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Summary
This study compared decitabine exposure when administered IV (DEC-IV) at a dose 
of 20 mg/m2 for 5-days with orally administered decitabine with cedazuridine (DEC-
C), as well as the clinical efficacy and safety of DEC-C in patients with acute myeloid 
leukaemia (AML) who were ineligible for intensive induction chemotherapy. In all, 
89 patients were randomised 1:1 to DEC-IV or oral DEC-C (days 1–5 in a 28-day 
treatment cycle), followed by 5 days of the other formulation in the next treatment 
cycle. All patients received oral DEC-C for subsequent treatment cycles until treat-
ment discontinuation. Equivalent systemic decitabine exposures were demonstrated 
(5-day area under the curve ratio between the two decitabine formulations of 99.64 
[90% confidence interval 91.23%, 108.80%]). Demethylation rates also were similar 
(≤1.1% difference). Median overall survival (OS), clinical response and safety pro-
file with oral DEC-C were consistent with those previously observed with DEC-IV. 
Next-generation sequencing was performed to identify molecular abnormalities that 
impact OS and TP53 mutations were associated with a poor outcome. These findings 
support the use of oral DEC-C in patients with AML.
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I N TRODUC TION

Acute myeloid leukaemia (AML) is primarily a disease of 
older adults; median age at diagnosis is 68 years.1 The stan-
dard treatment is intensive induction therapy for which 
older adults and those with comorbidities may not be con-
sidered candidates.2

Either of the DNA methyltransferase inhibitors (DNMTis; 
azacitidine and decitabine) combined with venetoclax is rec-
ommended for adults with AML who are not candidates for 
intensive induction chemotherapy and have the IDH1, IDH2 
or FLT3 mutation or no actionable mutations.3 Until re-
cently, both DNMTis were available only in parenteral form, 
requiring patients to come to a treatment centre daily for 5 or 
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7 consecutive days of every 28-day treatment cycle and im-
posing a substantial burden on the largely older adult popu-
lation affected by AML. Decitabine, when administered with 
cedazuridine (DEC-C), is orally available and was approved 
in September 2023 in the European Union (EU) for patients 
with newly diagnosed AML who are ineligible for standard 
induction chemotherapy.

The oral bioavailability of azacitidine and decitabine is low 
due to first-pass elimination by the enzyme cytidine deami-
nase.4,5 A phase 2 study and a randomised pharmacokinetic 
(PK) registration study established that a fixed-dose combi-
nation of oral decitabine and the cytidine deaminase inhibitor 
cedazuridine yields systemic exposure, DNA demethylation, 
efficacy and safety comparable to those seen with intravenous 
decitabine (DEC-IV) in patients with myelodysplastic syn-
dromes (MDS) and chronic myelomonocytic leukaemia.6–8 
The present registrational study (Clini​calTr​ials.​gov identifier 
NCT03306264) in patients with AML compared the intrapa-
tient total systemic exposure of oral DEC-C and DEC-IV over 
5 days. Pharmacodynamics (DNA demethylation), clinical re-
sponse, survival and safety also were assessed.

Initial patient classification was similar to parenteral decit-
abine trials as the present study bridges to historical data. 
Updated analyses were performed subsequently to reflect 
contemporary perspectives. Somatic mutations have been as-
sociated with AML development and prognosis,9 and are incor-
porated into two risk stratification systems: the International 
Consensus Classification (ICC) of Myeloid Neoplasms10 and 
European LeukemiaNet (ELN) risk stratification.11 The stud-
ies used to validate the 2022 ELN comprised mostly relatively 
young patients who had received intensive chemotherapy.12,13 
Data from this study investigated whether the ICC classifica-
tion or ELN risk stratification affected survival.

