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The combination approach based on venetoclax (VEN) with azacytidine (AZA) has significantly improved outcomes
for elderly patients with acute myeloid leukemia (AML). This innovative approach has led to higher rates of overall
response, measurable residual disease (MRD)-negative remissions, and overall survival compared with AZA
monotherapy. As a result, this combination has emerged as the gold-standard treatment for elderly or unfit patients
with AML who are not eligible for intensive therapy. In younger, fit patients with AML, intensive induction and
consolidation chemotherapy is commonly used as a first-line approach; however, relapse continues to be the main
reason for treatment failure in approximately 30—-40% of patients. Efforts to improve MRD-negative response rates
and to facilitate the transition to allogeneic hematopoietic stem cell transplantation, particularly in high-risk AML,
have inspired trials exploring the combination of intensive chemotherapy with targeted agents. VEN, a first-in-class
anti-BCL2 agent, combined with intensive chemotherapy regimens has shown deep MRD-negative remissions,
producing prolonged event-free survival and enhancing the transition to allogeneic transplant in first-complete-
remission patients. These benefits support the incremental advantages of adding VEN to intensive chemotherapy

approaches across ELN risk subcategories, and provides a robust benchmark to design future trials.

acute myeloid leukemia venetoclax plus intensive chemotherapy high-risk patients

| 1. Introduction

Historically, anthracyclines and cytarabine-based regimens were the mainstay of frontline acute myeloid leukemia
(AML) treatment, yielding complete remission (CR) rates of about 55% L. CR rates were raised to 65-78% by
anthracycline selection and dose expansion Bl although mostly younger patients (i.e., under 50 years old) with
favorable or intermediate-risk cytogenetics primarily benefited from these approaches . Regretfully, relapses are
still frequent and often occur after a median time of 24 months from diagnosis IEEI4 High-dose cytarabine
consolidation or longer consolidation cycles have contributed to increasing the CR rates to about 75-85% [EI5IE],

Long-term event-free survival (EFS), however, continued to hover around 45% 215161,

Measurable residual disease (MRD), assessed by either polymerase chain reaction (PCR) or multiparameter flow
cytometry (MFC), has become a key biomarker for evaluating the effectiveness of AML treatment. Notably, MRD-
negative remissions are correlated with a lower incidence of relapse and improved relapse-free survival (RFS) and
overall survival (OS) in patients treated with less-intensive chemotherapy regimens (IC) WEIRILY  including
consolidative HSCT. From a clinical standpoint, multi-drug IC regimens that induce MRD-negative remission in

approximately 50-60% of patients [8I11 eventually leading to HSCT, are crucial for patients with an intermediate or
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unfavorable risk of de novo AML, secondary or therapy-related AML 1213l and relapsed/refractory (R/R) AML 14
[15),

| 2. Venetoclax Plus Intensive Chemotherapy in De Novo AML

VEN, a well-known BH3 inhibitor that selectively targets BCL2, plays a pivotal role in restoring the dysregulated
pathway of apoptosis in various hematological cancers. BCL-2 expression has been shown to be significantly
upregulated in newly diagnosed and relapsed AML patients (with a range of 34-87%). In vitro studies showed that
VEN blocks BCL-2 activity, thus reducing the apoptotic threshold of AML cells and finally leading to an improved
response to chemotherapy 8. Based on these premises, a combinatorial treatment of VEN with chemotherapy
represents a reasonable approach. Recently, many studies have assessed the combination of VEN with several IC
regimens, including cytarabine and daunorubicin (DA), purine-analogue-based regimens (FLAG, FLAI, CLIA), and
CPX351, both in adult and pediatric patients (Figure 1 and Table 1).
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Figure 1. Vignette showing the potential mechanisms of action of intensive CHT combined with venetoclax. (1)
Venetoclax is a member of a class of BH3-mimetic drugs. The BH3 domain of the anti-apoptotic protein is shown in
yellow. When venetoclax is administered to AML patients, it can displace the activator protein BIM (or BID). Then,
the activator protein of apoptosis in combination with the effector (BAX, BAK) proteins results in the release of
cytochrome C from the outer mitochondrial membrane (2). (3) The efflux of cytochrome C promotes the formation
of an apoptosome, which, in turn, activates Caspase 9 and a caspase cascade that culminates in apoptosis. The
simultaneous administration of intensive chemotherapy generates intense stress and damage to nuclear DNA. In
particular, (4) daunorubicin damages DNA by intercalating between base pairs, resulting in an uncoiling of the helix,
ultimately inhibiting DNA synthesis and DNA-dependent RNA synthesis. At the same time, ARA-C is
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phosphorylated three times in the cytoplasm and enters the nucleus, where it is incorporated into DNA, arresting

DNA polymerase.

