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Abstract

Objectives Using individual patient-level data from the phase 3 VIALE-A trial, this study assessed the cost-effectiveness
of venetoclax in combination with azacitidine compared with azacitidine monotherapy for patients newly diagnosed with
acute myeloid leukemia (AML) who are ineligible for intensive chemotherapy, from a United States (US) third-party payer
perspective.

Methods A partitioned survival model with a 28-day cycle and three health states (event-free survival (EFS), progressive/
relapsed disease, and death) was developed to estimate costs and effectiveness of venetoclax + azacitidine versus azacitidine
over a lifetime (25-year) horizon. Efficacy inputs (overall survival (OS), EFS, and complete remission (CR)/CR with incom-
plete marrow recovery (CRi) rate) were estimated using VIALE-A data. Best-fit parametric models per Akaike Information
Criterion were used to extrapolate OS until reaching EFS and extrapolate EFS until Year 5. Within EFS, the time spent in
CR/CRi was estimated by applying the CR/CRIi rate to the EFS curve. Past Year 5, patients still in EFS were considered
cured and to have the same mortality as the US general population. Mean time on treatment (ToT) for both regimens was
based on the time observed in VIALE-A. Costs of drug acquisition, drug administration (initial and subsequent treatments),
subsequent stem cell transplant procedures, adverse events (AEs), and healthcare resource utilization (HRU) associated with
health states were obtained from the literature/public data and inflated to 2021 US dollars. Health state utilities were estimated
using EuroQol-5 dimension-5 level data from VIALE-A; AE disutilities were obtained from the literature. Incremental cost-
effectiveness ratios (ICERs) per life-year (LY) and quality-adjusted life-year (QALY) gained were estimated. Deterministic
sensitivity analyses (DSA), scenario analyses, and probabilistic sensitivity analyses (PSA) were also performed.

Results Over a lifetime horizon, venetoclax + azacitidine versus azacitidine led to gains of 1.89 LYs (2.99 vs. 1.10, respec-
tively) and 1.45 QALYs (2.30 vs. 0.84, respectively). Patients receiving venetoclax + azacitidine incurred higher total lifetime
costs ($250,486 vs. $110,034 (azacitidine)). The ICERs for venetoclax + azacitidine versus azacitidine were estimated at
$74,141 per LY and $96,579 per QALY gained. Results from the DSA and scenario analyses supported the base-case findings,
with ICERs ranging from $60,718 to $138,554 per QALY gained. The results were most sensitive to varying the parameters
for the venetoclax + azacitidine base-case EFS parametric function (Gompertz), followed by alternative approaches for ToT
estimation, treatment costs of venetoclax + azacitidine, standard mortality rate value and ToT estimation, alternative sources
to inform HRU, different cure modeling assumptions, and the parameters for the venetoclax + azacitidine base-case OS
parametric function (log-normal). Results from the PSA showed that, compared with azacitidine, venetoclax + azacitidine
was cost-effective in 99.9% of cases at a willingness-to-pay threshold of $150,000 per QALY.

Conclusions This analysis suggests that venetoclax + azacitidine offers a cost-effective strategy in the treatment of patients
with newly diagnosed AML who are ineligible for intensive chemotherapy from a US third-party payer perspective.

Trial Registration ClinicalTrials.gov, NCT02993523. Date of registration: 15 December 2016.
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Key Points for Decision Makers

In a cost-effectiveness analysis of venetoclax + aza-
citidine versus azacitidine alone for patients newly
diagnosed with acute myeloid leukemia (AML) who

are ineligible for intensive chemotherapy, venetoclax +
azacitidine was associated with gains of 1.89 life-years
(LYs) and 1.45 quality-adjusted life-years (QALYs) over
azacitidine.

The incremental cost-effectiveness ratios for venetoclax
+ azacitidine versus azacitidine were $74,141 per LY
and $96,579 per QALY gained, lower than the common
willingness-to-pay threshold of $150,000/QALY in the
USA.

This analysis suggests that venetoclax + azacitidine is a
cost-effective treatment for patients with newly diag-
nosed AML who are ineligible for intensive chemother-
apy from a US third-party payer perspective.

1 Introduction

Acute myeloid leukemia (AML) is a blood cancer character-
ized by the proliferation of immature cells in the bone mar-
row and blood and, subsequently, the impairment of normal
blood cell production [1]. An estimated 20,240 new cases
of AML and 11,400 AML-related deaths occurred in the
United States of America (USA) in 2021 [2]. The overall
incidence of AML, estimated at 4.3 per 100,000 persons per
year in the USA, increases with age, with a median age at
diagnosis of 68 years [2].

The initial treatment for newly diagnosed AML (ND-
AML) consists primarily of high-intensity induction chemo
therapy, followed by hematopoietic stem cell transplanta-
tion (HSCT) for those eligible [3, 4]. However, over half
of patients are clinically unfit for this approach, particu-
larly elderly patients with comorbidities, poorer health
status, and other adverse prognostic risk factors [5-7].
Alternative treatment options are limited to less intensive
regimens such as hypomethylating agents (HMAs; e.g., aza-
citidine) [4], although HMAs have not demonstrated high
response rates (remission rates: ~ 20-30%) or significant
improvement in survival compared with best supportive
care or low-dose cytarabine [7-10]. As a result, patients
with AML ineligible for intensive chemotherapy experi-
ence poorer clinical outcomes, with a median survival
of less than 1 year and an estimated 5-year survival rate
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below 10% [10-12]. Thus, there exists a substantial unmet
need for innovative treatments for this patient population.