M ETHODS

Trial design and oversight

Eligible patients were randomised in a 1:1 ratio to one of 
two sequences for the first two 28-day treatment cycles: oral 
DEC-C (one fixed-dose combination tablet once daily: decit-
abine 35 mg/cedazuridine 100 mg) in cycle 1 and DEC-IV 
(20 mg/m2/day, 1-h infusion)14 in cycle 2 (sequence A) or the 
reverse (sequence B). Each treatment was given for the first 
five consecutive days of a 28-day cycle. After cycle 2, patients 
received treatment with oral DEC-C for the first 5 days of 
each 28-day cycle until study withdrawal due to disease pro-
gression, unacceptable toxicity or other reasons.7 From cycle 
3, dose reduction could be made by reducing the number of 
treatment days/cycle. According to protocol, dose reduction 
was to be considered if drug-related rather than disease-
related myelosuppression was suspected. Dose delay (delaying 
the next cycle) to allow recovery of blood count from drug-
related myelosuppression was allowed at the discretion of the 
investigator. Patients were enrolled from January 2020 to April 
2021. Patients who benefited from oral DEC-C were offered 

the option to enter an extension study assessing survival and 
long-term safety (Clini​calTr​ials.​gov identifier NCT04093570).

The independent ethics committee at each of the 27 par-
ticipating study centres in Canada and eight European coun-
tries (Austria, Czech Republic, France, Germany, Hungary, 
Italy, Spain and UK) approved the protocol and amend-
ments (sites listed in Table  S1). The study was conducted 
in accordance with the protocol, the International Council 
for Harmonisation Good Clinical Practice guideline and 
applicable local requirements. Patients provided informed 
consent. Clinical response was assessed by an independent 
review committee. The authors assume responsibility for the 
accuracy and completeness of the data and analyses.

Randomisation

Patient assignments to treatment sequences were made 
through a computer-generated randomisation schedule and 
accessed through an interactive web response system man-
aged by Syneos Health (Morrisville, NC, USA). The study 
was open label.

Eligibility

Patients aged ≥18 years with de novo or secondary AML 
(World Health Organization criteria)15 who were not candi-
dates for standard induction chemotherapy and had not re-
ceived cytotoxic chemotherapy for AML except hydroxyurea 
for high white blood cell counts were eligible for inclusion. 
Those who had received >1 cycle of azacitidine or decit-
abine were excluded. Other inclusion criteria were Eastern 
Cooperative Oncology Group performance status 0 or 1 and 
life expectancy ≥3 months.

Response criteria and end-points

The primary end-point was comparison of decitabine total 
exposure over 5 days between oral DEC-C and DEC-IV for 
cycles 1 and 2, measured as area under the curve (AUC). 
Secondary parameters included other PK parameters, phar-
macodynamics (DNA demethylation of oral DEC-C vs. 
DEC-IV, measured by long interspersed nuclear element-1 
[%LINE-1] methylation analysis),16 safety, clinical response, 
red blood cell (RBC) and platelet transfusion independence 
in patients transfusion-dependent at baseline and survival.

Clinical response was assessed as complete response (CR), 
CR with incomplete blood count recovery (CRi), CR with in-
complete platelet recovery or partial response as defined by 
International Working Group 2006 AML response criteria17 
and the study that led to decitabine marketing authorisation 
for AML in EU on 20 July 2023.18 CR with partial haematolog-
ical recovery was evaluated in a recent study of AML therapy.19 
Survival was evaluated as event-free survival, progression-free 
survival, overall survival (OS) and survival at 6 months, and 
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1 and 2 years. Progression-free survival was defined as time 
to disease progression (including relapse) or death from any 
cause, whichever came first. Event-free survival was defined as 
time to disease progression or relapse, treatment discontinua-
tion due to a treatment-related adverse event (AE), use of other 
anti-leukaemia therapy except haematopoietic cell transplan-
tation or death from any cause, whichever occurred first.

Pharmacokinetic and pharmacodynamic end-points were 
assessed during the first two cycles only. Efficacy and safety 
end-points were calculated using all data through final cut-
off on May 25, 2023.

Next-generation sequencing (NGS) was performed to 
identify molecular abnormalities. Prevalence of mutations 
with variant allele frequency (>2%) and the effect of somatic 
mutations (eg, ASXL1, BCOR, RUNX1, SRSF2, STAG2 and 
TP53) were assessed, as well as the impact of the number 
of mutations (≤ or >4) on survival. Eighty-six patients were 
classified according to 2022 ELN genetic risk classification 
and ICC 2022. Relationships to survival of clinical parame-
ters, ELN risk and ICC categories were evaluated.

