extramedullary disease, with or without

neutrophil counts < 1.0 × 109/L and platelet counts < 100 × 109/L. OS

was defined as the time from the initiation of olverembatinib to death

from any cause. EFS was defined as the time from the initiation of

olverembatinib to the earliest occurrence of any of the following events:

failure at day 28, relapse, treatment discontinuation, or death. DFS was

defined as the time from CR/CRi to relapse or death. BCR::ABL1

transcripts in bone marrow aspirates (when available) or peripheral

blood were detected using reverse transcription-quantitative

polymerase chain reaction (RT-qPCR), with results expressed on the

International Scale (IS). Major molecular response (MMR) and

complete molecular response (CMR) were defined as a BCR::ABL1

transcript level of ≤ 0.1% and undetectable or below the 10−5 level by

RT-qPCR, respectively. A BCR::ABL1 transcript level of ≤ 1% was

considered equivalent to complete cytogenetic remission (CCyR).

Measurable residual disease (MRD) negativity was commonly

defined using a cutoff of 0.01% by eight-color flow cytometry

(18, 19). Additionally, Sanger sequencing was performed in CML

patients to assess BCR::ABL1 mutational status. Adverse events were

documented and graded according to the National Cancer Institute

Common Terminology Criteria for Adverse Events version 5.0.
2.4 Statistical analysis

Descriptive analysis will be used for baseline data and adverse

events, reporting numbers and frequencies for qualitative data and

medians with interquartile ranges (IQRs) for quantitative data.

Kaplan–Meier survival curves were generated for OS, EFS, and

DFS. All statistical analyses in this study were conducted using SPSS

version 25.0 and GraphPad Prism.
3 Patient characteristics

Between 8 December 2021 and 22 October 2023, a total of 59

patients who received olverembatinib-based therapy were included

in the study. Among them, 19 patients were diagnosed with CML-

BP, including 11 with MBP, seven with LBP, and one with mixed

blast phase (MAL), exhibiting both myeloid and lymphoid features.
Frontiers in Immunology
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Most patients had previously received TKI treatments, including

imatinib, dasatinib, nilotinib, flumatinib, and ponatinib. Patient

characteristics are summarized in Table 1.
3.1 CML patients

Among the 19 patients, 14 (73.7%) were men and five (26.3%)

were women. The median age was 45 years (IQR: 33–48); the

median time from diagnosis to the initiation of olverembatinib was

20.1 months (IQR: 10.2–87.5); and the median follow-up duration

was 5.6 months (IQR: 4.1–11.9). All patients exhibited the p210 type

of BCR::ABL1 transcripts. A total of 47.4% (9/19) had received ≥ 3

prior TKIs, while 42.1% (8/19) had received two prior TKIs.

Additionally, 47.4% (9/19) had been pretreated with ponatinib,

among whom 66.7% developed drug resistance and 33.3%

discontinued due to other reasons. Genetic testing revealed that

73.7% (14/19) of patients had mutations. The most prevalent

mutations within the ABL1 kinase domain were T315I (42.1%)

and E255K (15.8%), along with other mutations such as E255V,

K357E, E462G, P1108P, D198G, M293, and H396. The most

common non-ABL1 kinase domain mutations were RUNX1

(26.3%) and ASXL1 (26.3%). Additionally, three (15.8%) patients

presented with central nervous system leukemia (CNSL), one

(5.3%) had extramedullary lymph node leukemia, and one (5.3%)

had undergone allo-HSCT before the initiation of the study.
3.2 ALL patients

Among the 40 patients, 22 (55.0%) were men and 18 (45.0%)

were women. The median age was 38 years (IQR: 28–48); the

median time from diagnosis to initiation of olverembatinib was 8.2

months (IQR: 2.6–10.8); and the median follow-up was 8.3 months

(IQR: 5.5–12.5). Patients had either the p210 (13/40; 32.5%) or p190

(27/40; 67.5%) form of BCR::ABL1 transcripts. A total of eight

patients (20.0%) had been treated with two prior TKIs, while two

(5.0%) had received ≥ 3. Additionally, 10 patients (25.0%) had been

treated with ponatinib, of whom 50.0% developed resistance, 20.0%

experienced intolerance, and 30.0% discontinued for other reasons.

