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Abstract

Venetoclax-azacitidine is approved for treatment of patients with newly diagnosed

acute myeloid leukemia (AML) ineligible for intensive chemotherapy based on the

interim overall survival (OS) analysis of the VIALE-A study (NCT02993523). Here,

long-term follow-up is presented to address survival benefit and long-term out-

comes with venetoclax-azacitidine. Patients with newly diagnosed AML who were

ineligible for intensive chemotherapy were randomized 2:1 to receive venetoclax-

azacitidine or placebo-azacitidine. OS was the primary endpoint; complete remis-

sion with/without blood count recovery (CR/CRi) was a key secondary endpoint.

This final analysis was conducted when 100% of the predefined 360 OS events

occurred. In VIALE-A, 431 patients were enrolled to venetoclax-azacitidine

(n = 286) or placebo-azacitidine (n = 145). At 43.2 months median follow-up,

median OS was 14.7 months (95% confidence interval [CI], 12.1–18.7) with

venetoclax-azacitidine, and 9.6 months (95% CI, 7.4–12.7) with placebo-azacitidine

(hazard ratio, 0.58 [95% CI, 0.47–0.72], p < .001); the estimated 24-month OS rate

was 37.5% and 16.9%, respectively. Median OS for patients with IDH1/2 mutations

and those with measurable residual disease responses was reached in this final

analysis. CR/CRi rate was similar to interim analysis. Any-grade hematologic and

gastrointestinal adverse events were most common in venetoclax-azacitidine and

placebo-azacitidine arms, including thrombocytopenia (47% and 42%) and neutro-

penia (43% and 29%). No new safety signals were identified. Long-term efficacy
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and safety confirm venetoclax-azacitidine is an improvement in standard-of-care

for patients with AML who are not eligible for intensive chemotherapy because of

advanced age or comorbidities.

1 | INTRODUCTION

Acute myeloid leukemia (AML) is a heterogenous neoplasm character-

ized by proliferation of immature myeloid cells in bone marrow and

peripheral blood, leading to failure of normal hematopoiesis.1 AML is

the most common acute leukemia in adults, with a median age at diag-

nosis of 68 years. Estimated 5-year survival differs significantly by age

and is <10% for patients older than 60 years and �50% for younger

patients.2,3 Intensive chemotherapy remains standard-of-care for

induction-eligible patients with newly diagnosed AML, often followed

with allogeneic stem cell transplantation (SCT) with curative intent.

However, older patients and patients with comorbidities are often

inappropriate for this intensive approach, leaving an unmet need for

novel AML treatments.

In 2018, the BCL-2 inhibitor, venetoclax, in combination with

azacitidine was approved in many regions globally for use in

patients with newly diagnosed AML aged ≥75 years or ineligible for

intensive chemotherapy, based on results from a phase 1b study.

The confirmatory phase 3 study, VIALE-A, met its primary endpoint

of improved overall survival (OS) with venetoclax-azacitidine versus

placebo-azacitidine at the primary analysis, conducted when 75% of

the preplanned OS events were reached. At 20.5 months median

follow-up at primary analysis, median OS was 14.7 months (95%

confidence interval [CI], 11.9–18.7) for venetoclax-azacitidine ver-

sus 9.6 months (95% CI, 7.4–12.7) for placebo-azacitidine (hazard

ratio [HR], 0.66 [95% CI, 0.52–0.85], p < .001).4 The complete

remission (CR) rate was higher with venetoclax-azacitidine versus

placebo-azacitidine (36.7% vs. 17.9%; p < .001), as was the compos-

ite CR (CR or CR with incomplete count recovery [CR/CRi]) rate

(66.4% vs. 28.3%; p < .001). Here, long-term efficacy and safety are

reported in patients in VIALE-A at a median follow-up of

43.2 months, with the study having reached 100% of the pre-

planned OS events. Additionally, analyses of factors associated with

durable responses and characteristics of long-term management of

venetoclax-azacitidine-treated patients are reported.