Statistical analysis

The primary analysis was comparison of total 5-day AUC 
over the last 24-h dosing interval (AUC0–24) exposures of 
decitabine after treatment with oral DEC-C versus DEC-IV. 
Oral DEC-C and DEC-IV were considered equivalent if the 
2-sided 90% confidence interval (CI) of the 5-day AUC0–24 
ratio of geometric least-squares means for oral DEC-C ver-
sus DEC-IV was within 0.80–1.25. A 70-patient sample was 
estimated to provide 90% power at a 0.05 statistical signifi-
cance level, presuming the true ratio of geometric means is 
1.0, intrapatient coefficient of variation (CV) on an unlogged 
scale is 0.41, and equivalence limits of the mean ratio are 
0.80 and 1.25. A total of 85 patients was planned to yield ~70 
evaluable patients, assuming that 20% would not be evalu-
able. An intrapatient CV of 0.41 was chosen as a conserva-
tive value, as the estimated intrapatient CV from PK studies 
of oral DEC-C versus DEC-IV in patients with MDS and 
chronic myelomonocytic leukaemia was ~0.32.7

Pharmacokinetic statistical analyses were performed 
with Phoenix™ WinNonlin® (version 8.3 or higher; Certara, 
Princeton, NJ, USA).

The primary end-point analysis was based on data from 
patients who received full doses of oral and IV therapy with 
evaluable 5-day AUC0-24 for both oral DEC-C and DEC-IV 
(paired cycles). Oral treatment had to occur within 3 h of in-
tended dosing time, with no vomiting within 6 h of dosing. 
Decitabine AUC0–24 had to be evaluable for day 1 and day 
2 or 5 of oral dosing. Other PK parameters were analysed 
in patients who received any study treatment with sufficient 
samples to measure drug concentrations.

Maximum %LINE-1 methylation was analysed in all pa-
tients who received any study treatment and had LINE-1 
methylation data at day 1 of cycle 1 or 2 and on day 8 or 15 
of the same cycle. The 95% CIs for the differences in mean 

maximal %LINE-1 demethylation between oral DEC-C and 
DEC-IV in cycles 1 and 2 were generated based on analysis 
of variance with treatment as a factor.

Clinical response, survival and safety were assessed with 
descriptive statistics in all patients who received any amount 
of study treatment. All statistical tests and CIs were two-
sided with α of 0.05, unless otherwise specified. An SAS® sta-
tistical package (version 9.4 or later; SAS Institute, Inc., Cary, 
NC, USA) was used for the analysis. No comparison between 
treatment sequences was performed. Survival parameters 
were evaluated using Kaplan–Meier analysis. Effect of co-
variates on survival was evaluated using Cox proportional 
hazard model. Length of follow-up was estimated using re-
verse Kaplan–Meier method.

R E SU LTS

Patients and treatment

Eighty-nine patients were randomised 1:1 between the two 
treatment sequences (Figure 1). Two patients received no treat-
ment, and the 87 who received treatment were included in ef-
ficacy and safety analyses. NGS samples were available for 76 
patients. Seven patients received only DEC-IV, 8 received only 
oral DEC-C, and 80 received ≥1 dose of oral DEC-C. Median 
duration of follow-up was 23.6 months (range 20.5–24.5). 
Sixty-nine patients had samples from cycles 1 and 2 and were 
evaluable for PK analysis.

Median age was 78 years (range 61–92); baseline char-
acteristics generally were balanced between treatment se-
quences (Table  1). Eight patients were pretreated for an 
antecedent haematological disorder or with cytoreductive 
therapy. Two patients received prior DNMTi therapy with 1 
cycle of azacitidine.

Patients received a median of five treatment cycles (range 
1–20). Median treatment duration was 4.5 months (range 
0–7.8), with 35% of patients treated for ≥6 months and 6% 
for >12 months. Nearly two-thirds of patients (63%) had ≥1 
dose-delayed cycle and 8% had ≥1 dose-reduced cycle. Death 
was the most common reason for treatment discontinuation 
(26%; Figure 1).

