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Summary
Background Cusatuzumab, a high-affinity anti-CD70 antibody, has shown preliminary activity as a treatment for acute 
myeloid leukaemia when combined with azacitidine. We aimed to determine the optimum dose for future trials of 
cusatuzumab in combination with azacitidine in patients with previously untreated acute myeloid leukaemia who are 
not eligible for intensive chemotherapy.

Methods In this randomised, phase 2, open-label, dose-optimisation study we enrolled adult patients aged 18 years or 
older with newly diagnosed acute myeloid leukaemia not eligible for intensive chemotherapy, and with Eastern 
Cooperative Oncology Group scores of 0–2, from 40 hospitals and centres across seven countries. In part one of the trial, 
participants were randomly allocated 1:1 to 10 mg/kg or 20 mg/kg intravenous cusatuzumab on days 3 and 17, combined 
with subcutaneous or intravenous azacitidine 75 mg/m² on days 1–7 in 28-day cycles. The primary efficacy outcome was 
the rate of complete remission in the intention-to-treat group. The two dose cohorts were evaluated independently 
without between-cohort statistical comparison. Safety analyses were performed in all patients who received one dose of 
study drug. Part two of the trial was planned to be a single-arm expansion to evaluate cusatuzumab plus azacitidine at the 
cusatuzumab dose level selected in part one (primary hypothesis ≥35% rate of complete remission vs null 
hypothesis of 20%); however, changes in the acute myeloid leukaemia treatment landscape during this trial made it 
unlikely that enrolment to part two of the study would be clinically feasible, so the study stopped at the end of part one. 
The trial was registered at ClinicalTrials.gov, NCT04023526.

Findings 103 patients were enrolled between Aug 30, 2019, and Feb 25, 2020, and randomly assigned to either 
cusatuzumab 10 mg/kg (n=51) or 20 mg/kg (n=52). Median follow-up was 7·2 months (IQR 10·7 months). 57 of 
103 (55%) patients were male and 46 (45%) patients were female, 78 (76%) were White, one (1%) was Asian, and 
24 (23%) did not report their race. In the 10 mg/kg group, complete remission rate was 12% (six of 51 patients; 
95% CI 6–23) and in the 20 mg/kg group was 27% (14 of 52; 17–40). Grade 3 or worse treatment-emergent adverse 
events (TEAEs) were similar between the cusatuzumab 10 mg/kg (n=51) and 20 mg/kg (n=51) cohorts and included 
thrombocytopenia (24 patients [47%] vs 29 [57%]), anaemia (24 [47%] vs 17 [33%]), and neutropenia (20 [39%] in both 
cohorts). Serious TEAEs were also similar in the two cohorts (44 [86%] vs 40 [78%]). Treatment-related TEAEs leading 
to death were reported in both groups (three patients [6%] in the 10 mg/kg group vs one patient [2%] in the 20 mg/kg 
group); the reported causes of death were pneumonia (n=2) and septic shock (n=2).

Interpretation Although part one of this study was not designed to formally compare the two dose cohorts for efficacy, 
the totality of clinical data for cusatuzumab studies performed to date indicate that cusatuzumab 20 mg/kg plus 
azacitidine represents the optimal dose for further studies. A phase 1b study investigating the triple combination of 
cusatuzumab with venetoclax and azacitidine is underway (NCT04150887).

Funding Janssen Research & Development and argenx.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction
Acute myeloid leukaemia is a heterogeneous malignancy 
characterised by uncontrolled clonal expansion of 
haematopoietic myeloid progenitor cells, usually 
resulting from acquired cytogenetic aberrations, 
epigenetic changes, and somatic mutations.1 Incidence 

of acute myeloid leukaemia increases with age, with a 
median age at diagnosis of 68–70 years.2,3 The genomic 
landscape in older patients is characterised by a higher 
frequency of poor-risk abnormalities, including TP53 
mutations.4 Consequently, 5-year overall survival in 
newly diagnosed acute myeloid leukaemia remains poor 
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(17–29% across all age groups), especially among older 
patients.2,5

At the time that this study was initiated in Europe and 
Australia, single-agent hypomethylating agents (HMAs) 
were the standard therapy for newly diagnosed patients 
not eligible for intensive chemotherapy,6–9 with expected 
rates of complete remission of up to 20%, and complete 
remission or complete remission with incomplete 
haematological recovery (CRi) of up to 28%, and median 
overall survival of about 10 months.8 More recently, 
during the course of this study, the VIALE-A study results 
were reported and venetoclax (a B-cell lymphoma 2 
inhibitor) plus azacitidine has become the new standard 
of care, conferring a complete remission rate of 37%, a 
complete remission or CRi rate of 66%, and an expected 
median overall survival of approximately 15 months.10

Cusatuzumab is a high-affinity, anti-CD70 antibody with 
multiple mechanisms of action, including Fc-mediated 
effector functions (especially enhanced antibody-
dependent cell-mediated cytotoxicity) and blockade of 
CD70/CD27 antigen signalling, leading to leukaemic stem 
cell (LSC) and acute myeloid leukaemia blast cytotoxicity 
and cell death.11–13 CD70 is a tumour necrosis factor-
receptor ligand expressed on most acute myeloid 
leukaemia bone marrow blasts, LSCs, and leukaemic 
progenitor cells, but not haematopoietic stem cells or 
most normal tissues, making it an attractive therapeutic 
target.11,12,14 CD70 is also recognised as a promising target 
antigen for chimeric antigen receptor T-cell therapy for 
acute myeloid leukaemia.15 In acute myeloid leukaemia, 
CD70 binds to CD27 to initiate a cascade that activates 
gene-expression programmes, stimulating tumour-cell 