Venetoclax is a selective small-molecule B-cell lym-
phoma 2 inhibitor that causes apoptosis in leukemic cells
and slows disease progression [13]. In October 2020,
the US Food and Drug Administration (FDA) gave full
approval of venetoclax in combination with azacitidine
for adults with ND-AML aged > 75 years or who have
comorbidities that preclude the use of intensive induction
chemotherapy [14], based on the results of the phase 3,
placebo-controlled, international VIALE-A trial (Clinical-
Trials.gov identifier: NCT02993523) [15]. In VIALE-A,
previously untreated patients with AML ineligible for
induction therapy were randomized to venetoclax + aza-
citidine (n = 286) or azacitidine + placebo (n = 145); both
groups had a mean age of 75 years and 60% of patients
were male. At a median follow-up of 20.5 months, vene-
toclax + azacitidine demonstrated significant clinical ben-
efits over azacitidine + placebo in terms of overall survival
(OS; median: 14.7 vs. 9.6 months, respectively), complete
remission (CR; 36.7 vs. 17.9%, respectively), and com-
posite CR (CR or CR with incomplete marrow recovery
(CRi); 66.4 vs. 28.3%, respectively) (all p < 0.001) [15].

While the efficacy of venetoclax + azacitidine has been
demonstrated in VIALE-A, to date, only one study has
examined its cost-effectiveness over a lifetime horizon in
the USA. Using aggregated published data from VIALE-A
[15], that study predicted an incremental quality-adjusted
life-year (QALY) of 0.61 for venetoclax + azacitidine
versus azacitidine, and an incremental cost-effectiveness
ratio (ICER) of $260,343 per QALY gained [16]. At a
willingness-to-pay (WTP) threshold of $150,000 per
QALY, the study concluded that venetoclax + azacitidine
was not cost-effective for patients with ND-AML unfit for
intensive chemotherapy in the USA. However, the analysis
was limited by the use of published aggregate data from
VIALE-A, whereas individual patient-level data (IPD)
would best inform the appropriate modeling approaches
and assumptions on long-term efficacy. In addition, the
cure assumption, commonly used in prior AML economic
evaluations to inform the long-term data extrapolation
[17-19], was not adopted. Furthermore, these results were
based on reconstructed survival data from the literature,
which may be less accurate than using patient-level data.

To address these limitations, the current study used IPD
from VIALE-A to assess the cost-effectiveness of vene-
toclax + azacitidine versus azacitidine for patients with
ND-AML who are ineligible for intensive chemotherapy,
from a US third-party payer perspective.
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2 Methods
2.1 Model Overview

A three-state partitioned survival model (PSM) was con-
structed in Microsoft Excel to assess the cost-effectiveness
of venetoclax + azacitidine versus azacitidine among
patients with ND-AML ineligible for intensive chemo-
therapy. The model was conducted from the US third-party
payer’s perspective and only direct costs were included. The
base-case analysis considered a lifetime horizon (25 years)
with costs and effectiveness discounted 3.0% annually. A
28-day cycle length was used.

In the PSM, patients transit between three mutually exclu-
sive health states: (1) event-free survival (EFS), (2) progres-
sive disease/relapse (PD/RL), and (3) death (Fig. 1). EFS
was defined as a state without any of the following: disease
progression, relapse from CR/CRi, treatment failure, or
death from any cause. The proportion of patients in the EFS
health state was defined by the EFS curve of each treatment.
Within EFS, a proportion of time was assumed to be spent
in CR/CRi, estimated by applying the CR/CRIi rate to the
EFS curve. PD/RL was the state after disease progression,
relapse from CR/CRi, or treatment failure. The proportion
of patients in the PD/RL health state was set to be equal
to the difference between the proportion of living patients
(based on the OS curve) and the EFS curve. Death was the
absorbing state.

2.2 Model Assumptions

In the base case, the model assumed for both treatments
that patients who remained in EFS at Year 5 became long-
term survivors of AML. After Year 5, these patients were
assumed to follow the natural mortality rate of the US gen-
eral population and to incur the health state costs and utility

EFS
CR/CRi | No CR/CRIi

Fig. 1 Model structure. CR complete remission, CRi complete remis-
sion with incomplete marrow recovery, EFS event-free survival,
PD/RL progressive disease/relapse

inputs of long-term survivors (assumed equal to the inputs
for patients in EFS with CR/CRi state). Year 5 was selected
to be a conservative assumption cure point in the base case.
The EFS curve of venetoclax + azacitidine after 2 years
from VIALE-A plateaus, and all patients who remained in
EFS beyond 2 years were in CR/CRi [Online Supplemental
Material (OSM) Fig. 1]. In addition, a cure point between 2
and 5 years had been cited as the most clinically plausible
scenario by clinical experts in existing technology assess-
ments on cost-effectiveness in AML [17-19]. Furthermore,
within EFS until Year 5, the model assumed a constant pro-
portion of patients achieving CR/CRIi. Given that all patients
on venetoclax + azactidine who remained in EFS beyond
2 years were in CR/CRI, this assumption is considered
conservative.