2 | METHODS

2.1 | Patients and study design

Detailed procedures for the multicenter, phase 3, randomized,

placebo-controlled, double-blind VIALE-A trial (NCT02993523) were

previously described.4 Patients were aged ≥18 years with previously

untreated AML based on the 2016 World Health Organization cri-

teria5 and were considered ineligible for standard induction therapy

(aged ≥75 years or with comorbid condition precluding treatment with

intensive chemotherapy), with Eastern Cooperative Oncology Group

performance status 0–2 for patients aged ≥75 years, or 0–3 for

patients aged ≥18 to 74 years. Patients could not have received previ-

ous treatment for myelodysplastic syndrome with venetoclax, a hypo-

methylating agent, or chemotherapy, nor could they have favorable-

risk cytogenetics per NCCN 2016 guidelines. The trial was conducted

in accordance with the Declaration of Helsinki and Good Clinical Prac-

tice guidelines of the International Council for Harmonization. The

protocol was approved by regional review boards and/or ethics com-

mittees. All patients provided written informed consent.

Patients were randomized 2:1 to receive venetoclax-azacitidine

or placebo-azacitidine. Venetoclax or placebo was administered orally

once daily, starting with a dose ramp-up in cycle 1 (100 mg Day 1;

200 mg Day 2; 400 mg Days 3–28) and continuing at 400 mg daily

for subsequent cycles. In both study arms, patients received intrave-

nous or subcutaneous azacitidine at 75 mg/m2 on Days 1–7 of each

28-day cycle. Venetoclax dose interruptions were allowed between

cycles to allow for blood count recovery and to mitigate cytopenia;

dose modifications were implemented to accommodate use of pro-

phylactic anti-infective agents.

2.2 | Endpoints and assessments

The primary endpoint was OS, calculated as the number of days from

randomization to death from any cause. Key secondary endpoints

were rates of CR, CR/CRi, and CR with/without partial hematologic

recovery (CR/CRh); OS and CR/CRi in prespecified (IDH1/2 or FLT3

mutations) subgroups; measurable residual disease (MRD) response

rate (<10�3 by flow cytometry) in patients who achieved CR/CRi;

post-baseline transfusion independence rate; and patient-reported

quality-of-life measures. MRD and disease assessments were per-

formed at the end of cycle 1 and every 3 cycles, thereafter. Disease

assessments were based on modified International Working Group

criteria and European LeukemiaNet (ELN) criteria6,7 A recovery

period of up to 2 weeks after bone marrow evaluation was permitted

to allow for improved blood counts for response assessments. Non-

CR/CRi responders were defined as patients who did not achieve CR

or CRi, including those with morphologic leukemia-free state or par-

tial remission. Assessment of quality-of-life was based on patient

questionnaires for Patient-Reported Outcomes Measurement Infor-

mation System (PROMIS) Cancer Fatigue SF 7a and European Orga-

nization for Research and Treatment of Cancer (EORTC) Core

Quality-of-Life (QLQ)-C30. Exploratory and post-hoc analyses

included investigation of factors associated with durable responses

and characteristics of long-term management of venetoclax in

patients with AML.
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Safety analyses included all patients who received ≥1 dose of azaciti-

dine or venetoclax. Adverse events (AEs) were graded based on National

Cancer Institute Common Terminology Criteria for AEs, version 4.03.8

2.3 | Statistical analysis

Clinical data cutoff for this final analysis was December 1, 2021. OS

was assessed on reaching 100% (n = 360) of the target number of

OS events, which provided 86.7% power to detect a statistically sig-

nificant difference in OS between the 2 treatment arms at α of 0.04.

OS distribution was estimated using Kaplan–Meier methodology. HRs

between treatment groups were estimated using Cox proportional-

hazards model stratified according to age and cytogenetic risk. The

composite response rate between treatment groups was compared

using the Cochran–Mantel–Haenszel test. All p values reported are

nominal p values.