Table 1. Trials including a venetoclax and chemotherapy combination as a frontline approach.

Trial/Reference Design

daunorubicin
+ cytarabine
phase Il

+ venetoclax

(DAV)/LT]

daunorubicin
+ cytarabine
phase I

+ venetoclax

(DAV 2 + 6)/28l

daunorubicin phase Ib
+ cytarabine

+ venetoclax

Primary
Endpoint

composite
complete
remission

rate

overall
response

rate

optimal
dose
schedule
of
venetoclax

with

Number )
Patients
Response
) Enrolled
Patients
patients
CRc © rate:
36 aged 18-60
91%
years
ORR "
92.9%;
atients
. 87.9% of the
42 aged 16-60
¢ CR?®
ears . .
i patients with
undetectable
MRD °
69 patients overall
aged =65 response
years withde  (CR &/Cri 10)
novo or s- rate: 73%
AML ! or t-
AML 2

Outcomes

estimated
1-year OS
11 97%

estimated
1l-year
EFS 12
2%

estimated
12-month
0os 11
83.1%

estimated
12-month
EFS 12
82.7%

estimated

12-month
DFS 13
92%

median
0os 11
15.4

months

Early
Mortality

30-day

mortality:

0%

30-day

mortality:

2.4%

30-day

mortality:

6%
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Trial/Reference Design

(5 + 2 + VEN)/2I

daunorubicin

+ cytarabine .
retrospective

clinical trial
+ venetoclax

(5 + 2 + VEN)/2J

cyclophosphamide
+ cytarabine
pilot study

+ venetoclax

(VCA)/2L]

fludarabine
+ cytarabine
+ idarubicin
+ filgastrim phase Ib/1l

+ venetoclax

(FLAG-IDA +
VEN)/122l

Primary
Endpoint

5+2

composite
complete

remission

complete
remission

rate

overall
response

rate

Number
of

Patients

12

25

45

Patients
Enrolled

patients
aged = 60

years

adult AML 3

patients
aged =18
(including de
novo, SAML
1 tAML 2,
tsAML 4, or
high-risk
MDS ®)

Response

CR 8 rate:
91.7% All
patients with
poor-risk

achieved CR
8

CR 8/cri 10
92%; all
these
patients had
undetectable
MRD °

ORR’:
98%; among
CRS
patients,
93% MRD °

negative

Outcomes

estimated
1-year
EFS 12
75%.

Estimated
1-year OS
1 rate:
100%

Estimated
12-month

os M-
79.3%.

estimated

24-month
EFS 12
64%

estimated
24-month

os -
76%,

Early
Mortality

30-day
mortality:
0%

30-day
mortality:
0%

60-day
mortality:
0%
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Trial/Reference

fludarabine
+ cytarabine
+ idarubicin
+ venetoclax

(V-FLAI)/2E]

cladribine
+ cytarabine

+ idarubin
+ venetoclax

(CLIA + VEN)/24!

CPX-351

+ venetoclax

Design

phase I/11

trial

phase I

phase Ib/ll
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complete
remission

rate

complete
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rate

the safe
dose and
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Number
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of
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aged <65
years with
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diagnosed
AML ® or
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MDS °

5 patients
aged > 18
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CR 8 rate:
84%:;

MRD °
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4%

CRc  rate:
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CRS
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90% MRD °

negative

CR 8CRi 1%
80%; 75%
MRD ?

