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BACKGROUND
Asciminib is an allosteric inhibitor that binds a myristoyl site of the BCR-ABL1 
protein, locking BCR-ABL1 into an inactive conformation through a mechanism 
distinct from those for all other ABL kinase inhibitors. Asciminib targets both 
native and mutated BCR-ABL1, including the gatekeeper T315I mutant. The safety 
and antileukemic activity of asciminib in patients with Philadelphia chromosome–
positive leukemia are unknown.

METHODS
In this phase 1, dose-escalation study, we enrolled 141 patients with chronic-phase 
and 9 with accelerated-phase chronic myeloid leukemia (CML) who had resistance 
to or unacceptable side effects from at least two previous ATP-competitive tyrosine 
kinase inhibitors (TKIs). The primary objective was to determine the maximum 
tolerated dose or the recommended dose (or both) of asciminib. Asciminib was 
administered once or twice daily (at doses of 10 to 200 mg). The median follow-up 
was 14 months.

RESULTS
Patients were heavily pretreated; 70% (105 of 150 patients) had received at least 
three TKIs. The maximum tolerated dose of asciminib was not reached. Among 
patients with chronic-phase CML, 34 (92%) with a hematologic relapse had a com-
plete hematologic response; 31 (54%) without a complete cytogenetic response at 
baseline had a complete cytogenetic response. A major molecular response was 
achieved or maintained by 12 months in 48% of patients who could be evaluated, 
including 8 of 14 (57%) deemed to have resistance to or unacceptable side effects 
from ponatinib. A major molecular response was achieved or maintained by 12 
months in 5 patients (28%) with a T315I mutation at baseline. Clinical responses 
were durable; a major molecular response was maintained in 40 of 44 patients. 
Dose-limiting toxic effects included asymptomatic elevations in the lipase level 
and clinical pancreatitis. Common adverse events included fatigue, headache, 
arthralgia, hypertension, and thrombocytopenia.

CONCLUSIONS
Asciminib was active in heavily pretreated patients with CML who had resistance 
to or unacceptable side effects from TKIs, including patients in whom ponatinib 
had failed and those with a T315I mutation. (Funded by Novartis Pharmaceuticals; 
ClinicalTrials.gov number, NCT02081378.)
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Failure of tyrosine kinase inhibitor 
(TKI) therapy in patients with Philadelphia 
chromosome (Ph)–positive chronic myeloid 

leukemia (CML) may result from resistance to or 
unacceptable side effects from the drug or both. 
Currently approved TKIs mainly target the ATP-
binding site of BCR-ABL1, and approximately 
half of clinical resistance is associated with the 
acquisition of mutations in this region of the 
kinase, resulting in conformational changes that 
render TKIs inactive.1-6 The “gatekeeper” T315I 
mutation, reported in approximately 20% of pa-
tients with mutations, is of particular concern 
because it is associated with resistance to all 
clinically available TKIs except ponatinib.7-9 Un-
acceptable side effects from TKIs also occur in 
approximately 25% of patients, with increasing 
recognition that patients receiving second- and 
third-generation TKIs are at risk for vascular and 
pulmonary toxic effects.10-14

Asciminib (ABL001) is a potent, specific, 
orally bioavailable BCR-ABL1 inhibitor that is dis-
tinct from approved ABL1 kinase inhibitors in 
that it does not bind to the ATP-binding site of 
the kinase. In contrast, asciminib acts as an allo-
steric inhibitor and engages a vacant pocket at a 
site of the kinase domain normally occupied by 
the myristoylated N-terminal of ABL1 — a motif 
that serves as an allosteric negative regulatory 
element lost on fusion of ABL1 to BCR (Fig. 1). 

By binding the myristoyl site, asciminib mimics 
myristate and restores inhibition of kinase activ-
ity. Owing to the distinct conformation of the 
myristoyl pocket, asciminib has high selectivity 
for only ABL1 and, hypothetically, ABL2 kinases, 
with low-nanomolar–range activity against un-
mutated BCR-ABL1 and all clinically observed 
ATP-site mutants, including T315I.15,16 We hypoth-
esized that asciminib may produce clinically sig-
nificant responses in patients with CML in whom 
multiple approved TKIs have failed.

