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Cytogenetics and mutations could predict outcome in relapsed
and refractory acute myeloid leukemia patients receiving BCL-2
inhibitor venetoclax
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Abstract
Venetoclax, a selective B cell leukemia/lymphoma-2 (BCL2) inhibitor, has recently shown activity in relapsed or
refractory (R/R) acute myeloid leukemia (AML). Effective biomarkers for identifying patients most likely to respond
to venetoclax-based treatment are of clinical utility. In this study, we aimed to evaluate the efficacy and safety
profiles of venetoclax-based therapy in a total 40 R/R AML patients and identify the potentially predictive factors
for response. Overall response rate was 50%, including 9 (22.5%) complete response (CR) or CR with incomplete
hematologic recovery of either neutrophil or platelet counts (CRi). Median time to best response was 1.4 months and
the median overall survival (OS) was 6.6 months. Presence of intermediate-risk cytogenetics predicted better OS
compared to unfavorable-risk cytogenetics. Patients harboring NPM1, RUNX1, or SRSF2 mutations seemed to have
higher CR/CRi rates and median OS was significantly longer in RUNX1-mutated patients. On the contrary, patients
with FLT3-ITD, TP53, or DNMT3A mutations did not reach any objective response and had worse OS. No labora-
tory or clinical tumor lysis syndrome was observed and the most common adverse events were prolonged cytopenias
which resulted in 67.5% of febrile neutropenia. Patients with concurrent use of azole antifungals had similar
incidence of cytopenias compared with those without azole antifungals. In summary, we demonstrate that venetoclax
is an effective and well-tolerated salvage option for R/R AML patients. Survival benefits were particularly remark-
able in patients with intermediate-risk cytogenetics or RUNX1 mutations. In contrast, TP53, NRAS, and DNMT3A
mutations as well as FLT3-ITD conferred negative impact on survival.
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Introduction

Acute myeloid leukemia (AML) represents a clinically and
biologically heterogeneous malignancy and relapsed or refrac-
tory (R/R) AML remains the most challenging issue in clinical
practice [1, 2]. The outcome for patients with R/R AML is
usually dismal with a median survival of only 3–6 months [3].
There is no standard salvage therapy for R/R AML, which
indicates that there is still unmet medical needs [4, 5].
Allogeneic hematopoietic stem cell transplantation (HSCT)
is the only potentially curative treatment in the R/R setting
[6]; however, only a minor proportion of this group is able
to proceed to allogeneic HSCT because of failure to achieve
optimal response that is prerequisite for a successful transplan-
tation, highlighting the urgent need for novel treatment to
improve the response rate.

In recent years, better delineation of molecular landscape in
AML has paved the way for drug development and lead to
advancement of new strategies to treat AML. The B cell
leukemia/lymphoma-2 (BCL-2), an anti-apoptotic protein,
has been shown to suppress mitochondrial-modulated pro-
grammed cell death and support cell survival [7, 8]. It is ab-
errantly overexpressed in AML cells, specifically in leukemic
stem cells [9]. Enhanced BCL-2 expression mediates chemo-
resistance and survival benefits in leukemic blasts [10, 11].

Venetoclax is a highly selective and potent oral BCL-2
inhibitor, which has shown activity in chronic lymphocytic
leukemia (especially that with 17p deletion) [12–14] and mul-
tiple myeloma with t(11;14) [15]. The first phase II trial of
venetoclax monotherapy for heavily pretreated R/R AML
(n = 30) or unfit for intensive chemotherapy (n = 2) showed
clinical activity with objective response rate of 19%, including
6% complete remission (CR) and 13% CR with incomplete
hematologic recovery of either neutrophil or platelet counts
(CRi) [16]. Subsequently, venetoclax in combination with
low-dose cytarabine (LDAC) or hypomethylating agents
(HMAs) in frontline setting showed rapid and durable re-
sponse in a substantial portion (54–67%) of unfit elder pa-
tients [17, 18]. Till now, the activity of venetoclax-based reg-
imen in R/R AML is not fully studied. There are few reports
regarding venetoclax alone or in combination with other
agents in the treatment of R/R AML and related myeloid ma-
lignancies [16, 19–21]. Recently, DiNardo et al. and Aldoss
et al. demonstrated that venetoclax combination could be an
effective salvage option in R/R AML setting. However, the
treatment regimens, patient population and clinical response
varied in these studies. More investigations are warranted in
this regard. Furthermore, no consistent parameters predicting
clinical response to venetoclax-based therapy have been iden-
tified. In this study, we aimed to evaluate the efficacy and
safety profiles of venetoclax-based therapy in R/R AML pa-
tients and assess clinical, laboratory and molecular markers
that could identify patients mostly likely to benefit from it.