negative

Outcomes

probability
of 12-
month OS
1 76%

estimated

12-month
os
86.5%

estimated
24-month
os %
86.5%

estimated
12-month
EFS 12
71.8%

estimated
24-month
EFS 1%
69.7%

1-year
estimated
os
75%

Early
Mortality

30-day
mortality:
1.8%

60-day
mortality
5.3%

30-day
mortality:
2%

60-day
mortality
3%

1.D.;
by

s0-day NUMA,

mortality: indard-

0% te

thalin,

P.; Dennis, M.; Friis, L.; Thomas, L.F.; et al. Arandomized comparison of daunorubicin 90 mg/m2
vs. 60 mg/m2 in AML induction: Results from the UK NCRI AML17 trial in 1206 patients. Blood
2015, 125, 3878-3885.
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Daver, N.; Jain, N.; Pemmaraju, N.; et al. Venetoclax plus intensive chemotherapy with cladribine,
' siflubiSRECRHANE PRSI RIh KRR TH-AMNIT DISERRYTEIGEREURYBKSIRIL [FRARRIR AN AsKte
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CRH&ePRﬁ"[B‘P.SQ@?PWI%SHQW- " ORR = overall response rate. 8 CR = complete remission. ° MRD =

minimal residual disease. 10 CRi = complete remission with incomplete bone marrow recovery. 1 0s = overall
Jinonoerghayrencic, M GroRuTsshirekamp, Dy dayelagrs: F.J. al Hinal, A; Zellemaker, A;-
Erpelinck-Verschueren, C.; Gradowska, P.; Meijer, R.; Cloos, J.; et al. Molecular minimal residual

disease in acute myeloid leukemia. N. Engl. J. Med. 2018, 378, 1189-1199.
l33. Venetoclax Plus Intensive Chemotherapy in

R@fi’é‘dt'wnbgiag‘taﬁtWML H.; Ning, J.; Jorgensen, J.; Kadia, T.M.; Di Nardo, C.D.;

Wang, S.; Jabbour, E.; et al. Prognostic impact of complete remission with MRD negativity in
Thepatiamsuthlue lapsee gimefraatonyAdigatBloathAR/R2AM0, sbiildrd $R6wed encouraging preliminary
. . [26] i -
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occurrence,of severe grade 3.and grade 4 neutropenia-related infections in the ipitial phase_Ib study. Therefore,
Survival ou come% n patlenqsgwﬁﬁ acute nPy(-ﬂmdelleu emia. sysn[ema IC review anosme\fa-

furtg%raig}glrss_cs'mm%{r@r}é%ll\l_ Ewid,(:é’e%%_sl\ggrg designed with a shorter 7-day VEN regimen '“=. Among the

R/R AML patients included in the FLAG-IDA plus VEN trial phases Ib (n = 16; median age, 51 years) and IIB (n =
193 [iN@EACade, D7 JRARS, B AR PEHRIKRY Yatdl WA 87MedsGRIGMRPr)Sve). And agRiRReltd to
conSAIRGTe 5 ES A et Fe £ T SAFRHIE NGANE NCARIP SRR REPMSIVHN WARI Bkt a
sighMealQid ek eid oSt it MehaA020 wiB3niCbich4Rsults for RIR AML 2281 The rate of adverse
19VERISIRFRIBRICS hasreRSERTEE I AfehRI0 SMRBIBIK FRLIIG RAIKIRRHAEHI SAHQIRBIRNFEKONESTRbIM BRI
andp48% 8| R RALRNISS ifSRERIVabmWEDy RIS HACIRASEE dPte1AtIABRRS, BacYBRNaAAraBIRePhsgetPtsoort
corpRARBrYIICcReaRBPEG tar aBIRETI (PTG NRIBHSIGR Broldlfgdlstyi AaroP GraRE RO NI AE0RE YIS digh-risk
grogLNaR T Anfhaifi¥ertePe@iNBYmized phase Il study. J. Clin. Oncol. 2012, 30, 2441-2448.

12h Keykapagllus vEN pRXEAD N rERRSEl N lAReel 160 WRIRINSAGUiR BYRIeH J6skeMiZoiENRas co-
adrBRREr S PRdindBslitAg IV ARIRSAG:. GAe NGRS IO &R 28N 3Rt 23RE5E $herapy (number of
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ORfy afferukhyction WSOk, Witk Ceftapdiasiel stloriaaipessatpgeheéit' dhtipp e fisteied 6-month
EFgrahddRnfordfadents S eRP VS b e nattharg SRR Rt storNadisice Alil tSAree reinfly sioRly Bhie

diﬁwgﬁm@?zmglgnmreg@iﬁr@l@gAVIDA and a cohort of 81 patients treated with FLA-IDA but without
VEN. The two cohorts were normalized according to age, genetic characteristics, R/R status, and previous HSCT