Research in context

Evidence before this study
We searched PubMed using the terms “cusatuzumab” and 
“acute myeloid leukaemia”. No limits on the date of publication 
or language restrictions were applied. The literature search was 
ongoing throughout all stages of the trial, up until manuscript 
preparation.  We also searched within the clinicaltrials.gov 
registry for cusatuzumab trials. The search results confirmed 
that 5-year survival data in patients with newly diagnosed acute 
myeloid leukaemia is poor, especially among older patients, 
owing to the lack of effective therapies for older patients before 
the approval of venetoclax and a higher frequency of poor-risk 
genetic features in this population. Until recently, single-agent 
hypomethylating agents (HMAs) were the standard therapy for 
patients with newly diagnosed acute myeloid leukaemia who 
were ineligible for intensive chemotherapy. Treatment with 
HMAs provide expected rates of complete remission up to 20% 
and complete remission or complete remission with incomplete 
haematological recovery (CRi) of up to 28%, and a median 
overall survival of about 10 months. In 2020, new results from 
the VIALE-A study for venetoclax, an anti-apoptotic protein 
B-cell lymphoma 2 inhibitor, were reported and venetoclax plus 
azacitidine has become the new standard of care, conferring a 
complete remission rate of 37%, and complete remission or 
CRi rate of 66%, with an expected median overall survival of 
about 15 months. 
Cusatuzumab, our study drug, is a high-affinity, anti-CD70 
antibody with multiple mechanisms of action. CD70 antigen is 
a tumour necrosis factor-receptor ligand expressed on most 
acute myeloid leukaemia bone marrow blasts, leukaemic 
stem cells (LSCs), and leukaemic progenitor cells, but not 
haematopoietic stem cells or most normal tissues. Resistance to 
HMAs has been posited to occur through upregulation of 
CD70 expression on LSCs; hence, combining HMAs with 
cusatuzumab might enhance efficacy and overcome HMA 
resistance. In preclinical experiments, cusatuzumab and HMAs 
showed synergy in eliminating patient-derived LSCs. A 
phase 1/2 dose-escalation study demonstrated the feasibility of 

combining cusatuzumab 1–20 mg/kg  every 2 weeks with 
azacitidine (following an initial cusatuzumab monotherapy 
phase) in patients with acute myeloid leukaemia ineligible for 
intensive chemotherapy (NCT03030612). Preliminary data 
suggested promising activity, with durable complete remissions 
at doses 10 mg/kg or greater. However, as no dose-limiting 
toxicities were observed (across the range 1–20 mg/kg), the 
optimal dose of cusatuzumab plus azacitidine remained 
uncertain. Our study was designed as a randomised, phase 2 
study of cusatuzumab plus azacitidine to determine the rate of 
complete remission at two cusatuzumab dose levels (10 mg/kg 
and 20 mg/kg) and evaluate other efficacy outcomes and safety 
in patients with newly diagnosed acute myeloid leukaemia not 
eligible for intensive chemotherapy.

Added value of this study
Our study findings confirm that cusatuzumab is clinically active 
when given in combination with azacitidine. Cusatuzumab 
dosed at 20 mg/kg provided numerically higher complete 
remission and overall response rates and prolonged median 
overall survival in comparison to 10 mg/kg cusatuzumab. 
Therefore, we recommend a cusatuzumab dose of 20 mg/kg for 
future studies. Based on the safety profile and novel mechanism 
of action of this drug, cusatuzumab could be a valuable addition 
to the choice of drugs available to treat acute myeloid 
leukaemia in this patient population.

Implications of all the available evidence
Based on the currently available clinical data for studies with 
cusatuzumab, there is an indication that cusatuzumab is clinically 
active. Moreover, as the combination of cusatuzumab and 
azacitidine is generally well tolerated and toxicities are clinically 
manageable, further studies are warranted to examine if the 
novel mechanism of action associated with cusatuzumab could 
further enhance clinical outcomes associated with the current 
standard of care—venetoclax plus azacitidine. A phase 1b study is 
in progress investigating the triple combination of cusatuzumab 
with venetoclax and azacitidine (NCT04150887).
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proliferation, maintaining self-renewal of LSCs, and 
promoting symmetrical cell division, leading to release 
of soluble CD27.11–14 Soluble CD27, a marker of 
CD70/CD27 interactions, is elevated in the sera of 
patients with newly diagnosed acute myeloid leukaemia 
and is inversely correlated with overall survival.11

Resistance to HMAs has been posited to occur through 
upregulation of CD70 expression on LSCs;11 hence, 
combining HMAs with cusatuzumab might enhance 
efficacy and overcome resistance by targeting distinct 
pathways of myeloblast propagation. In non-clinical 
experiments, cusatuzumab and HMAs showed synergy 
in eliminating patient-derived LSCs.12 A phase 1/2 dose-
escalation study showed the feasibility of combining 
cusatuzumab 1–20 mg/kg every 2 weeks with azacitidine 
(following an initial cusatuzumab monotherapy phase) 
in patients with acute myeloid leukaemia ineligible for 
intensive chemotherapy.12 Preliminary data suggested 
promising activity, with durable complete remissions at 
doses greater than or equal to 10 mg/kg. However, as no 
dose-limiting toxicities were observed (across the range 
1–20 mg/kg), the optimal dose of cusatuzumab plus 
azacitidine remained uncertain.

CULMINATE is a randomised, phase 2 study of 
cusatuzumab plus azacitidine to determine the rate of 
complete remission at two cusatuzumab dose levels 
(10 mg/kg and 20 mg/kg), and to evaluate other efficacy 
outcomes and safety in patients with newly diagnosed 
acute myeloid leukaemia not eligible for intensive 
chemotherapy.

Methods
Study design and participants
CULMINATE was a randomised, phase 2, open-label, 
dose-optimisation study, designed to be conducted in 
eight countries and 54 centres (appendix pp 7–8). 
Part one was a randomised study to determine which of 
two cusatuzumab doses (10 mg/kg or 20 mg/kg every 
2 weeks, plus azacitidine) was optimal for further 
development. A three-stage monitoring approach 
(stage one after enrolment of 15 patients, stage two after 
30 patients, and stage three after 50 patients in each 
group) was used to determine—at each stage and for 
each dose cohort independently—if the observed 
complete remission rate and other outcomes warranted 
the respective dose to be continued into the next stage or 
into part two. Patients on cusatuzumab 10 mg/kg were 
escalated to 20 mg/kg after selection of the higher dose 
at the end of part one. Part two was a single-arm 
expansion to evaluate cusatuzumab plus azacitidine at 
the cusatuzumab dose level selected in part one. Due to 
changes in the acute myeloid leukaemia treatment 
landscape, the findings of part one no longer seemed 
advantageous. Enrolment was stopped at the end of 
part one, and part two was not initiated, as venetoclax 
plus azacitidine became a new standard of care. Patients 
aged 18 years or older, with newly diagnosed, de novo, or 

secondary acute myeloid leukaemia not eligible for 
intensive chemotherapy, according to criteria outlined 
by Ferrara and colleagues,16 and with Eastern Cooperative 
Oncology Group (ECOG) performance status scores 
of 0–2 were eligible for recruitment. Patients were 
excluded if they had acute promyelocytic leukaemia; 
active leukaemic involvement of the CNS; other active 
malignancies or systemic infection; previous treatment 
with an HMA for acute myeloid leukaemia or 
myelodysplastic syndromes; or had received immuno-
suppressive agents within the past 4 weeks (see 
appendix pp 3–4 for full inclusion and exclusion criteria).

