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Abstract: Tyrosine kinase inhibitors (TKIs) have significantly changed the treatment of chronic myeloid leukemia (CML) and 
improved outcomes for patients with CML in chronic phase (CML-CP) and accelerated phase (AP). Now armed with numerous 
effective therapeutic options, clinicians must consider various patient- and disease-specific factors when selecting the most appropriate 
TKI across lines of therapy. While most patients with CML expected to have a near-normal life expectancy due to the success of TKIs, 
emphasis has expanded beyond response and survival to include factors like quality of life, tolerability, and long-term toxicity 
management. Importantly, a subset of patients can achieve sustained deep molecular response and can attain treatment-free remission. 
Despite these successes, unmet needs remain related to CML treatment, including the persistent challenge of treatment resistance and 
intolerance, broadening treatment options for patients with resistance mutations or serious comorbidities, and focus on specific 
populations such as children and young adults. In particular, the only previously available treatments for patients with CML-CP 
with the T315I mutation were ponatinib, olverembatinib (exclusively approved for use in China at the time of this writing), 
omacetaxine, and hematopoietic stem cell transplantation. Asciminib has entered the CML treatment landscape as a new option for 
adult patients with CML-CP who have received ≥2 prior TKIs or those with the T315I mutation. Asciminib’s unique mechanism of 
action, Specifically Targeting the ABL Myristoyl Pocket, sets it apart from traditional adenosine triphosphate-competitive TKIs. While 
asciminib may overcome unmet needs for patients with CML-CP and continues to be studied in other novel settings, guidance on how 
to integrate asciminib in treatment algorithms is needed. This review focuses on clinical data and how asciminib can overcome current 
unmet needs, discusses how to individualize patient selection, and highlights future directions to investigate asciminib in earlier lines 
of therapy and in children and adolescents. 
Keywords: asciminib, chronic myeloid leukemia, tyrosine kinase inhibitors, patient selection, pediatrics

Introduction
Chronic myeloid leukemia (CML) is a malignancy marked by uncontrolled clonal expansion of myeloid cells, with most 
patients presenting in the chronic phase (CP) of disease.1 Historically, CML was considered a fatal diagnosis with limited 
treatment options, such as interferon and hematopoietic stem cell transplantation (HSCT).2 With the advent of tyrosine 
kinase inhibitors (TKIs) introduced to clinical practice just over 20 years ago, the therapeutic landscape of CML was 
transformed.3

Traditional adenosine triphosphate (ATP)-competitive TKIs have been highly and durably successful, providing 
clinicians with a broad array of therapeutic options and allowing the majority of older adult patients the opportunity 
to have a normal life expectancy.2,4,5 Due to this increase in life expectancy afforded by TKIs, quality of life (QOL), 
tolerability, and the risk of long-term adverse events (AEs) have become a major focus of patient care, particularly in 
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children and young adults diagnosed with CML possibly requiring decades of treatment.6 The deep and durable response 
of TKIs has also led to the investigation and realization of treatment-free remission (TFR) as a possibility for certain 
patients with CML to improve QOL and minimize toxicity.7 For younger patients facing longer treatment duration, the 
prospect of TFR is especially desirable.8,9

Despite growing progress in the treatment of CML-CP, many unmet needs related to treatment efficacy, tolerability, 
and decision-making remain, which may differ for patients in earlier vs later lines of therapy.10–14 One of the most critical 
challenges is how to individualize treatment selection and patient care based on the needs and characteristics of each 
patient to optimize clinical outcomes and tolerability. The expansion in focus beyond disease control and remission, to 
the goal of TFR, adds additional complexity to treatment optimization, monitoring, and management decisions in 
younger and older patients with CML.

Asciminib, a newer BCR::ABL1-targeted therapy, was approved in 2021 by the US Food and Drug Administration 
for the treatment of patients ≥18 years of age with CML-CP who have received ≥2 prior lines of therapy, as well as 
patients with the T315I mutation, and in 2022 by the European Medicines Agency for the treatment of patients with 
CML-CP who have received ≥2 prior lines of therapy, providing another effective option for patients not meeting 
milestones with other TKIs.15,16 Due to its distinct (myristoyl site) specificity, likely minimizing off-target effects and 
thus toxicity, as well as a distinct and seemingly more limited mutation profile vs ATP-competitive TKIs, asciminib has 
potential to overcome barriers to treatment with traditional ATP-competitive TKIs, such as resistance and intolerance.17 

The goal of this review is to highlight the key unmet needs in the treatment of CML, future opportunities for asciminib in 
earlier lines of therapy and pediatric and young adult patients, and decision-making regarding patients who should be 
considered for asciminib based on the current evidence landscape.

Unmet Needs in the Treatment of CML
Across all lines of therapy for CML, failure to meet or loss of optimal disease response and treatment intolerance are 
major concerns requiring treatment modification or switching to another therapy.11,12,18,19 Sequential TKI therapy is 
associated with increasingly worse outcomes after each subsequent line of therapy, and failure after 2 prior TKIs is 
associated with higher rates of progression and death.20,21 Such realities underscore the unmet need to further address 
issues of resistance and intolerance to TKI therapy in CML.

Clinical resistance to TKI therapy can be divided into primary resistance (ie, lack of initial response leading to 
treatment failure) and secondary resistance (ie, loss of response). Overall, primary resistance manifests in approximately 
4% of patients with CML treated with first-line (1L) imatinib not achieving a complete hematologic response (CHR) and 
up to 25% of patients not achieving landmark responses such as major cytogenetic response (MCyR) or complete 
cytogenetic response (CCyR) by specific time points.22–24 In 5-year analyses, imatinib and second-generation (2G) TKIs 
demonstrate variable rates of primary resistance when used in the 1L setting. Based on IRIS and trials where imatinib is 
used as a comparator to 2G TKIs, rates of primary resistance (including failure to achieve early molecular response) for 
imatinib vary widely, from 4% to 39.5%.13,25–27 Rates of primary resistance for 2G TKIs range from 3.5% to 20%.13,26,27 

However, varying definitions, evolving guidelines, and differences in data reporting make exact estimates problematic. 
The mechanisms of primary resistance to TKIs are not fully understood, hard to predict, and thought to be, in part, related 
to mutations that increase drug metabolism.28

In terms of secondary resistance in the 1L setting, studies comparing 2G TKIs with imatinib demonstrate similar 
results with 5 years of follow-up. The ENESTnd trial demonstrated 6%, 7.3%, and 10% of patients in the nilotinib 
300 mg twice daily (BID), nilotinib 400 mg BID, and imatinib treatment arms, respectively, had confirmed loss of first 
major molecular response (MMR).26 The DASISION trial demonstrated disease progression in 18 of 258 (6.9%) patients, 
with loss of CHR included in the definition for progression.13 In the BFORE trial, cumulative incidence of on-treatment 
progression was 6.7% and defined to include loss of key response thresholds (CCyR and CHR).27 It is difficult to 
determine the precise extent of secondary resistance due to differences in the way rates are reported across trials. 
Secondary resistance appears more strongly influenced by BCR::ABL1 gene amplification and development of kinase 
domain (KD) mutations.29
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The incidence of treatment-acquired mutations in BCR::ABL1, associated with resistance to ATP-competitive TKIs, 
increases with sequential lines of therapy.20 Mutations identified in several regions of BCR::ABL1 may lead to over-
lapping patterns of resistance among ATP-competitive TKIs with similar binding requirements, reducing viable treatment 
options for patients resistant to their current therapy (multidrug-resistant CML).30,31 BCR::ABL1 KD mutations are the 
most common mechanisms of resistance to ATP-competitive TKIs, detected in up to 68% of patients with imatinib 
resistance and 2.2% to 26% of patients following 1L treatment with a 2G TKI (bosutinib, nilotinib, and dasatinib) who 
underwent mutational analysis for reasons such as suboptimal response and disease progression.32,33 Resistance increases 
with each subsequent line of therapy; up to 33% of patients who receive second-line (2L) dasatinib or nilotinib develop 
new BCR::ABL1 mutations.20,32 The BCR::ABL1 T315I mutation is commonly associated with resistance to both 
imatinib and the 2G TKIs nilotinib, dasatinib, and bosutinib.34 The reported frequency of T315I mutations is thought 
to be as high as 27% among patients with BCR::ABL1 mutations when sequencing is conducted at imatinib failure and up 
to 53% in 2L trials.32 Prior to asciminib, the only approved TKIs with sensitivity to the T315I mutation were the third- 
generation TKIs ponatinib and olverembatinib (exclusively approved for use in China at the time of this writing).20,35,36

