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Bemcentinib as monotherapy and in
combination with low-dose cytarabine in
acute myeloid leukemia patients unfit for
intensive chemotherapy: a phase 1b/2a trial

A list of authors and their affiliations appears at the end of the paper

Beyond first line, the prognosis of relapsed/refractory (R/R) acute myeloid
leukemia (AML) patients is poor with limited treatment options. Bemcentinib
is an orally bioavailable, potent, highly selective inhibitor of AXL, a receptor
tyrosine kinase associated with poor prognosis, chemotherapy resistance and
decreased antitumor immune response. We report bemcentinibmonotherapy
and bemcentinib+low-dose cytarabine combination therapy arms from the
completed BerGenBio-funded open-label Phase 1/2b trial NCT02488408
(www.clinicaltrials.gov), in patients unsuitable for intensive chemotherapy.
The primary objective in themonotherapy armwas identification ofmaximum
tolerated dose with secondary objectives to identify dose-limiting toxicities,
safety and efficacy, and bemcentinib pharmacokinetic profile. In the combi-
nation arm, the primary objective was safety and tolerability, with efficacy and
pharmacokinetics as secondary objectives. Safety and tolerability were based
on standard clinical laboratory safety tests and Common Terminology Criteria
for Adverse Events version 4. Bemcentinib monotherapy (32 R/R, 2 treatment-
naïve AML and 2 myelodysplasia patients) was well-tolerated and a loading/
maintenance dose of 400/200mg was selected for combination treatment,
comprising 30 R/R and 6 treatment-naïve AML patients. The most common
grade 3/4 treatment-related adverse events were cytopenia, febrile neu-
tropenia and asymptomatic QTcF prolongation, with no grade 5 events
reported. In conclusion, bemcentinib+low-dose cytarabine was safe and well
tolerated.

Acute myeloid leukemia (AML) represents an aggressive hematopoie-
tic malignancy commonly affecting the elderly, with a median age of
68 years at diagnosis. The standard of care (SOC) as first line (1 L)
treatment is intensive chemotherapy (cytarabine and anthracyclines)
followed by allogeneic stem cell transplantation, if appropriate1.

However, patients > 65 years often respond poorly to induction
chemotherapy, with a median survival < 1 year, as a result of unfavor-
able genomic features and increased treatment-resistance2,3.

Moreover, elderly patients may not be eligible for intensive che-
motherapy, due to age and/or comorbidities4. In this demographically
growing population, less-intensive treatment regimens including
hypomethylating agents (HMAs) (azacitidine or decitabine) and LDAC
induce remissions (complete remission (CR) and CR with incomplete
recovery (CRi)) in less than 35% of patients5–8.

The addition of venetoclax to these less-intensive treatment
regimens has resulted in increased response rates of 60–75% in the
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frontline setting, thus becoming the current SOC for patients ineligible
for intensive therapy9–12. Most of these patients will relapse, and
beyond 1 L the prognosis of older patients with relapsed or refractory
AML (R/R-AML) is particularly poor4. The mOS in R/R-AML patients
after failing 1 L therapy is 4 months, with only 2.9 months if the 1 L
treatment was venetoclax-based and the patient received salvage
therapy13,14. Response rate in R/R-AML is < 20%withHMAs or LDAC and
31%withHMAor LDACplus venetoclax in venetoclax-naïve patients15,16.

AXL, a member of the TAM (TYRO3, AXL, MERTK) receptor tyr-
osine kinase family, is overexpressed in AML and represents an inde-
pendent predictor of poor OS17–19. AXL expression in AML is linked to
pathobiology, and aberrant activation of AXL in tumor cells promotes
proliferation, survival and therapy resistance19–22. AXL is also expressed
on innate immune cells and promotes an immunosuppressive tumor
microenvironment23–27.

Bemcentinib is a first-in-class, potent, selective, oral inhibitor of
AXL. Bemcentinib prevents AXL phosphorylation and downstream
signaling in preclinical models of AML, resulting in reduced tumor
growth, enhanced sensitivity towards therapy and enhanced anti-
leukemic immune responses19,25,28. Here, we report safety and efficacy
data for patients enrolled in a phase 1b/2a open label dose escalation
and cohort expansion trial in AML and intermediate and high-riskMDS
patients. We focus on the dose escalation cohorts treated with bem-
centinib monotherapy (R/R-AML/high-risk MDS), and the cohorts
treated with bemcentinib in combination with LDAC (R/R-AML and
newly diagnosed AML). We also report pharmacokinetics (PK) of
bemcentinib and correlate it to targeted inhibition of AXL and AXL
downstream signaling.

Results
Dose escalation cohort
A total of 36 patients were enrolled in the dose escalation (DE) cohort
of the study and administered bemcentinib as monotherapy. The pri-
mary endpoint for this cohort was identifying the maximum tolerated
dose, with identification of the dose-limiting toxicity profile, explora-
tion of safety and efficacy and characterization of bemcentinib
pharmacokinetics as secondary objectives. All 36 patients were dis-
continued from the study prior to study completion; the reasons for
discontinuation were progressive disease (PD) (19 patients, 52.8%);
death (9 patients, 25.0%); adverse event (AE), investigator’s decision,
and subject withdrawal of consent (2 patients, 5.6% each); initiation of
alternative cancer therapy and other (prolonged QTcF on ECG)
(1 subject, 2.8% each) (Fig. 1).

Patients had relapsed or refractory AML/MDS following previous
treatment with cytotoxic chemotherapy or a gene expression mod-
ulator (e.g. a demethylating agent). Disease characteristics are pro-
vided inTable 1. Themedian age in theDE cohort was 74.5 years (range
51–85 years)with amedian ECOGperformance status of 1 (range0-2) at
enrolment. 34 patients were diagnosed with AML (94%) and two with
high-risk MDS.