3 | RESULTS

3.1 | Patients

In total, 433 patients were randomized, and 431 were included in the

intent-to-treat population (n = 286 venetoclax-azacitidine; n = 145

placebo-azacitidine; Figure S1).4 Baseline characteristics previously

described4 are presented by response subgroup (Table S1). The

median follow-up was 43.2 months (range, <0.1–53.4), and 21 patients

remained on treatment (n = 21 venetoclax-azacitidine; n = 0 placebo-

azacitidine; Figure S1). Three patients received SCT following treat-

ment, with none reported since the last analysis.4

3.2 | Updated efficacy analysis

Median OS remained 14.7 months versus 9.6 months for patients

treated with venetoclax-azacitidine versus placebo-azacitidine,

respectively (HR, 0.58 [95% CI, 0.47–0.72]; p < .001 [stratified log-

rank test]; Figure 1A), with improved HR over the 75% OS interim

analysis (HR, 0.66 [95% CI, 0.52–0.85]).4 Estimated 24-month OS

rates were 37.5% (95% CI, 31.8–43.3) with venetoclax-azacitidine

versus 16.9% (95% CI, 11.2–23.5) with placebo-azacitidine. Prespeci-

fied subgroup analyses included OS in patients with IDH1/2 or FLT3

mutations. Median OS for patients with FLT3 mutations was not sig-

nificantly different between the venetoclax-azacitidine and placebo-

azacitidine arms at the previous analysis4 or the current analysis. In

those with IDH1/2 mutations, median OS was reached at 19.9 months

(95% CI, 12.2–27.7) with venetoclax-azacitidine (n = 61) vs.

6.2 months (95% CI, 2.3–12.7) with placebo-azacitidine (n = 28; HR,

0.31 [95% CI, 0.19–0.52]; p < .001 [unstratified log-rank test];

Figure 1B). Among patients with IDH1 mutations, median OS was

10.2 months (95% CI, 2.3–25.1) and 2.2 months (95% CI, 1.1–5.6) in

the venetoclax-azacitidine arm (n = 23) and placebo-azacitidine arm

(n = 11), respectively (HR, 0.28 [95% CI, 0.12–0.66]; p = .002;

Figure S2A). In patients with IDH2 mutation, median OS was

27.5 months (95% CI, 16.4–36.9) and 13.0 months (95% CI, 3.8–14.9)

in the venetoclax-azacitidine arm (n = 40) and placebo-azacitidine

arm (n = 18), respectively (HR, 0.30 [95% CI, 0.16–0.57]; p < .001;

Figure S2B).

In additional subgroups analyzed, most treated with venetoclax-

azacitidine had continued OS benefit over those in the placebo-

azacitidine arm (Figure 2). In an exploratory multivariate analysis of

OS in the venetoclax-azacitidine arm, OS did not significantly vary by

baseline age (18–75 vs. ≥75 years), sex, ECOG performance status (<2

vs. ≥2), or AML status (de novo vs. secondary; Table S2). Patients with

poor cytogenetic risk score at baseline, however, had significantly

poorer OS relative to intermediate-risk patients (adjusted HR, 0.575

[95% CI, 0.44–0.76], p < .001). Median OS by MRD response was

reached at this long-term follow-up. In the venetoclax-azacitidine arm,

attainment of MRD response (MRD <10�3) was associated with lon-

ger median OS (34.2 months [95% CI, 27.7–44.0]) vs. no MRD

response (18.7 months [95% CI, 12.9–23.5]; Figure 1C).

CRs were observed in 111/286 patients (38.8% [95% CI,

33.1–44.7]) vs. 26/145 patients (17.9% [95% CI, 12.1–25.2]; p < .001)

with venetoclax-azacitidine and placebo-azacitidine, respectively

(Table S3). CR/CRi rates were 66.8% (191/286 [95% CI, 61.0–72.2])

vs. 29.0% (42/145 [95% CI, 21.7–37.1]; p < .001), with similar rates for

CR/CRh (Table S3). Median time to first CR/CRi was 1.3 months (range,

0.6–19.7) for venetoclax-azacitidine and 2.8 months (range, 0.8–26.8)

for placebo-azacitidine, consistent with the previous analysis.4 Sub-

group analyses for CR/CRi are presented in Figure S3. Median duration

of response (DOR) for CR was 22.1 months (95% CI, 16.7–27.0) for

venetoclax-azacitidine, and 13.4 months (95% CI, 10.3–15.1) for

placebo-azacitidine (Figure S4A); median DOR for CR/CRi was

18.2 months (95% CI, 13.6–23.1) and 10.7 months (95% CI, 5.0–15.1),

respectively (Figure S4B). Consistent with the interim analysis, rates of

transfusion independence were significantly higher in the venetoclax-

azacitidine arm (Table S4).4 Median durations of transfusion indepen-

dence were similar in both arms. Event-free survival was significantly

longer in the venetoclax-azacitidine arm (median 9.9 [95% CI, 8.4–11.8]

vs. 7.4 months [95% CI, 5.6–9.5]; HR, 0.58 [95% CI, 0.470–0.726];