Patients and methods

A total of 40 adult patients who were diagnosed as having R/R
AML and received venetoclax-based therapy outside of clin-
ical trials were recruited retrospectively into this study.
Patients who received venetoclax < 14 days or had follow-
up duration < 3 weeks were excluded. The cycle 1 venetoclax
“ramp-up” schedules were designated according to the recom-
mendation [17]. This study was approved by the National
Taiwan University Hospital Institutional Review Board, in
accordance with the Declaration of Helsinki. Patient charac-
teristics were reported by median (range) values for continu-
ous variables and frequency (percentage) for categorical var-
iables. Statistical differences between groups were determined

Table 1 Patient demographics and clinical characteristics

Characteristics N = 40

Median age (range), years 63 (20–88)

Male no. (%) 26 (65)

Disease etiology no. (%)

De novo 25 (62.5)

Secondary 13 (32.5)

Therapy-related 2 (5)

ELN risk group no. (%)

Favorable 5 (12.5)

Intermediate 7 (17.5)

Unfavorable 28 (70)

Prior treatment lines no.

1 6

2 12

3 8

4 5

5–9 9

Prior allogeneic SCT 13 (32.5)

Prior exposure to HMAs 16 (40)

Cytogenetics no. (%)

Favorable 1 (2.5)

Intermediate 25 (62.5)

Unfavorable 11 (27.5)

Unknown 3 (7.5)

Venetoclax monotherapy no. (%) 8 (20)

Venetoclax combination regimen no. (%) 32 (80)

Azacitidine 21 (52.5)

Low-dose cytarabine 10 (25)

FLAG 1 (2.5)

Median dose of venetoclax 150 (100–600)

Drug interactions 25 (62.5)

Voriconazole 13 (52)

Posaconazole 9 (36)

Fluconazole 3 (12)
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with using a Student’s t test for continuous data and Chi-
square or Fisher’s exact test for nominal data. Mutational anal-
yses of FLT3-ITD, CEBPA, NPM1, and RUNX1 genes were
done as previously reported in all patients [22]. Molecular
testing of 54 genes was also performed in 38 (95%) patients,
14 at initial diagnosis and 24, before venetoclax treatment, by
targeted next-generation sequencing (NGS) using TruSight
Myeloid Panel (Illumina, San Diego, CA, USA) [23].
Responses were evaluated by modified International
Working Group (IWG) criteria for AML [24]. Time-to-event
endpoints were evaluated by the Kaplan-Meier method, with
differences between groups determined by log-rank test. All
statistical analyses were conducted with Excel® 2016 for
Windows and SPSS® Statistics version 20. A two-tailed value
of P < 0.05 was considered as statistically significant.

Results

Patient characteristics

A total of 40 patients with R/R AML who underwent salvage
therapy with venetoclax-based regimen were consecutively in-
cluded in this retrospective observational study. At the time of
analysis, patients received a median of 2 cycles of treatment
(range, 1–8) and the median treatment duration was 2.2 months
(range, 0.5–12.2). Patient demographics and disease character-
istics of this heavily pretreated cohort are shown in Table 1. The
median age was 63 years (range 20–88 years) and 42.5% of
them were more than 65 years old. Twenty-five (62.5%) of the
patients had de novo AML, 13 (32.5%) patients had secondary
AML transformed from myelodysplastic syndrome (MDS) or
myeloproliferative neoplasm (MPN) and two (5%), therapy-

related AML. Median prior treatment lines were 3 (range, 1–
9), and 6 (15%) patients received the treatment as first salvage
setting. Thirteen (32.5%) patients had received allogeneic
HSCT prior to venetoclax-based treatment. Chromosome data
were available in 37 patients at enrollment; 25 (67.6%) patients
had intermediate-risk cytogenetics and 11 (29.7%),
unfavorable-risk cytogenetics based on the MRC classification
[25]. According to the 2017 ELN recommendation [2], 12.5%
of patients were in the favorable-risk group; 17.5%, the
intermediate-risk group; and 70%, the unfavorable-risk group.