After eliminating patients with insufficient data or data 
quality issues, 69 patients had paired PK samples and were 
included in the primary end-point analysis. Seventy-eight 
patients were included in pharmacodynamic analyses.

Pharmacokinetics and pharmacodynamics

The primary end-point, the geometric least-squares mean 
ratio of decitabine 5-day AUC0–24 between oral DEC-C and 
DEC-IV, was 99.64 (90% CI 91.23%, 108.80%; Table 2). The 
CIs were contained within the prespecified range of 80%–
125%. Secondary PK parameters supported these findings 
(Table  S2). Peak plasma concentrations of decitabine were 
higher following IV versus oral administration. Plasma 

 13652141, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.19741 by C

ochrane H
ungary, W

iley O
nline L

ibrary on [21/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  1737GEISSLER et al.

decitabine concentrations were higher following multiple 
doses of oral DEC-C on days 2 and 5 versus a single dose 
on day 1 (Figure 2). Plasma concentrations remained above 
the lower limit of quantification for up to 4 h in most pa-
tients after IV therapy and up to 6 h in most following oral 
administration.

Steady state was achieved with the second dose of oral 
therapy. Geometric mean terminal half-life was higher fol-
lowing oral versus IV therapy, with a wide range and vari-
ability: 1.07 h (31.6% CV) on day 1, 1.36 h (35.0% CV) on day 
2, and 1.45 h (34.0% CV) on day 5 versus 1.16 h (56.7 CV%) 
on day 1 and 1.18 h (49.0% CV) on day 5. PK variability was 
similar between oral DEC-C and IV decitabine.

Differences in maximal %LINE-1 demethylation between 
oral DEC-C and DEC-IV were 1.1% in cycle 1 and −0.12% in 
cycle 2, with 95% CIs including 0, consistent with treatments 
having similar pharmacodynamic values (Table 3).

Clinical efficacy

Complete response occurred in 21.8% (19/87) of patients and 
composite response (CR + CRi + partial response) was observed 
in 32.2% (28/87; Table 4). Median time to CR was 3.0 months 
(range 1.8–7.4) and median duration of CR was 6.9 months. 
Median time to first response was 2.9 months (range 1.9–6.5); 
median time to best response was 3.5 months (range 1.9–7.5). 
Median duration of combined CR and CR with partial haema-
tological recovery was 9.0 months (95% CI 3.4, 11.5).

In all, 38% (14/37) of patients RBC transfusion depen-
dent at baseline became RBC transfusion independent for 

8 weeks and 24% (9/37) for 16 weeks. More than a third of 
patients who were platelet transfusion dependent at baseline 
(36% [5/14]) attained platelet transfusion independence for 
8 weeks and 29% (4/14) for 16 weeks.

Median event-free survival was 5.9 months (95% CI 3.8, 
8.5), median progression-free survival was 6.1 months (95% 
CI 4.8, 8.7), and median OS was 8.9 months (95% CI 6, 13.1; 
Figure  3). Estimated survival rates at 6 months, and 1 and 
2 years were 61% (95% CI 50%, 71%), 44% (95% CI 33%, 54%) 
and 16% (8%, 26%), respectively.

Somatic mutations and survival

Figure S1 displays the mutations detected at ≥2% variant al-
lele frequency in the study population. ASXL1, DNMT3A, 
TET2, TP53 and RUNX1 were present in ≥20% of the 76 pa-
tients for whom NGS could be performed.

Figure S2 shows the relative frequency and relationship 
of gene mutations, indicating that mutations occur concur-
rently in the same patient. The number of mutations (≤ or 
>4) was not, however, significantly associated with survival 
(Figure 4). Mutated TP53 negatively impacted OS and was 
the only 1 of 10 mutations evaluated to display a signifi-
cant association with survival (Figure 4; Figure S3). Higher 
platelet count (> vs. ≤50 × 109/L) was significantly associ-
ated with better survival. Other factors assessed (baseline 
Eastern Cooperative Oncology Group performance status 
[0 vs. 1], treatment-related AML, complex karyotype and 
grade 4 neutropenia) were not significantly associated with 
survival.