Three patients had mutations in the ABL1 kinase domain, including

T315I (2.5%), E255K (2.5%) and F317L (2.5%). A total of nine

patients (22.5%) had CNSL. Among the 40 patients with Ph+ ALL,

26 (65.0%) had primary refractory ALL, while 14 (35.0%) had

relapsed refractory ALL, of whom 11 (78.6%) had previously

undergone hematopoietic stem cell transplantation.
4 Outcomes

Tables 2–4 summarize patient disposition, treatment regimens,

and treatment outcomes.
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4.1 CML patients

In a cohort of 19 patients with CML-BP, 12 (63.2%) achieved

CR/CRi by day 28. Among them, two (10.5%) attained MMR with a

median duration of 5.5 months, and five (26.3%) achieved CCyR

with a median duration of 2.9 months. Five patients received
Frontiers in Immunology 04
olverembatinib alone, two were treated in combination with

hypomethylating agents, 11 underwent systemic chemotherapy in

combination, and one received olverembatinib with blinatumomab.

Their CR/CRi rates after 28 days of treatment were 60.0%, 0%,

72.7%, and 100.0%, respectively. All patients who had prior

ponatinib treatment received olverembatinib in combination with

chemotherapy, achieving a CR/Cri rate of 55.6%. Only one

ponatinib-resistant patient attained MMR. A total of five (26.3%)

patients underwent allo-HSCT, including one individual with BCR::

ABL1 transcript levels (IS) > 10%, who experienced relapse within 3

months posttransplantation. The 12-month probabilities of OS,

EFS, and DFS in patients with CML-BP were 75.6% (95%

confidence interval (CI): 37.7%–92.3%), 23.0% (95%CI, 4.2%-

50.6%), and 52.0% (95% CI, 17.7%–78.0%), respectively (Figure 1).
4.2 ALL patients

In a cohort of 40 patients with Ph+ ALL, 37 (92.5%) achieved

CR/CRi by day 28, and 30 (75.0%) attained MRD negativity.

Additionally, 22 (55.0%), including one patient with the T315I

mutation, reached CMR. Of these, eight patients received

combination therapy with blinatumomab, while 31 underwent
TABLE 2 Patient disposition.

Total Ph+ ALL CML-BP

Patient number 59 40 19

Treatment duration month;
median (IQR)

7.8 (4.1–11.3) 8.3 (5.5–12.5) 5.6 (4.1–11.9)

Ongoing n (%) 37 (62.7) 29 (72.5) 8 (42.1)

Discontinuation n (%) 22 (37.3) 11 (27.5) 11 (57.9)

Adverse events 0 0 0

Treatment failure 6 (10.2) 4 (10.0) 2 (10.5)

Death 5 (8.5) 2 (5.0) 3 (15.8)

Other reasons unrelated
to efficacy

11 (18.6) 5 (12.5) 6 (31.6)

CR/CRi at day 28 n (%) 49 (83.1) 37 (92.5) 12 (63.2)

CR/CRi of pre-ponatinib
n (%)

14 (73.7) 9 (90.0) 5 (55.6)

CR/CRi, T315I-mutated
population n (%)

5 (55.6) 1 (100.0) 4 (50.0)

MRD negative by FCM – 30 (75.0) –

Receive HSCT after CR/CRi
n (%)

18 (30.5) 13 (32.5) 5 (26.3)

Receive CAR-T after CR/
CRi n (%)

3 (5.1) 3 (7.5) 0

Receive DLI after CR/CRi
n (%)

3 (5.1) 3 (7.5) 0
IQR, interquartile range; CR, complete response; CRi, complete response with incomplete
hematological recovery; CR/CRi of pre-ponatinib, CR/CRi of patients who had prior
ponatinib treatment; MRD, measurable residual disease; HSCT, hematopoietic stem cell
transplant; CAR-T, chimeric antigen receptor T cell; DLI, donor lymphocyte infusion.
TABLE 1 Patient characteristics.