p < 0.001; Figure S5), also consistent with previous analysis.4

Of those with CR/CRi responses and evaluable MRD, 69/165

patients (42%) in the venetoclax arm (Table S5) and 11/35 patients

(31%) in the control arm (Table S6) attained MRD responses per ELN

guidelines at any point during the study. Of the 69 patients who had

CR/CRi and MRD responses at any time in the venetoclax-azacitidine

arm, 17 (25%), had poor-risk cytogenetics and 18 (26%) had secondary

AML (Table S5). Of the 11 patients who had CR/CRi and MRD

responses at any time in the placebo-azacitidine arm, 2 (18%) had

poor-risk cytogenetics and 2 (18%) had secondary AML (Table S6). In

both arms, CR/CRi and MRD responses were achieved independent of

somatic mutations. In the venetoclax-azacitidine arm, 33% (21/64) of

patients who achieved CR/CRi with an MRD response had IDH1/2

mutations, 33% (15/45) had NPM1 mutations, 19% (10/52) had FLT3

mutations, and 13% (6/45) had TP53 mutations (Table S5). In the
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Ven + Aza MRD ≥10–3

Ven + Aza MRD <10–3

No. of events/ Survival estimate (%) Median OS, mo.
No. of patients at 24 mo. (95% CI) (95% CI) HR (95% CI)

Ven + Aza 222/286 (78%) 37.5 (31.8–43.3) 14.7 (12.1–18.7) 0.58 (0.465–0.723),
Pbo + Aza 138/145 (95%) 16.9 (11.2–23.5) 9.6 (7.4–12.7) p< .001*

No. of events/ Median OS, mo.
No. of patients (95% CI) HR (95% CI)

Ven + Aza 49/61 (80%) 19.9 (12.2–27.7) 0.314 (0.189–0.522),
Pbo + Aza 28/28 (100%) 6.2 (2.3–12.7) p< .001†

No. of events/ Median OS, mo. 
No. of patients (95% CI)

Ven + Aza MRD <10–3 43/69 (62%) 34.2 (27.7–44.0)
Ven + Aza MRD ≥10–3 76/96 (79%) 18.7 (12.9–23.5)
Pbo + Aza MRD <10–3 9/11 (82%) 25.0 (7.0–39.8)
Pbo + Aza MRD ≥10–3 23/24 (96%) 15.1 (7.4–26.1)
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All Patients

Patients With IDH1/2Mutations

Overall Survival by MRD Status

F IGURE 1 Overall survival in patients treated with venetoclax-azacitidine or placebo-azacitidine at median follow-up of 43.2 months. (A) All
patients. (B) Patient subgroups by IDH1/2 mutation status. (C) Patient subgroups by measurable residual disease (MRD) <10�3 or ≥10�3.
*Stratified log-rank nominal p value. †Unstratified log-rank nominal p value. Aza, azacitidine; CI, confidence interval; HR, hazard ratio; mo, month;
OS, overall survival; Pbo, placebo; Ven, venetoclax.
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placebo-azacitidine arm, 10% (1/10) of those who achieved CR/CRi with

an MRD response had IDH1/2 mutations, 25% (2/8) had NPM1 muta-

tions, 36% (4/11) had FLT3 mutations, and 0% (0/8) had TP53 mutations

(Table S6). Outcomes for patients in VIALE-A who achieved CR/CRi with

an MRD response have been described in detail previously.9

In an exploratory analysis of long-term survival, 98/191 patients

(51%) with CR/CRi in the venetoclax-azacitidine arm survived

≥2 years, and 55/191 (29%) survived ≥3 years. In the placebo-

azacitidine arm, 18/42 patients (43%) and 5/42 patients (12%) with

CR/CRi survived ≥2 and ≥3 years, respectively. In the venetoclax-

azacitidine arm, 38% (35/93) of responders who lived <2 years and

20% (20/98) of those who lived ≥2 years had poor-risk cytogenetics.

In the control arm, 33% (8/24) and 28% (5/18) of patients with

CR/CRi who survived <2 and ≥2 years, respectively, had poor-risk

cytogenetics (Table S1). Of responders who survived ≥2 years in the

venetoclax-azacitidine and placebo-azacitidine arms, 35% (29/82) and

7% (1/14) had IDH1/2 mutations, 11% (7/65) and 23% (3/13) had

FLT3 mutations, 20% (10/50) and 18% (2/11) had NPM1 mutations,

and 8% (4/50) and 0% (0/11) had TP53 mutations, respectively.