We conducted a phase 1 study to determine 
the safety, maximum tolerated dose or recom-
mended dose, pharmacokinetics, and antileukemic 
activity of asciminib in patients with Ph-positive 
leukemia after failure of multiple approved TKIs. 
Here we report on patients with CML in the 
chronic or accelerated phase.

 Me thods

 Study Oversight

The study was designed collaboratively by the 
sponsor (Novartis Pharmaceuticals) and study 
investigators. The sponsor collected the data and 
analyzed them in conjunction with the authors. 
The first two authors wrote the first draft of the 
manuscript. Editorial support was provided by 
ArticulateScience and funded by the sponsor. All 
authors vouch for the accuracy and completeness 

Figure 1. Binding of the Myristoyl Site of the BCR-ABL1 Protein by Asciminib.

Autoinhibition of the ABL1 kinase occurs through engagement of the myristoyl-binding site by the myristoylated N-terminal — a nega-
tive regulatory motif that locks the ABL1 kinase in the inactive state (Panel A). On fusion of ABL1 to BCR, the myristoylated N-terminal 
is lost and the ABL1 kinase is activated (Panel B). By allosterically binding the myristoyl site, asciminib mimics myristate and restores in-
hibition of BCR-ABL1 kinase activity (Panel C).
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of the data and for the fidelity of the study to the 
protocol (available with the full text of this arti-
cle at NEJM.org).

Patients

Patients were eligible if they were 18 years of age 
or older, had Ph-positive chronic-phase or accel-
erated-phase CML, and had hematologic, cytoge-
netic, or molecular disease that was relapsed or 
refractory to at least two different TKIs before 
study entry or had unacceptable side effects 
from the TKIs, as determined by investigators 
according to standard criteria.17 Patients with a 
BCR-ABL1 T315I mutation were eligible after they 
had received at least one TKI if no other effective 
therapy was available. Additional cohorts of pa-
tients were subsequently enrolled through a pro-
tocol amendment (Fig. S1 in the Supplementary 
Appendix, available at NEJM.org).

Study Design

The primary objective was to determine the maxi-
mum tolerated dose or the recommended dose 
(or both) of asciminib administered twice daily 
in patients with chronic-phase or accelerated-
phase CML. Secondary objectives included assess-
ments of safety, pharmacokinetics, and efficacy. 
The study included a dose-escalation phase and 
an expansion phase for patients treated at either 
the maximum tolerated dose or the recommend-
ed dose.

Pharmacokinetics

Data on pharmacokinetics are presented for 110 
patients from cycle 1, day 1 onward (Table S1). 
A two-compartment pharmacokinetic–pharmaco-
dynamic model with linear elimination and dis-
tribution was used to inform the recommended 
dose selection (see the Supplementary Appendix).

Antileukemic Activity

Complete blood counts were performed regu-
larly to assess hematologic response. Bone mar-
row aspirations for morphologic and cytogenetic 
analyses were performed before therapy and 
during the study in all patients with BCR-ABL1 
transcript levels of more than 1% on the Inter-
national Scale (IS) or loss of a complete hemato-
logic response, every 3 months in patients with-
out a complete cytogenetic response, and as 
clinically indicated. Real-time quantitative reverse-
transcriptase–polymerase-chain-reaction assays 

for molecular response were performed every 
3 months and as clinically indicated.

Responses were defined according to standard 
criteria.18-22 Molecular responses were assessed 
with the ratio of BCR-ABL1 to ABL1 measured on 
the International Scale (BCR-ABL1IS).22 Molecular 
response was calculated for patients with typical 
b2a2 or b3a2 BCR-ABL1 transcripts only. Changes 
in molecular-response category from baseline were 
assessed with the use of intervals of 1-log changes 
in BCR-ABL1 transcript levels by 6 or 12 months 
(see the Supplementary Appendix). BCR-ABL1 
myristoyl-pocket mutations were assessed by means 
of bidirectional Sanger and next-generation se-
quencing in patients who could be evaluated and 
who had molecular disease progression or loss 
of a complete cytogenetic response at any time 
and in patients who had received asciminib for 
at least 12 months at the time of analysis (Fig. S2). 
Molecular assessments were performed centrally 
(MolecularMD, Portland, Oregon).