The study was conducted in accordance with the 
principles originating in the Declaration of Helsinki, 
Good Clinical Practice guidelines, and all applicable 
local laws and regulations. An Independent Ethics 
Committee or Institutional Review Board at each site (or 
a central site for France) approved the protocol and other 
required pre-study documentation. All patients provided 
written informed consent. The study protocol is shown 
in the appendix (from p 28).

Randomisation and masking
In part one of this open-label study, patients were 
stratified by disease type (de novo vs secondary) and 
ECOG performance status (0–1 vs 2), and randomly 
allocated in a 1:1 ratio to the two dose-level groups by use 
of an Interactive Web Response System with a block size 
of two.

Procedures
Following random allocation, patients received 
cusatuzumab (10 mg/kg or 20 mg/kg) intravenously on 
days 3 and 17, plus azacitidine 75 mg/m² on days 1–7 
subcutaneously or intravenously (per local practice) in 
28-day cycles. Cusatuzumab (active ingredient) was 
manufactured by Lonza Biologics (Slough, UK) and 
cusatuzumab (finished dosage form) was manufactured 
by Patheon Italia SPA (Ferentino, Italy). Cusatuzumab 
dose modifications were not allowed; toxicities attributed 
to cusatuzumab were managed by modifying the 
infusion rate in the case of infusion-related reactions 
(IRRs), temporarily stopping cusatuzumab, or 
discontinuing cusatuzumab altogether (appendix pp 2–3). 
Patients were treated and continued in the study until 
either progressive disease, relapse, unacceptable toxicity, 
withdrawal of consent, or withdrawal due to investigator 
discretion. Premedications are described in the 
appendix (p 2).

Response status was assessed by trained haemato-
pathologists at each participating trial site. Blood 
samples from patients were collected weekly during the 
first 28 day cycle for clinical laboratory assessments in 
haematology and serum chemistry. Adverse events and 
special reporting situations were reported from the time 
a signed and dated informed consent form was obtained 
until 30 days following the last dose of study intervention, 

See Online for appendix
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or until the start of subsequent anti-acute myeloid 
leukaemia therapy, if earlier. Special reporting situations 
meeting the criteria of a serious adverse event were 
recorded in the electronic case report form.

Outcomes
The primary endpoint was rate of complete remission 
for both dose levels. Secondary endpoints were rate of 
complete remission with partial haematological recovery 
(CRh); rate of complete remission plus CRh; rate of CRi; 
overall response rate (complete remission plus CRh plus 
CRi); rate of complete remission without minimal 
residual disease (<10–³ by flow cytometry; appendix 
pp 5–6); rate of minimal residual disease among 
participants achieving complete remission, CRh, CRi, or 
morphological leukaemia-free state; time to and 
duration of first response (complete remission, CRh, or 
CRi); transfusion independence (red blood cells or 
platelets; ≥8 weeks with no transfusion between first 
and last dose plus 30 days); safety profile of adverse 
events and serious adverse events; pharmacokinetics; 
and immuno genicity and antidrug antibody testing. 
Exploratory endpoints included overall survival, 
progression-free survival, change in bone marrow blasts, 
and biomarkers of response. Other exploratory 
endpoints that were defined in the protocol but are not 
reported here were CD70+ LSCs, natural killer cells, 
patient-reported outcomes using the functional 
assessment of cancer therapy–leukaemia and EQ-5D-5L 
questionnaires, duration of hospitalisation, and 
outpatient medical encounters and treatments. These 
exploratory endpoints were deemed to be outside the 
scope of this publication as we chose to focus on the key 
endpoints; however, they might be included in future 
publications.

Clinical response was determined by modified 
European LeukemiaNet (ELN) Response Criteria in acute 
myeloid leukaemia,6 with inclusion of CRh (<5% blasts in 
bone marrow; no circulating blasts; no blasts with Auer 
rods, or extramedullary disease; absolute neutrophil 
count >0·5 × 10⁹ cells per L; and platelet count 
>50 × 10⁹ cells per L). CRh was programmatically 
determined by the study sponsor. All patients who 
reached CRh also met the criteria for CRi. Response 
status was assessed at every alternate cycle, starting at 
cycle 1, until complete remission, CRh, CRi, or progressive 
disease; then every fourth cycle until relapse in patients 
with complete remission, CRh, or CRi. Patients were 
deemed not assessable if they had no post-baseline 
disease evaluations to determine response. TEAEs were 
monitored throughout the study until 30 days after the 
last dose of study medication; severity was graded 
according to the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events version 5.0. 
Other assessments including pharma co kinetic, immuno-
genicity, and pharmacodynamic analyses are described in 
the appendix (p 5–6).

Statistical analysis
At each stage of study part one, data were evaluated in an 
informal interim analysis by a Data Review Committee to 
determine if either or both dose cohorts should continue 
into the next stage, but without intention of rejecting the 
null hypothesis. For each analysis, data were reviewed 
after patients had received three or more cycles. By 
design, each of the two dose cohorts were to be evaluated 
independently without between-cohort statistical com-
parison; therefore, any comparative presentation of the 
results are exploratory.

For the primary endpoint, the number and percentage 
of participants reaching complete remission were 
summarised by treatment group along with 95% CIs based 
on the Wilson Score without continuity correction. The 
primary hypothesis was that cusatuzumab at 10 mg/kg or 
20 mg/kg plus azacitidine could lead to a rate of complete 

Figure 1: Trial profile
ITT=intention-to-treat. PD=progressive disease. ECOG=Eastern Cooperative Oncology Group. *Patients who 
discontinued azacitidine did so without receiving cusatuzumab. †Currently on treatment or in follow-up for survival. 