The median number of gene mutations was 2 (range 0–5)
(Fig. 1). The most prevalent gene mutation was RUNX1 (n =
11, 27.5%), followed by ASXL1 (n = 9, 23.7%) and SRSF2
mutations (n = 5, 13.2%). Of note, only three (7.5%) patients
had FLT3-ITD, three had NPM1 mutations and four (10.5%)
had IDH2 mutations. Additional mutations and their frequen-
cies are summarized in Supplementary Fig. 1.

Treatment characteristics and outcome

Eight (20%) patients received venetoclax as monotherapy and
32 received combination regimens, in whom 21 (52.5%) re-
ceived azacitidine, 10 (25%) low-dose cytarabine (LDAC)
and one (2.5%) fludarabine, cytarabine, and granulocyte
colony-stimulating factor (FLAG). Twenty-five (62.5%) pa-
tients received venetoclax and azole antifungals concurrently,
in whom venetoclax dose adjustment is strongly recommended
due to CYP3A4 inhibition caused by azole antifungals. Among
them, venetoclax was administered at a median dose of 100 mg
(100–200 mg) in combination with posaconazole (n = 9, 36%)
or voriconazole (n = 13, 52%) and 400 mg (100–600 mg) in
combination with fluconazole (n = 3, 12%). In total cohort, the
median dose of venetoclax was 150 mg (range, 100–600 mg).

Fig. 1 Cytogenetic and mutational status in 40 R/R AML patients
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With a median follow-up duration of 6.9 months (range,
0.7–16.3 months), the overall response rate (ORR) by IWG
criteria was achieved in 20 (50%) patients, including 5
(12.5%) CR, 4 (10%) CRi, 5 (12.5%) morphologic
leukemia-free state (MLFS) and 6 (15%) partial response
(PR). All patients who achieved CR/CRi became transfusion
independent. Six responding patients (30%) were bridged to
allogeneic HSCT (Table 2). Among the patients obtaining CR/
CRi, five (55.6%) patients also reached minimal residual dis-
ease negativity as shown by flow cytometry. Twenty patients
with at least PR had received a median of 3 (range, 1–9) prior
lines of therapy and all these patients responded within 1 cycle
of venetoclax therapy (Table 2). The median time to first re-
sponse was 0.95 month (range, 0.5–2.5) and the median time
to best response was 1.4 month (range, 0.5–5.5). Seventeen
(85%) of the 20 responsive patients received venetoclax com-
bination therapy, including 10 (50%) with azacitidine, six
(30%) LDAC and one (5%) FLAG. Eighteen (75%) of the
24 patients without prior HMA exposure were treated with
azacitidine and venetoclax, and ten (55.6%) of them achieved
clinical response; in contrast, three (18.8%) of the 16 patients
with previous exposure to HMA [azacitidine (n = 15) or SGI-
110 (n = 1)] received azacitidine combination therapy and
none obtained clinical response.

Seventeen (68%) of 25 patients with intermediate-risk cy-
togenetics achieved an objective response; in contrast, three
(27.3%) of 11 patients with unfavorable-risk cytogenetics did
so (P = 0.034). However, we could not find statistical differ-
ence in ORR or CR/CRi between patients with primary and
secondary/therapy-related AML, ELN intermediate- and
unfavorable-risk groups, and those with prior HMA
treatment/HSCT and without. The median overall survival
(OS) was 6.6 months (range, 0.7–16.3) and survival rate in
6 months was 58.2% (Fig. 2a). The median OS was not
reached in patients obtaining CR/CRi compared with remain-
ing patients without (P = 0.014, Fig. 2b). Four (44.4%) of nine
patients achieving CR/CRi were bridged to allogeneic HSCT
and all remained disease free and alive through the study pe-
riod. There was statistically significant difference of OS
among different cytogenetic groups (P = 0.037, Fig. 2c). A
trend of better OS could be found in patients receiving
venetoclax in combination with HMA than those with
LDAC (median 7.4 months vs. 5.8 months, P = 0.155).