Of those who achieved CR/CRi, 100/191 patients (52%) and 31/42

patients (74%) in the venetoclax-azacitidine and placebo-azacitidine

arms, respectively, subsequently had progressive disease (PD) or mor-

phologic relapse (MR); 42/100 (42%) and 15/31 (48%) received a subse-

quent therapy (Table S7). Median time from PD/MR to initiation of

subsequent treatment was 28 days (range, 2–201) in the venetoclax-

azacitidine arm and 46 days (range, 5–473) in the placebo-azacitidine

arm. Two patients in the venetoclax-azacitidine arm and 3 patients in the

placebo-azacitidine arm received subsequent venetoclax. Among all

patients in the venetoclax-azacitidine arm, irrespective of initial response

to venetoclax, median OS from PD or confirmed MR or resistant disease

was 6.8 months (95% CI, 5.4–8.9), and median OS from initiation of sub-

sequent therapy was 6.2 months (95% CI, 3.9–8.5; Figure S6).

3.3 | Updated safety analysis

Safety analysis included 283 patients in the venetoclax-azacitidine

arm and 144 patients in the placebo-azacitidine arm. No new safety

All Patients
Sex

Female
Male

Age (Years)
18 to <65
65 to <75
<75
≥75

Baseline ECOG
Grade <2
Grade ≥2

Type of AML
De Novo
Secondary

Cytogenetic risk
Intermediate
Poor

Molecular Marker
FLT3
IDH1
IDH2
IDH1/2
TP53
NPM1

AML-MRC
Yes
No

Bone Marrow Blast Count
<30%
30% to <50%
≥50%

222/286 (77.6)

88/114 (77.2)
134/172 (77.9)

8/10 (80.0)
79/102 (77.5)
87/112 (77.7)
135/174 (77.6)

127/157 (80.9)
95/129 (73.6)

162/214 (75.7)
60/72 (83.3)

130/182 (71.4)
92/104 (88.5)

23/29 (79.3)
21/23 (91.3)
30/40 (75.0)
49/61 (80.3)
36/38 (94.7)
17/27 (63.0)

81/92 (88.0)
141/194 (72.7)

72/85 (84.7)
47/61 (77.0)

103/140 (73.6)

138/145 (95.2)

55/58 (94.8)
83/87 (95.4)

5/5 (100.0)
49/53 (92.5)
54/58 (93.1)
84/87 (96.6)

78/81 (96.3)
60/64 (93.8)

104/110 (94.5)
34/35 (97.1)

84/89 (94.4)
54/56 (96.4)

20/22 (90.9)
11/11 (100.0)
18/18 (100.0)
28/28 (100.0)
13/14 (92.9)
17/17 (100.0)

46/49 (93.9)
92/96 (95.8)

40/41 (97.6)
32/33 (97.0)
66/71 (93.0)

Ven + Aza
n/N (%)

Pbo + Aza
n/N (%)

0.57 (0.45–0.70)

0.58 (0.41–0.82)
0.56 (0.42–0.74)

0.61 (0.19–1.95)
0.69 (0.48–0.99)
0.68 (0.48–0.96)
0.50 (0.37–0.66)

0.52 (0.39–0.70)
0.61 (0.44–0.85)

0.56 (0.44–0.73)
0.58 ( 0.37–0.89)

0.49 (0.37–0.65)
0.73 (0.52–1.03)

0.65 (0.35–1.19)
0.28 (0.12–0.66)
0.30 (0.16–0.57)
0.31 (0.19–0.52)
0.76 (0.40–1.45)
0.52 (0.26–1.04)

0.72 (0.50–1.04)
0.51 (0.39–0.67)

0.60 (0.40–0.89)
0.53 (0.34–0.84)
0.56 (0.41–0.77)