In addition to resistance, intolerance of TKIs is a major issue affecting patient QOL, leading to suboptimal adherence 
and dosing, as well as treatment discontinuation; intolerance and resistance are often a combined challenge.37,38 While 
each TKI has a distinct AE profile, there are many common AEs such as gastrointestinal toxicities or fluid retention 
(edema/effusions), or, primarily in adult patients, more morbid risks such as cardiovascular events (CVEs), which pose 
a management challenge for prescribers.39–41 Treatment intolerance can also lead to sequential lines of therapy, 
potentially reducing treatment efficacy. In the IRIS trial, a modest 7% of patients discontinued imatinib by 10 years 
due to AEs; in other key clinical trials, 10.7% to 25% of patients who received therapy with 2G TKIs in the 1L setting 
discontinued therapy due to AEs by 5 years.13,26,27 Higher doses of certain TKIs may be required in 2L treatment and 
beyond with evident resistance to prior therapy, potentially contributing to discontinuation due to AEs, reportedly being 
higher in later lines.10,11,26,42–44 Studies of 2G TKIs used in the 2L setting demonstrate discontinuation rates due to AEs 
of 20.6% to 31%, with a follow-up period ranging from 4 to 9 years.11,43,44 The third-generation TKI ponatinib is 
approved for use in patients with resistance to or intolerance of prior TKIs. However, up to 21% of patients may 
discontinue treatment with ponatinib due to AEs.19 In addition, ponatinib is associated with a dose-dependent risk of 
vascular toxicity, likely impacted by pre-existing cardiovascular disease, limiting use in this population.45

Overlapping patterns of TKI resistance mutations and intolerance increase the challenges of patient care and minimize 
the success of sequential therapeutic strategies.3,31 Therefore, although switching TKIs is the recommended clinical 
approach when faced with resistance or intolerance, it does not guarantee successful clinical outcomes, underscoring the 
need for thoughtful and precautionary, yet response-optimized, individualized therapy selection in the management of 
CML.46 Based on key clinical trials of approved 1L TKIs, between 16% and 32% of patients discontinue 1L therapy and 
may require a switch to 2L therapy within 5 years, with only approximately one-third to one-half of 1L patients achieving 
deep molecular response (DMR) by 5 years on 1L therapy.13,25–27 DMR is a prerequisite to attempt TFR, an important 
treatment goal for patients with CML.42 In addition, in the aggregate, up to 78% of patients on 2L therapy do not achieve 
MMR by 2 years.47–49 Optimal response kinetics, wherein MMR is achieved by 1 year of primary therapy, is associated 
with a higher likelihood of DMR.42

In addition to limitations of CML treatment in adults, the management of pediatric CML presents both similar and 
unique challenges. Since CML in childhood is a rarer malignancy, accounting for <3% of pediatric leukemias, evidence- 
based guidelines for its management are lacking.42 CML in children and adolescents generally follows a more prolif-
erative and often more aggressive disease course.50 Imatinib, dasatinib, and nilotinib are the only options currently 
approved for the treatment of CML in children.42 Of note, ponatinib is the only ATP-competitive TKI with activity 
against the T315I mutation. However, the use of ponatinib in pediatric CML-CP has not been thoroughly investigated, 
and an ongoing Phase 1 study is currently evaluating its use in this population.51 Issues regarding medication adherence, 
intolerance, and risks of long-term toxicities are critical considerations when treating pediatric patients with CML.42,50,52 

The aforementioned limitations of current approved therapies for CML in adult and pediatric patients, in addition to the 
presence of common and age group-specific comorbidities, risk factors, and AEs impacts, described below, underscore 
the need for novel agents to treat CML in 1L and later line settings.
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Overview of Asciminib
Asciminib is the first BCR::ABL1 inhibitor to specifically target the ABL Myristoyl Pocket (STAMP), differentiating it 
from currently available ATP-competitive TKIs.53 Normally, the ABL N-terminus is myristoylated, allowing it to bind to 
the myristoyl pocket and resulting in autoinhibition of ABL kinase.54–56 In CML, the BCR::ABL1 fusion protein leads to 
loss of the ABL N-terminus, thereby disabling this autoregulatory mechanism and resulting in a constitutively active 
form of BCR::ABL1.53,55,56 Asciminib, an allosteric inhibitor, is able to bind to the myristoyl pocket, mimicking the 
normal configuration of the myristoylated N-terminus and restoring the inhibition of ABL.53

This unique mechanism of action of asciminib leads to improved specificity over ATP-competitive TKIs, which rely 
on binding to the ATP-binding site of BCR::ABL1 to produce their effect.57 The specificity of asciminib has the potential 
to reduce safety issues associated with off-target effects with ATP-competitive TKIs.17 Due to the unique binding site of 
asciminib, it can also overcome mutations conferring resistance to traditional TKIs such as T315I, which is localized to 
the ATP-binding site of BCR::ABL1.57

Asciminib may be administered at doses of 80 mg once daily (QD) or 40 mg twice daily (BID) for patients with non- 
T315I mutated CML-CP and requires a dose of 200 mg BID for T315I-mutated CML-CP.58 Approval of asciminib for 
use in adults with CML-CP previously treated with ≥2 TKIs was based on the efficacy and safety results from 
ASCEMBL, a multicenter, open-label, Phase 3 trial of asciminib vs bosutinib in patients with CML-CP who were 
previously treated with ≥2 TKIs.59 Approval for use in adult patients with T315I-mutated CML-CP was based on data 
from the multicenter, open-label, Phase 1 study, X2101, which demonstrated the efficacy of asciminib in heavily 
pretreated patients with CML who had resistance to or unacceptable side effects from currently available ATP- 
competitive TKIs and those with the T315I mutation.56 Of note, all studies mentioned in this review include only 
adult patients unless pediatric patients are specifically mentioned.

Clinical Trials Supporting the Initial Approval of Asciminib
X2101
X2101 is a Phase 1, dose-escalation study evaluating asciminib in patients with CML-CP and –accelerated phase (AP) 
who were previously treated with ≥2 TKIs. A total of 141 patients with CML-CP and 9 patients with CML-AP were 
enrolled and treated with asciminib QD or BID (dose range, 10–200 mg) during the enrollment period between May 2014 
and September 2017. As of September 2017, 73% of patients were continuing treatment with asciminib.56 Patients with 
the T315I mutation were eligible for inclusion after ≥1 TKI and with no other therapeutic options. The primary endpoint 
was the maximum tolerated dose and/or the recommended dose for expansion of asciminib. Secondary outcomes 
included safety, efficacy, and pharmacokinetics.56

In patients with CML-CP without the T315I mutation who had resistance to or unacceptable side effects from prior 
ATP-competitive TKIs, asciminib demonstrated significant clinical activity. Rates of achieving or maintaining MCyR and 
CCyR were 77% and 70%, respectively, with a median follow-up of 72 weeks.56 MMR was achieved or maintained by 
12 months in approximately half of heavily pretreated patients (>2 prior TKIs) and 57% of patients who discontinued 
prior ponatinib due to resistance or intolerance (Table 1).56 In patients without MMR at baseline, this response was 
achieved in 47% of ponatinib-naive patients and 40% of ponatinib-pretreated patients by 12 months.56 A subanalysis was 
performed on patients with a baseline BCR::ABL1IS ≤1% and considered to be intolerant of or resistant to their most 
recent TKI. Treatment with asciminib resulted in >40% of evaluable patients not in MR4 or MR4.5 at baseline achieving 
MR4 or MR4.5 overall by week 48.60

