LETTER TO THE EDITOR

Venetoclax plus hypomethylating agents as a bridge to

transplant or donor lymphocyte infusion in relapsed/

refractory acute myeloid leukemia

Patients with relapsed or refractory acute myeloid leukemia
(R/R AML) have a poor prognosis with a 5-year survival of
around 10%.? Potential curative treatment options include
re-induction therapy followed by an allogeneic hematopoi-
etic stem cell transplantation or disease control followed by
immediate transplantation.® Non-intensive treatment with
hypomethylating agents (HMA) combined with BCL2 inhibitor
venetoclax is an alternative for patients without targetable
mutations (FLT3, IDH1/2, KMT2A-rearranged AML) or those
unfit for intensive reinduction therapy.* This combination
improved remission rates and survival compared to HMA
monotherapy in patients with newly diagnosed AML ineligible
for intensive chemotherapy.® Although widely used, there is
limited evidence and venetoclax has not been approved for
R/R AML. Various retrospective studies have suggested an
improvement in remission rate by adding venetoclax to HMA
in the R/R setting.

We aimed to determine if venetoclax-HMA can be effec-
tive as a bridge to transplant or DLI for patients with R/R
AML. We screened all 180 patients who received veneto-
clax-HMA between January 2019 and September 2023 through
named-patient basis access in the Netherlands (Figure 1A)
or were treated with venetoclax-HMA off label (N=10). We
included patients with R/R AML following prior intensive
or non-intensive therapy, considered ineligible for further
intensive chemotherapy. Patients receiving alternative vene-
toclax-based regimens were excluded. Venetoclax-HMA was
initiated either with the intent to consolidate with transplant
or donor lymphocyte infusion (DLI), or without consolidation.
This treatment intent dichotomization was determined prior
to therapy initiation at the discretion of the treating physi-
cian. The study was approved by the Medical Ethics Review
Committee of Amsterdam UMC (number: 2023.0011) and sub-
sequently by other participating hospitals. By their decision,
written informed consent was not required. Patients who
were alive at the time of study initiation were informed and
given the opportunity to opt out of participation. This study
was conducted according to the Declaration of Helsinki.
Study endpoints were maximal response achieved with
venetoclax-HMA, overall survival (day of start of veneto-
clax-HMA until death), relapse-free survival (day of start of
venetoclax-HMA until relapse after venetoclax-HMA or death)
and bridging proportions. A cycle of venetoclax-HMA was
defined as decitabine (20 mg/m?, 5 or 10 days) or azacitidine
(75 mg/m?, 7 days) irrespective of days of venetoclax given.
Responses were retrieved after each line of therapy or after
consolidation when available and were determined according

to European LeukemiaNet (ELN)2022 recommendations.*
Tumor cytogenetics and molecular mutations were assessed
at diagnosis and at relapse according to local protocols. When
cytogenetic and molecular analysis was not performed at
relapse, aberrations present at diagnosis were used in the
analysis. Statistical analysis was performed in R version 4.3.2
and RStudio version 2024.4.0.735, P values below 0.05 were
considered significant and P values below 0.1 were consid-
ered a trend.

We included 146 patients (Figure 1A) with a median age of 64
years (interquartile range [IQR]: 52-70; Table 1). Of these pa-
tients, 39% received prior allogeneic transplant, 40% received
prior treatment with HMA, and 14% received both. Patients
were treated with venetoclax with either azacitidine (71%) or
decitabine (29%) with a median number of 2 cycles (IQR, 1-3).
Mutational and cytogenetic analysis showed that DNMT3A
mutations were most common, next to mutations in NPM1,
FLT3-internal tandem duplications (ITD), ASXL7, and RUNXT
(Figure 1B). When stratifying for relapsed or refractory status,
we found that mutations in ASXL7, IDH2, and RUNX1 were
more common in refractory patients, whereas FLT3-ITD,
NPM1, and RAS mutations were more common in relapsed
patients, however, due to small sample size, differences were
not significant (Online Supplementary Table S7).

We analyzed our cohort by comparing two groups of patients
based on the intended goal of venetoclax-HMA treatment: (i)
patients who received venetoclax-HMA as a bridging strategy
towards consolidation and (ii) patients who received vene-
toclax-HMA as a non-curative treatment without intent to
consolidate. This distinction was made prospectively by the
treating physician prior initiation of therapy. The differenti-
ation is clinically important, as the effectiveness of bridging
therapy is only applicable to the subgroup in which con-
solidation was the intended therapeutic objective. In total,
63 patients were intended for treatment with a first trans-
plantation, 12 for second transplantation, 36 for DLI and 35
without intent to consolidate. Patients receiving treatment
intending to bridge to transplant had significantly longer
survival compared to those without intent to consolidate
(Figure 1C; survival entire cohort: Online Supplementary Figure
S7). Patients in whom venetoclax-HMA was initiated without
intent to bridge to consolidation had a median overall survival
(0S) of only 3.2 months, questioning the value of venetoclax
in this context.