HR (95% CI)
Ven + Aza vs. Pbo + Aza

0.1 10
Favor Ven + Aza Favor Pbo + Aza

1

F IGURE 2 Subgroup analysis of overall survival. AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; Aza, azacitidine;
ECOG, Eastern Cooperative Oncology Group; CI, confidence interval; HR, hazard ratio; Pbo, placebo; Ven, venetoclax.
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signals were identified at 43.2 months median follow-up (Table 1)

compared with the earlier analysis.4 Overall rates of treatment-

emergent AEs (TEAEs) were similar between treatment arms, with

higher rates of hematologic TEAEs in the venetoclax-azacitidine ver-

sus placebo-azacitidine arms, including grade ≥3 thrombocytopenia

(46% vs. 40%), neutropenia (43% vs. 29%), and febrile neutropenia

(43% vs. 19%; Table 1). With longer follow-up, 242 patients (86%) in

the venetoclax-azacitidine arm and 111 (77%) patients in the control

arm had serious TEAEs (Table S8). TEAEs led to treatment discontin-

uation in 85/283 (30%) and 32/144 (22%) patients in the

venetoclax-azacitidine and placebo-azacitidine arms, respectively

(Table S9). Overall, 360 patients died in the study from any reason,

including 222/286 in the venetoclax-azacitidine arm and 138/145 in

the placebo-azacitidine arm. TEAEs led to death in 71/283 patients

(25%) in the venetoclax-azacitidine arm and 31/144 patients (22%)

in the placebo-azacitidine arm (Table S10). Six patients died while in

CR/CRi, including 4 from infections (severe sepsis, septic shock,

pneumonia, and sepsis; all 4 had grade 3/4 neutropenia) and 2 from

other reasons (worsening of general condition and cardiovascular

event); all were in the venetoclax-azacitidine arm. Of those who died

from infections, venetoclax treatment duration was reduced to

21 days in 2 patients in CR and the other 2 in CRi remained at

28 days.

Quality-of-life assessments indicated no differences in fatigue

score between arms (p = .65; Table S11). Compared with those in the

placebo-azacitidine arm, patients in the venetoclax-azacitidine arm

experienced a trend toward longer time to deterioration in global

health score based on the EORTC QLQ-C30 questionnaire

(Table S12).

3.4 | Exploratory analysis of long-term treatment
in the venetoclax-azacitidine arm

Among patients in the venetoclax-azacitidine arm who achieved

CR/CRi as best response (191/282 [68%]), median number of treat-

ment cycles was 13 (range, 1–46), with 146/191 (76%) receiving

≥6 cycles (Figure 3). Median total treatment cycle duration in these

patients, defined as the start of a cycle until the start of the next cycle

(including dose holds), was 34 days (range, 23–210), and median vene-

toclax dosing duration was 21 days (range, 1–42) per cycle. Beginning

on or after cycle 6, 101/146 (69%) CR/CRi responders had a median

dosing duration between 15 and 21 days, and 10/146 (7%) had a

median dosing duration <15 days.

Of these responders who received ≥6 cycles of therapy in the

venetoclax-azacitidine arm, 115/146 (79%) had ≥1 event of grade ≥3

TABLE 1 Treatment-emergent
adverse events of any grade in ≥20% or
at grade ≥3 in ≥5% of patients in
either arm.

Adverse event, no. (%)

Venetoclax-azacitidine (N = 283) Placebo-azacitidine (N = 144)

Any grade Grade ≥3 Any grade Grade ≥3

All adverse events 283 (100) 279 (99) 144 (100) 139 (97)

Hematologic adverse events 240 (85) 236 (83) 101 (70) 99 (69)

Thrombocytopenia 134 (47) 130 (46) 60 (42) 57 (40)

Febrile neutropenia 121 (43) 121 (43) 27 (19) 27 (19)

Neutropenia 121 (43) 121 (43) 42 (29) 41 (29)

Anemia 87 (31) 80 (28) 33 (23) 32 (22)

Leukopenia 58 (21) 58 (21) 20 (14) 17 (12)

Non-hematologic adverse events

Diarrhea 128 (45) 13 (5) 49 (34) 4 (3)

Nausea 126 (45) 5 (2) 53 (37) 1 (1)

Constipation 124 (44) 4 (1) 57 (40) 2 (1)

Hypokalemia 84 (30) 33 (12) 43 (30) 16 (11)

Vomiting 85 (30) 6 (2) 34 (24) 1 (1)

Decreased appetite 79 (28) 14 (5) 27 (19) 3 (2)

Pyrexia 75 (27) 6 (2) 33 (23) 2 (1)