Total Ph+ ALL CML-BP

Patient number 59 40 19

Age (year; median (IQR)) 39 (30–48) 38 (28–48) 45 (33–48)

Male (n (%)) 36 (61.0) 22 (55.0) 14 (73.7)

Female (n (%)) 23 (39.0) 18 (45.0) 5 (26.3)

ECOG performance status (n (%))

≤ 1 56 (94.9) 38 (95.0) 18 (94.7)

=2 3 (5.1) 2 (5.0) 1 (5.3)

Time from diagnosis to
olverembatinib treatment
(month; median (IQR))

6.3 (2.5–20.1) 8.2 (2.6-10.8) 20.1 (10.2–87.5)

BCR::ABL1 transcript (n (%))

p210 32 (54.2) 13 (32.5) 19 (100)

p190 27 (45.8) 27 (67.5) 0 (0)

Number of lines of prior TKI therapy (n (%))

0 10 (16.9) 10 (25.0)* 0 (0)

1 22 (37.3) 20 (50.0) 2 (10.5)

2 16 (27.1) 8 (20.0) 8 (42.1)

3 7 (11.9) 1 (2.5) 6 (31.6)

4 4 (6.8) 1 (2.5) 3 (15.8)

Type of prior TKI therapy (n (%))

Imatinib 12 (20.3) 3 (7.5) 9 (47.4)

Nilotinib 10 (16.9) 1 (2.5) 9 (47.4)

Dasatinib 41 (69.5) 26 (65.0) 15 (78.9)

Flumatinib 9 (15.3) 3 (7.5) 6 (31.6)

Ponatinib 19 (33.9) 10 (25.0) 9 (47.4)

BCR::ABL1 mutation status (n (%))

Non-T315I BCR::
ABL1 mutation

8 (13.6) 2 (5.0) 6 (31.6)

T315I mutation 9 (15.3) 1 (2.5) 8 (42.1)

Receive HSCT before
olverembatinib n (%)

12 (20.3) 11 (27.5) 1 (5.3)

With CNSL (n (%)) 12 (20.3) 9 (22.5) 3 (15.8)
IQR, interquartile range; ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinase
inhibitors; HSCT, hematopoietic stem cell transplant; CNSL, central nervous system leukemia.
*Ten patients without TKI maintenance therapy post-HSCT experienced disease relapse (Pre-
HSCT: 3 imatinib, 7 dasatinib).
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combination therapy with chemotherapy, with CR/CRi rates of

87.5% and 93.5%, respectively. Among ponatinib-pretreated

patients, seven received combination therapy with chemotherapy,

and three received combination therapy with blinatumomab. In this

subgroup, 90.0% achieved CR/Cri, and 80.0% attained MMR. After

achieving CR/CRi, 13 (32.5%) patients proceeded to undergo allo-

HSCT, while three (7.5%) patients with a history of previous

transplantation received donor lymphocyte infusion (DLI).

Chimeric antigen receptor T-cell (CAR-T) therapy was

administered to three patients with BCR::ABL1 transcripts (IS) >

10%; however, one patient experienced relapse 4 months later. The

12-month probabilities of OS, EFS, and DFS in Ph+ ALL patients

were 93.3% (95% CI: 75.8%–98.3%), 80.2% (95% CI: 61.0%–90.7%),

and 80.3% (95% CI: 61.0%–90.7%), respectively (Figure 1).
5 Safety

Since systemic chemotherapy and immunotherapy can cause

myelosuppression, treatment-related hematological adverse events

were not documented. With a median follow-up of 7.8 months

after olverembatinib initiation, the incidence of adverse events was

comparable between the ALL and CML cohorts (Table 5). The most

commonly reported nonhematologic adverse events were mild (grade

1/2) and resolved either with dosage reduction, supportive therapy, or

spontaneously without intervention. Nonhematologic adverse events

included skin pigmentation (n = 38), proteinuria (n = 32), elevated

liver enzyme levels (n = 25), hypertriglyceridemia (n = 24),

hyperuricemia (n = 8), hyperbilirubinemia (n = 8), rash (n = 6),

arterial occlusion events (n = 2), and elevated creatine kinase (n = 1).