Statistical Analysis

A Bayesian logistic-regression model23,24 was used 
to estimate the posterior distribution of proba-
bilities of dose-limiting toxic effects at various 
doses after each patient cohort in dose escala-
tion and to determine the maximum tolerated 
dose (Fig. S3).

R esult s

Patients

Treatment status and patient characteristics are 
shown in Table 1 and Table S2. From May 2014 
through September 2017, a total of 141 patients 
with chronic-phase CML and 9 with accelerated-
phase CML were treated with asciminib mono-
therapy, with a median follow-up of 59 weeks 
(range, 0.1 to 167) at the time of analysis. Of all 
150 patients enrolled, 105 (70%) had received at 
least three previous TKIs. At study entry, 46 pa-
tients (31%) had at least one BCR-ABL1 kinase 
domain mutation, the most frequent being T315I 
(in 33 patients [22%]). As of September 1, 2017, 
a total of 110 patients (73%) were continuing 
study treatment. Of patients who discontinued 
treatment, 1 died (after a blast crisis developed).

Safety Profile

In patients with CML treated on a twice-daily 
schedule, seven dose levels were investigated: 
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10 mg (1 patient), 20 mg (14 patients), 40 mg (35 
patients), 80 mg (12 patients), 150 mg (13 patients), 
160 mg (7 patients), and 200 mg (16 patients). Five 
dose-limiting toxic effects were reported: grade 3 
elevations in the lipase level without clinical 
pancreatitis in 2 patients receiving 40 mg, grade 2 
myalgia and arthralgia in 1 patient receiving 
80 mg, grade 3 acute coronary syndrome in 1 pa-
tient receiving 150 mg, and grade 3 broncho-
spasm in 1 patient receiving 200 mg. In patients 
treated on a once-daily schedule, three dose levels 
were investigated: 80 mg (18 patients), 120 mg 
(22 patients), and 200 mg (12 patients). Three 
dose-limiting toxic effects occurred in patients 
receiving 200 mg: a grade 3 elevation in the 
lipase level associated with clinical pancreatitis, 
a grade 3 asymptomatic elevation in the lipase 
level, and grade 3 abdominal pain of undeter-
mined cause.

Among all 150 patients who could be evaluat-
ed for safety, the most common nonhematologic 
adverse events that emerged during treatment 
regardless of dose schedule were asymptomatic 
elevations in the lipase or amylase level, rash, and 
constitutional symptoms (e.g., fatigue, nausea, 
headache, and arthralgia), of which 92% were 
grade 1 or 2. Hypertension, reported in 19% of 
patients, was the most commonly reported car-
diovascular adverse event (Table 2).

Clinical pancreatitis, marked by abdominal 
pain and elevation in the lipase level and con-
firmed by abdominal imaging, occurred in 5 pa-
tients (3 patients receiving 80 mg twice daily, 
1 receiving 150 mg twice daily, and 1 receiving 
200 mg once daily); three cases were reported as 
serious adverse events (Table S3). Four of 5 pa-
tients had a single episode of pancreatitis, and 
1 patient had two episodes of pancreatitis while 
receiving a reduced dose of asciminib. All cases 
resolved within 5 to 10 days after discontinua-
tion of asciminib, and the sole patient rechal-
lenged with asciminib was able to continue treat-
ment at a lower dose. Three of 5 patients had 
had pancreatitis when using a previous TKI. 
Asymptomatic biochemical elevations in the li-
pase or amylase level occurred in 35 additional 
patients across all doses except 10 mg twice 
daily. These events were self-limited and did not 
progress to clinical pancreatitis. A total of 10 
patients required temporary dose interruptions, 
and 1 patient discontinued treatment. Hemato-
logic toxic effects that emerged during treatment 

were common but were typically of grade 1 or 2 
(Table 2).