Peripheral edema 70 (25) 1 (<1) 27 (19) 0

Fatigue 62 (22) 10 (4) 25 (17) 2 (1)

Hypophosphatemia 36 (13) 22 (8) 17 (12) 11 (8)

Hypertension 30 (11) 21 (7) 12 (8) 6 (4)

Infections 245 (87) 189 (67) 101 (70) 78 (54)

Pneumonia 74 (26) 66 (23) 43 (30) 40 (28)

Urinary tract infection 32 (11) 15 (5) 10 (7) 8 (6)

Sepsis 22 (8) 21 (7) 13 (9) 13 (9)

Lung infection 21 (7) 15 (5) 4 (3) 3 (2)
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neutropenia. The median duration of delays between cycles in these

patients ranged from 8 to 19 days. At cycle 6, median duration of

any-grade neutropenia among responders in the venetoclax-

azacitidine arm (n = 59) was 29 days, and median duration remained

similar across cycles thereafter. Median neutrophil counts for patients

with available data generally trended upwards with each cycle

(Figure S7). Eighty-one patients (55%) had ≥1 event of grade ≥3

thrombocytopenia, 101 (69%) experienced a grade ≥3 infection, and

16 (11%) experienced a grade ≥3 hemorrhage event.

4 | DISCUSSION

Long-term follow-up of the VIALE-A trial continues to demonstrate a

favorable risk–benefit profile for venetoclax-azacitidine in patients

with untreated AML who are ineligible for intensive chemotherapy

due to older age or comorbid conditions. Following approximately

2 years of additional median follow-up, at a median of 43.2 months,

longer median OS (14.7 vs. 9.6 months), reduced risk of death (HR,

0.58, p < .001), and higher CR/CRi rates (67% vs. 29%) were seen in

the venetoclax-azacitidine arm compared with placebo-azacitidine,

consistent with the interim analysis of this study.4 In addition, longer

follow-up resulted in increased median DOR for CR/CRi (18.2

vs. 17.5 months) in the venetoclax-azacitidine arm and decreased

median DOR for CR/CRi (10.7 vs. 13.4 months) in the placebo-

azacitidine arm versus interim analysis.4 These findings indicate sus-

tained benefit of venetoclax-azacitidine with additional follow-up in

the current analysis.

Analysis of baseline characteristics associated with response,

MRD outcomes, and survival indicated that venetoclax-azacitidine

provides continued benefit over azacitidine across patient subpopula-

tions. A higher proportion of patients with poor-risk cytogenetics

(25% vs. 18%), IDH1/2 (33% vs. 10%), NPM1 (33% vs. 25%), or TP53

(13% vs. 0%) mutations achieved MRD responses in the venetoclax-

azacitidine versus placebo-azacitidine arms, respectively. Attainment

of MRD response in the venetoclax arm was associated with longer

survival compared with persistently MRD-positive patients with

CR/CRi (median OS of 34 vs. 19 months), supporting previous evi-

dence indicating that MRD response is associated with better out-

comes, even with non-cytotoxic therapy.9–11 In a previous analysis,

patients achieving MRD response after one treatment cycle and

patients reporting MRD response thereafter demonstrated similarly

high OS rates (88% vs. 96% at 12 months and 82% vs. 86% at

18 months, respectively), with no further advantage provided by ear-

lier MRD responses.9 Long-term survival (≥2 years) was observed with

venetoclax-azacitidine in patients with IDH1/2 mutations, NPM1

mutations, MRD response regardless of underlying genomics, and in

poor cytogenetic risk groups (Table S1, Figure 1), indicating that

Number of CR/CRi
responders who received 
cycles of treatment

Responders who had a median
Ven dosing duration of ≤21 days

on and after cycle 6

Responders who
had end of cycle

dose holds ≥1 day

Median time from day 1 of cycle to day 1 of next cycle:
34 days (range, 23–210)

IQR: 28, 42

On venetoclax No venetoclax due
to reduced duration

Delay between
cycles

Median duration of venetoclax dosing:
21 days (range, 1–42)

IQR: 21, 21

Median duration of dose hold:
14 days (range, 1–189)

IQR: 7, 21

Ven + Aza (N = 282)

191 (68)

13 (1–46)

146/191 (76)

Patients who achieved CR/CRi as best response, no. (%)

Median no. of cycles (range)