In the study, no patients experienced treatment-related

pancreatitis, hypertension, arrhythmia, prolonged QT interval,

pleural effusion, pericardial effusion, or gastrointestinal adverse

events such as diarrhea and constipation. Among all patients, 37
Frontiers in Immunology 05
(62.7%) continued treatment, while 22 (37.3%) discontinued due to

disease progression, intolerance, loss to follow-up, death, or

other reasons.
6 Discussion

This study demonstrated that olverembatinib-based therapy

exhibited significant efficacy in heavily pretreated patients with

advanced Ph+ leukemia who had developed resistance to

multiple TKIs.

The prognosis for newly diagnosed CML-BP patients or those

progressing from CP/AP to BP is notably poor, with a median

overall survival of less than 1-year postdiagnosis (20–23). Third-

generation TKIs have demonstrated the ability to achieve deeper

responses than first- and second-generation TKIs and effectively

overcome resistance (9, 24–26). Olverembatinib is the only third-

generation TKI available in China. However, research on the

efficacy of olverembatinib-based therapy in advanced CML

remains limited. Jiang et al. reported that among 38 patients with

TKI-resistant CML-AP treated with olverembatinib, 18 achieved

MCyR and CCyR at a median time of 3 months (range, 1–9) and 4

months (range, 1–15), respectively. The rates of MMR and MR4.0

were 44.7% and 36.8%, respectively (24). In this study, 12 (63.2%)

patients with CML-BP achieved CR/CRi by day 28. Additionally,

two (10.5%) reached MMR at a median time of 5.5 months, while

five (26.3%) reached CCyR at a median time of 2.9 months. The 12-

month probabilities of OS, EFS, and DFS in patients with CML-BP

were 75.6% (95% CI: 37.7%–92.3%), 23.0% (95%CI, 4.2%-50.6%)

and 52.0% (95% CI: 17.7%–78.0%), respectively. Despite nearly half

of the CML patients in our study having prior treatment with

ponatinib and 3 (15.8%) presenting with CNSL, our outcomes

closely aligned with those reported in the studies by Jiang et al.

and the PACE trial (24, 26). These findings suggest that
TABLE 3 Response of patients with CML-BP to olverembatinib alone or in combination with other drugs.

CML-BP LBP (n = 7) MBP (n = 11) MAL (n = 1) CR/CRi (n (%))

HMA 0 2 0 0

HA 0 6 1 5 (71.4)

VDP 4 0 0 3 (75.0)

Blinatumomab 1 0 0 1 (100.0)

Olverembatinib only 2 3 0 3 (60.0)
TABLE 4 Response of patients with Ph+ ALL to olverembatinib alone or in combination with other drugs.

Ph+ ALL Primary refractory
ALL (n = 26)

Relapse with
CNSL (n = 9)

Relapse without
CNSL (n = 5)

CR/CRi (n (%))

VDP ± venclexta 15 5 2 21 (95.5)

Hyper-CVAD 6 2 1 8 (88.9)

Blinatumomab 5 1 2 7 (87.5)

Radiotherapy 0 1 0 1 (100.0)
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olverembatinib-based treatment is a potent and effective induction

therapy for patients with CML-BP.

Olverembatinib more effectively inhibits p-KIT, p-AKT, p-

ERK1/2, and p-STAT3 than ponatinib, targeting markers highly

expressed in hematological malignancies. It suppresses pre-B ALL

cells by inhibiting SRC kinase and the PI3K/AKT pathways,
Frontiers in Immunology 06
highlighting its potential as a therapeutic agent for pre-B ALL

(27–29). A recent study by Jabbour et al. (25) demonstrated the

promising efficacy of olverembatinib in patients with heavily

pretreated or refractory CML and Ph+ ALL outside of China. In

the evaluable cohort of ponatinib-failed patients, 53.3% attained

CCyR and 37.5% achieved MMR in the CML-CP group, while
FIGURE 1

Overall survival, event-free survival, and disease-free survival in ALL (A–C) and CML (D–F).
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28.6% attained CCyR and 22.2% achieved MMR in the ALL group.