The overall response rate (ORR, defined as complete re-
mission [CR], CR with partial hematological recovery [CRh],
CR with incomplete blood counts [CRi], and morphological
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leukemia-free state [MLFS]) was 53%. Composite CR (CRc)
rate (CR+CRi+CRh) was 38%. Thirty-six percent of the patients
had no or a partial response (Figure 1D; Table 1). In patients
treated with the intent to consolidate, CRc and MLFS were
reached in 43% and 18% of cases, respectively (Table 1). Pa-
tients who achieved a response (CRc and MLFS) had more
prolonged survival than patients who did not (Figure 1E), as
patients without response were less frequently transplanted.

In patients without intent to consolidate after venetoclax-HMA
treatment, CRc rates were lower; only 17% of patients with
response evaluation (23/35) achieved CRc (N=4); 4% achieved
MLFS, and 78% had no response, were non-evaluable or had
progressive disease. In 34% (12/35) of patients, response
assessment could not be performed, likely because of early
death (median OS: 1.5 months). The lower ORR in this group
could be explained by more patients being pretreated with
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HMA, associated with a lower response (Figure 1E).

In a meta-analysis reporting on 224 patients from seven
studies that received venetoclax-based regimens in the R/R
setting, an ORR of 31% and a CR rate of 18% was found.® The
studies included primarily small and heterogeneous patient
populations.® In the large AVALON cohort from Italy (N=147),
not included in the meta-analysis, an ORR of 36% for patients
treated with venetoclax-HMA” was shown. The higher ORR
of 53% in our cohort is likely attributable to a more uniform
and fitter population. As in other studies, treatment intent is
under-reported, possibly leading to inclusion of more patients
with non-curative intent with shorter OS and lower CR rates.
Options for re-induction other than venetoclax-HMA include
intensive chemotherapy, such as high-dose cytarabine, FLAG-

Table 1. Information on treatment and response to treatment

IDA, or MEC. These regimens do not clearly differ in response,
with CR rates around 70%.8 In R/R patients receiving target-
ed therapy with gilteritinib (FLT3 mutated), ivosidenib (/DH7
mutated), enasidenib (/DH2 mutated) and, revumenib (KM-
T2A rearranged), a respective ORR of 54%,° 39%,° 39%" and
63%"™ was found. The ORR of venetoclax-HMA is in the same
range as other less-intensive regimens, but true comparison
between studies is difficult.

Factors associated with response were explored using lo-
gistic regression models, and no factors reached statistical
significance. There was a trend towards a higher response in
patients with IDH2-mutated AML (Figure 1F). Other mutations
that have been associated with favorable response include
NPM1 and IDHT. In contrast, mutations in TP53, FLT3-ITD,

overall Intended for Intended for second cox:l?::ttion
Characteristic first alloSCT alloSCT or DLI . P!
N=146 N=63 N=48 intent
- - N=35
Age, years, median (IQR) 64 (52-70) 61 (47-69) 62 (52-66) 71 (65-74) <0.001
Sex: male (%) 80 (55) 38 (60) 19 (40) 23 (66) 0.031
HMA pretreatment, N (%) <0.001
HMA 58 (40) 14 (22) 17 (35) 27 (77)
No HMA 88 (60) 49 (78) 31 (65) 8 (23)
Relapsed/refractory, N (%) <0.001
Refractory 44 (30) 29 (46) 3 (6.3) 12 (34)
Relapse 102 (70) 34 (54) 45 (94) 23 (66)
Pretreatment with allogeneic transplant, N (%) 57 (39) 0(0) 48 (100) 9 (26) <0.001
Type HMA, N (%) 0.031
Azacitidine 103 (71) 38 (60) 40 (83) 25 (71)
Decitabine 43 (29) 25 (40) 8 (17) 10 (29)
Maximal response to venetoclax-HMA, N (%)
CR 12 (9.7) 7(12) 4 (9.3) 1(4.3)
CRh 11 (8.9) 1(1.7) 9 (21) 1(4.3)
CRi 24 (19) 18 (31) 4 (9.3) 2(8.7)
MLFS 19 (15) 16 (28) 2(4.7) 1 (4.3) -
No response 41 (33) 10 (17) 18 (42) 13 (57)
Non-evaluable for response 13 (10) 3(5.2) 6 (14) 4 (17)
PR 4 (3.2) 3(5.2) 0 (0) 1(4.3)
Unknown 22 5 5 12
N of cycles, median (IQR) 2 (1-3) 2(1-2) 2 (2-3) 2(1-4) 0.2
N of cycles after CR/CRi/CRh/MLFS of
venetoclax-HMA
1 28 (42) 25 (60) 2 (11) 1 (20)
2 30 (45) 16 (38) 12 (63) 2 (40) i
3 3 (4.5) 0 (0) 3 (16) 0 (0)
4 2 (3.0 0 (0) 2 (11) 0 (0)
6 2 (3.0 1(2.4) 0 (0) 1 (20)
10 1(1.5) 0 (0) 0 (0) 1 (20)
Reached consolidation, N (%) 59 (53)2 39 (62) 20 (42) - 0.05