126 patients screened

23 did not meet eligibility criteria
6 trial participation was not in the patient’s
    best interest based on the patient's condition
    (in the opinion of the investigator)
5 did not fulfil all criteria for those who are not
    candidates for intensive chemotherapy
5 no reason given
3 active systemic infection
2 liver tests which were not within range
1 did not meet ECOG performance status criteria
1 presence of central nervous system disease

103 randomly assigned

51 assigned to cusatuzumab 10 mg/kg plus azacitidine 
(ITT population)

52 assigned to cusatuzumab 20 mg/kg plus azacitidine 
(ITT population)

11 on study†
40 discontinued study

39 death
1 patient withdrawal

20 on study†
32 discontinued study

31 death
1 patient withdrawal

51 received the assigned treatment (safety 
population)

5 on treatment at data cutoff (Feb 25, 2021)  
46 completed treatment
      46 discontinued cusatuzumab plus azacitidine 

      17 PD or relapse 
      9 death

      11 adverse event
      7 physician decision
      1 other
      1 refused further treatment

      0 discontinued azacitidine only

51 received the assigned treatment (safety 
population)

9 on treatment at data cutoff  (Feb 25, 2021) 
42 completed treatment
      40 discontinued cusatuzumab plus azacitidine 

      13 PD or relapse
      11 death

      7 adverse event
      8 physician decision
      1 other
      0 refused further treatment

      2 discontinued azacitidine only*
      1 death
      1 refused further treatment

Enrolment did not proceed to part two
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remission of greater than or equal to 35% against the null 
hypothesis of 20%. This hypothesis was based on the 
complete remission rate for HMAs approximating 20%,8,9 

and a 15% improvement was considered clinically 
meaningful. The overall study had more than 90% power 
to reject the null hypothesis of a complete remission 
rate of 20% under the alternative hypothesis of 35%. 
Part one of the study was not powered for rejection of the 
null hypothesis; the sample size of 50 patients for part one 
of the study was based on the single-arm Wilson Score test 
without continuity correction at an overall one-sided type 1 
error rate of less than 2·5%. Efficacy outcomes were 
assessed within the intention-to-treat (ITT) population (all 
patients randomly allocated in part one). Post-hoc efficacy 
analyses were also performed in a modified ITT population 
(mITT; those randomly allocated in part one who received 
≥1 dose of both study drugs). Safety outcomes were 
assessed within the safety analysis set (those in the ITT 
population who received ≥1 dose of study drug). 

Overall response rate, minimal residual disease 
negativity, and rate of transfusion independence were 
analysed using the same method as for the primary 
endpoint. Time to first or  best response was calculated as 
the time from randomisation to documented first or best 
response among patients who reached complete 
remission, CRh, or CRi. Duration of first or best response 
was calculated as time from documented first or best 
response (complete remission, CRh, or CRi) in patients 
who reached such responses to relapse, death, or date of 
last disease evaluation. Planned subgroup analyses are 
provided for overall response rate as forest plots. The 
number and percentage of patients reaching progression-
free survival events (overall, disease progression, relapse, 
or death) and overall survival were summarised. Kaplan-
Meier estimates of time-to-event endpoints are presented 
graphically, and median estimates and associated 95% CIs 
are provided.

Statistical analyses were performed using SAS 
version 9.4. This trial is registered with ClinicalTrials.gov, 
NCT04023526.

Role of the funding source
The funders were involved in study conception and 
design, data collection, data analysis and interpretation, 
and drafting and writing of the report.

Results
Between Aug 30, 2019, and Feb 25, 2020, 103 patients 
from 40 hospital and academic centres across seven 
countries (Australia, France, Italy, Russia, Spain, 
Switzerland, and Turkey, appendix pp 7–8) were enrolled 
into part one and randomly allocated to cusatuzumab 
10 mg/kg (n=51) or 20 mg/kg (n=52), plus azacitidine 
(figure 1, table 1). 14 centres (one in Australia, three each 
in Switzerland, Spain, and Israel, and two each in Italy 
and Turkey) did not recruit any patients as no eligible 
participants were present during the period between site 
enrolment and the end of study enrolment. One patient 
in the 20 mg/kg group did not receive any study 
medication due to an adverse event (pneumonia) on 

Cusatuzumab 
10 mg/kg plus 
azacitidine 
(n=51)

Cusatuzumab 
20 mg/kg plus 
azacitidine 
(n=52)

Median age, years (range) 74 (54 –88) 75 (59 –88)

Age ≥75 years 23 (45%) 27 (52%)

Sex

Male 28 (55%) 29 (56%)

Female 23 (45%) 23 (44%)

Race

White 40 (78%) 38 (73%)

Asian 1 (2%) 0

Not reported* 10 (20%) 14 (27%)

ECOG performance status

0 4 (8%) 7 (13%)

1 16 (31%) 12 (23%)

2 31 (61%) 33 (63%)

Median time from initial diagnosis, 
days (range)

14 (1–86) 16 (4–75)

Type of acute myeloid leukaemia

De novo 39 (76%) 40 (77%)

Secondary 12 (24%) 12 (23%)

ELN 2017 genetic risk stratification†

Favourable 4 (8%) 8 (15%)

Intermediate 20 (39%) 14 (27%)

Adverse 24 (47%) 24 (46%)

Incomplete assessment 3 (6%) 6 (12%)

Cytogenetic abnormality‡

Yes† 17 (33%) 23 (44%)

del(5q) 10 (20%) 9 (17%)

Complex karyotype 7 (14%) 9 (17%)

Monosomal karyotype 3 (6%) 7 (13%)

Somatic mutations‡

Yes§ 34 (67%) 36 (69%)

NPM1 10 (20%) 9 (17%)

TP53 8 (16%) 7 (13%)

FLT3-ITD 9 (18%) 5 (10%)

ASXL1 6 (12%) 7 (13%)

RUNX1 4 (8%) 9 (17%)

IDH2 0 2 (4%)

Median % blasts, range

Bone marrow aspirate 58 (21–95) 52 (8–90)

Peripheral blood 25 (0–90) 25 (0–99)

Data are n (%) unless otherwise stated. Details of acute myeloid leukaemia 
classifications are provided in the appendix (p 9). ECOG=Eastern Cooperative 
Oncology Group. ELN=European LeukemiaNet. FISH=fluorescence in situ 
hybridisation. NGS=next-generation sequencing. *Not all countries permit race 
reporting. †As per ELN. ‡Baseline testing for cytogenetic abnormalities and somatic 
mutations was conducted initially at local sites using various methods, including 
NGS, FISH, real-time PCR, karyotyping, and other tools. Central testing by NGS was 
subsequently employed, which involved retrospective sampling for some patients. 
§Abnormalities observed in ≥5% of all patients are shown plus IDH2. 