Costs of grade 3/4 adverse events (AEs) that affected
> 5% patients in any treatment arm were considered in
the model. The costs of subsequent pharmacological treat-
ments were considered for patients in the PD/RL state who
received subsequent treatments in each arm. Costs of sub-
sequent HSCT were applied to the proportion of patients
who received subsequent HSCT. The effectiveness of subse-
quent HSCT and subsequent pharmacological treatments on
OS were assumed to be reflected in the trial results because
these treatments were allowed in VIALE-A after discon-
tinuing initial treatment. Patients were assumed to incur
costs related to routine monitoring, regular check-ups, and
other medical resource use (hospitalizations, blood transfu-
sions), independent of treatments received and specific to
each health state. All patients incurred terminal-care costs
before death.

Health state utility values were assumed to be dependent
on health states and independent of treatment arm. Grade 3/4
AESs and subsequent HSCT were assumed to reduce utility
among affected patients.

2.3 Model Inputs
The key model inputs are presented in Table 1.
2.3.1 Efficacy Inputs

Efficacy inputs for venetoclax + azacitidine and azacitidine,
including OS, EFS, and CR/CRi rates, were based on IPD
from VIALE-A (data cut-off: 4 January 2020; data on file,
Genentech, Inc.). The observed OS and EFS data for each
treatment were fit to six parametric functions: exponential,
Weibull, Gompertz, log-normal, log-logistic, and general-
ized gamma.

In the base-case analysis, parametric function was selected
to predict OS and EFS until Year 5 for both treatments because
it has the lowest Akaike Information Criterion (AIC) value
and demonstrates a good fit with the observed curves based on
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Table 1 Key model inputs

Model input

Value

Sources

Efficacy
OS for venetoclax + azacitidine and azacitidine

EFS for venetoclax + azacitidine and azaciti-
dine

CR/CRIi rate

Initial treatment costs

Acquisition and administration cost per cycle
for venetoclax + azacitidine

Acquisition and administration cost per cycle
for azacitidine

Mean treatment duration for venetoclax +
azacitidine

Mean treatment duration for azacitidine
Total AE costs

Venetoclax + azacitidine

Azacitidine

Subsequent treatment cost

Total acquisition and administration cost for
azacitidine

Total acquisition and administration cost for
cytarabine

% of patients receiving subsequent azacitidine
in the venetoclax + azacitidine arm

% of patients receiving subsequent cytarabine
in the venetoclax + azacitidine arm

% of patients receiving subsequent azacitidine
in the azacitidine arm

% of patients receiving subsequent cytarabine
in the azacitidine arm

Subsequent HSCT cost
HSCT cost

% of patients receiving subsequent HSCT in the
venetoclax—azacitidine arm

% of patients receiving subsequent HSCT in the
azacitidine arm

Other medical costs
% of patients hospitalized in Cycle 1

Inpatient length of stay per cycle (subsequent
cycles) by health state

Number of red blood cell transfusions per cycle
by health state

Number of platelet transfusions per cycle by
health state

Log-normal function for venetoclax + azaciti-
dine and exponential for azacitidine until OS
curve reached the EFS curve

0-5 years: Gompertz function for venetoclax +
azacitidine and exponential for azacitidine

After 5 years: Assumed no further relapse/
progression and incurred the mortality rate of
the general US population

Venetoclax + azacitidine: 66.4%
Azacitidine: 28.3%

Cycle 1: $11,056.97
Subsequent cycles: $11,250.91

$4238.96

10.76 cycles

7.28 cycles

$25,115.79
$19,088.69

$18,933.25

$3802.92

1.7%
6.6%
6.2%

11.7%

$250,652.90
0.70%

0.69%

0% for venetoclax + azacitidine and azacitidine

EFS with CR/CRi: 0.19
EFS without CR/CRi: 0.61
PD/RL: 0.78

EFS with CR/CRi: 0.06
EFS without CR/CRi: 1.18
PD/RL: 1.78

EFS with CR/CRi: 0.05
EFS without CR/CRi: 1.21
PD/RL: 1.76

VIALE-A trial (data on file, Genentech, Inc.)

VIALE-A trial (data on file, Genentech, Inc.)
2018 US life table [20]

VIALE-A trial (data on file, Genentech, Inc.)

Red Book® Online [28]
CMS Physician Fee Schedule [29]
VIALE-A trial (data on file, Genentech, Inc.)

VIALE-A trial (data on file, Genentech, Inc.)

VIALE-A trial (data on file, Genentech, Inc.)
2016 HCUP [31]

Red Book® Online [28]

CMS Physician Fee Schedule [29]
DiNardo et al. (2019) [32]

Stahl et al. (2018) [33]

Red Book® Online [28]

CMS Physician Fee Schedule [29]
Kantarjian et al. (2012) [10]

VIALE-A trial (data on file, Genentech, Inc.)

Mau et al. (2019) [34]
VIALE-A trial (data on file, Genentech, Inc.)

Venetoclax prescribing information [35]

Bell et al. (2018) [36]
Hagiwara et al. (2018) [37]
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Table 1 (continued)

Model input Value

Sources

Monitoring costs per cycle by health state

PD/RL: $769.74

EFS with CR/CRi: $196.67
EFS without CR/CRi: $731.48

NCCN Clinical Practice Guidelines In
Oncology (NCCN Guidelines®) for Acute
myeloid leukemia V.3.2021 [6]

Azacitidine NICE TA399 [40]

2021 CMS Clinical Laboratory Fee Schedule
[41]

Saito et al. (2008) [38]

2021 CMS Hospital Outpatient Prospective
Payment Schedule [39]

Chastek et al. (2012) [42]

VIALE-A trial (data on file, Genentech, Inc.)