B9 patients treated with the FLAVIDA regimen showed a more significantly improved ORR (78% vs. 47%, p =
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2 rate: 67% estimated 1- at al.
mortality: . .
+ idarubicin _ (69% were year EFS 7 b ne in Fit
overall patients 0%
phase MRD 3- 41% pective
' . response 49 aged = . .
+ filgastrim b/l negative); estimated 1-
rate 18 60-day
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) Number ] 2-
. ) Primary Patients Early
Trial/Reference  Design ) of Response Outcomes )
Endpoint ) Enrolled Mortality
ql 2 Patients 3 L minimal
4 5 6
, . , Was26.9 &00@55
months '3, 58,
3 ORR ©: 69%; _‘o‘(h‘,um;
+ cytarabine . 80% of
patients _ Research
MRS . the safe i patients who 379
+/- idarubicin ase etween ‘ y
plb/ll dose2 and 38 2 ] 22 achieved a / /2 afety and
2 an
. schedule CR Y/CRi 2 Iy, JR.Cfpr
' years 2 Results of
venetoclax/E2 Bl
HSCT 4 123 od 2 trial,
Z 2 joses) for

RABTaDEEfrEMaTa STRRNRIGPUEIE. FsIENE DB bry4HER0P b 37 evaluable cases, comprising 16 CRs (11 MRD-

negative). A large number (80%) of patients who reached CR/CRI, all of whom were MRD-negative after cycle 1,
proceeded to a subsequent HSCT. The most frequent grade 3—4 toxicities resulted of febrile neutropenia (25
patients), bloodstream infections (6 patients), and invasive fungal infections (6 patients), with treatment-related

death observed in one patient.

A recent retrospective analysis detailed the outcomes of pediatric patients with R/R AML who underwent VEN
treatment before HSCT at St. Jude Children’s Research Hospital B4, Twenty-five pediatric patients (median age:
13.1 vyears) received VEN-based salvage therapy (VEN/cytarabine, 15; VEN/cytarabine/idarubicin, 5;
VEN/cytarabine/azacytidine, 3; or VEN/decitabine, 2) prior to HSCT. Notably, 9 of the 25 patients had already
undergone a prior HSCT. The last dose of VEN was administered at a median of 19 days prior to the start of the
HSCT conditioning regimen. At the time of the HSCT, 14 patients were in MRD-negative CR, 9 patients were
MRD+ (20.01%), and 2 patients had active disease (bone marrow blasts > 5%). At a median follow-up of 280 days
from HSCT, the 1l-year overall survival (OS) was 80% and leukemia-free survival was 74.5%. Unfortunately, six

patients relapsed at a median of 143 days, and only one patient experienced non-relapse mortality.

An ltalian multicenter retrospective analysis of pediatric patients (0—18 years) with R/R AML or advanced MDS
arising after chemotherapy or radiation therapy who received VEN-based combination therapies was reported.
Thirty-one patients (median age: 10.2 years) experiencing a median of three previous lines of therapy (31.2%
relapsed after HSCT) were included in the analysis 3. The rates of CR, partial response, and no response were
66.7%, 11.1%, and 22.2% of cases, respectively. Of note, patients who received VEN with hypomethylating agents
achieved CR, a partial response, no response, and treatment failure in 36.8%, 26.3%, 31.6%, and 5.3% of cases,
respectively. Twenty patients (64%) were successfully bridged to HSCT by VEN therapy after a median time of 3.3
months from the start of the VEN treatment. The estimated 30-month OS after the start of VEN was 29.9% for the
whole cohort and 74.4% for patients undergoing HSCT.

https://encyclopedia.pub/entry/53552 9/11



Venetoclax in the Treatment of Younger AML Patients | Encyclopedia.pub

According to this data, the combination of VEN plus IC therapy demonstrates efficacy in the pediatric setting for
AML, with a tolerability profile similar to that observed in adult AML. Nevertheless, additional data are needed to

substantiate the actual benefits of this approach and to assess its potential role in frontline regimens.