Safety was evaluated in all 150 patients, including those with the T315I mutation and those with CML-AP, 
demonstrating an overall manageable safety profile of asciminib. The most common all-grade treatment-emergent 
adverse events were fatigue (29.3%), headache (28.0%), and elevated lipase (26.7%).56 Of note, clinical pancreatitis 
occurred in 3% of evaluable patients, all of whom were receiving higher doses of asciminib (>40 mg BID), and all cases 
resolved within 5 to 10 days of asciminib discontinuation. A maximum tolerated dose of asciminib was not reached, and 
most AEs were grade 1 or 2.56
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Long-term data from X2101 continued to demonstrate the durable efficacy of asciminib with high cumulative rates of 
MMR and DMR by 4 years. Cumulative MMR continued to increase over time irrespective of line of therapy or baseline 
disease characteristics.61 Additionally, most patients (69.6%) remained on asciminib during this timeframe, and no new 
safety signals were reported. Importantly, no increase in the frequency or severity or arterio-occlusive events (AOEs) was 
observed. Most all-grade AEs occurred in year 1 of treatment and were grade 1 or 2, reflecting the favorable safety profile 
of asciminib with longer follow-up.61

Asciminib was also clinically active in patients with CML-CP with the T315I mutation (Table 1). Rates of achieving 
or maintaining MCyR and CCyR were 60% and 44%, respectively, with a median follow-up of 37 weeks. Molecular 
responses correlated to number of prior TKIs; by 12 months, rates of MMR were 44% for patients treated with ≤2 prior 
TKIs and 11% for more heavily pretreated patients, defined as prior treatment with >2 TKIs.56 MMR was achieved in 
17% of patients with prior resistance or intolerance of ponatinib, suggesting modest clinical activity of asciminib in this 
patient group.56 For patients with the T315I mutation, higher molecular response rates correlated with higher dosing 
schedules (>150 mg BID). This latter finding is consistent with in vitro studies demonstrating that higher concentrations 
of asciminib are necessary to reach half the maximum inhibitory concentration in T315I-mutated cell lines.56

An analysis of 48 patients with CML with the T315I mutation receiving a starting dose of asciminib 200 mg BID in 
the X2101 study demonstrated that 48.9% of patients achieved MMR by week 96, with ≥50% of patients who achieved 
MMR also achieving MR4 or MR4.5.62 MMR rates for ponatinib-naive and ponatinib-pretreated patients receiving 
asciminib were 57.9% and 30.8%, respectively, by week 24 and 68.4% and 34.6%, respectively, by week 96, and 
corresponding rates of BCR::ABL1IS ≤1% were 62.5% and 33.3%, by week 24, respectively, and 81.3% and 47.6% by 
week 96, respectively.62 Response rates to asciminib in CML with a T315I mutation were thus substantial and supported 

Table 1 Efficacy of Asciminib by Months 6 and 12

CML-CP (N=141)

Resistant/Intolerant, Non-T315I 
(n=113; Median Follow-Up, 72 
Weeks)a

Resistant/Intolerant, T315I Mutation 
Present (n=28; Median Follow-Up, 37 
Weeks)a

Treatment Response to Asciminib (%) Overall Response 
Achieved

Response 
Maintained

Overall Response 
Achieved

Response 
Maintained

CHR – 92 – – 88 –

MCyRb 77 60 87 60 55 80

CCyRb 70 54 87 44 41 67

MMRc (in all patients) 6 months 37 24 95 25 21 100

12 months 48 36 95 28 24 100

MMR (in patients treated with ≤2 TKIs) 6 months 52 33 80 40 33 100

12 months 60 47 80 44 38 100

MMR (in patients treated with >2 TKIs) 6 months 32 22 100 10 10 0

12 months 44 34 100 11 11 0

MMR in patients with resistance to/ 

intolerance of prior ponatinib

6 months 41 23 100 14 14 0

12 months 57 40 100 17 17 0

Notes: aNumber of patients who received ≥1 dose of asciminib. bCalculation of patients in whom cytogenetic responses were achieved is based on patients not in respective 
cytogenetic response categories at baseline. cMMR rates by 6 or 12 months were defined as the percentage of patients whose best molecular response by a specific visit was at least 
MMR. A patient who achieved MMR but then lost this response at or before a particular visit would still be classified as having obtained MMR by that specific time point. From 
Hughes TP, Mauro MJ, Cortes JE, et al. Asciminib in chronic myeloid leukemia after ABL kinase inhibitor failure. N Engl J Med. 381:2315–232, Copyright © (2019). Massachusetts 
Medical Society. Reprinted with permission from Massachusetts Medical Society.56 

Abbreviations: CCyR, complete cytogenetic response; CHR, complete hematologic response; CML-CP, chronic phase chronic myeloid leukemia; MCyR, major cytogenetic 
response; MMR, major molecular response (BCR::ABL1IS ≤0.1% on the International Scale); TKI, tyrosine kinase inhibitor.
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US Food and Drug Administration approval. In this analysis, the most frequent AEs were increased lipase and fatigue 
(29.2%) and nausea (27.1%), with limited increases in AEs over time. Of note, AOEs occurred in 8.3% of patients, none 
of which led to dose adjustment or death. Only 4 patients discontinued asciminib due to AEs.62 This analysis thus 
revealed favorable efficacy and safety of higher-dose asciminib in patients with CML-CP with the T315I mutation.

ASCEMBL
ASCEMBL is a Phase 3, randomized, open-label, multicenter study comparing the efficacy and safety of asciminib vs 
bosutinib in adults with CML-CP previously treated with ≥2 TKIs and with treatment failure or intolerance of the most 
recent TKI as defined in the European LeukemiaNet (ELN) 2013 Recommendations (Figure 1). A total of 233 patients 
were randomized 2:1 to receive asciminib 40 mg BID or bosutinib 500 mg QD and were stratified by baseline MCyR.59 

The primary analysis was conducted at week 24, with follow-up and additional endpoints performed and reported at 
weeks 48 and 96.59,63 Of note, based on known bosutinib resistance, patients with a known T315I or V229L mutation at 
any time before the study and those with significant cardiac disease were excluded from this study.59,64

The primary endpoint for this study was MMR at week 24, with MMR at week 96 as a key secondary endpoint.59,63 

At week 24, the MMR of asciminib (25.5%) was superior to bosutinib (13.2%) and met the primary study endpoint.59 

Investigators performed a multivariate analysis to evaluate effects of treatment after controlling for disease features and 
demographics between treatment cohorts. MMR at week 96 results favor asciminib compared with bosutinib in patients 
who discontinued their last TKI due to lack of efficacy or intolerance and regardless of BCR::ABL1 levels at baseline. 
A consistent MMR benefit for asciminib vs bosutinib was preserved across all major demographic and prognostic 
subgroups assessed in the week 24 and 96 analyses, including line of therapy (Figure 2). This effect was durable, and 
MMR remained consistently better with asciminib with rates of 37.6% vs 15.8% with asciminib and bosutinib, 
respectively, at week 96.59,63,65,66

The week 24 analysis of ASCEMBL also demonstrated a favorable safety profile for asciminib with some tolerability 
advantages over bosutinib continuing upon subsequent analyses, including lower rates of grade ≥3 AEs in the asciminib 
arm (50.6%) than in the bosutinib arm (60.5%).59 The most common AEs experienced in the asciminib arm were 
thrombocytopenia (28.8%), neutropenia (21.8%), and headache (16%). In contrast, the most common AEs in the 
bosutinib arm were diarrhea (71.1%), nausea (46.1%), and increased alanine aminotransferase (27.6%).59 