LDAC cohort
A total of 36 AML patients were enrolled in the phase 2a cohorts of
bemcentinib + LDAC: B2 (n = 16) and B5 (n = 20) (Fig. 1). The primary
endpoint for this cohort was the safety and tolerability of the combi-
nation, with exploration of efficacy and pharmacokinetics as second-
ary objectives. Patients and disease characteristics are provided in
Table 1.

The median age was 76 years (range 66-86 years) with a median
ECOG performance status of 1 (range 0–2) at enrolment. The AML
cytogenetic profile was adverse in 14 (39%), intermediate in 13 (36%),
favorable in 7 (19%) and not available for 2 (6%) patients. Of the 36
enrolled patients, 6 (17%) were treatment-naïve, 21 (58%) relapsed and
9 (25%) were refractory. Of the 30R/R AML patients, 50% were in 2 L,
and 50% in >2 L.

Safety and tolerability
The phase 1b dose escalation was performed with two formulations of
bemcentinib. Initially, formulation 1 was administered at loading (Days
1, 2)/maintenance doses of 400/100mg (n = 6), 600/200mg (n = 14)
and 900/300mg (n = 5). Subsequently, an advanced formulation was
tested at loading (Days 1–3)/maintenance doses of 200/100mg (n = 4)
and 400/200mg (n = 6). Three dose-limiting toxicities (DLT) were
observed (Supplementary Data 1), although one occurred outside the
DLT assessment window. Although the formal criteria for a maximum
tolerated dose were not met (there was no dose in which two DLTs
were observedwithin the first six patients), the 400/200mg enhanced
formulation dose was chosen as the recommended phase 2 dose for
the LDAC cohort based on combined assessment of the DLTs and
other adverse events.

The majority of treatment-emergent adverse events (TEAEs) in
both the DE cohorts and the LDAC cohort were not considered to be
related to study treatment and weremild ormoderate in grade (Fig. 2,
Table 2).

Fatal events, none of which were considered by the investigator
to be related to study treatment, alongwith SAEs and TEAEs Grade ≥3
considered to be related to bemcentinib treatment are detailed in
Supplementary Data 2 for both cohorts (combined n = 72). There
were 7 fatal SAEs in the DE cohort and 4 in the LDAC cohort com-
prised of sepsis/neutropenic sepsis (n = 4), pneumonia/fungal
pneumonia (n = 3), cerebral hemorrhage (n = 2), pulmonary oedema
and multi-organ failure. None of the patients with fatal TEAEs had an
objective response. The most common SAEs/TEAEs Grade ≥3 related
to bemcentinib were anemia (DE n = 1, LDAC n = 7), QTcF prolonga-
tion(DE n = 3, LDAC n = 4), thrombocytopenia (DE n = 3, LDAC n = 3),
neutropenia (DE n = 2, LDAC n = 1), and platelet count decreased
(LDAC n = 3) (Supplementary Data 2).

The most commonly reported SAEs (reported in ≥10% patients in
either cohort), and TEAEs of any grade (reported in ≥20% patients in
either cohort), whether or not considered related to bemcentinib, are
shown in Table 3. ECG QTcF prolongation was considered a TEAE of
particular interest due to the potential severity and probable rela-
tionship to bemcentinib. Supplementary Data 3 summarizes all the
observed ECGQTcF prolongation TEAEs by grade and details themost
severe event per patient (grade, onset, duration and relationship to
bemcentinib).Most patients experiencedonlyGrade 1 orGrade 2QTcF
prolongation (DEn = 5/9, LDACn = 13/17). FourDEpatients and4 LDAC
patients experienced Grade 3 QTcF prolongation. No patients experi-
enced Grade 4 or Grade 5 events.

TEAEs of grade ≥3 observed in ≥10% of patients are displayed in
Fig. 2. A full list of TEAEs of grade ≥3 summarized by System Organ
Class and Preferred term is provided in Supplementary Data 4. Only a
single event of eye toxicity of grade ≥3 was observed, a secondary
cataract that resolved without dose modification of bemcentinib.

4 patients (11%) in each of the DE cohort and LDAC cohort were
discontinued from treatment due to TEAEs (Supplementary Data 5). 17
patients had dose interruptions due to adverse events, 3 patients had
dose reductions, and 6 patients had bemcentinib withdrawn in the DE
cohorts. 22 patients had dose interruptions, 4 patients had dose
reductions, and 7 patients had bemcentinib withdrawn in the LDAC
cohorts. Cytarabinewas interrupted, dose-reduced andwithdrawn in 8
patients, 4 patients and 1 patient, respectively (Supplementary Data 5).
The median interval between cytarabine dosing cycles was 35 days
(interquartile range 28–42).

Treatment efficacy
Responses were assessed in the 36 patients treated with bemcentinib
as monotherapy (DE cohort, Table 4). Overall, ORR was 14% (1 CR,
2 CRi, 1 Morphological Leukemia-Free State (MLFS) and one Marrow
Response (MDS only)) but reached 29% in the 400/200mg dosing
group (1 CR, 1 CRi).
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In the patients treated with bemcentinib in combination with
LDAC (LDAC cohort; Table 5), ORR was 50% (1 CR, 1 CRi and 1 partial
remission [PR]) among the 6 treatment-naive patients and 20% (3 CR, 3
CRi) among the 30R/R patients. DCR (including objective responses
and patients with unchanged disease status for 3 treatment cycles) was
67% (4/6) for treatment-naivepatients and33% (10/30) forR/Rpatients.

Median time to objective response in the DE cohort was 22 days
(95% CI 22–43); in the LDAC cohort, this number was 85 days (95% CI
85–163) for treatment-naive and 118 days (95% CI 64–371) for R/R
patients.

The mOS (Fig. 3a) in the treatment-naïve patients (n = 6) was
16.1 months (95% CI, 1.8-NA). In the R/R (n = 30) patients, mOS was
7.8 months (3.9–11.2).

The median EFS (mEFS) was 16.5 months (1.8-NA) in treatment-
naïve (n = 3) and 2.6 months (1.3–4.4) in R/R patients (n = 30) (Fig. 3b).