"Wilcoxon rank sum test; Pearson’s X2 test; Fisher’s exact test. 2Denominator: patients with the intent to consolidate. alloSCT: allogeneic stem
cell transplantation; DLI: donor lymphocyte infusion; IQR: interquartile range; IQR: interqua; CR: complete remission; CRh: complete remission
with partial hematological recovery; CRi: complete remission with incomplete blood counts; MLFS: morphological leukemia-free state; PR:

partial response; HMA: hypomethylating agents.
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KRAS, and NRAS are associated with poor response.*®

In patients who were treated with curative intent, 53% were
bridged to transplant or DLI (Table 1). Bridging was particularly
successful in 62% of patients whose goal was first allogeneic
transplantation; compared to 42% of patients intended for
second transplant or DLI (Figure 2A; P=0.05). Patients who
achieved a response to venetoclax-HMA had a higher chance
of successful bridging, with 79% of patients able to reach
consolidation. In comparison, the AVALON study reported
that 70% of patients received an allogeneic transplant in
CRc or MLFS.” In the VEN-DEC GITMO trial, in which newly
diagnosed older patients (median age: 68.5) received vene-

toclax-decitabine intending to transplant, CR was reached
in 69% and transplant in 57%.* Venetoclax-HMA has high
bridging rates for R/R patients achieving a response, even
when compared to newly diagnosed patients.

To compare survival of patients who were consolidated and
those who were not, we performed a landmark analysis
at 3.5 months, since at 3.5 months all patients were con-
solidated (Figure 2B). Survival at the landmark point was
68%. Consolidated patients had significantly longer survival
compared to patients who were not (1-year survival: 67% vs.
30%). The patients who were consolidated and went for first
allogeneic transplantation had more prolonged survival than
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Figure 2. Percentage of patients bridged to transplant, overall survival of bridged patients and factors associated with relapse-free
survival after response. (A) Percentages of bridging to transplant for patients intended to consolidate. (B) Overall survival (OS) by
landmark analysis of patients reaching allogeneic stem cell transplantation (alloSCT) within 3.5 months or not reaching alloSCT
within 3.5 months. This landmark was chosen as all transplanted patients received the alloSCT before that time. Green line rep-
resents the intention to consolidate cohort before 3.5 months. (C) In patients that were consolidated, the OS for patients treat-
ed with first alloSCT or patients undergoing second transplant or donor lymphocyte infusion. (D) OS of patients undergoing first
transplant stratified by their disease status after initial induction therapy. Numbers in this panel do not align with the green group
in panel (C) because of patients that did not reach 3.5 months of survival. (E) Univariable Cox regression models for relapse-free
survival (RFS) after reaching composite complete remission or morphologic leukemia-free state with venetoclax-hypomethylating
agents (HMA) treatment. Red colored mutations are associated with the relapse cohort and the blue colored mutations are as-
sociated with the refractory group. DLI: donor lymphocyte infusion; HR: hazard ratio; Cl: confidence interval.
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patients who underwent a second transplant or DLI (1-year
survival: 60% vs. 35%) (Figure 2C). In patients who received
venetoclax-HMA as a bridge to first allogeneic transplant,
those who were refractory to induction chemotherapy and
subsequently received venetoclax-HMA did exceptionally well
compared to patients who relapsed after induction therapy
(Figure 2D; Online Supplementary Figure S2).

To determine factors associated with relapse-free survival
after reaching response on venetoclax-HMA, we used univari-
able Cox regression and found that RAS, NPM1, and CEBPA
(single, double, or BZIP) mutations were associated with
poor outcomes (Figure 2E). The reduced relapse-free sur-
vival observed in NPM7-mutated patients in our cohort could
be explained by the fact that 52% (12/23) of these patients
have co-mutated FLT3-ITD. In a German R/R cohort, FLT3-
ITD among NF1, PTPN11, and TP53 mutations were associated
with poor outcomes.”®

In conclusion, venetoclax-HMA is an effective bridging treat-
ment for R/R AML patients, facilitating successful transition to
consolidation. Half of the patients were successfully bridged,
with high success rates observed in those undergoing a first
allogeneic transplant.
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