Table 1: Baseline characteristics
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cycle 1 day 1 and was excluded from the safety 
population (n=102); an additional three patients did not 
receive cusatuzumab (20 mg/kg) due to an adverse event, 
withdrawal of consent, and death, respectively (mITT set: 
51 patients in the 10 mg/kg group and 48 in the 20 mg/kg 
group). Although enrolment was progressed throughout 
all three stages of part one of the study, enrolment was 
stopped per sponsor decision at the end of part one 
(July 10, 2020), and part two did not take place. 12 (24%) 
of 51 patients on cusatuzumab 10 mg/kg were escalated 
to 20 mg/kg after selection of the higher dose at the end 
of part one; all analyses are presented according to 
randomisation group. As of the clinical data cutoff 
(Feb 25, 2021), median follow-up was 7·2 months 
(IQR 10·7). Major protocol deviations were: received 
a disallowed concomitant treatment (4 [4%] of 103), 
received wrong treatment or incorrect dose (4 [4%] of 
103), entered but did not satisfy criteria (2 [2%] of 103), 
developed withdrawal criteria but not withdrawn (2 [2%] 
of 103), and other (1 [1%] of 103).

At the time of data cutoff, 31 patients (11 in the 10 mg/kg 
group and 20 patients in the 20 mg/kg group) of 
103 patients were still on treatment or being followed up 
for survival (figure 1). Among the 86 patients who had 
discontinued cusatuzumab–azacitidine (46 patients in 
the 10 mg/kg group and 40 patients in the 20 mg/kg 
group), the most common reason was progressive 
disease or relapse (17 patients in the 10 mg/kg group, 
13 patients in the 20 mg/kg group). Of the 72 patients 
who had permanently discontinued the study 
(40 on 10 mg/kg, 32 on 20 mg/kg), 70 had died 
(39 on 10 mg/kg and 31 on 20 mg/kg, including 
two people who had reached complete remission before 
death) and two people (one in each cohort) who had 
withdrawn consent.

The rate of complete remission in the ITT population 
was 12% (six of 51 patients; 95% CI 6–23) in the 
10 mg/kg group and 27% (14 of 52 patients; 95% CI 
17–40) in the 20 mg/kg group (table 2). In the 10 mg/kg 
group overall response rate was 29% (15 of 51; 95% CI 
19–43), and 40% (21 of 52; 28–54) in the 20 mg/kg group 
(table 2). Responses were observed across patient 
subgroups (appendix p 20). Of 12 patients who escalated 
from 10 mg/kg to 20 mg/kg after enrolment was stopped 
(after a mean of 8·9 [SD 1·4] cycles of combination 
treatment), two converted from partial remission and 
CRi, to complete remission.

Median time to first response (complete remission, 
CRh, or CRi) was 2·8 months (95% CI 2·6–3·5) for the 
10 mg/kg cohort and 3·0 months (2·8–3·9) for the 
20 mg/kg cohort. Median duration of first response was 
5·6 months (0·7–not estimable [NE]) for the lower dose 
and 13·6 months (6·3–NE; table 2 and figure 2A) for the 
higher dose. Median overall survival was 5·1 months 
(3·3–11·3; 39 events) in the 10 mg/kg group, and 
9·9 months (5·5–16·2; 31 events; figure 2B) in the 
20 mg/kg group. Median progression-free survival was 

4·4 months (2·5–5·5; 41 events) in the 10 mg/kg group 
and 6·7 months (3·8–9·9; 36 events) in the 20 mg/kg 
group (appendix p 21). At time of cutoff, 13 (25%) of 
51 patients in the 10 mg/kg group and 17 (33%) of 
51 patients in the 20 mg/kg group had received 
one or more subsequent therapies; most commonly 
venetoclax (seven [14%] of 51 and nine [18%] of 51), 
azacitidine (five [10%] and nine [18%]), or cytarabine 
(five [10%] and six [12%]). Two patients, both in the 
20 mg/kg cohort, went on to receive haematopoietic stem-
cell trans plantation. Before receiving transplantation, 
one patient had a best response of progressive disease and 
the other patient had CRi for 6·5 months.

The proportion of patients reaching transfusion 
independence was 15 (29%) of 51 in the 10 mg/kg group 
and 22 (42%) of 52 for the 20 mg/kg group for red blood 
cells, 20 (39%) of 51 and 27 (52%) of 52 for platelets, and 
14 (27%) of 51 and 19 (37% ) of 52 for both, respectively 
(appendix p 10). Median duration of transfusion indepen-
dence was not reached in the 20 mg/kg dose level 
(NE [95% CI 37·0–NE]) versus 50·6 weeks (19·1–NE) in 
the 10 mg/kg dose level.

The mean number of cusatuzumab and azacitidine 
cycles received by patients enrolled in the 10 mg/kg 
group was 3·1 (SD 2·6) and for 20 mg/kg cohorts was 
6·4 (5·0). 12 patients in the 10 mg/kg cohort underwent 
dose escalation after a mean of 8·9 (1·4) cycles and 
received 4·2 (2·3) cycles at 20 mg/kg. Dose reductions 

Cusatuzumab 
10 mg/kg plus 
azacitidine (n=51)

Cusatuzumab 
20 mg/kg plus 
azacitidine (n=52)

Best response, n (%, 95% CI)*

Complete remission 6 (12%, 6–23) 14 (27%, 17–40)

Complete remission without minimal residual disease 1 (2%) 4 (8%) 

CRi 9 (18%) 7 (13%) 

CRh 5 (10%) 4 (8%) 

ORR (complete remission + CRh + CRi) 15 (29%, 19–43) 21 (40%, 28–54)

Morphological leukaemia-free state 1 (2%) 1 (2%)

Partial remission 1 (2%) 1 (2%)

Stable disease 20 (39%) 19 (37%)

Progressive disease 5 (10%) 3 (6%)

Not evaluable 9 (18%) 7 (13%)

Median time to response, months (95% CI)

First response 2·8 (2·6–3·5) 3·0 (2·8–3·9)

Best response 2·8 (2·6–4·9) 4·4 (2·9–5·4)

Median duration of response, months (95% CI)

First response 5·6 (0·7–NE) 13·6 (6·3–NE)

Best response 5·6 (0·7–NE) 11·6 (4·0–NE)

CRh=complete remission with partial haematological recovery. CRi=complete remission with incomplete haematological 
recovery. NE=not estimable. ORR=overall response rate. *15 patients did not have a post-baseline disease evaluation: 
eight patients died before the first evaluation; one patient withdrew consent before the first evaluation and then died; 
six patients did not have a first evaluation performed due to their site’s misinterpretation of the protocol but then died 
before the second disease evaluation. One patient remained on study treatment after response of progressive disease at 
first disease evaluation, reaching response of stable disease at five subsequent disease evaluations. 

Table 2: Best response per investigator assessment (intention-to-treat population)
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were not permitted for cusatuzumab; four patients 
required an azacitidine dose reduction.