Themedian RFS (mRFS) in treatment-naïve (n = 3) compared to R/
R (n = 6) patients was 17.3 months (13.7-NA) and 12.6 months (2.3-NA),
respectively (Fig. 3c).

As only patients unfit for intensive chemotherapywere eligible for
this trial, no patients were bridged to transplantation.

Screening (n=166)

Safety Monitoring Committee 
Review

Phase 1b
Dose Escalation Cohort

Enrollment (n=36)

Dose 400/200 mg

No. subjects enrolled = 7
AML = 7

• Safety Analysis Set = 7

No. subjects discontinued = 7

• Death = 3
• Disease Progression = 4

Dose 400/100 mg

No. subjects enrolled = 6
AML  = 4
High risk MDS = 2

• Safety Analysis Set = 6

No. subjects discontinued = 6

• Death = 1
• Disease Progression = 2
• Adverse Event = 2
• QTcF Prolongation = 1

Formulation 1

Dose 600/200 mg

No. subjects enrolled = 14
AML = 14

• Safety Analysis Set = 14

No. subjects discontinued = 14

• Death = 5
• Disease Progression = 8
• Investigator decision = 1

Dose 900/300 mg

No. subjects enrolled = 5
AML = 5

• Safety Analysis Set = 5

No. subjects discontinued = 5

• Disease Progression = 2
• Withdrawal of consent = 2
• Investigator decision = 1

Dose 200/100 mg

No. subjects enrolled = 4
AML = 4

• Safety Analysis Set = 4

No. subjects discontinued = 4

• Disease Progression = 3
• Alternative cancer therapy = 1

Formulation 2

Phase 2a
LDAC Cohorts

Enrollment (n= 36)
Dose 400/200mg

PART B2
(Newly diagnosed and R/R AML)

Bemcentinib + low dose 
cytarabine

No. subjects enrolled = 16
R/R = 10
Newly diagnosed = 6

• Safety Analysis Set = 16

No. subjects discontinued = 16

• Death = 2
• Disease Progression = 10
• Adverse Event = 2
• Investigator decision = 1
• Alternative Cancer Therapy = 1

PART B5
(R/R AML)

Bemcentinib + low dose 
cytarabine

No. subjects enrolled = 20
R/R = 20

• Safety Analysis Set = 20

No. subjects discontinued = 20

• Death = 2
• Disease Progression= 12
• Adverse Event = 2
• Investigator decision = 1
• Alternative cancer therapy = 3

Safety Monitoring Committee 
Review

Excluded
No. subjects excluded = 44

• Decided not to join study = 2
• Did not meet inclusion/ exclusion criteria = 21
• Other = 21

Phase 2a
Other  Cohorts

Enrollment (B1=14, B3=18, B4=18)

Fig. 1 | Flowchart of patient disposition in the DE and LDAC cohorts. AML, acute myeloid leukemia; LDAC, low-dose cytarabine; MDS, myelodysplastic syndrome; No.,
Number; R/R, relapsed/refractory.
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Pharmacokinetic assessment
PK data for the DE cohort was available for a total of 10 patients
receiving amaintenance dose of 100mgbemcentinib daily, 21 patients
receiving 200mg daily and 5 patients receiving 300mg daily. The
mean Cmax at steady state was 140 ± 110 ng/ml, 162 ± 121 ng/ml and
398 ± 200ng/ml for the maintenance doses 100mg, 200mg and
300mg respectively. The mean Ctrough at steady state was
136 ± 109 ng/mL, 154 ± 118 ng/mL and 382 ± 193 ng/mL, and AUC was
3310 ± 2630ng•h/mL, 3810 ± 2860ng•h/mL and 9390 ± 4720 ng•h/mL.
The median half-life (t1/2) of bemcentinib at each dose level was 159
(95% CI 124–310), 124 (95% CI 84–199) and 156 (95% CI 87-384) hours,
respectively.

PK data was available for a total of 35 patients in the LDAC cohort
following administration of bemcentinib in combination with LDAC.
ThemeanCmax at steady state following amaintenancedoseof 200mg
of bemcentinib daily was 210 ± 128 ng/ml for the LDAC cohort. The
mean Ctrough at steady state was 196 ± 124 ng/ml and mean AUC was
4890 ± 3020ng•h/mL. The median t1/2 of bemcentinib in LDAC cohort
patients was 124 (95% CI 97–142) hours.

Pharmacodynamic assessments
Assessment of potential pharmacodynamic biomarkers was an
exploratory objective for both cohorts. Bemcentinib inhibited pAXL as
well as downstream targets of pAXL (pAKT, pERK and pS6) in long-
itudinal peripheral blood from patients from the DE cohort (phase 1b
part). Intracellular phospho-signaling changes compared to pre-
treatment samples indicated changes within 4 h of drug exposure.
Inhibition of pAXL in peripheral blood was seen at plasma concentra-
tions of 45–347 ng/mL. A PK-pharmacodynamic analysis of the con-
centration of bemcentinib in relation to the maximal inhibition of
pAXL seen for each patient is presented in Fig. 4. Bemcentinib was
shown to inhibit pAXL and its downstream targets in a dose con-
centration manner generating EC50 values in a plasma concentration
range of 89–162 ng/mL (Supplementary Fig. 1). The equivalent plasma-
free concentration range of 18–32 nM is similar to the expected con-
centration needed to occupy 80–90% of the AXL receptors of the
biological target based on the Ki value for bemcentinib (6 nM).

Discussion
The treatment of AML patients ineligible for induction chemotherapy
remains a challenge. Despite an improvement in response ratewith the
addition of venetoclax to HMAs or LDAC in 1 L (ORR 60–75%), the
majority of these patients will relapse and after 1 L failure following
venetoclax plus HMA, the prognosis of this patient population is dis-
malwith amOSof 2.9months14.We investigated safety, PK and efficacy
of bemcentinib, a potent, selective AXL inhibitor, in a phase 1b trial and
found overall good tolerability in an elderly patient population. QTcF
was the most relevant treatment-related AE, of which the majority was
CTC Grade 1 or 2 which was well manageable with regular ECG mon-
itoring and dose reductions and/or treatment interruptions if neces-
sary. Furthermore, with an ORR of 14% we observed a signal for single-
agent efficacy of bemcentinib in R/R elderly AML patients.