Wehler et al. (2018) [25]

Guadagnolo et al. (2006) [26]

Daily hospitalization cost $1822.15

Unit red blood cell transfusion cost $585.57

Unit platelet transfusion cost $546.98

Terminal care cost (one cycle) $15,868.30

Utilities by health state

EFS with CR/CRi 0.796

EFS without CR/CRi 0.787

PD/RL 0.723

Disutilities

Total AE disutility Venetoclax + azacitidine: — 0.008
Azacitidine: — 0.006

Subsequent HSCT - 0.30

Duration of disutility for subsequent HSCT 1 year

Assumption

Costs listed in 2021 US dollars

AE adverse event, CMS Centers for Medicare and Medicaid Services, CR complete remission, CRi complete remission with incomplete
marrow recovery, EFS event-free survival, HCUP Healthcare Cost and Utilization Project, HSCT hematopoietic stem cell transplantation,

NCCN National Comprehensive Cancer Network® (NCCN®), NICE National Institute for Health and Care Excellence, OS overall survival,

PD/RL progressive disease/relapse, US United States

visual inspection (OSM Figs. 2-5). Specifically, log-normal
(venetoclax + azacitidine OS), exponential (azacitidine OS),
Gompertz (venetoclax + azacitidine EFS), and exponential
(azacitidine EFS) distributions were used. At the end of Year
5, those who remained in EFS were assumed to be long-term
AML survivors (functionally cured), with survival estimated
based on the 2018 US life table [20]. The same mortality risk
was applied to azacitidine to be conservative. The use of long-
term AML survivors’ mortality rate reduced the uncertainty
associated with the long-term extrapolation of clinical trial
data. A similar approach has been employed in other cost-
effectiveness studies in AML [17-19], with a cure time point
between 2 and 5 years considered the most clinically plau-
sible scenario. Year 5 was selected as the conservative cure
assumption based on clinical inputs and literature [21-23] and
the Kaplan—Meier curve of venetoclax + azacitidine observed
from VIALE-A [15]. After Year 5, the best-fit parametric
function was still used to estimate OS for both arms, bounded
by the natural mortality based on the 2018 US life table [20],
until OS curves reached EFS curves.

2.3.2 Utility Inputs

In VIALE-A, EuroQol Group-5 Dimension-5 Level Instru-
ment (EQ-5D-5L) data were collected. The utility for each

health state was calculated using pooled EQ-5D-5L data
from both arms in VIALE-A based on the US crosswalk
preference-weights from van Hout et al. [24]. A linear
mixed-effects model was used to account for correlation
within patients' repeated assessments.

The disutility inputs associated with grade 3/4 AEs were
obtained from Wehler et al. [25], which summarized the AE
disutility values from AML literature (OSM Table 1). The
disutility associated with HSCT was 0.3 based on Guadag-
nolo et al. [26].

2.3.3 Cost Inputs

The cost inputs were from US public databases or the best
data available in the literature. They were reported in or
inflated to 2021 US dollars based on the Personal Consump-
tion Expenditure Price Index for healthcare from the US
Bureau of Economic Analysis [27].

Unit drug costs were obtained from Red Book® [28] and
unit administration costs were obtained from the 2021 Cent-
ers for Medicare and Medicaid Services (CMS) Physician
Fee Schedule [29]. The dosing schedule, dose intensity,
administration route, administration frequencies, and treat-
ment duration for venetoclax + azacitidine and azacitidine
were obtained from VIALE-A. Dose intensity was applied to
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the drug acquisition costs and was calculated as the ratio of
actual dose (obtained from trial observations that reflected
any dose reduction, interruption, or hold) and full expected
dose (based on the VIALE-A dosing schedule) for each
treatment. The average treatment duration was considered
for both treatments to capture the duration of treatment use
accordant with both the clinical trial observation and the
efficacy data. In VIALE-A, patients may not have discontin-
ued treatments at the end of follow-up. However, the phase
1b study of venetoclax + azacitidine in the same population
had a longer follow-up than VIALE-A (29 vs. 20.5 months,
respectively), but patients had a similar mean treatment
duration to that of VIALE-A (10.4 vs. 9.9 months, respec-
tively) [30]. Such an approach has been used and accepted
in prior National Institute for Health and Care Excellence
(NICE) AML submissions [17, 19], thus was considered as
the base case. Vial sharing was not considered in the study.

The unit AE costs were obtained from the 2016 Health-
care Cost and Utilization Project (OSM Table 1) [31]. AE
rates for venetoclax + azacitidine and azacitidine were
obtained from VIALE-A. Unit drug and administration
costs for the subsequent pharmacological treatments were
obtained from Red Book® [28] and the 2021 CMS Physi-
cian Fee Schedule, respectively [29]. The dosing schedules
and treatment durations were obtained from the literature
[10, 32, 33].

The proportions of patients who received HSCT in the
two arms were obtained from VIALE-A. The costs of HSCT
(procedure and 1-year follow-up costs for patients with AML
aged > 65 years) were obtained from the literature [34].