Gastrointestinal AEs were markedly more frequent with bosutinib.59 The favorable safety profile of asciminib vs 
bosutinib is further evidenced and supported by discontinuation rates due to AEs that were lower with asciminib 
(5.8%) vs bosutinib (21.1%) (Table 2).59

• Primary endpoint: MMR at week 24

• Secondary endpoints: 
◦ MMR at 96 weeks
◦ Cytogenetic response rates at and 

by scheduled time points
◦ Time to and duration of MMR and 

CCyR
◦ Time to treatment failure
◦ Progression-free survival and

overall survival
◦ Safety and tolerability 

Cutoff date: October 6th, 2021

Median duration of follow-up: 2.3 years
(120 weeks) from randomization to last 
contact date

Key study criteria

• Adults with CML-CP, 
previously treated with
≥2 TKIs

• Failurea or intolerance
to the most recent TKI

• Patients with 
intolerance to the most
recent TKI must have
BCR::ABLIS>0.1% at 
screening
 • No T315I or V299L
mutations 

Asciminib 40 mg twice daily

Bosutinib 500 mg once 
dailyb

Survival 
follow-up

Treatment duration: 96 weeks

2:1 
Randomization

Stratified by: MCyR
vs no MCyR at

baseline  
 

Figure 1 ASCEMBL study design. 
Notes: aMust meet lack of efficacy criteria based on the 2013 ELN recommendations for second-line TKI therapy. bPatients who discontinued bosutinib treatment due to intolerance or 
any reason other than lack of efficacy were not allowed to switch to asciminib. Adapted from Blood, volume 138, Rea D, Mauro MJ, Boquimpani et al A Phase 3, open-label, randomized 
study of asciminib, a STAMP inhibitor, vs bosutinib in CML after 2 or more prior TKIs. Page numbers: 2031–2041, copyright 2021, with permission from Elsevier.59 

Abbreviations: ABL1, Abelson tyrosine kinase 1; BCR, breakpoint cluster region; CML-CP, chonic myeloid leukemia in chronic phase; ELN, European LeukemiaNet; IS, International 
Scale; MCyR, major cytogenetic response; CCyR, complete cytogenetic response rate; MMR, major molecular response (BCR::ABL1IS ≤0.1%); TKI, tyrosine kinase inhibitor.
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At week 96, discontinuations due to AEs continued to be low, at 7.7% with asciminib vs 26.3% with bosutinib. With 
longer exposure, safety and tolerability of asciminib continued to be more favorable than those of bosutinib, with no new 
or worsening safety signals reported in the week 96 analysis.63,65,66 The risk of CVEs limits use of some TKIs, 
particularly in patients with underlying risk factors. Regarding the important question of CVEs relative to asciminib, 
in ASCEMBL the frequency of AOEs was 5.1% with asciminib and 1.3% with bosutinib by week 96; however, patients 
treated with asciminib vs bosutinib had a longer median duration of exposure (23.7 months vs 7.0 months).59,63 

Reassuringly, the exposure-adjusted AOE rate (per 100 patient-years) with asciminib was 3.3 and 3.0 in the primary 
analysis and week 96 analysis, respectively. Available data to date thus demonstrate low rates of AOEs, and no apparent 
increased risk was seen with asciminib over time.63,65,66 Future studies of asciminib in newly diagnosed patients will help 
to clarify the safety profile of asciminib, including the important question of AOEs without the confounding impact of 
prior TKI exposure. Using validated questionnaires assessing symptom burden in CML-CP, asciminib showed advan-
tages over bosutinib and was more likely to improve or maintain baseline QOL.67 As such, this may suggest an 
advantage of asciminib vs bosutinib in regard to adherence.

All patients

Strata based on randomization data
Major cytogenetic response
No major cytogenetic response

Sex
Female
Male

Race
Asian
White
Others

Age category
18 to <65 years
≥65 years
≥75 years

Reason for discontinuation of the last prior TKI
Lack of efficacy
Intolerance

Number of prior TKI therapies
2
3
≥4

Line of therapy of randomized treatment
3
4
≥5

BCR::ABL1 mutations at baselinea 
Not detected
Detected

BCR::ABL1IS transcript level at baseline
≥1%
<1%

59/157 (37·6)

25/46 (54·4)
34/111 (30·6)

30/75 (40·0)
29/82 (35·4)

8/22 (36·4)
44/118 (37·3)
7/17 (41·2)

48/128 (37·5)
11/29 (37·9)
4/4 (100)

29/95 (30·5)
30/59 (50·9)

47/125 (37·6)
7/17 (41·2)

49/142 (34·5)
10/15 (66·7)

38/89 (42·7)
19/53 (35·9)
2/15 (13·3)

34/82 (41·5)
16/44 (36·4)
9/31 (29·0)

12/76 (15·8)

3/22 (13·6)
9/54 (16·7)

3/45 (6·7)
9/31 (29·0)

2/11 (18·2)
9/56 (16·1)
1/9 (11·1)

7/61 (11·5)
5/15 (33·3)
1/2 (50·0)

4/54 (7·4)
8/22 (36·4)

10/63 (15·9)
2/8 (25·0)

10/72 (13·9)
2/4 (50·0)

9/33 (27·3)
3/33 (9·1)
0/10 (0·0)

9/30 (30·0)
3/29 (10·3)
0/17 (0·0)

21·8 (10·6 to 33·0)

40·7 (20·4 to 61·0)
14·0 (0·8 to 27·1)

33·3 (20·1 to 46·6)
6·3 (−12·7 to 25·4)

18·2 (−12·2 to 48·6)
21·2 (8·2 to 34·2)
30·1 (−1·1 to 61·2)

26·0 (14·4 to 37·6)
4·6 (−25·1 to 34·3)
50·0 (−19·3 to 100·0)

23·1 (11·5 to 34·7)
14·5 (−9·3 to 38·3)

21·7 (9·3 to 34·1)
16·2 (−21·9 to 54·2)

20·6 (9·4 to 31·8)
16·7 (−37·8 to 71·2)

15·4 (−2·9 to 33·8)
26·8 (10·5 to 43·0)
13·3 (−3·9 to 30·5)

11·5 (−8·1 to 31·0)
26·0 (8·0 to 44·0)
29·0 (13·1 to 45·0)

Risk difference,
% (95% CI)

Favors
asciminib 

Asciminib,
n/N (%)

Favors
bosutinib

Bosutinib,
n/N (%)Subgroup

-50 1000 50

Figure 2 Risk difference (95% CI) for MMR at week 96 from subgroup analyses. 
Notes: aPatients with T315I and V299L BCR::ABL1 mutations or a nonevaluable mutation assessment were excluded from the subgroup analysis. Reproduced from Hochhaus 
A, Rea D, Boquimpani et al Asciminib vs bosutinib in chronic-phase chronic myeloid leukemia previously treated with at least two tyrosine kinase inhibitors: longer-term 
follow-up of ASCEMBL. Leukemia. Mar 2023;37(3):617–626. Creative Commons.63 

Abbreviations: ABL1, Abelson tyrosine kinase 1; BCR, breakpoint cluster region; CI, confidence interval; IS, international scale; TKI, tyrosine kinase inhibitor.
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The X2101 and ASCEMBL studies provided critical data supporting asciminib as a novel, safe, and highly effective 
new treatment option for patients with CML-CP that is able to address a high unmet need, including those who had 
previously received ≥2 other lines of therapy or who are harboring the T315I mutation.56,59 This latter finding is of 
particular importance as the only other widely approved TKI with activity against the T315I resistance mutation is 
ponatinib, which is often limited due to its cardiovascular risks.56 In addition, X2101 demonstrated that a subset of 
patients with resistance to or intolerance of ponatinib achieved MMR with asciminib. Asciminib may therefore benefit 
patients with CML-CP with very limited treatment options, including those with no options other than HSCT.56 The 
above data demonstrating the MMR benefit of asciminib in ponatinib-naive vs ponatinib-pretreated patients suggest that 
treatment with asciminib prior to ponatinib may produce higher response rates. Additional ongoing studies in patients 
with CML-CP across lines of therapy will continue to generate more data to build the profile of asciminib and help aid in 
patient selection.