Based on these findings, we conducted the first clinical phase 2a
study investigating bemcentinib in combination with LDAC in AML
patients. The regimen had a comparable safety profile to bemcentinib
monotherapy. Common adverse events were primarily those typically
associated with AML and treatment with cytarabine (infections, neu-
tropenias, thrombocytopenias) and gastrointestinal (diarrhea, nausea,
vomiting). As with the monotherapy, QTc prolongation was observed
but was well manageable. Fatal events were mainly caused by infec-
tions andwere not related to the study drugs.Mutation or inhibition of
the tyrosine kinase MERTK, which is closely related to AXL, is asso-
ciatedwith serious retinal toxicity29–31. However, despite the availability
of knockout mice lacking AXL32, no such association has been descri-
bed for AXL. Although combined AXL/MERTK inhibitors can induce

Table 1 | Demographics and baseline characteristics for
patients

Phase 1b Phase 2a

Property Number of
patients

Percentage,
%

Number of
patients

Percentage,
%

Sex [1]

Female 14 61 12 33

Male 22 39 24 67

Age (years)

Median 74.5 (Range
51-85)

76
(Range
66–86)

<75 18 50 12 33

≥75 18 50 24 67

ECOG at screening

Median 1 (Range 0–2) 1 (Range 0–2)

0 7 19 13 36

1 19 53 18 50

2 10 28 5 14

Type of cancer

AML 34 94 36 100

MDS (high risk) 2 6 0 0

% blasts at screening (bone marrow)

<10 4 11 5 14

≥10 26 72 31 86

missing 6 17 0 0

Cytogenetic Profile [2]

favorable 2 6 7 19

intermediate 3 8 13 36

adverse 7 19 14 39

missing 24 67 2 6

Disease status

Treatment-naive 2 6 6 17

relapsed 16 44 21 58

refractory 12 33 9 25

other 6 17 0 0

No. lines prior therapy

Median 2 (Range 1–6) 1 (Range 0–8)

0 1 3 6 17

1 12 33 15 42

2 11 31 9 25

≥3 12 33 6 17

Prior treatment

Venetoclax 0 0 11 31

Allo-HCT 2 6 0 0

Intensive
chemotherapy

18 50 9 25

FLT3 status

Wildtype 17 47 21 58

Mutated 7 19 5 14

of which ITD 2 6 1 3

Missing 12 33 10 28

Allo-HCT Allogeneic hematopoietic cell transplantation, AML Acute Myeloid leukemia, ECOG
EasternCooperativeOncologyGroupperformance status, ITD internal tandemduplication,MDS
Myelodysplastic syndrome, No. number. Headings and subheadings in bold.
[1] Self-reported.
[2] Cytogenetic risk was assessed by each study site using locally defined criteria. DE cohort
patients were assessed as low, medium or high risk. LDAC Cohort patients were assessed as
favorable, intermediate or adverse risk. Where specific data was provided, classification was
consistent with ELN 2017 criteria.
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retinal toxicity in amousemodel, this toxicity was not observed with a
closely related selectiveAXL inhibitor33. Consistentwith theseprevious
results, no evidence for retinal toxicities was seen in this trial.

The efficacy results showed an ORR of 25% with a mOS of
8.4 months in the mixed treatment-naïve and R/R AML population.
Subgroup analysis demonstrated an ORR of 50% and mOS of
16.1 months in 1 L AML patients ineligible for intensive chemotherapy.
Similarly, promising efficacy for the combination of bemcentinib +
LDACwas also derived in R/R patients with anORR of 20% andmOS of
7.8 months. These findings represent a positive signal in light of
available 2 L treatments with the caveat that the 1 L treatment land-
scape in AMLhas changedduring the study conduct. Due to the cohort
size of 36 patients, subgroup analyses with respect to efficacy
according to type of prior therapy line or specific mutations was not
feasible.

Altogether, bemcentinib in combination with LDAC is safe and
tolerable in this challenging patient population and evaluation of the
therapeutic benefit of this combination in elderly AML patients is
warranted in randomized studies. Here, associations with potential
predictive biomarkers including genomic alterations could be studied.
Furthermore, combination trials with bemcentinib and venetoclax
would be of interest in the future.

Methods
The study complied with all relevant legal and ethical regulations
regarding the use of human study participants and was conducted in
accordance with the Declaration of Helsinki and the International
Council for Harmonisation (ICH) with Good Clinical Practice. Study
centers and associated ethics committees/institutional review boards
providing approval are listed in Supplementary Table 1. The study was
authorized by the Norwegian Medicines Agency (3 July 2014), the
Federal Institute for Drugs and Medical Devices (Germany, 21 October
2014), the U.S. Food and Drug Administration (30 October 2014) and
the Italian Medicines Agency (7 February 2018). All enrolled patients
signed an informed consent form prior to study participation. Patients
did not receive compensation. The trial was pre-registered on EudraCT
(2014-000165-46, 13 Jan 2014) and ClinicalTrials.gov (NCT02488408).
A copy of the pre-registered protocol is provided in Supplementary

Note 1, along with a table detailing the changes in each version (Sup-
plementary Table 2). Following advice from reviewers, the original
planned efficacy-evaluable population was abandoned as flawed in
favor of evaluating all patients who received study drug.

Study design
This phase 1b/2a, open-label, multicenter, international trial enrolled
122 patients between 22 October 2014 and 20 July 2021 with database
lock in September 2022. The study consisted of a phase 1b dose esca-
lation, followed by a phase 2a cohort expansion. The planned phase 1b
followed a standard 3 + 3 study design for bemcentinibdose escalation
where the safety and tolerability of bemcentinib in patients with R/R
AMLwas assessed, followedby an expansion to at least 6-10 patients at
the selected dose. Due to the introduction of an enhanced formula-
tion, the study was extended with a second dose escalation cohort
following a 3 + 3 study design, also with expansion at the selected
dose (Fig. 1).