Other medical costs for each health state included hospi-
talization, red blood cell and platelet transfusion, and other
monitoring costs. No mandatory hospitalization for vene-
toclax + azacitidine during the treatment initiation period
was assumed based on the venetoclax prescribing informa-
tion [35]. Healthcare resource utilization (HRU) related to
hospitalization during subsequent cycles and to transfusions
for each health state was derived from the literature [36, 37].
Daily hospitalization costs were obtained from the litera-
ture based on patients with hematologic malignancies [38].
Transfusion unit costs were obtained from the 2021 CMS
Hospital Outpatient Prospective Payment Schedule [39]. The
specific monitoring tests were based on the National Comp-
rehensive Cancer Network guideline for AML, including
complete blood count, chemistry panel, and bone marrow
aspirate and biopsy [6]. The frequencies of each test were
derived from the NICE TA399 of azacitidine during remis-
sion, stable disease, and PD states [40]. The cost of each test
was obtained from the 2021 CMS Clinical Laboratory Fee
Schedule [41]. Terminal care costs were derived from the
literature [27, 42].
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2.4 Model Outputs
2.4.1 Base-Case Analysis

Total costs were calculated separately for patients receiving
venetoclax + azacitidine or azacitidine as the sum of medi-
cal costs and the costs of initial treatment, AEs associated
with initial treatment, subsequent treatment, and subsequent
HSCT. Total life-years (LYs) and QALY's were aggregated
for each treatment arm across the modeled time horizon.
QALYs were estimated as the time spent in each state
weighted by the utility of each state. ICERs were calculated
as the total incremental costs per LY and QALY gained.

2.4.2 Deterministic Sensitivity Analyses (DSA) and Scenario
Analyses

To assess the robustness of the model results, DSAs were
conducted by varying one model input or assumption at a
time while holding other assumptions or parameters constant
(Table 2 describes the models and key inputs). In the sensi-
tivity analyses, CR/CRIi rates, parameters for EFS and OS
parametric functions for each arm, health state utilities, and
patient characteristics were varied by the 95% confidence
interval (CI), while drug and administration costs, AE costs
and disutilities, and medical costs associated with health
states were varied by + 25% from the base-case inputs.

In scenario analyses, scenarios included alternative para-
metric functions for EFS and OS, approaches for time-on-
treatment (ToT) estimation, sources for medical costs, hos-
pitalization and dose-reduction assumptions for venetoclax,
discount rates and time horizons, and modeling assumptions
for long-term extrapolation.

2.4.3 Probabilistic Sensitivity Analysis

Probabilistic sensitivity analyses (PSA) were conducted to
examine the probability of venetoclax + azacitidine being
cost-effective versus azacitidine when considering different
willingness-to-pay (WTP) thresholds. A Monte Carlo simu-
lation with 1000 iterations was conducted. In each iteration,
key efficacy, utility, patient characteristic, and cost inputs
were randomly drawn from the specified distribution and
varied simultaneously to inform the possible range of the
inputs (OSM Table 2). Correspondingly, QALYs, costs, and
ICERs were calculated in each iteration.
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Table 2 Key deterministic sensitivity analysis (DSA) and scenario analysis inputs

Parameter

Base-case input

DSA input

Efficacy

CR/CRi rates of venetoclax + azacitidine
CR/CRi rates of azacitidine

Utilities (upper utility limit capped at 1)
Health state utility — EFS with CR/CRi
Health state utility — EFS without CR/CRi
Health state utility — PD/RL

AE disutility of venetoclax + azacitidine
AE disutility of azacitidine

Treatment costs per cycle

Treatment cost of venetoclax + azacitidine

Treatment cost of azacitidine
Subsequent treatment costs

Subsequent treatment cost of venetoclax +
azacitidine

Subsequent treatment cost of azacitidine

Subsequent HSCT rates of venetoclax +
azacitidine

Subsequent HSCT rates of azacitidine

AE costs

AE costs of venetoclax + azacitidine

AE costs of azacitidine

Medical costs and terminal care costs per cycle
EFS with CR/CRi medical costs

EFS without CR/CRi medical costs

PD/RL medical costs
Terminal care cost

Patient characteristics

Age

Proportion of females

Body weight

BSA

Discount rate

Cost and effectiveness
Different modeling scenarios
Time horizon

Alternative initial treatment cost scenarios

ToT estimation

Dose intensity for venetoclax

Alternative medical cost scenarios

Data source for medical cost

Hospitalization for venetoclax + azacitidine
during ramp-up period

66.4%
28.3%

0.796
0.787
0.723
—0.008
—0.006

Cycle 1: $11,056.97
Subsequent cycles: $11,250.91

$4238.96

$583.64

$1621.03
0.70%

0.69%

$25,115.79
$19,088.69

Cycle 1: $256.43
Subsequent cycles: $599.20

Cycle 1: $2082.06
Subsequent cycles: $3192.06

$4199.73
$15,868.30

75.43
41%
73.84
1.81

3.0%

Lifetime

Mean observed treatment duration from
VIALE-A

Observed dose intensity from VIALE-A

Use HRU from Hagiwara et al. (2018) and
Bell et al. (2018) [36, 37]

0% patients are hospitalized based on the US
FDA label

95% C1 61.0-71.9%
95% CI1 20.9-35.6%

95% C10.774-0.818
95% C10.765-0.809
95% C10.694-0.752
+ 25% of base case
+ 25% of base case

+ 25% of base case

+ 25% of base case

+ 25% of base case

+ 25% of base case
+25% of base case

+ 25% of base case

+ 25% of base case
+ 25% of base case

+ 25% of base case
+ 25% of base case

+ 25% of base case
+ 25% of base case

95% CI 74.65-76.21
95% CI 33-46%
95% CI 71.10-76.58
95% CI 1.78-1.85

1.5 and 6.0%

10 years; 20 years

Use median ToT with exponential extrapolation
Use patient-level ToT data with best-fit para-
metric function per AIC

Consider dose reduction to 100 mg during the
first 3 cycles for venetoclax

Use HRU from NICE azacitidine submission
(TA399) [52]