Prognostic relevance of gene mutations
in venetoclax-based therapy

Among the 40 R/R AML patients, ORR was 100% for patients
withFLT3-TKD(n = 2),SRSF2 (n = 5),NPM1 (n = 3),orU2AF1
(n = 2)mutations, 77.8%for thosewithASXL1mutations (n = 9),
75% for those with IDH2 (n = 4), or STAG2mutations (n = 4) as
well as 54.5% for those with RUNX1mutations (n = 9, Table 2).
Ofnote,patientswithmutations inNPM1 (66.8%),SRSF2 (40%),

andRUNX1 (36.4%) had higher than averageCR/CRi rates ifwe
considered only those genes detected in three or more patients.

Among the 11 patients harboring RUNX1 mutations, six
(54.5%) reached ORR, including 2 CR, 2 CRi, and 2 PR.
Intriguingly, RUNX1-mutated patients had better OS than
RUNX1-wild patients (P = 0.014, Fig. 3a). All five SRSF2-
mutated patients, all harboring ASXL1mutations concurrently,
responded to venetoclax-based therapy, including one CR
(20%), one CRi (20%), and three PR (60%) (Table 2). Of
the four patients harboring IDH2 mutations, one reached CR
and then proceeded to allogeneic HSCTsmoothly, two obtain-
ed PR, and the remaining one received allogeneic HSCT after
achieving blast reduction in peripheral blood, but disease re-
lapsed rapidly 2 months later. On the contrary, all patients

Fig. 2 Kaplan-Meier survival curves for 40 R/R AML patients treated
with venetoclax-based therapy (a). Subgroup analysis according to treat-
ment response (b) and cytogenetic groups (c)
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harboring TP53 mutations (n = 4), DNMT3A mutations (n =
3), or FLT3-ITD (n = 3) did not have objective response to
venetoclax-based therapy. All three patients with FLT3-ITD
received FLT3 inhibitors, including two of midostaurin and
one of sorafenib prior to venetoclax-based regimen. The poor
response also translated into significantly worse OS (Fig. 3b–
d). Besides, presence ofNRAS or SETBP1mutations predicted
shorter OS (Fig. 3e–f). Mutations in other genes showed no
implication on survival.

Safety profiles

Tumor lysis syndrome (TLS) prophylaxis with febuxostat
40mg/day and hydration was universally administered at least
on the day of initiation of venetoclax and till the risks of TLS
diminished [26]. All patients had a white blood cell (WBC)
count less than 25 ×109/L before venetoclax treatment and no
patients developed laboratory or clinical TLS.

The majority of patients had an ECOG performance status
of 2. The 30-day early mortality was 7.5% and 6 (15%) deaths
occurred at ≤ 60 days. Prior to treatment initiation, 55% of
patients (n = 22) had grade 4 neutropenia and 70% (n = 28)
had grade ≥ 3 thrombocytopenia due to uncontrolled hemato-
logic diseases. Twenty (50%) patients had documented infec-
tions prior treatment initiation, including 12 (60%) of invasive
fungal infection and 3 (15%) of Mycobacterium infection.
Irrespective of causes, 16 (40%) patients had persistent grade
4 neutropenia and 23 (57.5%) patients had persistent grade ≥ 3
thrombocytopenia through the study period (Table 3). The
median time of neutrophil or platelet count recovery was
40 days (range, 6–90) and 31 days (range, 6–67), respectively.
During treatment, neutropenic fever was reported in 27
(67.5%) of patients and 18 (45%) patients developed docu-
mented infections, including blood stream infections due to
gram negative (n = 7, 38.9%) or gram positive (n = 3, 16.7%)
bacteria, Candida tropicalis fungemia (n = 1, 5.6%),
Mycobacterium kansasii (n = 1, 5.6%), and invasive fungal

a) RUNX1 mutation b)TP53 mutation

c) FLT3-ITD d) DNMT3A mutation

e) NRAS mutation f) SETBP1 mutation

Fig. 3 Overall survival stratified by gene mutations [a RUNX1 mutation, b TP53 mutation, c FLT3-ITD, d DNMT3A mutation, e NRAS mutation, f
SETBP1 mutation

Ann Hematol (2020) 99: –501 511506



infection (n = 2, 11.1%). This resulted in 5 (25%) deaths
caused by infection in patients achieving ORR. Nine
(22.5%) patients received G-CSF support at any time during
venetoclax treatment.