Future Directions for Asciminib in CML
Given the demonstrated efficacy and safety of asciminib as a therapeutic option for adult patients with CML in later lines of 
therapy, there is a keen interest in investigating asciminib in other clinical scenarios, including in earlier lines of therapy, in 
patients with comorbidities, and combined with ATP-competitive TKIs to improve efficacy, minimize toxicity, delay 
resistance, and facilitate TFR (Table 3). In addition, given the unique challenges for managing pediatric patients with CML, 
evaluating the use of asciminib in this population represents an exciting frontier in the advancement of CML treatment.42

Currently, asciminib is being evaluated in several earlier-line studies, including in adult patients with newly diagnosed 
CML-CP. ASC4FIRST (NCT04971226) is a Phase 3, open-label, multicenter study investigating 1L asciminib vs all 
currently approved ATP-competitive TKIs. This is the first trial comparing a novel agent to all TKIs approved for the 

Table 2 Most Frequent Adverse Events (≥10% of Patients in Any Treatment Arm) by Week 24

Event, n (%)a Asciminib 40 mg BID (n=156) Bosutinib 500 mg QD (n=76)

All Grades Grade ≥3 All Grades Grade ≥3

No. of patients with ≥1 adverse event 140 (89.7) 79 (50.6) 73 (96.1) 46 (60.5)

Thrombocytopeniab 45 (28.8) 34 (21.8) 14 (18.4) 7 (9.2)

Neutropeniac 34 (21.8) 28 (17.9) 16 (21.1) 11 (14.5)

Headache 25 (16.0) 3 (1.9) 10 (13.2) 0

Diarrhea 18 (11.5) 0 54 (71.1) 8 (10.5)

Hypertension 18 (11.5) 9 (5.8) 3 (3.9) 3 (3.9)

Nausea 18 (11.5) 1 (0.6) 35 (46.1) 0

Fatigue 16 (10.3) 0 7 (9.2) 1 (1.3)

Rash 11 (7.1) 0 18 (23.7) 3 (3.9)

Vomiting 11 (7.1) 2 (1.3) 20 (26.3) 0

Abdominal pain 7 (4.5) 0 11 (14.5) 1 (1.3)

Increased ALT 6 (3.8) 1 (0.6) 21 (27.6) 11 (14.5)

Increased AST 6 (3.8) 1 (0.6) 16 (21.1) 5 (6.6)

Notes: aNumbers represent counts of patients. A patient with multiple severity grades for a given adverse event is only counted under the 
maximum grade; Medical Dictionary for Regulatory Activities version 23.0, Common Terminology Criteria for Adverse Events version 4.03. 
bIncludes thrombocytopenia and decreased platelet count. cIncludes neutropenia, decreased neutrophil count, and febrile neutropenia. 
Reprinted from Blood, 138, Rea D, Mauro MJ, Boquimpani C, et al. A phase 3, open-label, randomized study of asciminib, a STAMP inhibitor, 
vs bosutinib in CML after 2 or more prior TKIs. 2031–2041, Copyright (2021), with permission from Elsevier.59 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BID, twice daily; QD, once daily.
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Table 3 Ongoing Trials of Asciminib in CML

Line of 
Therapy

Trial Study Design Phase Primary Outcome Measure

Any NCT0421656368 Adults aged ≥18 years with CML-CP to receive 
asciminib while receiving standard of care dasatinib or 
nilotinib whether as initial therapy or after prior TKI

2 Rate of molecular response at 12 
months

3L+ AIM4CML69 

NCT04666259
Adults aged ≥18 years with CML-CP with/without 
T315I to receive asciminib monotherapy (CML-CP 
with T315I mutation treated with ≥1 TKI)

3b AEs and serious AEs up to 24 weeks

NCT0479542770 Adults aged ≥18 years with CML-CP without T315I to 
receive asciminib monotherapy or best available 
treatment of investigator’s choice

2 MMR at week 24

Combination NCT0208137871 Adults aged ≥18 years with CML-CP with/without 
T315I to receive asciminib ± nilotinib, dasatinib, or 
imatinib (CML-CP with T315I mutation treated with 
≥1 TKI with no other effective therapy available)

1 Dose -limiting toxicities during the 
first cycle of treatment

ASC4OPT72 

NCT04948333
Adults aged ≥18 years with CML-CP without T315I to 
receive asciminib monotherapy

3 MMR at 48 weeks with no MMR at 
baseline

2L ASC4KIDS73 

NCT04925479 
*Pediatrics study

Adults aged ≥1 and <18 years with CML-CP without 
T315I to receive asciminib monotherapy

1/pediatric 
formulation 
2/adult 
formulation

Pharmacokinetic parameters  
AUClast, AUCtau, Cmax, Tmax, and  
Ctrough for 52 weeks

ASC2ESCALATE74 

NCT05384587
Adults aged ≥18 years with CML-CP without T315I to 
receive asciminib monotherapy starting at 80 mg QD 
with possible dose escalation

2 MMR rate from baseline to 12 
months

Combination ASC4MORE75 

NCT03578367
Adults aged ≥18 years with CML-CP treated with 
continued 1L imatinib for ≥1 year who have not 
achieved DMR to receive imatinib + asciminib (add- 
on) vs asciminib monotherapy vs switch to nilotinib

2 MR4.5 between asciminib + imatinib 
vs imatinib monotherapy

TFR NCT0483804176 Adults aged ≥18 years with CML-CP with either the 
b3a2 (e14a2) or b2a2 (e13a2) variants that give rise to 
the p210 BCR::ABL1 protein who relapsed after prior 
attempt at TFR with imatinib treated with asciminib + 
imatinib

2 One-year “second” TFR after 12 
months of combination therapy

1L NCT0541391577 Adults aged ≥18 years with CML-CP treated with 1L 
imatinib for >4 years and in DMR for at least 12 
months prior to randomization to receive asciminib 
(add-on) vs continued imatinib, followed by an 
attempt at TFR

3 Event-free survival from 
randomization until 12 months after 
TKI discontinuation

FASCINATION78 

NCT03906292
Adults aged ≥18 years with CML-CP to receive 
asciminib 12 weeks after the start of imatinib, 
nilotinib, or dasatinib and after recovery of 
hematopoiesis or no therapy so far 6 weeks after 
diagnosis

2 MR4 at 12 months and MR4.5 at 36 
months

ASC4FIRST79 

NCT04971226
Adults aged ≥18 years with CML-CP to receive 
asciminib vs investigator-selected TKI (imatinib, 
nilotinib, bosutinib, or dasatinib)

3 MMR at week 48

ASC4START80 

NCT05456191
Adults aged ≥18 years with CML-CP to receive 
asciminib vs nilotinib

3 Time to discontinuation of study 
treatment due to AEs

NCT0514384081 Adults aged ≥18 years with CML-CP to receive 
asciminib, and patients who have not achieved 
a response after 24 months will be offered nilotinib as 
an add-on therapy

2 DMR 
Exploratory objective: safety and 
efficacy of nilotinib add-on to 
asciminib in patients who have not 
achieved MR4.5

Abbreviations: 1L, first line; 2L, second line; 3L+, third line and beyond; AE, adverse event; AUClast, area under the curve from time zero to the last measurable 
concentration sampling time; AUCtau, area under the curve calculated to the end of a dosing interval at steady state; Cmax, maximum observed plasma drug concentration 
after oral dose administration; CML-CP, chronic phase chronic myeloid leukemia; Ctrough, minimal concentration before the next dose is administered; DMR, deep molecular 
response; QD, once daily; TFR, treatment-free remission; TKI, tyrosine kinase inhibitor; Tmax, time to peak concentration.
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treatment of CML in 1L and will provide much needed comparative data between asciminib and ATP-competitive TKIs 
using MMR at week 48 as its primary endpoint.79 ASC4START (NCT05456191) is a Phase 3b study evaluating the 
safety of asciminib vs nilotinib in the 1L setting for the treatment of adults with CML-CP. Outcome measures for this 
study will be time to discontinuation of study treatment due to AEs as a primary outcome, with secondary outcomes 
related to efficacy.80 ASC2ESCALATE (NCT05384587) is a Phase 2 study evaluating patients with CML-CP treated 
with asciminib in the 2L setting and will provide data on whether these patients can benefit from asciminib dose 
escalation if not meeting certain response milestones.82 Collectively, the above studies will provide critical data 
supporting the use of asciminib in earlier lines of therapy.