Consider 100% hospitalization during ramp-up
venetoclax + azacitidine
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Table 2 (continued)

Parameter Base-case input

DSA input

Different modeling scenarios

OS/EFS estimation
ment arm

Alternative efficacy assumption
EFS extrapolation

Long-term survival

Alternative long-term survival and ToT
estimation

Best-fit parametric functions for each treat-

Parametric function for azacitidine OS and

SMR value of 1 and mean observed treatment
duration from VIALE-A

Use same parametric models for all treatments

Use the 95% ClIs of the parameter(s) for the
best-fit OS/EFS parametric function for each
treatment, respectively

Use HR adjusted curve instead of parametric
function for azacitidine OS and EFS extrapo-
lation

Consider long-term extrapolation applied to all
patients alive after Year 5

Consider long-term extrapolation applied to all
patients alive after Year 3

Consider long-term extrapolation applied to
EFS patients after Year 3

Use alternative SMR value of 2 (vs. 1) based on
NICE gilteritinib appraisal [19]

Use alternative SMR value of 2 and exponential
distribution to extrapolate ToT

Costs listed in 2021 US dollars

AE adverse event, AIC Akaike Information Criterion, BSA body surface area, CI confidence interval, CR complete remission, CRi complete
remission with incomplete marrow recovery, EFS event-free survival, FDA US Food and Drug Administration, HR hazard ratio, HRU healthcare
resource utilization, HSCT hematopoietic stem cell transplantation, NICE National Institute for Health and Care Excellence, OS overall survival,
PD/RL progressive disease/relapse, SMR standard mortality rate, 7oT time on treatment, US United States

3 Results
3.1 Base Case

Over a lifetime horizon (25 years), a patient with AML
receiving venetoclax + azacitidine was expected to incur
total costs of $250,486, compared with $110,034 if receiving
azacitidine (Table 3). For venetoclax + azacitidine, 48% of
the total costs ($119,555) were initial treatment costs and
41% ($103,512) were medical costs; the remaining 11% were
attributed to AEs ($25,116), subsequent HSCT ($1753), and
subsequent treatment ($550). For azacitidine, 28% of the
total costs ($30,654) were initial treatment costs and 52%
($56,977) were medical costs; the remaining 20% were
attributed to AEs ($19,089), subsequent HSCT ($1729), and
subsequent treatment ($1585).

In terms of effectiveness, venetoclax + azacitidine was
associated with 2.99 LYs and 2.30 QALYSs, while aza-
citidine was associated with 1.10 LYs and 0.84 QALYs.
Treatment with venetoclax + azacitidine was associated
with gains of 1.89 LYs and 1.45 QALYs over azacitidine
at an additional lifetime cost of $140,452, corresponding
to $74,141 and $96,579 in incremental costs per LY and
QALY gained, respectively.
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3.2 DSA and Scenario Analysis

In the DSA, the model’s results remained robust. Across
all scenarios evaluated, the ICER for venetoclax + azaciti-
dine versus azacitidine ranged from $60,718 to $138,554
per QALY gained. The top 30 drivers in the DSA are sum-
marized in Fig. 2. The model was most sensitive to vary-
ing the parameters for the venetoclax + azacitidine EFS
parametric function (Gompertz), followed by using ToT
IPD with best-fit parametric function, varying the treat-
ment costs of venetoclax + azacitidine, using alternative
standard mortality rate (SMR) values and exponential dis-
tribution to extrapolate ToT, an alternative HRU source
based on the azacitidine submission to NICE, different
long-term extrapolation assumptions applied to patients
alive after Years 3 and 5, and varying the parameters for
the venetoclax + azacitidine OS parametric function (log-
normal). The majority of scenarios had a minimal effect
on the ICER and none exceeded an ICER of $150,000 per
QALY.

3.3 Probabilistic Sensitivity Analysis

Across 1000 simulations, the estimated probability of
venetoclax + azacitidine being cost-effective compared
with azacitidine was 99.9% based on a WTP threshold of
$150,000 per QALY (Fig. 3).
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Table 3 Base-case results: cost-

; Venetoclax + Azacitidine Venetoclax +
effec}lyf;ness of veneto.cl.a)f + azacitidine azacitidine vs.
azacitidine versus azacitidine azacitidine

Costs $ $ $

Total costs 250,486 110,034 140,452

Initial treatment costs 119,555 30,654 88,902

Subsequent treatment costs 550 1585 — 1035

Subsequent HSCT costs 1753 1729 24

AE costs associated with initial treatment 25,116 19,089 6027

Medical costs 103,512 56,977 46,535
EFS with CR/CRi costs 9668 1569 8099
EFS without CR/CRIi costs 21,637 22,902 — 1264
Post-progression costs 57,772 17,152 40,619
Terminal care costs 14,435 15,354 - 920

Effectiveness

Total QALYs 2.30 0.84 1.45
QALYs: EFS with CR/CRi 0.98 0.16 0.82
QALYs: EFS without CR/CRi 0.55 0.46 0.09
QALYs: PD/RL 0.76 0.22 0.54

Total LYs 2.99 1.10 1.89
LYs: EFS 1.94 0.78 1.15
LYs: PD/RL 1.05 0.31 0.74

ICER

Incremental cost per QALY gained $96,579

Incremental cost per LY gained $74,141

Costs listed in 2021 US dollars

AE adverse event, CR complete remission, CRi complete remission with incomplete marrow recovery,
EFS event-free survival, HSCT hematopoietic stem cell transplantation, /CER incremental cost-effective-
ness ratio, LY life-year, PD/RL progressive disease/relapse, QALY quality-adjusted life-year