The primary objective for the phase 1b dose escalation cohort
was establishment of a maximum tolerated dose, with secondary
objectives to identify the DLT profile, to explore safety and toler-
ability of bemcentinib and to confirm the pharmacokinetic profile of
bemcentinib. The conventional 3 + 3 study design gives a 71% chance
of escalation if the true but unknown rate of DLT is 20%, and <50%
chance of escalation if the true but unknown rate of DLT is >30%. The
phase 2a cohort expansion part consisted of 5 different cohorts:
bemcentinib as monotherapy in AML (Part B1) or MDS (Part B4), and
bemcentinib in combination with LDAC (Parts B2 and B5) or decita-
bine (Part B3) in AML patients. Herewe report efficacy and safety data
of the 2 cohorts (B2 and B5) that received bemcentinib in combina-
tion with LDAC: cohort B2 was initiated first, enrolling newly diag-
nosed and R/R AML patients; subsequently, cohort B5 was added, to
expand the enrolment in R/R AML patients ineligible for intensive
chemotherapy due to advanced age or existing co-morbidities (Fig. 1).
Based on a one-sided, within-group test of proportions comparing an
anticipated ORR of >20% against the null hypothesis rate of 5%, with
power 80% and type I error 0.2 (suitable as evidence of a trendworthy
of future study), a sample size of up to 14 evaluable patients was
selected for B2. On the same basis, for B5 an initial sample size of 14
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relapsed and 14 refractory AML patients was planned. However, upon
regulatory review by the FDA, this was reduced to 20R/R AML
patientswith 4 refractory AML patients. For this early-stage study, the
efficacy analyses are secondary endpoints, and no account was taken
of the multiplicity inherent in the assessment of several, presumably
non-independent criteria, for ORR.

Results from cohorts B2 and B5 have been amalgamated and are
referred to as the LDAC cohort. The primary objective for the LDAC
cohort was to assess the safety and tolerability of bemcentinib in
combination with LDAC in this patient population. The secondary
objective was to characterize the PK profile of bemcentinib and to
explore the efficacy of bemcentinib in combination with LDAC, using
Objective Response Rate (ORR), disease control rate (DCR), objective
response (OR), stable disease (SD) defined asunchangeddisease status
for 3 treatment cycles, relapse free survival (RFS), event free survival
(EFS), and Overall Survival (OS). Exploratory objectives included
identification and evaluation of potential biomarkers and assessment
of pharmacodynamic biomarkers in tissue and blood.

Patients
Patients aged > 18 years with histological, molecular, or cytological
confirmation of AML, unsuitable for intensive chemotherapy due to
advanced age ( > 75 years) or co-morbidities (as determined by the
local sites due for example to abnormal liver/kidney/heart function
or recent prior malignancy), who could receive treatment with

cytarabine and had an Eastern Cooperative Oncology Group
(ECOG) performance status of ≤ 2 were eligible to be enrolled into
phase 2a (containing cohort B2 and B5, referred to as LDAC cohort).
Only R/R AML patients were enrolled into cohort B5, and the
number of patients with refractory AML (defined as no hematolo-
gical response to last AML treatment) and/or patients who had
received ≥2 prior lines of treatment for AML, were restricted to 1/3
of the sample size.

Patients with acute promyelocytic leukemia, significant cardio-
vascular comorbidities, inadequate renal or hepatic function, and
candidates for intensive chemotherapy or allogeneic stem cell trans-
plantation were excluded. Prior exposure to gilteritinib was also
excluded as it is considered a dual FLT3/AXL inhibitor and may
therefore act on the same target as bemcentinib, the drug analyzed in
this study. (Full eligibility criteria are available in Supplementary
Table 3).

Study treatment
Bemcentinib was administered orally once daily during continuous
21-day treatment cycles, without rest periods. Treatment was con-
tinued for as long as clinical benefit was derived. During the first
dose escalation phase (formulation 1), bemcentinib was administered
at 400/100mg, 600/200mg and 900/300mg (loading dose admi-
nistered on Day 1 and Day 2 followed by a daily maintenance dose) in
a fed state as monotherapy. In the second dose escalation phase
(formulation 2), bemcentinib was administered at 200/100mg and
400/200mg (loading dose first 3 days, followed by daily main-
tenance dose) in fasted patients.

LDAC was administered approximately 30min after administra-
tion of bemcentinib.

Cytarabine was administered subcutaneously at a dose of 20mg
twice daily for 10 days followed by a rest period of at least 18 days
depending on persisting myelosuppression.

Tolerability and safety assessments
Safety assessments including standard clinical laboratory safety tests
(hematology, biochemistry, coagulation, and urinalysis), physical
examinations, vital signs (blood pressure, heart rate, respiration rate
and temperature), and ECOG performance status were performed at
baseline and throughout the study. Electrocardiograms were obtained
at screening, Cycle 1 Day 1–4, 8, and 15, Cycle 2 Day 1, 8 and 15, at Day 1
of each cycle thereafter, (up to and including Cycle 15), and at Final
Study Visit. QT prolongation was assessed using the Fridericia cor-
rectionQTcF =QT=

ffiffiffiffiffiffi

RR3
p

34. Severity of QTcF prolongationwas defined
as follows: Grade 1: maximum prolongation 450–480ms; Grade 2:
maximum prolongation 481-500ms; Grade 3: ≥501ms on at least two
separate ECGs; Grade 4: ≥501msor >60ms change frombaseline, with
Torsades de pointes, polymorphic ventricular tachycardia or signs/
symptoms of serious arrythmia; Grade 5: Death.