Trials such as FASCINATION (NCT03906292) are assessing combination therapies with asciminib for the treatment 
of adults with CML-CP in the 1L setting.78 The goal of combination therapy is to increase the number of patients 
meeting clinical milestones, increase depth of response to improve long-term outcomes, and offer the possibility of 
TFR.83 Preclinical and in vitro studies have demonstrated that combining asciminib with an ATP-competitive TKI may 
reduce the likelihood of treatment resistance due to mutations in either the ATP-binding site or myristoyl pocket.84 With 
regard to safety, in vitro modeling suggests that combinations with asciminib may permit lower drug dosages, improving 
tolerability.85 X2101 investigated a safe and tolerable dosing schedule for asciminib in combination with imatinib, 
dasatinib, or nilotinib in adult patients treated with ≥2 prior TKIs.71 Preliminary efficacy results from this study are 
promising and demonstrate, for example, that combining asciminib with imatinib produced rates of CCyR and MMR of 
50% and 42%, respectively, by week 48 in patients without this level of response at baseline.86 This combination also 
revealed a generally favorable safety profile.86 These collective in vitro and early clinical data further support the 
potential of combination therapies with asciminib, warranting ongoing investigation to determine a safe and tolerable 
dosing schedule for asciminib in combination with imatinib, dasatinib, or nilotinib in adult patients treated with ≥2 prior 
TKIs.71

Given the unmet need in pediatric patients, including resistance, intolerance, magnified concern over long-term 
toxicity, and population-specific concerns such as growth retardation reported with currently approved ATP-competitive 
TKIs, a Phase 1/2 trial of asciminib has been initiated to assess safety and efficacy of asciminib in children.87 ASC4KIDS 
(NCT04925479) is an open-label, 3-part, multicenter study investigating dosage, safety, and pharmacokinetics of 
asciminib monotherapy in pediatric patients with CML-CP following treatment with ≥1 prior TKI. The primary objective 
of this trial is to characterize the pharmacokinetics of asciminib in pediatric patients with the goal of identifying the 
pediatric formulation dose of asciminib in the fed state comparable to the adult dose of 40 mg BID in the fasted state. The 
dose determined in part 1 will be administered in parts 2 and 3, evaluating BID and QD regimens in this population, 
respectively.73 Lifelong TKI exposure could significantly impact adherence, and long-term consequences of TKI therapy 
remain largely unknown; therefore, providing opportunity to stop treatment and attempt TFR is a particularly worthwhile 
goal in pediatric patients.88 Deep and sustained responses seen with asciminib in adults with CML raises the possibility 
that such benefits could extend to pediatric patients and provide the opportunity of TFR.59,65,66 Importantly, adolescents 
and young adults (AYA) with CML may have a higher tumor burden at diagnosis, and some studies have reported poorer 
response to treatment and outcomes in this population.89 Nonadherence is estimated to impact up to 60% of AYA patients 
with cancer and is associated with poorer outcomes.89 AYA are also expected to have extended periods of treatment, 
thereby experiencing similar challenges and survivorship issues to pediatric patients.90,91 Additionally, fertility is an 
important clinical consideration in AYA patients making the prospect of stopping treatment and attempting TFR 
attractive.91 As such, the aforementioned benefits of asciminib may extend to AYA patients.

Considerations for Patient Selection for Asciminib
Prior to approval of asciminib in the third line and beyond (3L+) setting, effective 3L+ therapeutic options for CML were 
limited, and sequential treatment with 2G TKIs were associated with decreasing clinical response. For these patients, 
ponatinib may be an option, which demonstrated clinical efficacy but carries significant cardiovascular risks.92 While 
availability of asciminib gives a broader range of patients a new option for later-line therapy, this choice also brings new 
challenges with respect to treatment planning on an individual patient basis. Identifying appropriate patient candidates, 
timing of treatment initiation or dose adjustment, and consideration of numerous patient factors, including disease risk, 
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molecular factors, efficacy and tolerability of prior treatments, patient age, comorbidities, and individual patient goals, 
are all crucial.93

Molecular Response Milestones and Patient Goals
Current ELN recommendations and National Comprehensive Cancer Network (NCCN) guidelines discuss molecular 
monitoring and response goals by line of therapy.42,46 The ELN 2020 recommendations state that the definition of 
response to 2L treatment should be the same as for 1L treatment with BCR::ABL1IS ≤10%, ≤1%, and ≤0.1% at 3, 6, and 
12 months, respectively, defined as optimal response milestones. Although the precise definition of an acceptable 
response in patients with ≥2 prior TKIs is not formalized, a BCR::ABL1IS >1% or response less than CCyR is considered 
insufficient for optimal survival.46 NCCN guidelines recommend switching to a 2G TKI for patients with disease 
resistant to imatinib, although there is no clear evidence that switching improves long-term outcomes in 2L, and although 
dose escalation of imatinib has demonstrated some benefit in these patients, duration of responses have been short. 
However, there is some evidence that early molecular response (BCR::ABL1IS ≤10% at 3 and 6 months) after 2L therapy 
with dasatinib or nilotinib is associated with improved PFS and OS. It is currently recommended that patients in 2L 
therapy and beyond not achieving cytogenetic and molecular responses at 3, 6, and 12 months should be evaluated for 
alternative therapies or HSCT. Failure after ≥2 prior TKIs is not associated with durable responses when patients are 
switched to an alternate 2G TKI, and the NCCN recommends treatment with ponatinib or asciminib or enrollment in 
a clinical trial for these patients.42

Now, data from the Phase 1 X2101 and Phase 3 ASCEMBL trials show DMRs are possible with asciminib not 
previously expected for patients in later lines of therapy.62,63,65,66 These data also suggest that safety and tolerability of 
asciminib may permit longer use, making achievement of molecular responses more feasible.63,65,66 Having another 
option for patients may facilitate treatment switch decisions in later lines of therapy with greater odds of longer-term 
tolerability and response.