4 Discussion

The introduction of venetoclax + azacitidine addresses a
critical unmet treatment need for patients with ND-AML
who are ineligible for intensive chemotherapy, a population
that has historically experienced poor outcomes with con-
ventional low-intensity therapies. In this study, over a life-
time horizon, venetoclax + azacitidine was associated with
incremental gains of 1.89 LYs and 1.45 QALY versus azac-
itidine. Considering both the costs and clinical outcomes,
venetoclax + azacitidine was associated with incremental
costs of $74,141 per LY and $96,579 per QALY gained
versus azacitidine. Although there is no consensus on the
WTP threshold in the USA, the most recent value assess-
ment framework by the Institute for Clinical and Economic
Review suggested $150,000 per QALY as a value-based
price benchmark [43], which has been widely used in US-
based studies assessing the value and cost-effectiveness of
AML therapies [44-49]. Considering the WTP threshold
of $150,000 per QALY, venetoclax + azacitidine is a cost-
effective treatment for patients with ND-AML ineligible for
intensive chemotherapy in the USA. The results of extensive

sensitivity analyses supported the base-case findings, as
none of the incremental costs per QALY gained across all
DSAs and scenario analyses exceeded $150,000 per QALY.
Furthermore, the PSA results showed that the estimated
probability of venetoclax + azacitidine being cost-effective
versus azacitidine was 99.9% based on a WTP threshold of
$150,000 per QALY.

This study has several distinct features that permitted
robust estimates to assist healthcare payers in their cover-
age or reimbursement decision-making. First, this study
benefited from the use of IPD for venetoclax + azacitidine
and azacitidine from VIALE-A. Data from VIALE-A were
directly incorporated into the model where possible. This
contributed the most accurate information when estimating
the costs, safety, and effectiveness of venetoclax + azaciti-
dine and azacitidine, as well as a valid data source for utility
inputs.

Second, although VIALE-A had a limited follow-up time
(maximum 31 months), to reduce the uncertainty associ-
ated with long-term extrapolation of the data, an EFS cure
assumption was considered. To be conservative, this cure
assumption was also considered for azacitidine. The EFS
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ICER/QALY Venetoclax + Azacitidine
The top 30 drivers in DSA and scenario analysis

$30,718

Parameters for venetoclax + azacitidine EFS parametric function (Gompertz) 95% CI
Use patient-level ToT data with best-fit parametric function per AIC

Treatment costs — venetoclax combination therapies + 25%

Alternative SMR value of 2 (vs 1) and use exponential distribution to extrapolate ToT
Use HRU from NICE azacitidine submission (TA399)

Consider long-term extrapolation applied to all patients alive after Year 3

Consider long-term extrapolation applied to all patients alive after Year 5

Parameters for venetoclax + azacitidine OS parametric function (Log-normal) 95% CI
Distribution used for EFS parametric function: Exponential

Time horizon: 10 years

Use HR-adjusted curve instead of parametric function
for azacitidine OS and EFS extrapolation

Distribution used for EFS parametric function: Weibull

Annual discount rate for cost and effectiveness (1.5%, 6%)

PD/RL medical costs + 25%

Distribution used for OS parametric function: Exponential

Distribution used for EFS parametric function: Log-logistic

Consider long-term extrapolation applied to EFS patients after Year 3
Distribution used for OS parametric function: Weibull

Treatment costs — comparators * 25%

Alternative SMR value of 2 (vs 1) based on NICE gilteritinib appraisal
Distribution used for OS parametric function: Log-logistic

AE costs — venetoclax combination therapies + 25%

Consider dose reduction to 100 mg during the first 3 cycles for venetoclax
EFS without CR/CRi medical costs — comparators + 25%

Parameter for azacitidine EFS parametric function (Exponential) 95% CI
EFS without CR/CRi medical costs — venetoclax combination therapies + 25%
Use median ToT with exponential extrapolation

AE costs — comparator + 25%

Distribution used for OS parametric function: Log-normal

Distribution used for OS parametric function: Gompertz

$50,718 $70,718 $90,718 $110,718  $130,718

$150,718

Fig.2 Deterministic sensitivity analysis (DSA) and scenario analy-
sis sensitivity results: Top 30 drivers of incremental cost per quality-
adjusted life-year (QALY) gained for venetoclax + azacitidine ver-
sus azacitidine. Costs listed in 2021 US dollars. AE adverse event,
AIC Akaike Information Criterion, CI confidence interval, CR com-

cure approach is supported by the plateau of EFS curve of
venetoclax + azacitidine after 2 years from VIALE-A (OSM
Fig. 1), where all patients who remained in EFS beyond 2
years were in CR/CRi. Additionally, based on clinical inputs
and literature [21-23, 50], there is a limited risk of relapse or
death among patients with AML after 5 years of remission
(1-3% of patients relapse).