F I G U R E  1   Patient disposition. AML, acute myeloid leukaemia; DEC-C, decitabine/cedazuridine; ICC, International Consensus Classification; IV, 
intravenous; NGS, next generation sequencing; PD, pharmacodynamic; PK, pharmacokinetic.
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Figure 5 displays the impact of ICC categories on survival. 
Patients who had ‘AML with TP53 mutations’ had a poor prog-
nosis: median OS 5.5 months and 2-year OS of 13%. According 
to the 2022 ELN risk classification, most patients were classi-
fied in the adverse-risk group (72%, n = 63), followed by the 

T A B L E  1   Baseline characteristics.

Baseline characteristic
Oral DEC-C 
(n = 80)

All treated 
patients (N = 87)

Age, n

Mean (SD) 76.3 (6.77) 76.7 (6.71)

Median (range) 76.5 (61, 92) 78.0 (61, 92)

Age ≥75 years, n (%) 23 (62.2) 56 (64)

Male sex, n (%) 49 (61) 53 (61)

Median weight, kg (range)a 74.0 (46.2, 117.0) 73.7 (46.2, 117.0)

Mean BSA, m2 (SD)a 1.84 (0.18) 1.84 (0.20)

Study disease, n (%)

De novo AML 51 (64) 55 (63)

Secondary AML 29 (36) 32 (37)

MDS 17 (21) 18 (21)

Other haematological 
disorder

6 (8) 7 (8)

Therapy-related AML 6 (8) 7 (8)

ECOG performance status, n (%)

0 33 (41) 35 (40)

1 46 (58) 51 (59)

2 1 (1) 1 (1)

Cytogenetic risk classification, n (%)

Poor 30 (38) 33 (38)

Intermediate 43 (54) 45 (52)

Not evaluable/missing 7 (9) 5 (6)

>30% Bone marrow blasts, 
n (%)

39 (49) 45 (52)

2022 ELN risk category, n (%)

Favourable 4 (5) 4 (5)

Intermediate 18 (23) 19 (22)

Adverse 57 (71) 63 (72)

Not evaluable 1 (1) 1 (1)

ICC classification of AML, n (%)

AML not otherwise 
specified

16 (20) 16 (18)

AML with mutated TP53 13 (16) 16 (18)

AML with MDS-related 
cytogenetic abnormality

6 (8) 6 (7)

AML with MDS-related 
gene mutation

36 (45) 39 (45)

AML with recurrent 
genetic abnormalities

8 (10) 9 (10)

Not evaluable 1 (1) 1 (1)

Prior therapy for antecedent 
haematological disorder or 
cytoreduction, n (%)

8 (10) 8 (9)

Prior DNMTi, n (%) 2 (3) 2 (2)

Azacitidine 0 0

RBC transfusion dependent, 
n (%)b

34 (43) 37 (42)

Baseline characteristic
Oral DEC-C 
(n = 80)

All treated 
patients (N = 87)

Platelet transfusion 
dependent, n (%)b

12 (15) 14 (16)

Median haemoglobin, g/L 
(range)

89 (61.0, 137.0) 89 (61.0, 137.0)

<80, n (%) 19 (24) 23 (26)

80 to <100, n (%) 46 (58) 49 (56)

100 to <110, n (%) 3 (4) 3 (3)

≥110, n (%) 12 (15) 12 (14)

Median neutrophils, 109/L 
(range)

0.490 (0.00, 
12.68)

0.475 (0.00, 
12.68)

<0.5 × 109/L, n (%) 42 (53) 46 (53)

0.5 to <1.0 × 109/L, n (%) 15 (19) 15 (17)

1.0–1.5 × 109/L, n (%) 2 (3) 3 (3)

>1.5 × 109/L, n (%) 20 (25) 22 (25)

Missing 1 (1) 1 (1)

Median platelets, 109/L 
(range)

63.0 (3399) 62.0 (3, 399)

<25 × 109/L, n (%) 15 (19) 16 (18)

25 to <50 × 109/L, n (%) 13 (16) 16 (18)

50 to <75 × 109/L, n (%) 20 (25) 22 (25)

75 to <100 × 109/L, n (%) 8 (10) 8 (9)

≥100 × 109/L, n (%) 24 (30) 25 (29)

Abbreviations: AML, acute myeloid leukaemia; BSA, body surface area; DNMTi, 
DNA methyltransferase inhibitor; ECOG, Eastern Cooperative Oncology Group; 
ELN, European LeukemiaNet; ICC, International Consensus Classification; MDS, 
myelodysplastic syndromes; RBC, red blood cell.
aFor patients with valid data.
bDefined as ≥2 units within 56 days of first dose of study treatment.