Incidence and nature of TEAEs were similar between 
the two cohorts (table 3 and appendix p 13); consequently, 
safety data are described here for all patients combined. 
Nearly all patients (101 [99%] of 102) had one or more 
TEAE, with 56 (55%) of 102 having a treatment-related 
TEAE. COVID-19 pneumonia was reported as a TEAE 
in eight (8%) of 102 patients, and SARS-CoV-2 infection 
in one (2%) of 102 patients, respectively. Grade 3 or 
worse TEAEs (≥20% incidence) were reported by 
101 (99%) of 102 patients and included thrombocytopenia 
(53 [52%] of 102), anaemia (41 [40%] of 102) neutropenia 
(40 [39%] of 102), leucopenia (29 [28%] of 102), and 
pneumonia (25 [25%] of 102). Serious TEAEs were 

observed in 84 (82%) of 102 patients (44 [86%] in the 
10 mg/kg group vs 40 [78%] in the 20 mg/kg group); 
18 [18%] of 102 were treatment-related (10 [20%] of 51 in the 
10 mg/kg group vs 8 [16%] of 51 in the 20 mg/kg group). 
TEAEs led to discontinuation of any drug in 23 (23%) 
of 102 patients. Serious adverse events occurring in 
more than 5 percent  of patients were pneumonia 
(19 [19%] of 102), febrile neutropenia (14 [14%] of 102), 
and COVID-19 pneumonia (eight [8%] of 102). Further 
detailed TEAE data stratified by grade are presented in 
table 3.

Of 102 patients, 18 (18%) developed IRRs, most 
commonly (≥2% incidence) hypotension (five [5%] of 102), 
chills (four [4%] of 102), dyspnoea (two [2%] of 102), nausea 
(two [2%] of 102), and tremor (two [2%] of 102). One (1%) 
of 102 patients had grade 3 hypoxia; all other IRRs were 
grade 1–2. Most IRRs occurred with the first dose and only 
one patient had more than one IRR (three events). All 
patients who had IRRs had received premedication and all 
were able to receive more than one dose of cusatuzumab. 
IRRs were managed as per protocol, by interrupting 
infusion and administering symptomatic therapies. No 
patients discontinued treatment due to an IRR.

34 (33%) of 102 patients died because of a TEAE, 
including two due to COVID-19: one due to COVID-19 
pneumonia and one due to SARS-CoV-2 infection; in 
four (4%) patients, fatal TEAEs were considered as 
probably or possibly treatment-related by the investigator 
(pneumonia n=2, septic shock n=2). Nine (9%) of 
102 patients died within 30 days of first dosing because of 
a TEAE (five [10%] of 51 at 10 mg/kg, and four [8%] of 51 
at 20 mg/kg); eight of the nine deaths (four per group) 
occurred before first disease response assessment and 
one after CRi was reached.

Among 59 evaluable patients, mean serum exposure 
parameters for cusatuzumab increased with dose 
(appendix pp 18, 22). The mean concentrations at 24 h, 
96 h, and 336 h after the first dose of cusatuzumab were 
compared with values obtained after 20 mg/kg dose of 
cusatuzumab. The mean ratios at these times post dose 
ranged from 1·8 to 1·9 when 20 mg/kg was compared 
with 10 mg/kg. There was no obvious change in 
dose-normalised parameters with increasing dose, 
suggesting that cusatuzumab exposure increased in an 
approximately dose-proportional manner over the range 
10–20 mg/kg. Mean elimination half-life was 8·1 days 
(SD 2·3) at 10 mg/kg and 10·6 days (3·8) at 20 mg/kg.

Nine (10%) of 93 patients with evaluable samples were 
positive for antibodies to cusatuzumab post-dose 
(seven [15%] of 47 at 10 mg/kg, two [4%] of 46 at 
20 mg/kg). There was no apparent relationship between 
immunogenicity status and cusatuzumab exposure, 
although interpretation is limited by the small sample 
size and low number of patients with antidrug antibodies.

A decrease in acute myeloid leukaemia bone marrow 
blasts was observed at 10 mg/kg and 20 mg/kg in most 
patients following cusatuzumab–azacitidine treatment 

Figure 2: Kaplan-Meier estimates of (A) duration of first response among patients who reached complete 
remission, CRh, or CRi and (B) overall survival
CRh=complete remission with partial haematological recovery. CRi=complete remission with incomplete 
haematological recovery. NE=not estimable.
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Cusatuzumab 10 mg/kg plus azacitidine (n=51) Cusatuzumab 20 mg/kg plus azacitidine (n=51)

Any grade Grade 1–2 Grade 3 Grade 4 Death Any grade Grade 1–2 Grade 3 Grade 4 Death 

Patients with ≥1 TEAEs 51 (100%) 2 (4%) 1 (2%) 30 (59%) 18 (35%) 50 (98%) 1 (2%) 8 (16%) 25 (49%) 16 (31%)

Thrombocytopenia 26 (51%) 2 (4%) 5 (10%) 19 (37%) 0 30 (59%) 1 (2%) 9 (18%) 20 (39%) 0

Anaemia 24 (47%) 0 24 (47%) 0 0 18 (35%) 1 (2%) 16 (31%) 1 (2%) 0

Neutropenia 20 (39%) 0 1 (2%) 19 (37%) 0 21 (41%) 1 (2%) 2 (4%) 18 (35%) 0

Constipation 18 (35%) 18 (35%) 0 0 0 19 (37%) 18 (35%) 1 (2%) 0 0

Nausea 16 (31%) 15 (29%) 1 (2%) 0 0 19 (37%) 18 (35%) 1 (2%) 0 0

Pyrexia 16 (31%) 13 (25%) 3 (6%) 0 0 15 (29%) 11 (22%) 4 (8%) 0 0

Diarrhoea 15 (29%) 12 (24%) 3 (6%) 0 0 14 (27%) 11 (22%) 3 (6%) 0 0

Pneumonia 15 (29%) 1 (2%) 9 (18%) 1 (2%) 4 (8%) 13 (25%) 2 (4%) 6 (12%) 1 (2%) 4 (8%)