Third, the robustness of the base-case results and the
uncertainty associated with key model inputs and efficacy
assumptions were examined using scenario analyses. These
included the use of alternative costs scenarios, different
parametric functions for OS/EFS estimation, varying time
horizons and discount rates, and alternative cure assump-
tions. The ICER results in these analyses ranged from
$60,718 to $138,554 per QALY, all below $150,000 per
QALY gained. The scenario with the highest ICER used
ToT IPD from VIALE-A and a best-fit parametric function
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Base case: $96,579

M Decrease in input value/scenario analysis M Increase in input value

plete remission, CRi complete remission with incomplete marrow
recovery, EFS event-free survival, HR hazard ratio, HRU healthcare
resource utilization, NICE National Institute for Health and Care
Excellence, OS overall survival, PD/RL progressive disease/relapse,
SMR standard mortality rate, 7oT time on treatment, US United States

(i.e., log-normal) to extrapolate the treatment duration. The
ICER increased by 43.5% to $138,554 per QALY gained but
remained below the WTP threshold of $150,000 per QALY.
For venetoclax + azacitidine, 16 and 9% of patients were
predicted to remain on treatment by the end of Years 3 and
5, respectively, which may be overestimates for this elderly
population in clinical practice. Another scenario was to con-
sider 100% hospitalization during the venetoclax ramp-up
period because some patients could receive venetoclax +
azacitidine in the inpatient setting in real-world practice. The
ICER only increased by 5% to $101,422 per QALY gained.
Finally, a cure time point from 2 to 5 years was considered
clinically plausible, and a less conservative cure assumption
starting from Year 3 decreased the ICER to $85,368.

To date, only one other study has assessed the cost-
effectiveness of venetoclax + azacitidine in the USA
among the same population [16]. That study used
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Fig. 3 Probabilistic sensitivity analysis (PSA) results: Incremental
cost-effectiveness plane (a) and cost-effectiveness acceptance curve
(b) for venetoclax + azacitidine versus azacitidine. The red line indi-

published aggregate VIALE-A data [15] and a Weibull
function to predict the long-term efficacy outcomes for
venetoclax + azacitidine. It assumed a constant relation-
ship (i.e., a hazard ratio (HR) approach) between azaciti-
dine and venetoclax + azacitidine to estimate OS and EFS
for azacitidine. The resultant incremental QALY of 0.61
for venetoclax + azacitidine versus azacitidine equated to
an ICER of $260,343 per QALY gained, above a WTP
threshold of $150,000 per QALY [16]. In comparison, the

cates the willingness-to-pay threshold of $150,000 per QALY gained.
ICER incremental cost-effectiveness ratio, QALY quality-adjusted
life-year

present study directly used IPD from VIALE-A, which
enabled a more accurate estimate of the efficacy of both
treatments. The constant HR approach between veneto-
clax + azacitidine and azacitidine employed by the prior
study was not consistent with trial observations. Specifi-
cally, by overlaying the OS and EFS curves of the two
treatments, the difference between the two arms gradually
increased, indicating that the treatment effect of veneto-
clax + azacitidine versus azacitidine was not constant
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over time. Thus, the HR approach may overestimate the
efficacy of azacitidine. The current study fitted separate
parametric models to each treatment to better capture
their efficacy. Additionally, the previous study relied on
Weibull distributions to project long-term OS and EFS
of venetoclax + azacitidine, which is not the best-fit
model if using IPD and underestimates the efficacy of
venetoclax + azacitidine. More importantly, VIALE-A
had limited follow-up time, and extrapolation using trial
data over the entire time horizon could lead to large
uncertainty and limit the ability to detect the long-term
clinical benefits of venetoclax + azacitidine. Conversely,
the current study used trial data for the first 5 years and
SMR-adjusted natural mortality afterwards, assuming no
additional clinical benefit for venetoclax + azacitidine
versus azacitidine after Year 5 to reduce uncertainty. This
approach has been well accepted in prior health technol-
ogy assessments in AML [17, 42, 51]. The cure assump-
tion and choice of the cure time point was supported by
VIALE-A data, clinical experts, and previous literature
[21-23].

The results of this CEA should be considered in light of
several limitations. First, despite the best efforts to select
the most accurate model inputs based on the trial data,
some inputs, including disutility and HRU after progres-
sion, were sourced from publications other than VIALE-A.
This approach may have introduced heterogeneity as there
were inherent differences between patient populations
across studies. Second, VIALE-A had a limited follow-
up. To mitigate uncertainties from long-term extrapolation
of data, the model assumed all patients who remained in
EFS from Year 5 onward would have a mortality risk of
the US general population and incur the medical costs and
utility equal to the inputs for patients in EFS with CR/CRi
state. Long-term survival was estimated using an SMR
of 1 approach, considering this elderly patient population
(i.e., patients aged ~ 80 years at Year 5). As a result, the
choice of cure time point and SMR may introduce uncer-
tainty to the model as the real-world AML population may
become long-term survivors at varying time points and
SMR. To address this uncertainty, extensive sensitivity
analyses were performed, which confirmed the robustness
of the results. Lastly, the model only included azacitidine
as the comparator. Future studies versus other treatments,
such as low-dose cytarabine, are warranted.

5 Conclusions

The results of this CEA suggest that venetoclax + azaciti-
dine was cost-effective compared with azacitidine mono-
therapy, with an ICER of $96,579 over a lifetime horizon.
Based on a WTP threshold of $150,000 per QALY, the
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estimated probability of venetoclax + azacitidine being
cost-effective versus azacitidine was 99.9% in the USA.
The cost-effectiveness of venetoclax + azacitidine was
robust in all examined sensitivity analyses. Thus, in addi-
tion to the significant clinical benefit of venetoclax + azac-
itidine observed in VIALE-A, payers and other healthcare
decision-makers may consider its cost-effectiveness com-
pared with azacitidine monotherapy, when making reim-
bursement determinations for patients with ND-AML who
are ineligible for intensive chemotherapy.
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tary material available at https://doi.org/10.1007/s40273-022-01145-7.
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