Adverse events (AEs) were monitored starting at study enrolment
until 28 days after end of treatment and graded according to the
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) version 4.0. If drug-related toxicities continued
beyond the follow-up period, patients were followed until all drug-
related toxicities resolved to grade ≤1, stabilized or returned to base-
line. During the dose escalation phase, dose-limiting toxicities were
assessed during the first 3 weeks of treatment with bemcentinib (Cycle
1) according to NCI CTCAE, considered unrelated to leukemia pro-
gression or intercurrent illness, and defined as any of the following:
CTCAE Grade 3 or 4 nausea, vomiting, or diarrhea that persisted
despitemaximumprophylactic and supportive care; Any other CTCAE
Grade 3 or 4 non-hematological toxicity that was considered to be
clinically significant and causally related to bemcentinib, excluding
isolated changes in laboratory results if no clinical significance or no
clinical sequelae and adequately improve within 7 days; Prolonged

Table 3 | Commonly reported SAEs and TEAEs

DE cohort LDAC cohort Overall

(N = 36) (N = 36) (N = 72)

n (%) E n (%) E n (%) E

SAEs reported in ≥ 10% of patients in either cohort

Febrile neutropenia 6 (17%) 7 10 (28%) 14 16 (22%) 21

Pneumonia 9 (25%) 9 5 (14%) 6 14 (19%) 15

Lung infection 4 (11%) 4 1 (3%) 1 5 (7%) 5

Pyrexia 2 (6%) 3 4 (11%) 4 6 (8%) 7

TEAEs of any grade reported in ≥ 20% of patients in either cohort

Diarrhea 17 (47%) 29 17 (47%) 34 34 (47%) 63

Nausea 12 (33%) 15 15 (42%) 29 27 (38%) 44

Electrocardiogram
QT prolonged

9 (25%) 20 17 (47%) 33 26 (36%) 53

Fatigue 12 (33%) 18 10 (28%) 15 22 (31%) 33

Anemia 5 (14%) 7 16 (44%) 29 21 (29%) 36

Febrile neutropenia 10 (28%) 11 11 (31%) 20 21 (29%) 31

Pyrexia 12 (33%) 15 8 (22%) 9 20 (28%) 24

Hypokalaemia 10 (28%) 12 8 (22%) 9 18 (25%) 21

Oedema peripheral 7 (19%) 10 11 (31%) 12 18 (25%) 22

Pneumonia 10 (28%) 10 6 (17%) 7 16 (22%) 17

Vomiting 8 (22%) 10 8 (22%) 10 16 (22%) 20

Thrombocytopenia 5 (14%) 8 10 (28%) 11 15 (21%) 19

Platelet count
decreased

3 (8%) 3 11 (31%) 22 14 (19%) 25

Dyspnoea 5 (14%) 6 9 (25%) 9 14 (19%) 15

Cough 9 (25%) 10 5 (14%) 7 14 (19%) 17

Headache 9 (25%) 10 4 (11%) 5 13 (18%) 15

Constipation 3 (8%) 3 9 (25%) 10 12 (17%) 13

Mouth hemorrhage 1 (3%) 1 8 (22%) 9 9 (13%) 10

E number of events, AE adverse event, N,n number of patients (total, affected), SAE serious
adverse event, TEAE treatment-emergent adverse event; Headings and subheadings in bold.
Sorted by overall frequency in the combined safety population.Where an SAE is ≥10% or a TEAE
is ≥20% in one cohort but not the other, it is shown for both cohorts.

Article https://doi.org/10.1038/s41467-025-58179-6

Nature Communications |         (2025) 16:2846 7

www.nature.com/naturecommunications


neutropenia with ANC< 500 and platelet count <75000 after Day 42
from the start of treatment in the absence of residual leukemia;
Treatment discontinuation, inability to administer one or more bem-
centinib loading dose, or inability to administer three bemcentinib
maintenance doses as a result of bemcentinib-related toxicity; Any
ventricular arrhythmia.

Pharmacokinetic assessments
Blood samples for thedeterminationof bemcentinibPKwerecollected
pre-dose and 2-, 4- and 6-hours post-dose Day 1; pre-dose and 6 h post-
dose Day 2; pre-dose, 2, 4, 6 and 8h post doseDay 3; and pre-doseDay
4 in Cycle 1 and weekly in Cycle 2. Thereafter, a pre-dose sample was
collected at all study visits ( > Cycle 3 up to and including Cycle 15) and
at End of Study. PK samples were measured using a fully validated
liquid chromatography with tandem mass spectrometry method for
bemcentinib.

A population PK (popPK) model for bemcentinib was derived
from data generated across healthy volunteers, patients with solid
tumors and patients with myeloid malignancies (283 individuals). The
PopPK model was developed by evaluating various structural models
including 1 compartment and 2 compartment models. Covariate ana-
lysis was performed using a forward addition and backward elimina-
tion procedure, from which a preliminary base model was selected.
During covariate analysis, continuous covariates were centered on the
median population values, and the most common or most relevant
category was used as the reference value for categorical covariates. A
visual predictive check (VPC) was conducted to verify that the final
model adequately predicted both the central tendency and variability
of the observed data across studies or by proton pump inhibitor use.
Quantification of parameter uncertainty in the final model was asses-
sed by nonparametric bootstrap analysis.

Population PK analysis was performed using the nonlinear mixed
effects modelling methodology as implemented in the NONMEM
program Version 7.4.435. Data postprocessing was performed using R
(Version 3.6.1)36. Individual population PK model parameters were
estimated using NONMEM with the following $ESTIMATION para-
meters: METHOD=COND INTERACTION LAPLACE MAXEVAL = 0
POSTHOC NOABORT SIGDIGITS = 3. These parameters were subse-
quently used to predict individual steady-state profiles with a dense PK
sampling scheme using the SIMULATIONmethod in NONMEM. Finally,
the predicted PK-time profiles were subjected to a non-compartmental
analysis to derive the following exposure parameters: area under the
concentration-time curve to the end of the dosing period (AUC0-τ),
average plasma concentration andmaximum plasma concentration at
steady-state (Cav,ss, Cmax,ss), and half-life (t½).