Pharmacokinetics

For both twice-daily and once-daily schedules, 
the relationships between asciminib dose and 
both peak blood concentration and area under 
the curve for each dose level on days 1 and 29 
were approximately dose proportional (Fig. S4A 
and S4B). The preliminary half-life was approxi-
mately 8 hours, which suggests a steady state by 
day 3. At a dose of 40 mg twice daily or 80 mg 
once daily, trough blood concentrations surpassed 
the preclinical 90% inhibitory concentration for 
phosphorylated signal transducer and activator of 
transcription 5 (pSTAT5) inhibition in a KCL-22 
xenograft animal model (121 ng per milliliter). 
Pharmacokinetic–pharmacodynamic model–based 
predictions indicated that a dose of 40 mg twice 
daily would maintain 100% of patients without 
a T315I mutation above the preclinical 90% in-
hibitory concentration for pSTAT5 inhibition.

Antileukemic Activity
Patients with Chronic-Phase CML without  
a T315I Mutation

Among 113 patients with chronic-phase CML 
without a T315I mutation receiving asciminib 
either once or twice daily, 34 of 37 patients 
(92%) without a complete hematologic response 
at baseline had a complete hematologic response 
(Table 3). Of 57 patients without a complete cyto-
genetic response at baseline, 31 (54%) had a com-
plete cytogenetic response (Table 3) in a median 
time of 24 weeks (range, 4 to 126).

A major molecular response (BCR-ABL1IS ≤0.1%) 
was achieved or maintained by 6 months in 37 
of 99 patients (37%) who could be evaluated and 
by 12 months in 44 of 91 patients (48%) who 
could be evaluated (Table 3 and Table S4). 
Among the latter group of 91 patients, 30 of 40 
patients (75%) with a baseline BCR-ABL1IS of 1% 
or less had a major molecular response by 12 
months, whereas 14 of 51 patients (27%) with a 
BCR-ABL1IS of more than 1% had a major molecu-
lar response by 12 months. Of 85 patients with-
out a deep molecular response (i.e., BCR-ABL1IS 
≤0.01%) at baseline, 17 (20%) had a deep molecu-
lar response by 12 months. By 12 months, 57 of 
91 patients (63%) had an improvement in their 
molecular-response category (Table 4). In addi-
tion, a major molecular response was achieved 
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Event All Grades (N = 150) Grade 3 or 4 (N = 150)

number (percent)

Total* 150 (100) 90 (60.0)

Fatigue 44 (29.3) 2 (1.3)

Headache 42 (28.0) 1 (0.7)

Lipase increased 40 (26.7) 15 (10.0)

Arthralgia 36 (24.0) 2 (1.3)

Nausea 36 (24.0) 1 (0.7)

Diarrhea 35 (23.3) 0

Rash 35 (23.3) 0

Thrombocytopenia 33 (22.0) 14 (9.3)

Vomiting 31 (20.7) 4 (2.7)

Hypertension 29 (19.3) 14 (9.3)

Upper respiratory tract infection 27 (18.0) 0

Abdominal pain 25 (16.7) 0

Pain in arm or leg 24 (16.0) 0

Pruritus 24 (16.0) 1 (0.7)

Back pain 23 (15.3) 2 (1.3)

Constipation 21 (14.0) 0

Pyrexia 21 (14.0) 0

Dizziness 20 (13.3) 1 (0.7)

Amylase increased 19 (12.7) 4 (2.7)

Cough 19 (12.7) 0

Dyspnea 19 (12.7) 2 (1.3)

Myalgia 19 (12.7) 1 (0.7)

Anemia 17 (11.3) 11 (7.3)

Hypertriglyceridemia 17 (11.3) 4 (2.7)

Nasopharyngitis 17 (11.3) 0

Alanine aminotransferase increased 16 (10.7) 4 (2.7)

Neutropenia 16 (10.7) 11 (7.3)

Abdominal pain, upper 15 (10.0) 0

Aspartate aminotransferase increased 15 (10.0) 3 (2.0)

Bone pain 15 (10.0) 1 (0.7)

Insomnia 15 (10.0) 1 (0.7)

Edema, peripheral 15 (10.0) 0

Hyperhidrosis 14 (9.3) 0

Hypophosphatemia 14 (9.3) 2 (1.3)

Hyperglycemia 13 (8.7) 3 (2.0)

Noncardiac chest pain 13 (8.7) 1 (0.7)

Decreased appetite 12 (8.0) 1 (0.7)

Depression 12 (8.0) 0

Dry eye 12 (8.0) 0

Table 2. Most Frequent Adverse Events That Emerged during Asciminib Monotherapy in Patients with Chronic-Phase or 
Accelerated-Phase CML.
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or maintained by 12 months in 8 of 14 patients 
(57%) with chronic-phase CML who were deemed 
to have resistance to or unacceptable side effects 
from ponatinib.