Hypokalaemia 14 (27%) 4 (8%) 7 (14%) 3 (6%) 0 8 (16%) 5 (10%) 2 (4%) 1 (2%) 0

Leukopenia 13 (25%) 0 4 (8%) 9 (18%) 0 16 (31%) 0 6 (12%) 10 (20%) 0

Lymphopenia 13 (25%) 2 (4%) 8 (16%) 3 (6%) 0 7 (14%) 0 6 (12%) 1 (2%) 0

Febrile neutropenia 11 (22%) 0 7 (14%) 4 (8%) 0 9 (18%) 1 (2%) 5 (10%) 3 (6%) 0

Vomiting 9 (18%) 9 (18%) 0 0 0 11 (22%) 10 (20%) 1 (2%) 0 0

Asthenia 8 (16%) 6 (12%) 2 (4%) 0 0 11 (22%) 9 (18%) 2 (4%) 0 0

Hypomagnesaemia 7 (14%) 6 (12%) 1 (2%) 0 0 5 (10%) 4 (8%) 0 1 (2%) 0

Cough 6 (12%) 6 (12%) 0 0 0 8 (16%) 8 (16%) 0 0 0

Sepsis* 5 (10%) 0 2 (4%) 2 (4%) 1 (2%) 6 (12%) 1 (2%) 0 2 (4%) 3 (6%)

Hypotension 4 (8%) 2 (4%) 2 (4%) 0 0 10 (20%) 8 (16%) 1 (2%) 1 (2%) 0

Death or sudden death 4 (8%) 0 0 0 4 (8%) 0 0 0 0 0

COVID-19 or COVID-19 pneumonia 3 (6%) 0 2 (4%) 1 (2%) 0 7 (14%) 1 (2%) 4 (8%) 0 2 (4%)

Atrial fibrillation 3 (6%) 0 2 (4%) 1 (2%) 0 4 (8%) 2 (4%) 2 (4%) 0 0

Hyponatraemia 3 (6%) 2 (4%) 0 1 (2%) 0 3 (6%) 2 (4%) 1 (2%) 0 0

Cardiac arrest or ventricular 
fibrillation

3 (6%) 0 0 1 (2%) 2 (4%) 0 0 0 0 0

Diverticulitis 3 (6%) 1 (2%) 1 (2%) 0 1 (2%) 0 0 0 0 0

General physical health deterioration 2 (4%) 1 (2%) 0 0 1 (2%) 3 (6%) 0 1 (2%) 0 2 (4%)

Multiple organ dysfunction syndrome 2 (4%) 0 0 0 2 (4%) 2 (4%) 0 0 0 2 (4%)

Soft tissue infection 2 (4%) 0 2 (4%) 0 0 2 (4%) 1 (2%) 0 1 (2%) 0

Hyperkalaemia 2 (4%) 0 1 (2%) 1 (2%) 0 1 (2%) 0 1 (2%) 0 0

Pulmonary oedema 2 (4%) 0 1 (2%) 0 1 (2%) 0 0 0 0 0

Hyperuricaemia 1 (2%) 0 0 1 (2%) 0 2 (4%) 2 (4%) 0 0 0

Acute kidney injury 1 (2%) 1 (2%) 0 0 0 2 (4%) 0 0 2 (4%) 0

Acute myocardial infarction 1 (2%) 0 0 1 (2%) 0 1 (2%) 0 0 0 1 (2%)

Haemorrhage intracranial or cerebral 
haematoma

1 (2%) 0 0 0 1 (2%) 1 (2%) 0 0 0 1 (2%)

Differentiation syndrome 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Cardiac failure acute 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Large intestine perforation 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Mucosal inflammation 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Cholecystitis 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Cerebrovascular accident 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Major depression 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Pulmonary haemorrhage 1 (2%) 0 0 0 1 (2%) 0 0 0 0 0

Splenic rupture 1 (2%) 0 0 1 (2%) 0 0 0 0 0 0

Respiratory disorder or failure 0 0 0 0 0 2 (4%) 0 0 1 (2%) 1 (2%)

Safety analysis set included all patients who received at least one dose of the study drugs, azacitidine or cusatuzumab. Patients were counted only once for any given event, 
regardless of the number of times they had the event. The event with the worst toxicity is used. If a patient had missing toxicity for a specific adverse event, that adverse 
event is excluded from the table. A detailed breakdown of the TEAEs are shown in the appendix (pp 14–17). TEAE=treatment-emergent adverse event. *Sepsis is a grouped 
term including sepsis, pseudomonal sepsis, septic shock, and staphylococcal sepsis.

Table 3: TEAEs stratified by grade (safety population) 
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(appendix p 23–24). Additionally, mean change from 
baseline in peripheral blood blasts by the end of cycle 6 
was –96% (SD 8) at 10 mg/kg and –91% (25) at 20 mg/kg.

CD70 expression was detectable by flow cytometry on 
peripheral blood blasts in 64% of the patient samples 
tested at baseline. The biomarker data suggested a 
possible association between CD27 or CD70 expression 
and response, with responders who reached complete 
remission (including complete remission without 
minimal residual disease), CRh, or CRi appearing to 
have higher baseline expression of these markers than 
non-responders, although there was wide variability in 
the data (appendix p 19). As a result, we cannot rule out 
that the antibody staining used for the study was 
suboptimal; therefore, more studies need to be 
performed to determine if association between CD70 
expression and response to antibody targeting exists. 
There was no difference in baseline soluble CD27 levels 
between responders and non-responders (appendix p 19) 
and there was also no difference after one cycle of 
treatment (appendix p 22). Analysis of baseline 
cytogenetic risk (ELN 2017) by response indicated that 
responses (complete remission, CRh, or CRi) were 
reached across both dose levels and all risk categories 
(appendix p 26).

A mITT population was analysed post hoc that 
excluded patients who never received cusatuzumab 
treatment. Four (4%) of 103 patients met this criterion, 
and all were in the 20 mg/kg cohort. In this group, the 
complete remission rate was 29% (14 of 48; 95% CI 
18–43) and overall response rate was 44% (21 of 48; 
95% CI 31–58; appendix p 11). Median overall survival 
was 10·8 months (6·7–16·2; 28 events; appendix p 12).

Discussion
The CULMINATE study is part of a programme to 
assess the benefit of adding the CD70 targeting antibody 
cusatuzumab to current acute myeloid leukaemia 
therapies. In this Article, newly diagnosed patients with 
acute myeloid leukaemia ineligible for intensive chemo-
therapy who had received cusatuzumab and azacitidine 
before the cutoff date of Feb 25, 2021 reached a complete 
remission rate of 12% (95% CI 6–23) at cusatuzumab 
10 mg/kg and 27% (17–40) at 20 mg/kg, rising to overall 
response rate of 29% (95% CI 19–43) at 10 mg/kg and 
40% (28–54) at 20 mg/kg, when CRh and CRi were also 
considered. Median overall survival was 5·1 months 
(95% CI 3·3–11·3; 39 events) and 9·9 months (95% CI 
5·5–16·2; 31 events) in the 10 mg/kg and 20 mg/kg 
cohorts, respectively. Although the study was not 
continued into part two to formally test the null 
hypothesis of a complete remission rate of 20% versus 
the target of 35%, the 40% overall response rate observed 
at the highest 20 mg/kg dose suggested clinical activity, 
and based on the totality of the data, the 20 mg/kg dose 
was selected for further study. A future study to explore 
further dose escalation is under consideration.