Thirteen (50%) of 26 patients who had grade III or more
hematologic adverse events (AEs) had venetoclax dose inter-
ruption. Reduced duration of venetoclax administration oc-
curred in six patients with three patients to 21 days and 3 to
14 days. Five patients had a delay of cycle treatment to allow
for hemogram recovery. Overall, treatment was discontinued
in 32 (80%) patients, with no response or progressive disease
(n = 16, 50%) being the most common reason; others included
bridging to allogeneic HSCT (n = 9, 28.1%), grade 4 neutro-
penia or thrombocytopenia (n = 4, 12.5%), and grade 4 infec-
tion (n = 3, 9.4%).

Twelve (48%) of the 25 patients with azole antifungals
administration concomitantly had persistent neutropenia, and
17 (68%) had persistent thrombocytopenia. However, there
was no statistically significant difference in incidence of per-
sistent neutropenia or thrombocytopenia between patients tak-
ing azole antifungals and those without (P = 0.143 and P =
0.168, respectively).

Discussion

We reported a real-world experience of venetoclax-based ther-
apy in a relatively larger cohort of patients with R/R AML.
There have been limited reports regarding the response of

venetoclax-based therapy in R/R AML. The ORR reported
in these studies varied from 11.6 to 51.5% (Table 4) probably
due to different patient cohorts, mutation patterns, and treat-
ment modalities (either monotherapy or combination therapy).
In this study, we showed that the ORR was 50% and nine
(22.5%) patients could reach CR or CRi among the heavily
pretreated and high-risk patients who had a median prior treat-
ment lines of 3, ELN adverse-risk group of 70%, and prior
allogeneic HSCT in around one-third patients. Importantly,
we identified cytogenetic and molecular markers that might
help stratify R/R AML patients into groups with different
response rates and OS.

The median OS was 6.6 months in total cohort and not
reached in patients achieving CR/CRi, longer than those re-
ported by Konopleva et al. [17, 18] and DiNardo et al. [17, 18]
(Table 4). This was possibly because ten (25%) patients were
bridged to allogeneic HSCT smoothly in this study, compared
to only one patient in the study of Konopleva et al. [17, 18]
and two, in the study of DiNardo et al. [17, 18]. These findings
are consistent with the concept that allogeneic HSCT is the
only potentially curative treatment in R/R AML patients if
they can achieve optimal response before transplantation.

All the response to venetoclax-based therapy was observed
within 1 cycle, and patients reaching CR/CRi had significantly
better survival, compared to others without CR/CRi, which
were consistent with previous findings [16, 19, 20]. In contrast
to HMA treatment alone, in which optimal response can be
obtained only after a sufficient number of cycles [27, 28], a
CR/CRi can be achieved with venetoclax-based therapy with-
in 1–2 cycles.

Given the limited number of patients reported in literature,
the markers that can predict response to venetoclax-based
therapy remain unclear. More studies are warranted to identify
predictors of clinical benefits. In this study, high-risk cytoge-
netics had negative impact on outcomes as previously de-
scribed [19]. Nevertheless, the findings regarding prognostic
impact of molecular mutations on response to venetoclax-
based therapy in R/R AML were not consistent. This study
was aimed to comprehensively investigate the mutation pat-
tern and its prognostic relevance in R/R AML patients receiv-
ing venetoclax-based therapy. Consistent with previous stud-
ies [16–20], patients with NPM1 or IDH mutations appeared
to have promising response to venetoclax-based therapy. In a
previous report of DiNardo et al., RUNX1-mutated R/R AML
patients were shown for the first time to have higher ORR to
venetoclax-based treatment, in whom 50% (4/8) achieved an
objective response, compared with 21% in total cohort; how-
ever, no survival impact was reported [20]. Similarly, in the
current study, six (54.5%) of 11 RUNX1-mutated patients ob-
tained an objective response, including 4 CR/CRi and 2 PR.
Furthermore, we identified that RUNX1 mutation was a sig-
nificantly favorable prognostic factor for OS, suggesting that
venetoclax-based therapy may be able to overcome the poor