Table 4 | Overview of responses in dose escalation cohort: all patients and subgroups

Bemcentinib dose 400/100mg 600/200mg 900/300mg 200/100mg 400/200mg Overall
(N = 6) (N = 14) (N = 5) (N = 4) (N = 7) (N = 36)
n (%) n (%) n (%) n (%) n (%) n (%)

Non-Responder 5 (83%) 12 (86%) 5 (100%) 4 (100%) 5 (71%) 31 (86%)

NE 0 4 (29%) 2 (40%) 1 (25%) 1 (14%) 8 (22%)

PD 0 3 (21%) 0 1 (25%) 1 (14%) 5 (14%)

SD 2 (33%) 1 (7%) 1 (20%) 1 (25%) 0 5 (14%)

UC 3 (50%) 4 (29%) 2 (40%) 1 (25%) 3 (43%) 13 (36%)

Responder 1 (17%) 2 (14%) 0 (0%) 0 (0%) 2 (29%) 5 (14%)

CR 0 0 0 0 1 (14%) 1 (3%)

CRi 0 1 (7%) 0 0 1 (14%) 2 (6%)

MR 1 (17%) 0 0 0 0 1 (3%)

MLFS 0 1 (7%) 0 0 0 1 (3%)

PR 0 0 0 0 0 0

mOS

mOS, months (95% CI) 19 (2.6-NA) 2.5 (1.1-NA) 6.9 (NA-NA) 5.9 (4.4-NA) 8.6 (0.8-NA) 5.3 (2.6-9.1)

mEFS

mEFS, months (95% CI) 5.3 (2.6-NA) 1.2 (0.7-2.1) NA (NA-NA) 4.4 (0.5-NA) 1.6 (0.7-NA) 2.1 (1.4-2.8)

CI confidence interval, CR Complete remission, CRi Complete remission with incomplete recovery, mEFSmedian event free survival,MLFS Morphologic leukemia-free state, mOSmedian overall
survival,MR Marrow response, NA confidence limit could not be determined, NE not evaluable, PD progressive disease, PR Partial response, SD stable disease, UC unchanged. Bold: Headings,
subheadings and totals for subcategories below.

Table 5 | Overview of responses in LDAC cohort: all patients
and subgroups

Bemcentinib dose
400/200mg

Treatment-naïve
(N = 6)

Relapsed/
Refractory
(N = 30)

Overall
(N = 36)

n (%) n (%) n (%)

Non-Responder 3 (50%) 24 (80%) 27 (75%)

NE 0 3 (10%) 3 (8%)

PD 0 8 (27%) 8 (22%)

SD 1 (17%) 4 (13%) 5 (14%)

UC 2 (33%) 9 (30%) 11 (31%)

Responder 3 (50%) 6 (20%) 9 (25%)

CR 1 (17%) 3 (10%) 4 (11%)

CRi 1 (17%) 3 (10%) 4 (11%)

PR 1 (17%) 0 1 (3%)

mOS

mOS, months
(95% CI)

16.1 (1.8-NA) 7.8 (3.9-11.2) 8.4 (4.0-15.7)

mEFS

mEFS, months
(95% CI)

16.5 (1.8-NA) 2.6 (1.3-4.4) 3.7 (1.8-6.5)

mRFS

mRFS, months
(95% CI)

17.3 (13.7-NA) 12.6 (2.3-NA) 13.7
(2.3-28.2)

CI confidence interval, CR Complete remission, CRi Complete remission with incomplete
recovery, mEFS median event free survival, mOSmedian overall survival, mRFS median
relapse free survival, NA confidence limit could not be determined, NE not evaluable, PD pro-
gressive disease, PR Partial response, SD stable disease, UC unchanged. Bold: Headings, sub-
headings and totals for subcategories below.
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Efficacy assessments
All patients underwent baseline disease assessments at screening
(peripheral blood and bone marrow (BM)). Efficacy was assessed
according to the blast percentage in a peripheral blood and BM aspi-
rate sample,measurement of absolute neutrophil count,measurement
of platelet count, and red cell transfusion requirement according to
the European LeukemiaNet37 response criteria for AML and the mod-
ified IWG response criteria for MDS38. Response criteria used are
summarized in Supplementary Table 4.

Response assessments (peripheral blood and BM) were per-
formed at Cycle 2 Day 1 (pre-dose), Cycle 4 Day 1 (pre-dose) and
repeated every 3 cycles thereafter orwhen clinically indicated. Patients
who completed 12 months of study treatment and had not experi-
enced progressive disease (PD) underwent response assessment every
5 cycles until PD was confirmed. Efficacy endpoints were: Objective
response rate (ORR), defined as the number of patients with CR, CRi,
MLFS, MR or PR divided by the total number of patients in the cohort/
group; Disease control rate (DCR), defined as the number of patients
with CR, CRi, MLFS, MR, PR or unchanged disease for at least three
cycles (considered to have stable disease (SD)) divided by the total
number of patients in the cohort/group; Overall survival (OS), defined
as (date of death or censoring) – (date of the first study treatment) +1.
Censoring date was the last date the patient was known to be alive;
Event free survival (EFS), defined as (earliest of date of death, date of
progression or date of censoring) – (date of the first study treatment)
+1, with event defined as death or progression. Patients who started a
new anti-cancer treatment before documented progression were
censored at the date of the last assessment prior to start of non-
protocol treatment. Patients who were alive without documented
progression on the last day of contact were censored at the date of the
last assessment; Relapse free survival (RFS), defined as (earliest of date
of death, date of relapse or date of censoring) – (date of first assess-
ment where subject had an objective response) +1, only for subjects
who achieved an objective response (CR, CRi, MLFS, MR or PR).
Patients who started a new anti-cancer treatment before documented

progression were censored at the date of the last assessment prior to
start of non-protocol treatment. Patients who were alive without
documented progression on the last day of contact were censored at
the date of the last assessment.