In our study, among ponatinib-pretreated patients, the rates of

MMR were 80.0% in the ALL cohort and 11.1% in the CML-BP

cohort. Compared to the study by Jabbour et al., outcomes in the

ALL cohort appear more favorable, whereas those in the CML

cohort are less satisfactory. One possible explanation for this

discrepancy is that most Ph+ ALL patients who had failed third-

generation TKI therapy in Jabbour’s study were treated exclusively

with olverembatinib, whereas the CML patients included were in

the chronic phase. Collectively, these findings support the potential

of olverembatinib as a highly effective therapeutic backbone agent

for patients with Ph+ ALL resistant to multiple TKIs.

Xiang et al. successfully detected olverembatinib concentrations

in the patient’s cerebrospinal fluid (CSF) (30). Li et al. also

confirmed that in pediatric patients with relapsed refractory ALL

and CNSL, the addition of olverembatinib can rapidly eliminate

leukemia blast cells in CSF (31). In this study, eight of 12 patients

with CNSL achieved CSF negativity following olverembatinib-based

treatments, further suggesting a potential role for olverembatinib in

managing CNSL in patients with Ph+ leukemia.

Common AEs in patients receiving olverembatinib therapy are

predominantly hematological, dermatological, or associated with

proteinuria and abnormal biochemical indicators (9, 24). The most

common nonhematological AEs were elevated liver enzymes,

proteinuria and skin pigmentation. Jiang et al. reported a 32.0%

incidence of cardiovascular events related to olverembatinib during

a median follow-up of 3 years, with arterial occlusive and venous

thrombotic events occurring in 5.0% of patients—lower than the

31.0% reported for ponatinib over a 5-year median follow-up (24).

This study reported that two patients (3.4%) experienced arterial

occlusion events, including cerebral infarction and pulmonary

embolism. Of note, both patients had prior exposure to ponatinib.

Nonetheless, vigilant monitoring remains essential for

cardiovascular thrombotic events associated with olverembatinib.

This study has several limitations: the heterogeneity of patient

populations and treatment regimens limits the ability to draw general
Frontiers in Immunology
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conclusions; its retrospective nature precludes a detailed assessment

of treatment-related adverse events; and the small sample size hinders

a comprehensive evaluation of the cardiovascular toxicity of

olverembatinib. However, a key strength of observational studies is

their relevance to real-world patient populations.
7 Conclusion

In summary, these findings demonstrate that the

olverembatinib-based regimen shows favorable efficacy and safety

in patients with CML-BP and Ph+ ALL. Prospective randomized

controlled clinical trials with larger and more diverse patient

populations are needed to confirm these results.
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TABLE 5 Treatment-related adverse events.

No. (%) Total (n = 59) ALL (N = 40) CML (N = 19)

Nonhematological AEs Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4

Skin pigmentation 38 (64.4) 0 30 (75.0) 0 8 (42.1) 0

Proteinuria 32 (54.2) 0 24 (60.0) 0 8 (42.1) 0

Elevated liver enzyme 25 (42.4) 4 (6.8) 18 (45.0) 3 (7.5) 7 (36.8) 1 (5.3)

Hypertriglyceridemia 24 (40.7) 2 (3.4) 21 (52.5) 2 (5.0) 3 (15.8) 0

Hyperuricemia 8 (13.6) 1 (1.7) 7 (17.5) 1 (2.5) 1 (5.3) 0
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Rash 6 (10.2) 0 5 (12.5) 0 1 (5.3) 0

Arterial occlusion event 2 (3.4) 1 (1.7) 2 (5.0) 1 (2.5) 0 0

Elevated creatine kinase 1 (1.7) 1 (1.7) 0 0 1 (5.3) 1 (5.3)
Treatment-related hematological adverse events were not documented.
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