Table 3 Safety profiles of venetoclax-based therapy in R/R AML
patients

Outcomes

Tumor lysis syndrome, laboratory or clinical no. (%) 0 (0)

ANC at treatment initiation (/mm3) median (range) 392 (0–6981)

Persistent Gr.4 neutropenia during Tx no. (%) 16 (40)

Documented infection at treatment initiation no. (%) 20 (50)

Bacteremia 2 (10)

Invasive fungal infection 12 (60)

Mycobacterium infection 3 (15)

Documented infection during treatment no. (%) 18 (45)

Bacteremia, GPC or GNB 10 (55.6)

Candida tropicalis fungemia 1 (5.6)

Invasive fungal infection 2 (11.2)

Mycobacterium kansasii infection 1 (5.6)

Received growth factor support no. (%) 9 (22.5)

PLT at treatment initiation (K/mm3) median (range) 34 (4–270)

Persistent Gr. ≥ 3 thrombocytoepnia during Tx no. (%) 23 (57.5)

30-day early mortality no. (%) 3 (7.5)

ANC absolute neutrophil count, GPC Gram-positive cocci, GNB Gram-
negative bacilli, Gr. grade, PLT platelet
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Table 4 Comparison of current study with previous reports in R/R AML patients

Current study DiNardo CD et al. Aldoss I et al. Konopleva
M et al.

Ram R et al.

Study design Retrospective, single
center

Retrospective, single center Retrospective, single center Phase II,
multicen-
ter

Multicenter,
historical
prospective

Patient number 40 43 33 32 23

Disease AML AML (n = 39), MDS (n = 2),
BPDCN (n = 2)

AML AML AML

AML

De novo 25 (62.5) 27 (69.2) 23 (69.7) 19 (59) 18 (78)
Secondary 13 (32.5) 12 (30.8) 5 (15.2) 13 (41)

Therapy-related 2 (5) 0 5 (15.2) 0 5 (22)

Prior HMA
exposure

16 (40) 33 (77) 20 (60.6) 24 (75) 23 (100)

Median prior
treatment
(range)

3 (1–9) 3 (2–8) 2 (1–8) Prior
regimen
≥ 3 in
41%

2 (1–5)

Prior HSCT 13 (32.5) 5 (12) 13 (39.4) 4 (12.5) 6(26)

Venetoclax-based
Regimens

Monotherapy 8 (20) 0 0 32 (100) 0

with HMA 21 (52.5) 31 (72) 33 (100) 0 13 (57)

with LDAC 10 (25) 8 (19) 0 0 4 (17)

with others 1 (2.5) 4 (9) 0 0 6 (26)

Median Tx cycles
(range)

2 (1–7) 2 (1–4) NA 63.5 days
(14–256)

NA

Cytogenetics

Favorable 1 (2.5) 2 (5) 3 (9.1) 0 1 (4)

Intermediate 25 (62.5) 21 (49) 11 (33.3) 10 (32) 13 (56)

Unfavorable 10 (27.5) 20 (47) 18 (54.5) 20 (62) 9 (40)

ND 4 (7.5) 0 1 (3) 2 (6) 0

Mutation profiles
by NGS, N

38 43 18 0

Common (> 10%)
gene mutations

RUNX1, ASXL1,
K/NRAS, IDH2,
TP53, TET2, STAG2

IDH1/2, TP53, TET2, RUNX1,
DNMT3A, ASXL1, K/NRAS,
FLT3-ITD

IDH1/2, TP53, TET2, RUNX1,
DNMT3A, FLT3-ITD, CEBPA,
SRSF2, BCOR, PTPN11

IDH1/2,
FLT3-IT-
D, NPM1

FLT3-ITD
(13%)

Median follow-up
(range)

6.9 (0.7–16.3) NA 6.5 (0.8–12.4) NA 5.3 (2.3–16.1)

ORR 20 (50) 9 (20.9) 21 (63.6) 6 (19)