Mutation Status
As previously noted, mutations in the BCR::ABL1 KD confer resistance to many TKIs, and each TKI has a somewhat 
unique resistance profile.32,42 Molecular testing for mutations is important at a number of points during treatment, 
especially for patients not meeting milestones. The T315I mutation is one of the most common KD mutations, and 
availability of asciminib gives patients with this mutation another option beyond ponatinib.32 It is unclear if asciminib is 
superior to ponatinib in this setting regarding efficacy, as there are no direct randomized clinical trials comparing the 2 
drugs. In the OPTIC trial, 60% of patients with the T315I mutation achieved BCR::ABL1IS ≤1% by 12 months with 
ponatinib when administered at a dose of 45 mg QD. In this trial, patients in the 45- and 30-mg cohorts reduced their 
dose to 15 mg QD upon achievement of this response, and most of those who lost response upon dose reduction had the 
T315I mutation at baseline.45 In patients with the T315I mutation, X2101 demonstrated that BCR::ABL1IS ≤1% was 
achieved by 45.9% of patients without this level of response at baseline with asciminib at a dose of 200 mg BID by week 
24, with a higher rate of 62.2% seen by week 96.62

More data are needed to establish the efficacy of asciminib among patients with non-T315I KD mutations. In 
ASCEMBL, a small number of patients had baseline BCR::ABL1 KD mutations other than T315I and V299L. 
Therefore, no conclusions could be drawn in regard to impact of mutations on efficacy.59 While little is known about 
the mechanisms of resistance to asciminib, certain mutations such as A337T and P465S that impact the myristoyl pocket 
may play a role.42,53 As such, the most recent NCCN guidelines have added these mutations as contraindications to 
asciminib therapy; however, availability to test for these mutations in routine clinical practice is lacking.42 Studies 
evaluating asciminib plus an ATP-competitive TKI are ongoing to evaluate the potential of combination therapy to 
overcome resistance to an acquired mutation or compound mutations associated with either therapy.71,75,78

Prior TKI Exposure
Patients treated with asciminib achieved BCR::ABL1IS ≤1% and MMR by week 96 regardless of last TKI received and 
reason for discontinuation. Responses also continued to deepen over time in this heavily pretreated population.63,94 
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Although X2101 demonstrated that a higher proportion of patients with a baseline BCR::ABL1IS ≤1% achieved MMR by 
1 year compared with patients with BCR::ABL1IS >1% at baseline, ASCEMBL revealed that more patients treated with 
asciminib than with bosutinib achieved molecular responses, irrespective of baseline BCR::ABL1 levels.56,59 

Furthermore, asciminib may be selected for treatment of CML-CP for patients with prior treatment with ≥2 TKIs, 
including prior ponatinib. However, real-world evidence and data from X2101 demonstrate that patients with CML-CP 
without prior ponatinib exposure may demonstrate better global outcomes with asciminib relative to ponatinib-pretreated 
patients. Further investigation is needed to determine the differential impact of prior resistance vs intolerance to ponatinib 
on responses to asciminib.62,95

Tolerability and Comorbidities
The presence of comorbidities, such as cardiovascular risk factors, diabetes, gastrointestinal disorders, and pulmonary 
issues, also creates a management challenge when prescribing TKIs for patients with CML. Different management 
options for 1L TKI therapy have been suggested for common comorbidities, but are not absolute. Below, we describe 
common comorbidities that can pose a challenge when selecting treatment for patients with CML.

CVEs, including AOEs, have been associated, at varying degrees, with several TKIs.39,96 Risk of CVEs on treatment 
appears lower in patients with minimal or no pretreatment risk factors; risk of on-treatment events increases with the 
number of baseline cardiovascular risk factors.97 It is estimated, however, that 30% of patients with CML have baseline 
cardiovascular risk factors such as hypertension and obesity, with more than 10% having diabetes.98,99 Quantifying risk 
of CVEs with each TKI is challenging given the heterogeneity in data reporting from different studies and different 
patient populations. Among approved TKIs, both ponatinib and nilotinib have cardiovascular warnings in their 
labels.98,100,101

In the PACE trial, serious AOEs occurred in 26% of patients treated with ponatinib.19 By contrast, rates of AOEs 
were 3.2%, 5.3%, and 9.6% in the 15-, 30-, and 45-mg QD cohorts, respectively, in the OPTIC dose-ranging study.45 

Although both trials evaluated ponatinib in heavily pretreated patients with CML, including those with the T315I 
mutation, important differences in recognition and management of AOEs, and, in OPTIC, dose exposure, should be 
considered.19,45 Notably, the starting dose of ponatinib in PACE was 45 mg QD and allowed for dose reductions in 
response to AEs. In OPTIC, patients were randomly assigned to treatment with either 45, 30, or 15 mg QD of ponatinib, 
and half of patients in the 45-mg cohort underwent planned dose reduction after 3.4 months up achieving BCR::ABL1IS 

≤1%.45 Also, the median duration of follow-up with PACE was nearly twice that of OPTIC at the time of data 
reporting.19,45

The OPTIC trial demonstrated exposure-adjusted AOE rates of 2.1%, 3.6%, and 5.6% for the 15-, 30-, and 45-mg 
cohorts.45 In PACE, exposure-adjusted incidence rates decreased over time from 15.8% to 4.9% in years 1 and 5, 
respectively.19 ASCEMBL evaluated risk of AOEs with asciminib and demonstrated an exposure-adjusted AOE rate of 
3.3 per 100 patient-years at week 24 that remained similar to slightly lower, at 3.0 per 100 patient-years by week 96.63,65,66 

This is important to consider given that prior to asciminib, ponatinib was the only widely approved TKI for patients harboring 
the T315I mutation, although it carries a significant risk of AOEs.56 Importantly however, unlike PACE and OPTIC, the 
ASCEMBL trial, by design, needed to exclude patients with the T315I mutation, and due to differences in patient populations 
and study designs, results from these trials cannot be directly compared.19,45,59 ENESTnd investigated nilotinib compared with 
imatinib in 1L and is the only trial following newly diagnosed patients with CML-CP treated with a 2G TKI for ≥10 years.102 

Nilotinib has been historically associated with high cardiovascular risk and ENESTnd found an overall risk of CVEs of 7.5% 
and 13.4% with nilotinib 300 mg BID and 400 mg BID, respectively, in 1L treatment of patients with CML-CP by 5 years; this 
risk increased to 16.5% and 23.5%, respectively, by 10 years.26,41,102 Importantly, this study also explored frequency of CVEs 
in patients with pre-existing cardiac risk and found risk of CVEs was higher in those with high cardiovascular risk.26 This is 
notable since patients in ASCEMBL were heavily pretreated (≥2 prior TKIs) and, of the 8 patients with AOEs in the asciminib 
arm reported by week 96, 7 had prior nilotinib exposure, 3 had prior ponatinib exposure, and most had cardiovascular risk 
factors at screening.63,65,66 Overall, based on available evidence, asciminib may be associated with a lower risk of AOEs than 
ponatinib and nilotinib, perhaps providing an alternative for patients with 2 or more prior TKIs and the T315I mutation 
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irrespective of cardiovascular risk factors. However, longer-term follow-up and more data, particularly in less heavily treated 
or previously untreated patients, are needed to fully evaluate cardiovascular risks associated with asciminib.

Hyperglycemia has also been reported with several TKIs. Safety from the X2101 trial showed that grade ≥3 
hyperglycemia occurred in 2% of patients with asciminib; currently, no warnings or precautions exist related to use of 
asciminib in diabetic patients.56,58 Hypertension should be carefully monitored in patients taking asciminib as it emerged 
in 11.5% of patients in ASCEMBL and nearly 20% of patients in X2101, but medically controlled hypertension does not 
preclude asciminib as a therapeutic option.56,58,59

A history of pancreatitis, although not a contraindication to asciminib, should prompt more frequent monitoring for 
pancreatic toxicity in patients receiving asciminib.58 Although no cases of pancreatitis were reported in either the 
asciminib or bosutinib arm of ASCEMBL, pancreatitis occurred in 3% of patients who received asciminib in X2101, 
albeit exclusively at doses of >40 mg BID.56

Pulmonary issues have been reported with TKIs, particularly dasatinib.8,13 In the ASCEMBL and X2101 studies, 
pulmonary issues or pleural effusions with asciminib have been uncommon.58 In X2101, 6% of patients with CML-CP 
/AP experienced a pleural effusion with asciminib; in this study, doses of up to 200 mg BID were used and a majority of 
patients were previously treated with dasatinib.56 Therefore, baseline pulmonary issues and prior exposure to TKIs with 
pulmonary toxicity do not appear to be significant barriers to treatment with asciminib.