5. Molecular Markers Predicting the Response to Venetoclax
and Chemotherapy-Based Regimens

The combination of VEN plus IC demonstrates significant efficacy across various genetic subgroups in AML. In
patients with ELN favorable-, intermediate-, or unfavorable-risk AML, frontline treatment with FLAG-IDA plus VEN
yields composite CR rates of 88%, 89%, and 89%, respectively (22, Similarly, patients receiving CLIA plus VEN for
ELN favorable-, moderate-, or high-risk AML exhibit 1-year survival rates of 78%, 93%, and 81%, respectively (241,
The efficacy of the regimen including VEN plus “2 + 6” daunorubicin and cytarabine is evident across the ELN2022
risk groups. For the favorable-risk group, the estimated 12-month OS, EFS, and DFS rates are 87.5%, 88.9%, and
100%, respectively. The intermediate-risk patients show a rate of 100% for all three endpoints, while adverse-risk
patients exhibit a rate of 70.7%, 70.3%, and 79.9%, respectively 28, The FLAG-IDA plus VEN regimen also
showed efficacy in patients with extramedullary localization of the disease; indeed, among patients with
extramedullary AML (three with de novo AML and one with R/R AML), all had durable responses, with three going
on to HSCT (22,

According to the CAVEAT trial, a seven-day VEN pre-phase before combining the “5 + 2” regimen resulted in a
significant reduction in bone marrow blasts in patients with de novo AML, especially in those patients with NPM1
(56% reduction), IDH2 (55% reduction), or SRSF2 (47% reduction) mutations. As a result, patients with these
mutations showed an encouraging median OS (NPM1: 13.2 months; IDH2: not reached; and SRSF2: 31.3 months)
(291 |n a subsequent analysis of the CAVEAT study evaluating the TFR duration in patients showing CR/Cri, 75% of
patients with an NPM1 or IDH2 mutation at diagnosis were in TFR 12, Notably, R/R patients presenting with
NPM1, IDH1, and IDH2 mutations also showed promising responses when they received an intensive combination
treatment with VEN. Indeed, the FLAG-IDA plus VEN approach produced 100% composite CR in these molecular
subgroups, thereby allowing 71% of the patients to undergo HSCT [28]. Also, KMT2A-rearranged patients showed a
100% composite CR rate (80% MRD-negativity by PCR for KMT2A) after FLAG-IDA plus VEN, with a consequent
1-year OS of 80% (28], However, in a pediatric trial 23], among 12 patients with KMT2A rearrangements, 5 patients
showed no response.

While FLAG-IDA plus VEN did not predict the outcome of patients presenting with signaling pathway gene
mutations (K/NRAS, PTPN11, FLT3, CBL, and KIT) in the frontline setting, R/R-AML patients with these mutations
showed a lower median OS than patients with wild-type signaling genes. Similar findings were noted in R/R-AML
patients, where tumor-suppressor gene mutations (TP53, WT1, FBXW?7, or PHF6) were linked to a considerably

lower rate of composite CR (38%) and a worse prognosis (median OS: 7 months) 28],

In the CAVEAT trial, the lowest blast reductions after VEN pre-phase treatment were observed in patients with
TP53 and kinase-activating mutations (FLT3-ITD, FLT3-TKD, RAS, and PTPN11). Consequently, dismal OS
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outcomes were observed in patients with TP53 (3.6 months) and FLT3-ITD (5.5 months) mutations 12, In a CLIA
plus VEN trial 24 15 patients had a FLT3-ITD and/or -TKD mutation, and 9 of these patients received a
concomitant FLT3 inhibitor during induction and consolidation. Patients receiving a concomitant FLT3 inhibitor had
a similar OS (p = 0.38) and EFS (p = 0.20) compared with those receiving VEN plus CLIA alone. In the FLAG-IDA
plus VEN trial, 10 patients (3 with de novo AML and 7 with R/R AML) showed TP53 mutations at baseline. The
overall composite CR rate was 60%, with a median duration of response and OS of 3.4 and 9 months in de novo
AML and 3.2 and 7 months in R/R AML, respectively [28],

Recently, data from VIALE-A demonstrated that AML patients without specific genetic mutations (FLT3-ITD, K/RAS,
N/RAS, and TP53 mutations) may derive a greater benefit from the combination of VEN and AZA B8, |n this
subgroup of patients, the median OS was reported to be 26 months, which represents a significant improvement
compared with traditional treatment approaches. The identification of specific molecular profiles that predict a
higher benefit from VEN plus IC treatments is an important goal in AML research. Indeed, the possibility of tailoring
treatment based on a patient’'s genetic and molecular characteristics can help to optimize outcomes and to

minimize potential side effects.
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