We recognise the limitations of this work, including the 
generalisability of the results, and that this was an elderly 
population with poor-risk features enrolled within the 
early stages of the COVID-19 pandemic, which resulted 
in altered outpatient clinic schedules, doses being 
delayed, and in rare cases, evaluations being missed. 
Moreover, disease responses were measured locally and 
assessed by the investigator which might introduce 
heterogeneity and bias. In addition, this trial used an 
open-label design. These are all factors that could have 
affected the findings. In addition, small sample sizes 
limited our ability to assess response by cytogenetic 
(ELN 2017) risk features as well as interpretation of the 
relationship between immunogenicity status and 
cusatuzumab exposure data.

Cusatuzumab 20 mg/kg was associated with 
numerically higher response rates, more durable 
responses, longer progression-free survival and overall 
survival than the 10 mg/kg dose and more frequent red 
cell and platelet transfusion independence, with minimal 
additional toxicity, although this part of the trial was not 
powered to compare the two doses statistically. The 
complete remission rate for the 10 mg/kg dose was lower 
than anticipated based on early data (n=3) from a 
phase 1/2 trial of cusatuzumab 10 mg/kg plus azacitidine12 
and lower than would be expected for azacitidine 
alone.8 This observation could be due to the high 
proportion of patients with adverse cytogenetic risk 
features (48 [47%] of 103) and poor performance status 
(64 [62%] of 103 with ECOG performance status 2). There 
were also fewer patients with isocitrate dehydrogenase 2 
(IDH2) mutant acute myeloid leukaemia (two [2%] of 103) 
enrolled in this study than reported in other acute 
myeloid leukaemia studies involving older populations 
(eg, 25% in VIALE-A10). The low enrolment of patients 
with mutated IDH2 was likely related to preferential 
enrolment to competing IDH inhibitor studies enrolling 
at the same time. These differences in patient baseline 
characteristics and the larger sample size in this trial 
compared with the earlier phase 1/2 trial have contributed 
to the lower than anticipated efficacy outcomes.

CULMINATE was initiated before venetoclax–
azacitidine being established as the new standard for 
patients aged 75 years or older or with medical conditions 
that prevent use of standard chemotherapy. The goal of 
this study was to optimise the dose of cusatuzumab and 
it was administered in combination with azacitidine 
because at the time the study began, azacitidine was 
considered the standard of care; the VIALE-A study had 
not yet been published. Our study design included a 
20% complete remission rate for azacitidine which was 
considered reliable historical control data, as such, a 
control group was not considered in order to simplify the 
design. During the CULMINATE study, the VIALE-A 
data showed that median overall survival was longer 
with venetoclax–azacitidine than azacitidine alone 
(14·7 months vs 9·6 months, respectively).10 As our 
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part one findings did not seem advantageous in the 
context of the VIALE-A results, enrolment was stopped, 
with ongoing patients eligible to continue with, or 
escalate to, the 20 mg/kg dose. At the cutoff date, 
nine patients were continuing treatment with this higher 
dose where two patients converted to complete remission 
(one from partial remission and one from CRi). Notably, 
high rates of infections and prolonged pancytopenia 
have been reported during treatment with venetoclax 
combination therapy,17–19 indicating the importance of 
careful patient management when prescribing 
venetoclax-containing combinations. The favourable 
risk–benefit profile for cusatuzumab–azacitidine at 
20 mg/kg, including durable complete remissions and 
the notable transfusion independence in a considerable 
number of patients (22 [42%] of 52 for red blood cells, 
27 [52%] of 52 for platelets in the 20 mg/kg group), 
provides a rationale for further exploration of 
cusatuzumab with venetoclax with or without azacitidine 
Preclinical data have shown synergy between 
cusatuzumab and venetoclax in eliminating LSCs in 
vitro,20 and a phase 1b study of cusatuzumab plus 
venetoclax or cusatuzumab plus venetoclax and 
azacitidine is underway in newly diagnosed patients with 
acute myeloid leukaemia ineligible for intensive 
chemotherapy (ELEVATE; NCT04150887). Despite the 
modest efficacy findings in this study, long-term follow-
up data from studies incorporating venetoclax–
azacitidine suggest that most patients will eventually 
experience post-remission relapse. This result supports 
the clinical rationale to explore the cusatuzumab–
venetoclax–azacitidine triplet strategy, which incorporates 
an agent with a complimentary mechanism of action and 
a non-overlapping toxicity profile.

Cusatuzumab–azacitidine had an acceptable safety 
profile in this study, consistent with previous reports,12 
with the most common grade 3 or worse TEAEs being 
haematological toxicities and pneumonia. The safety 
profile of this combination was also comparable with 
single-agent azacitidine,7,8 except for IRRs, which are 
common TEAEs associated with immunotherapies.21 
IRRs with cusatuzumab–azacitidine tended to be mild or 
moderate and manageable through dose interruption, 
symptomatic treatment, and a reduced infusion rate. 
Procedures were also taken to prevent IRRs through 
premedication and slowly increasing the cusatuzumab 
infusion rate. Premedications were per protocol and 
were consistent across countries and sites.

The pharmacokinetic data for cusatuzumab were 
consistent with previous clinical investigations,22 demon-
strating approximate dose proportionality and a terminal 
half-life of 8–11 days. Analysis of biomarkers suggested 
the potential of baseline CD70 expression as a marker of 
response to cusatuzumab–azacitidine, although further 
confirmatory studies are needed as the data were highly 
variable. Serum soluble CD27 were in line with the data 
from Reither and colleagues,11 which showed elevated 

levels at baseline in patients with acute myeloid 
leukaemia versus healthy control participants.11

In conclusion, considering the totality of clinical data 
for cusatuzumab studies to date, this study indicates that 
cusatuzumab was clinically active when given in 
combination with azacitidine at the recommended dose 
of 20 mg/kg. As cusatuzumab–azacitidine is generally 
well tolerated and toxicities are clinically manageable, 
further studies are warranted to examine if the novel 
mechanism of action associated with cusatuzumab could 
further enhance clinical outcomes associated with 
venetoclax–azacitidine. Clinical studies exploring this 
possibility are already in progress (eg, NCT04150887).23
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