Among 44 patients in whom a major molecu-
lar response was either achieved or maintained, 
all but 4 continued to receive treatment at the 
time of analysis; the median time in which a 
major molecular response was achieved was 20 
weeks (range, 2 to 120), and the median dura-
tion of response was more than 61 weeks (range, 
4 to 154). In these 4 patients, the major molecu-
lar response was lost between 28 and 100 weeks 
of treatment; 2 of them remained in the study 
with a complete cytogenetic response. A total of 
21 of 64 patients (33%) without detectable muta-
tions and 5 of 8 (62%) with mutations other 
than T315I had a major molecular response by 
12 months. Hematologic, cytogenetic, and mo-
lecular responses were noted across all doses of 
asciminib administered on once-daily or twice-
daily schedules.

Patients with Chronic-Phase CML with a T315I 
Mutation
Among 28 patients with chronic-phase CML har-
boring a T315I mutation, 14 of 16 (88%) without 
a complete hematologic response at baseline had a 
complete hematologic response (Table 3). Of 22 
patients without a complete cytogenetic response 
at baseline, 9 (41%) had a complete cytogenetic 
response (Table 3) in a median time of 8 weeks 
(range, 4 to 33).

A major molecular response was achieved in 
4 of 17 patients (24%) and maintained in 1 of 
1 patient (100%) by 12 months, with 9 of 18 
(50%) showing improvement in their molecular-
response category by 12 months (Table 4). Of 
5 patients with a T315I mutation who were 
deemed to have resistance to ponatinib, 1 (20%) 
had a major molecular response by 12 months. 
Three of 4 patients (75%) with chronic-phase 
CML with a T315I mutation who had a major 
molecular response received a dose of more than 
150 mg twice daily (Table S5). All 5 patients 

Event All Grades (N = 150) Grade 3 or 4 (N = 150)

number (percent)

γ-Glutamyltransferase increased 12 (8.0) 3 (2.0)

Hyperuricemia 12 (8.0) 2 (1.3)

Musculoskeletal pain 12 (8.0) 0

Vision blurred 12 (8.0) 0

Anxiety 11 (7.3) 2 (1.3)

Dry skin 11 (7.3) 0

Flank pain 11 (7.3) 0

Muscle spasms 11 (7.3) 0

Oropharyngeal pain 11 (7.3) 0

Weight increased 11 (7.3) 0

Fall 10 (6.7) 1 (0.7)

Dyspepsia 9 (6.0) 0

Hypokalemia 9 (6.0) 1 (0.7)

Influenza 9 (6.0) 1 (0.7)

Memory impairment 9 (6.0) 0

Pleural effusion 9 (6.0) 4 (2.7)

Abdominal discomfort 8 (5.3) 0

Blood creatinine increased 8 (5.3) 0

Urinary tract infection 8 (5.3) 1 (0.7)

*  Data are for all patients who received at least one dose of asciminib.

Table 2. (Continued.)
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with a T315I mutation in whom a major molecu-
lar response was either achieved or maintained 
continued to receive treatment and were having 
a response at the time of analysis; the median 
time in which a major molecular response was 
achieved was 14 weeks (range, 4 to 20), and the 
median duration of response was more than 25 
weeks (range, 12 to 96).

Patients with Accelerated-Phase CML
Among nine patients with accelerated-phase CML, 
seven of eight (88%) with hematologic disease at 
baseline had a complete hematologic response, 
and one of nine (11%) had a major molecular re-
sponse, with responses maintained during ther-
apy for a median of more than 11 weeks (Table 3).