T A B L E  1   (Continued)

T A B L E  2   Pharmacokinetics: 5-day decitabine AUC0–24 for oral and 
IV formulations.

Analysis

5-day decitabine AUC0–24 
LSM, h × ng/mL (n)

Ratio, % 
(90% CI)

Intrapatient 
CV (%)

IV 
decitabine

Oral 
DEC-C

Primary end-point

Paired 907.39 (69) 904.13 (69) 99.64 (91.23, 
108.8)

31.55

Sensitivity

Unpaired 908.77 (71) 893.00 (71) 98.26 (90.11, 
107.2)

31.56

Paired 896.46 (78) 885.66 (79) 98.80 (90.81, 
107.5)

31.31

Abbreviations: AUC0–24, area under curve over last dosing interval; CI, confidence 
interval; CV, coefficient of variation; DEC-C, decitabine/cedazuridine; IV, 
intravenous; LSM, least-squares mean.
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intermediate- (22% [n = 19]) and favourable-risk (5% [n = 4]) 
groups. Favourable intermediate- versus adverse-risk group 
survival curves were largely overlapping (Figure 6), indicating 
2022 ELN classification did not provide clinically meaningful 
prognostic value in determining survival.

Safety

In all, 86 of 87 patients in the safety/efficacy population re-
ported ≥1 AE during the study (Table 5). AEs in the first two 
treatment cycles occurred at similar rates with IV (91%) and 
oral (90%) therapy. Most common AEs were cytopaenias 
(anaemia, thrombocytopenia and neutropenia), febrile neu-
tropenia, pneumonia and pyrexia. More than half of patients 
had an AE of grade ≥3 severity. Most common grade ≥3 AEs 
were cytopaenias (thrombocytopenia, anaemia and neutro-
penia), febrile neutropenia and pneumonia.

Rates of treatment-related AEs are presented in Table 5. 
Most common treatment-related AEs in the study were 

F I G U R E  2   Mean plasma decitabine concentration-time profiles following single and multiple doses of intravenous decitabine (DEC-IV) decitabine 
and oral decitabine/cedazuridine (DEC-C) on days 1, 2 (oral only), and 5; linear scale.

T A B L E  3   Pharmacodynamics: Mean maximal %LINE-1 demethylation.

Cycle n Treatment Mean baseline
Maximal %LINE-1 demethylation, LSM 
(95% CI)

Difference between oral and IV 
therapy, estimate (95% CI)

1 33 Oral DEC-C 75.884 9.357 (7.288, 11.426) 1.113 (−1.698, 3.925)

39 IV decitabine 76.502 8.243 (6.340, 10.147)

2 34 Oral DEC-C 74.764 8.037 (6.258, 9.816) −0.116 (−2.738, 2.507)

29 IV decitabine 74.640 8.153 (6.226, 10.079)

Abbreviations: CI, confidence interval; DEC-C, decitabine/cedazuridine; IV, intravenous; LINE-1, long interspersed nuclear element-1; LSM, least-squares mean.

T A B L E  4   Analysis of best response.