Responders who had ≥6 cycles, no./No. (%)

76.4%
146/191

76.0%
111/146

91.1%
133/146

F IGURE 3 Treatment duration and dosing schedule among patients who achieved complete remission with or without blood count recovery
(CR/CRi). Aza, azacitidine; IQR, interquartile range; Ven, venetoclax.
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venetoclax-azacitidine is beneficial in subgroups of patients with

poorer outcomes to conventional therapies.12 Both patients with

IDH1 and IDH2 mutations experienced improved OS when treated

with venetoclax-azacitidine compared with azacitidine (HR, 0.28 and

0.30, respectively; Figure S2). IDH2 mutation was associated with lon-

ger OS than IDH1 in both treatment arms, which aligns with a previ-

ously reported analysis.13 Detailed analyses of outcomes based on the

presence of key mutations or MRD response in patients treated with

venetoclax-azacitidine have been recently published9,13–15 and are

supported by these long-term findings.

Poor-risk cytogenetics and TP53mutations are particularly associ-

ated with poor outcomes to conventional therapies.12,16 A previous

combined analysis of VIALE-A and a phase 1b study evaluating

venetoclax-azacitidine indicated that TP53 mutations are a primary

driver of inferior OS outcomes in patients with poor-risk cytogenetics

treated with venetoclax-azacitidine. In the current analysis, few

patients with TP53 mutations (irrespective of cytogenetic risk) sur-

vived for ≥2 years (8%; n = 4), indicating better therapies are still

needed for this resistant genomic subgroup. Additional data are

required to further understand the impact of venetoclax-azacitidine

across the spectrum of mutational and cytogenetic subgroups, which

will be the subject of future analyses.

No new safety signals were identified for venetoclax-azacitidine

or placebo-azacitidine compared with interim analysis, and the safety

profile was consistent with known toxicities for both agents.4 With

longer follow-up and longer duration of treatment, grade ≥3 TEAEs at

any time on study were slightly higher (Table 1) than earlier analysis.4

Hematologic TEAEs were common in both arms, with thrombocytope-

nia, neutropenia, and febrile neutropenia being the most frequently

observed grade ≥3 TEAEs. There were 4 deaths in remission due to

infectious complications in the venetoclax-azacitidine arm in patients

with high-grade neutropenia, with 2 having no reduction in venetoclax

duration. Previous analysis suggests granulocyte colony-stimulating

factor used per institutional practice following blast clearance can

reduce duration of neutropenia without negatively impacting remis-

sion duration or OS with venetoclax-azacitidine.17

The VIALE-A study protocol recommended dose schedule modifi-

cations following achievement of CR/CRi to manage hematologic

AEs.4,18 These modifications could include a delay in the initiation of

next cycle, reduction in the number of venetoclax dosing days per

cycle, or a combination of both scenarios (Figure 3). In this analysis,

most patients who achieved CR/CRi received ≥6 cycles (median

13 cycles) of treatment and had venetoclax duration modifications to

allow for hematologic recovery. Although almost half of the patients

in the venetoclax-azacitidine arm experienced grade ≥3 neutropenia,

both nadir and median absolute neutrophil count levels generally

increased by cycle over the course of treatment, suggesting a trend

toward improved blood counts in later cycles. Most patients in remis-

sion who remained on ≥6 cycles of treatment had a median veneto-

clax dosing duration of 21 days or shorter per cycle; these findings

highlight the importance of recommended dose modifications to man-

age cytopenias while on venetoclax-azacitidine therapy. Notably, a

previous post-hoc analysis of VIALE-A indicated that venetoclax dos-

ing modifications did not adversely affect survival outcomes.18 Bone

marrow assessments of response at end of cycle 1 and in early cycles

of venetoclax-azacitidine therapy could inform response status and

allow for implementation of effective management of persistent cyto-

penias by venetoclax dose schedule modifications.18

In summary, long-term VIALE-A data demonstrate that

venetoclax-azacitidine continues to show significant improvement in

OS compared to azacitidine and maintain remission in older patients

and patients who are otherwise ineligible for intensive chemotherapy.

The study also identified shared characteristics among long-term

responders and provides guidance on key aspects of managing AML

patients receiving this regimen. Venetoclax-azacitidine helps address

the need for effective therapy in these patients who otherwise have

few treatment options.
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