Development of Myristoyl-Pocket Mutations
New myristoyl-pocket mutations were detected 
in 2 of 20 patients who had disease progression 
during asciminib treatment and in 2 of 66 pa-
tients without evidence of disease progression 
who had received asciminib for at least 12 months 
at the time of analysis. Four patients whose dis-
ease progressed before 12 months were not 
screened for mutations owing to sample unavail-
ability. One patient with chronic-phase CML 
with a BCR-ABL1IS of 8.1% and a baseline E255K 
mutation received asciminib at a dose of 40 mg 
twice daily. The patient had a major molecular 
response by 6 months but eventually discontinued 
the study with progressive disease associated 
with a new myristoyl-pocket G463S mutation at 
week 50 of treatment (Fig. S5). Details of the 
other 3 patients are presented in the Supplemen-
tary Appendix.

Discussion

Asciminib had substantial and durable clinical 
activity in a heavily pretreated population of 
patients with chronic-phase or accelerated-phase 
CML in whom treatment with currently available 
ATP-competitive TKIs had failed. Major side ef-
fects were asymptomatic elevations in the lipase 
or amylase level, rash, and constitutional symp-
toms (e.g., fatigue, nausea, headache, and arthral-
gia), most of which were of grade 1 or 2 and 
appeared to be equivalent in patients receiving 
asciminib twice daily and in those receiving the 
drug once daily. A maximum tolerated dose was 
not reached. Clinical pancreatitis was noted in V
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3% of patients overall, only at asciminib doses 
of more than 40 mg twice daily, and was man-
ageable with dose modifications. Myelosuppres-
sion was uncommon and mostly of grade 1 and 2. 
Among patients with chronic-phase CML with-
out a T315I mutation, the incidences of complete 
cytogenetic response and major molecular re-
sponse at 12 months were 70% and 48%, respec-
tively. Among patients who entered the study 
with a BCR-ABL1IS of 0.1% or less at baseline, a 
deep molecular response was achieved or main-
tained in 60% during the study.

Although TKI therapy has transformed the 
natural history of CML,25 many patients have TKI 
failure — frequently due to the emergence of 
resistance mutations in the BCR-ABL1 kinase 
domain.8,9,26-29 In our study, asciminib showed 
activity in patients with or without BCR-ABL1 ki-
nase domain mutations.

Complete cytogenetic and major molecular 
responses were achieved in patients with chronic-
phase CML with a T315I mutation, with the 
majority of those who had a response receiving 
asciminib doses of more than 150 mg twice 
daily, which was higher than the doses required 
to achieve responses in patients without a T315I 
mutation. This finding mirrors preclinical in 
vitro observations, in which the concentrations 
of asciminib that were required to achieve half 
the maximum inhibitory concentration were 5 to 
10 times higher in cell lines expressing T315I-
mutated BCR-ABL1 than in cell lines expressing 
non–T315I-mutated BCR-ABL1.15 These clinical 
responses are important because, currently, only 
ponatinib yields meaningful clinical benefit for 
patients with a T315I mutation; however, the vas-

cular events that are associated with ponatinib 
often limit its use. Furthermore, a major mo-
lecular response was achieved in some patients 
with CML who were deemed to have resistance 
to or unacceptable side effects from ponatinib, 
which indicates a benefit in patients with limited 
effective therapeutic options other than stem-cell 
transplantation.

Asciminib was developed to bind to the my-
ristoyl pocket — a previously unexploited feature 
of ABL1 and ABL2 kinases that is key to physio-
logical autoinhibition of the native kinase. Given 
the extensive homology between the ATP-bind-
ing sites of many human kinases, targeting the 
myristoyl pocket is predicted to achieve superior 
selectivity and, hence, reduced toxicity. Asciminib 
exhibits both in vitro potency similar to that of 
second-generation TKIs and a resistance profile 
distinct from that of catalytic-site inhibitors.15,16 
Although recent in vitro work suggested the 
potential for a high rate of emergent mutations 
with inhibition of the myristoyl pocket of BCR-
ABL1,30 our early clinical experience does not sup-
port this prediction. To date, myristoyl-pocket 
mutations have been detected in only 4 of 86 pa-
tients receiving asciminib, and clinical responses 
were maintained in the majority of patients who 
had a response.

In our study, asciminib monotherapy showed 
durable clinical activity in most patients with 
chronic-phase CML. Low-grade, reversible toxic 
effects occurred in a minority of patients.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.
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