Analysis

Efficacy set (n = 87) Oral DEC-C (n = 80)

n (%) 95% CI n (%) 95% CI

Best response

CR 19 (21.8) 13.7, 32.0 19 (23.8) 14.9, 34.6

CRi 5 (5.7) 1.9, 12.9 5 (6.3) 2.1, 14.0

CRp 2 (2.3) 0.3, 8.1 2 (2.5) 0.3, 8.7

PR 4 (4.6) 1.3, 11.4 4 (5.0) 1.4, 12.3

SD 33 (37.9) 27.7, 49.0 32 (40.0) 29.2, 51.6

NE 26 (29.9) 20.5, 40.6 20 (25.0) 16.0, 35.9

Composite response rates

CR + CRi + PR 28 (32.2) 22.6, 43.1 28 (35.0) 24.7, 46.5

CR + CRh 21 (24.1) 15.6, 34.5 21 (26.3) 17.0, 37.3

CRh 2 (2.3) 0.3, 8.1 2 (2.5) 0.3, 8.7

Abbreviations: CI, confidence interval; CR, complete response; CRh, CR with 
partial haematological recovery; CRi, CR with incomplete blood count recovery; 
CRp, complete response with incomplete platelet recovery; DEC-C, decitabine/
cedazuridine; NE, not evaluable; PR, partial response; SD, stable disease.
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F I G U R E  3   Kaplan–Meier curves for event-free, progression-free and overall survival. CI, confidence interval.
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similar to most common AEs regardless of treatment rela-
tion: thrombocytopenia, neutropenia and anaemia.

Most patients (81% [70/87]) experienced a serious AE 
during the study; 25% (22/87) developed a serious treatment-
related AE. In all, 29% (25/87) of patients died due to an AE 
during the study; only one of these deaths, due to intracere-
bral bleeding, was deemed oral DEC-C related.

Of the 87 patients who received any of the study drugs, 
55 (63%) experienced ≥1 dose-delayed cycle and 7 (8%) 
experienced ≥1 dose-reduced cycle. The proportion of 
dose-delayed cycles was 22%, whereas the proportion of 
dose-reduced cycles was 2%. In the cohort of 80 patients 
receiving DEC-C, dose delay or reduction due to AEs oc-
curred in 47.5%. The most common AEs (≥5% of patients) 
leading to dose delay or reduction while receiving DEC-C 
were neutropenia (12.5%), haematological toxicity (7.5%), 
febrile neutropenia (5%) and pneumonia (5%). Dose delay 
or reduction was required due to neutropenia in 13% of pa-
tients in cycle 3 or later. The reasons for and frequency of 
dose delays or reductions did not differ from those reported 
in the safety report for DEC-IV.

In all, 18% (16/87) of patients discontinued treatment 
due to AEs. Two patients had serious treatment-related 
(oral DEC-C) AEs (asthaenia and mucositis) leading to 
treatment discontinuation. Twenty-eight serious oral 
DEC-C-related AEs were reported in 20 patients; most 
common were pneumonia and febrile neutropenia (7 cases 
each). One serious oral DEC-C-related AE resulted in 
death (noted previously).

DISCUSSION

This study confirms the findings of a registration trial 
in MDS,7 demonstrating equivalent PK AUC systemic 
exposures and demethylation rates between oral DEC-C 
and DEC-IV in an AML population. Safety and efficacy 
profiles of oral DEC-C were consistent with those of 
DEC-IV in AML.18 In the phase 3 DEC-IV AML study18 
and the present study, respectively, median OS was 7.7 and 
8.9 months, CR plus CR with incomplete platelet recovery 
rates were 18% and 24%, and CR plus CRi rates were 26% 
and 30%.

For comparison, a real-world study of Medicare benefi-
ciaries with AML who were ineligible for intensive induction 
therapy and were receiving parenteral DNMTi reported sim-
ilar median survival (8.2 months from diagnosis) and RBC 
transfusion independence (33% of those transfusion depen-
dent when initiating DNMTi) rates.20

Oral therapy for older, often infirm patients with AML 
ineligible for intensive chemotherapy may provide signifi-
cant benefit over parenteral treatment requiring daily trips 
to a treatment centre for 5 or 7 days/month. Patients may 
require transportation to a centre and visits can last hours. 
Oral therapy may reduce some of the treatment-associated 
burden of AML therapy and improve adherence.21

Intravenous decitabine is indicated in the EU for treat-
ment of adults with newly diagnosed de novo or secondary 
AML who are not candidates for induction chemotherapy. 
Decitabine or azacitidine plus venetoclax is the standard 