CR/Cri 9 (22.5) 5 (11.6) 17 (51.5) 6 (19) 10 (43)

MLFS 5 (12.5) 4 (9.3) 4 (12.1) NA 0

PR 6 (15) NA NA NA 0

Median OS
(months, range)

6.6 (0.7–16.3) 3 (0.5–8) 1-year OS = 53% 4.7
(2.3–6.0)

5.6

Bridged to
allogeneic
HSCT

10 (25) 2 (4.7) 3 (9.1) NA NA

Discontinuation 32 (80) 38 (88) 61.9% in 31 responders NA NA

DDI 25 (62.5) 37 (86) NA NA NA

AML acute myeloid leukemia, BDPCN blastic plasmacytoid dendritic cell neoplasm, CR complete remission, CRi CR with incomplete hematologic
recovery, DDI drug-drug interaction, HMA hypomethylating agent, HSCT hematopoietic stem cell transplantation, LDAC low-dose cytarabine, MDS
myelodysplastic syndrome,MLFSmorphologic leukemia-free state, NA not available, ND not done, ORR overall response rate,OS overall survival, PR
partial response, Tx treatment
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prognosis of RUNX1 mutation besides allogeneic HSCT
[29–31]. Other interesting findings were that all SRSF2-mu-
tated patients had an objective response to venetoclax-based
therapy and these patients had ASXL1mutations concurrently.
These findings might partially explain why there was no sig-
nificantly survival difference among different ELN risk
groups since venetoclax-based therapy improved outcome of
patients with adverse-risk genotypes, such as RUNX1 and
ASXL1mutations. It merits further studies for not only valida-
tion in a larger molecularly-based cohort but also exploration
of the underlying mechanism. On the other hand, we showed
for the first time that FLT3-ITD, TP53, and DNMT3A muta-
tions were significantly unfavorable predictors for ORR, and
mutations in TP53, DNMT3A, NRAS, and SETBP1 and
FLT3-ITD conferred shorter OS in R/R AML patients treated
with venetoclax-based therapy. The median OS was less than
4 months in patients with these mutations.

Regarding the safety profiles of venetoclax-based therapy
in R/R AML, the most commonly observed complications
were related to prolonged cytopenias. Prior to treatment initi-
ation, the majority of patients presented with grade ≥ 3 cyto-
penias due to the nature of underlying diseases and over 50%
patients remained prolonged and profound cytopenias through
the study period, which often led to grade ≥ 3 infections, in-
cluding bacteremia or invasive fungal infections. Despite of
the high incidence of severe infection, with adequate treat-
ment, the 30-day mortality rate was only 7.5%, slightly lower
than the previous report (12%) [20]. There was no laboratory
or clinical TLS observed through the study period while all
patients were under febuxostat and hydration prophylaxis [16,
20]. Over 50% patients had azole antifungal administration
concomitantly with venetoclax, and the dose of venetoclax
was adjusted accordingly as previously recommended [32].
There was no significant difference in incidence of cytopenias
between patients having concurrent antifungals or not, sug-
gesting that venetoclax with dose adjustment for drug interac-
tions with antifungals was well tolerated in R/RAML settings.

This study has several limitations. First, due to the retro-
spective nature of this study, many factors could not be exactly
assessed as in a perspective clinical trial, such as timing of
bone marrow study and sampling of mutations by NGS.
However, a complete mutational screen of 54 genes were per-
formed in 95% of patients and 63.2% of themwas done before
venetoclax treatment. We clearly demonstrated that mutations
could predict treatment outcome in R/R AML patients.
Second, relatively short duration of follow-up precludes the
assessment of long-term efficacy and safety of venetoclax-
based therapy. Further large-scale prospective trials are war-
ranted to validate these findings.

In summary, the present study provides experience of
venetoclax-based therapy in a relatively larger R/R AML co-
hort, demonstrating an efficient and well-tolerated salvage op-
tion for this poor-risk population. Treatment benefits were

particularly notable in patients with intermediate-risk cytoge-
netics, NPM1, IDH2, or RUNX1mutations. In contrast, TP53,
NRAS, DNMT3A, and SETBP1 mutations as well as FLT3-
ITD conferred negative impact on survival.
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