Pharmacodynamics
The effects of bemcentinib on pharmacodynamic endpoints of AXL
inhibition were determined in BM aspirates and blood samples col-
lected at specified times during the phase 1b (dose escalation) study
where bemcentinib was applied as monotherapy.

Pharmacodynamic endpoints included the measurement of inhi-
bition of pAXL, pERK, pAKT, pS6 and pSTAT1/3/5 in blast cells (defined
as cells with abnormal surface marker expression as compared to
healthy donor peripheral blood mononuclear cells and undefined/
immaturemyeloid cells (defined as cells carrying myeloidmarkers but
lacking distinguishing terminal differentiation markers). Mass cyto-
metry time of flight (CyTOF) was used for the determination of the
pharmacodynamic markers using a previously validated and tested
panel of mass-tagged antibodies39,40. The antibodies in the panel are
listed in Supplementary Table 5. Briefly, fixed leukocytes from per-
ipheral blood were barcoded using a 20-plex metal barcoding kit
(Standard Biotools, Cell-ID 201060) according to manufacturer’s pro-
tocol, allowing all the samples from a single individual to be stained
and analysed in parallel41. All analysis runs included barcoded periph-
eral bloodmononuclear cells (PBMCs) from at least one healthy donor
and an identical barcoded reference sample (mix of PBMCs from six
healthy donors). Barcoded cells (approx. 6 × 106) were treated with FC
receptor block (Octagam, 1:1000 (Octapharma) inMaxPar cell staining
buffer (CSB, Standard Biotools 201068), 15min, room temperature)
and treated with heparin (100 IU/mL in CSB, 20min) to reduce non-
specific staining artefacts42. The sample was then stained with an
optimisedmixture ofmass-tagged surfaceantibodies in a total staining
volume of 600μL (30min, room temperature). Subsequently, the
sample was permeabilized with cold (-20 °C) 100 % methanol (15min,
on ice), re-treated with heparin, and stained with a panel of

Fig. 3 | Kaplan-Meier survival curves. a OS, b EFS and c RFS for treatment-naive and R/R patients. 95% CI, 95% confidence interval of the median; NA, confidence limit
could not be determined. p-values from one-tailed log-rank test. Source data are provided as a Source Data file.
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intracellular mass-tagged antibodies (as described above). DNA was
labelled with iridium-191/193 by incubation in 0.1 nM Ir-nucleic acid
intercalator (Standard Biotools 201192) diluted in MaxPar PBS (Stan-
dard biotools 201058) containing 4% PFA overnight at 4 °C. Immedi-
ately before sample acquisition on a Helios mass cytometer, cells were
washed in MaxPar cell staining buffer and MaxPar water (Standard
Biotools 201069) before re-suspending inMaxParwater supplemented
with a 1:8 dilution of the EQ Four Element calibration beads (Standard
Biotools 201078). The acquisition rate was kept below 400 cells
per second to limit the number of acquired cell doublets.Machine drift
in the data was normalized using the bead normalizer algorithm
(Standard Biotools CyTOF Software v7.1). Cell debris and doublets
were manually removed by gating on event length and DNA (Ir-191/
193). Samples were de-barcoded using the barcode de-convolution
tool (Standard Biotools CyTOF Software). Around 13 million cells were
clustered using Flowsom (v2.8.0)43 and ConsensusClusterPlus
(v1.64.0)44. Twenty-five clustersweremerged into 14 clusters identified
as B cells, CD4 T cells (Naïve, Memory), CD8 T cells (Naïve, Memory),
Monocyte (Classical, Activated Classical, Non-classical), Basophils,
Dendritic cells, Granulocytes, NK cells, Undefined/Immature Myeloid
cells (lacking distinguishing terminal differentiation markers) and
Blasts (defined as cells with abnormal surface marker expression
compared to healthy donor PBMCs).

The following steps were used to assess the relationship between
marker expression and PK values in the Blasts and Undefined/Imma-
ture Myeloid cell populations:

In order tomitigate the diluting effects of signaling in cells unable
to respond to bemcentinib, each population of cells was filtered to
include only cells expressing AXL (cut-off value = 1). For each popula-
tion, marker, and sample, the 95th percentile of the non-transformed
expression values was calculated. For each patient, the maximum
percent inhibition observed was calculated, and a dose response

model (log-logistic with lower limit at 0) was fitted (drc package v3.0-
145) for each marker, based on the plasma bemcentinib concentration
measured at the time of maximum inhibition. To account for outliers,
the lms (robust least median of squares) and the lts (robust least
trimmed squares)were used in the calculation of the EC50 valueswhere
necessary. The modeled EC50 ± estimated standard error were
reported.

Statistical analysis
Safety, PK and Efficacy analyses were performed on all patients who
had received at least 1 dose of bemcentinib.

Analyses were performed on response data, AEs, and PK para-
meters. Subgroup analysis by sex was not performed due to the small
number of patients. Statistical analyses were performed using
descriptive statistics. The time-to-event variables RFS, EFS, and OS
were analyzed using Kaplan-Meier estimates, and median time-to-
event was reported alongside its 95% confidence interval (CI). Where
relevant, differences between different subgroups for time-to-event
endpoints were assessed using a one-tailed log-rank test.

Usage of large language models
We used ChatGPT to format references in the correct style.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Source Data are provided with this paper. Access to patient-level data
is restricted due to data privacy laws but may be requested by com-
pleting a data access agreement, available on application to the data
access committee (Data-access@bergenbio.com). Access will be
granted exclusively to qualified investigators for appropriate non-
commercial use that is expected to lead to a publication. Accesswill be
subject to approval by a regional ethical committee to ensure that it is
in line with lawful basis for processing, data protection regulations,
and ethical standards. We aim to provide an initial response to data
access requests within 3 weeks. Correspondence and materials
requests should be addressed to S.L. (Sonja.Loges@medma.uni-hei-
delberg.de) and C.O. (cristina.oliva@bergenbio.com). All remaining
data can be found in the Article, Supplementary and Source Data files.
Source data are provided with this paper.
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