F I G U R E  4   Relationship of baseline characteristics, gene mutations and adverse event to overall survival. AML, acute myeloid leukaemia; 
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; VAF, variant allele frequency.
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therapy for patients with AML who are ineligible for inten-
sive therapy and have FLT3, or IDH1 or -2 mutation, or no 
actionable mutations.2,19,22,23 Oral DEC-C is approved in the 
EU for adults newly diagnosed with AML aged ≥65 years or 
ineligible for standard induction therapy. The availability of 
oral DEC-C makes an all-oral regimen possible for patients 
receiving concomitant venetoclax.24

Preliminary results from a study assessing the PK and 
drug interactions of oral DEC-C with venetoclax in patients 
with newly diagnosed AML ineligible for intensive che-
motherapy report that each therapy's AUC was unaffected 
by coadministration with the other agent.25 The phase 1/2 
study is ongoing to assess the efficacy, safety and PK of this 
combination (NCT04657081).

An oral form of azacitidine is available and approved in EU 
and USA as maintenance therapy for adults with AML who 
achieve CR or CRi following induction chemotherapy and 
not proceeding to haematopoietic cell transplantation.26,27 It 

is not pharmacologically equivalent to parenteral azacitidine 
and not indicated for the same population of AML patients 
as parenteral azacitidine. Of interest, a combination of azac-
itidine and cedazuridine to allow orally available azacitidine 
that provides equivalent PK exposure is in development 
(NCT04256317).

The genomic landscape of AML in older patients deemed 
unfit for intensive chemotherapy differs from that of younger 
patients who have received intensive chemotherapy.28–30 
Most common mutations in this study are broadly similar 
to those most frequently isolated in ASTRAL-1, the largest 
study performed in older patients with AML receiving less 
intensive chemotherapy.29

This study confirms earlier findings that ELN risk cat-
egories are not significantly related to survival in patients 
not receiving intensive therapy.28,29,31 This is consistent 
with data from VIALE-A and its preceding phase 1 trials, 
which reported that in patients treated with azacitidine and 

F I G U R E  5   Overall survival (OS) by International Consensus Classification (ICC) criteria. *Any somatic TP53 mutation (variant allele frequency 
>10%); †One patient was not evaluable for ICC category; ICC categories are mutually exclusive. abn, abnormal; AML, acute myeloid leukaemia; CI, 
confidence interval; cyto, cytokine; MD, myelodysplasia; MDS, myelodysplastic syndromes; mut, mutation; NE, not evaluable; NOS, not otherwise 
specified; rec, recurrent; rel, related.
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venetoclax, ELN risk category is not an effective predictor of 
patient outcome.32

A limitation of this study includes the open-label design, 
which has the potential to introduce bias to investigators 
and patients. The design should not have affected the PK 
and efficacy results, however, because all patients received 
a pharmacokinetically equivalent form of decitabine and PK 
assessments were the same.

In conclusion, this study met its primary objective to 
demonstrate pharmacologic equivalence between DEC-IV 
and oral decitabine in patients with AML. Clinical safety 
and efficacy were consistent with those reported for DEC-IV. 
Oral DEC-C enables home-based therapy, and thus may re-
duce treatment burden and improve adherence, which would 
be of particular value in older patients.
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T A B L E  5   Most common TEAEs.a

Patients, n (%)
Efficacy 
set (n = 87)

Oral DEC-C 
(n = 80)

≥1 TEAE regardless of relation to treatmentb 86 (99) 80 (100)
Thrombocytopenia 50 (58) 47 (59)
Anaemia 45 (52) 44 (55)
Neutropenia 28 (32) 28 (35)
Febrile neutropenia 26 (30) 25 (31)
Asthenia 22 (25) 22 (28)
Pneumonia 22 (25) 19 (24)
Pyrexia 19 (22) 19 (24)
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≥1 TEAE 60 (69) 57 (71)
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aTreatment-emergent adverse events (TEAEs) were coded using Medical Dictionary 
for Regulatory Activities Version 22.0 and are listed in descending order of 
incidence in oral decitabine/cedazuridine (DEC-C) population.
bEvents occurring in ≥15% of patients.
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