Gastrointestinal (GI) AEs, such as nausea, diarrhea, abdominal pain, and vomiting, are a common class effect across 
BCR::ABL-targeted therapies. However, the incidence of GI AEs with asciminib is lower than bosutinib in the 
ASCEMBL study.59 Nausea and vomiting are associated with nonadherence and play a substantial role in patients’ 
ability to stay on treatment at an optimal dose.103 Therefore, asciminib may confer some advantages with respect to GI 
tolerability.

Taken together, the above safety factors are important to patient selection given that long-term TKI therapy 
nonadherence is a recognized issue in the population of patients treated for CML and can impact a majority of patients. 
Such nonadherence can adversely impact survival and increase healthcare resource utilization.104 Management of toxicity 
such as GI AEs are important to consider as they can reduce a patient’s QOL and further decrease long-term 
adherence.40,103,105 The safety of asciminib, although still under investigation, appears to have a favorable profile that 
may positively impact adherence and preserve QOL.

Patient Age
Patient age is an important factor when selecting a TKI as the rate of relevant comorbidities tends to increase, and 
patients may present contraindications to certain treatments and may be at a higher risk for intolerance or more serious 
AEs with increasing age.46,98,106,107 According to a retrospective study of commercially insured and Medicare enrollees 
with CML, older age (≥55 years) is associated with multiorgan system AEs with TKIs.108 Trial data supports a similar 
concern; in the DASISION trial, median age of patients who developed a pleural effusion with dasatinib was 15 years 
older than those who did not.109 In the ASCEMBL study, 19% of patients were ≥65 years of age, and notably, no 
differences in efficacy were observed between these patients and younger patients. However, the sample size of patients 
≥75 years of age was insufficient to draw conclusions related to differences in efficacy or safety.59 Therefore, it is 
unknown if advanced age has a significant impact on efficacy and/or safety of patients with CML treated with asciminib. 
Importantly, patients with CML who are <50 years old are expected to live more than 30 years.8 In these patients, long- 
term treatment can result in AEs that adversely impact QOL.110 As patients develop comorbidities with age, they are at 
higher risk for developing AEs.98 Therefore, tolerability becomes increasingly important with long-term treatment in this 
population.

Drug–Drug Interactions
Asciminib is an inhibitor of CYP3A4, CYP2C9, and CYP2C8 and can increase plasma concentration of medications 
metabolized by these enzymes, thereby increasing the risk of AEs associated with these concomitant medications.57,58 In 
addition, asciminib is also a CYP3A4 substrate, and coadministration of asciminib with a strong inhibitor of CYP3A4 
can increase risk of asciminib toxicity.58 For patients taking substrates of CYP3A4, it is recommended that AEs from 
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these substrates are carefully monitored and such substrates be avoided with higher doses of asciminib (ie 200 mg BID 
for patients with the T315I mutation).58 It is advised that asciminib not be used at all in patients taking CYP2C9 
substrates with a narrow therapeutic window.58 If coadministration is unavoidable, the dose of CYP2C9 substrates should 
be reduced and alternatives be considered for patients requiring higher doses of asciminib.58 In all given clinical 
scenarios, risks and benefits of asciminib vs the concomitant medication must be carefully weighed.

Factors Influencing Pediatric Patient Selection
Although many oncologists have adopted treatment guidelines for adults to utilize in the pediatric population due to 
a paucity of pediatric-specific guidelines, there are patient factors of greater significance to consider in this population.42 

Imatinib, dasatinib, and nilotinib are the only currently approved TKIs for children for the treatment of CML.42 Roughly 
30% of 1L pediatric patients with CML treated with imatinib experienced unsatisfactory response or intolerance.87,111 

CVEs have not been observed in studies of nilotinib in pediatric patients. However, cumulative MMR rates are lower in 
patients with prior resistance to or intolerance of imatinib or dasatinib.87,112 Therefore, as with adults, molecular response 
rates are lower with subsequent lines of therapy.20 This, in addition to fewer available treatment options in the pediatric 
population compared with adults, underscores the importance of pediatric patient selection for TKIs.42,87 Furthermore, 
there are some overlapping and distinct treatment goals and considerations for treatment selection for pediatric patients.

The goals of CML treatment in pediatric patients are similar to those in adults and include remission, improving survival, 
and preventing disease progression.42 However, unlike adults, pediatric patients are expected to, in theory, have more years in 
treatment, exposing them to an increased risk of long-term health consequences.88 A potential need for lifelong therapy also 
makes certain factors more important such as tolerability and ease of administration to support adherence.6

Nonadherence is common in teenagers and often increases after a favorable response to TKI therapy has been obtained 
during the first year.52 Increased risk-taking behaviors in adolescence may also make adherence difficult.6 The QD with food 
drug schedule for imatinib and with/without food with dasatinib can make these treatments easier to adhere to.6,113,114 

Nilotinib is given on a BID schedule with avoidance of food recommended 2 hours before and 1 hour after each dose. Such 
restrictions may be difficult for teenagers and young children to adhere to.6,101 This experience is important to consider when 
evaluating asciminib as a future treatment option as BID dosing under food restrictions mirrors the adult formulation of 
asciminib. Therefore, ASC4KIDS (NCT04925479) is evaluating the food-restrictive adult formulation in patients at study 
entry against a pediatric formulation of mini-tablets taken with food. This study is also evaluating a QD dosing schedule for 
asciminib in the pediatric population, which would simplify administration.73 If approved, this new formulation may improve 
adherence in pediatric patients with CML-CP who are prescribed asciminib.

In addition, adherence and QOL are greatly influenced by toxicities. Currently approved ATP-competitive TKIs target 
BCR::ABL1, but their nonspecific activity may influence other signaling pathways affecting bone development.90 

Children with CML are prescribed TKIs during an active phase of growth, and growth retardation has been reported 
with approved ATP-competitive TKIs in pediatric patients.90 Hypothyroidism and pubertal delay may also occur as 
demonstrated in pediatric CML literature.52 The specificity and unique mechanism of action of asciminib has been shown 
to demonstrate fewer off-target effects, making it a promising candidate for treating CML in pediatric patients where 
minimizing toxicity is particularly important given longer expected duration of exposure.17,52

Prior to use of TKIs for the treatment of pediatric CML, HSCT was the only treatment option offering the possibility 
of cure. Effectiveness of TKIs in treating pediatric CML has limited indications for HSCT.6,52 Although children with 
CML-CP fare better with HSCT than adults, early morbidities and mortality associated with the procedure make TKIs 
preferred.6,52 As more therapeutic options become available to pediatric patients with CML, with potentially greater 
ability to facilitate TFR, indications for HSCT should continue to become more limited.

Conclusions
Although TKIs have greatly improved QOL and outcomes for those with CML, many unmet needs remain.11–13,26,115 

Resistance and intolerance remain significant issues with current approved ATP-competitive TKIs.11,12,19,102 Limited 
treatment options for patients with CML harboring the T315I mutation and the prospect of long-term toxicity in pediatric 
patients also present distinct challenges.20,42,88 With approval of asciminib for later-line therapy, physicians are seeking 
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guidance on how to incorporate this new option into their treatment decision-making process and how to select patients 
for treatment. Clinical data from X2101 and ASCEMBL demonstrated that asciminib is highly effective for patients who 
received ≥2 prior TKIs and for patients with T315I-mutated CML and has potential safety advantages over other standard 
of care treatment options.56,58,59 These data show that asciminib has broad applicability for patients who have received 
≥2 prior TKIs and may need alternatives. Longer-term follow-up of these trials along with ongoing trials of asciminib 
monotherapy (eg, ASC4FIRST, ASC4START, ASC2ESCALATE) or combination therapy (eg, FASCINATION) in 
earlier lines and in pediatric patients (ASC4KIDS) will further elucidate the clinical efficacy and safety profile of 
asciminib in patients with CML.73,74,78–80,82
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