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Efficacy and safety of venetoclax in combination therapy for relapsed acute
myeloid leukemia after allogeneic hematopoietic stem cell transplantation
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Abstract

Objective: To evaluate the efficacy of the B-cell lymphoma 2 (BCL2)-inhibitor venetoclax in combination therapy
for relapsed acute myeloid leukemia (AML) patients after allogeneic hematopoietic stem cell transplantation
(allo-HSCT).
Methods: We retrospectively analyzed 7 adults with relapsed AML who failed at least one prior therapy and
were treated with venetoclax in combination with decitabine and/or low-dose cytarabine at the Beijing Boren
hospital between March 2019 and March 2020. Four patients (57.1%) had adverse cytogenetic findings. Four pa-
tients (57.1%) had undergone a donor lymphocyte infusion (DLI) prior to venetoclax therapy, while four pa-
tients (57.1%) had leukemia and failed prior hypomethylating agent (HMA) therapy.
Results: The objective response rate (ORR) was 71.4% (5 patients achieved morphological complete remission
with incomplete hematologic recovery, CRi). At the end of the follow-up period, 3/5 cases (60%) in the CRi
group achieved minimal residual disease (MRD) negativity by flow cytometry. One patient (14.3%) successfully
underwent allo-HSCT. The median follow-up time was 140 (120, 354) d. Among the seven patients, one died of
relapse after remission, with an overall survival rate of 85.7% and a disease-free survival rate of 57.1% (4/7).
Five of these patients (71.4%) had an identifiable infection, including septicemia (one patient), herpes zoster
(two patients), and pneumonia (two patients). One patient had a tumor lysis syndrome.
Conclusion: The venetoclax-based combinations demonstrated efficacy in treating adult patients with AML re-
lapsing after allo-HSCT.
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Introduction

Acute myeloid leukemia (AML) relapse remains the
leading cause of treatment failure after allogeneic he-
matopoietic stem cell transplantation (allo-HSCT) with
a two-year survival rate of <20%, despite various strate-
gies including hypomethylating agents, chemotherapy,
donor lymphocyte infusion (DLI), target drugs, and sec-
ondary transplantation1. Recent studies have shown that
the anti-apoptotic protein B-cell lymphoma 2 (BCL-2)
overexpression of leukemic cells can prevent tumor cell
apoptosis, shorten the overall survival of AML patients,
and cause resistance to therapy1. Venetoclax is a highly
selective inhibitor of BCL-2 that can directly bind to
the BCL-2 protein to substitute a pro-apoptotic protein

and restart the process of apoptosis. Venetoclax com-
bined with hypomethylating agents (HMAs) and low-
dose cytarabine has demonstrated much better responses
in relapsed AML2. However, there are limited data on
the efficacy of venetoclax in relapsed AML after allo-
HSCT. Our study aimed to provide evidence for the ef-
ficacy, toxicity, and response characteristics of veneto-
clax combination therapy in relapsed AML after allo-
HSCT.

Patients and Methods

Cases
A retrospective analysis was performed on seven pa-

tients with relapsed AML after allo-HSCT treated with
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Table　1.　Patient and Characteristics at Time of Venetoclax Combination Therapy

#1 #2 #3 #4 #5 #6 #7
Age 27 52 52 47 38 16 43
Sex Female Female Female Female Female Male Female
Diagnosis De novo Secondary Secondary De novo De novo De novo De novo
Cytogenetics Adverse Unknown Unknown Adverse Adverse Adverse Intermediate

Chimerism t (8; 21), 
t (3; 12), -X Unknown Unknown inv (3), -7 1p+, +4, dre (13), 

16p+, -18, -20, 21p+ Unknown Unknown

Transplant donor MRD MRD Haplo Haplo MRD MUD Haplo
Conditioning regimens FB2 Cy+FB3 FB3 FB4 Dec/Bu/Cy Bu/Cy Bu/Cy
aGvHD None None Unknown 3 None None 1
cGvHD None None None Extensive None None None
Relapsing time post-HSCT +44 +467 +49 +116 +364 +29 +27
Hypomethylating agents No Yes Yes Yes Yes No No
DLI Yes Yes No Yes Yes No No
Bone marrow morphology 34% 18% 13% 0.5% 51% 8% 60%
Mutations None Unknown MPL, JAK2 Unknown TP53 None NPM, FLT3
MRD by flow cytometry 9.09% 8.02% 13.8% 0.03% 45.3% 22.92% 20%
Cy, cyclophosphamide; Bu/Cy, busulfan/cyclophosphamide; FB2, fludarabine + busulfan (2 days); FB3, fludarabine + busulfan (3 days); FB4, 
fludarabine + busulfan (4 days); DLI, donor lymphocyte infusion; MRD, match related donor; MUD, match unrelated donor; haplo, related haplotype 
donor; aGvHD, acute graft-versus-host disease; cGvHD, chronic graft-versus-host disease; MRD by Flow cytometry, Microresidual disease by Flow 
cytometry

venetoclax-based combination therapy at Beijing Boren
hospital from March 1, 2019 to March 1, 2020. Disease
characteristics of these patients are shown in Table 1.
The median age was 43 y (range, 16-52), with only one
male patient (14.3%). The median time from relapsing
post-HSCT to venetoclax combination therapy was 49
days (range, 27-467). Five patients (71.4%) had de
novo AML, and two patients (28.6%) had AML with
myelodysplastic changes. Four patients (57.1%) had
leukemia characterized by adverse cytogenetics and one
by intermediate cytogenetics. Notable molecular muta-
tions present were tumor protein 53 (TP53, one patient,
14.3%), fms-like tyrosine kinase 3 (FLT3, one patient,
14.3%), nucleophosmin 1 (NPM1, 1 patient, 14.3%),
Janus tyrosine kinase 2 (JAK2, one patient, 14.3%), and
MPL (one patient, 14.3%). Six patients (85.7%) were
treated with chemotherapy and/or HMAs, except for
one patient who was untreated before initiation of vene-
toclax. Four patients (57.14%) had received DLI prior
to venetoclax therapy, and six patients (85.7%) had leu-
kemia that failed prior therapy. One patient (14.3%) had
grade 3 aGvHD prior to starting venetoclax therapy,
and one patient (14.3%) had extensive type cGvHD.
The median Eastern Cooperative Oncology Group
(ECOG) score was 1 (range 0-2) for patients. The study
was conducted in accordance with accepted ethical
guidelines and received approval from the hospital’s in-
stitutional review board, and all patients provided writ-
ten informed consent to participate.

Medication method
Five patients received venetoclax in combination with

low-dose cytarabine (LDAC) (20 mg/m2×14 d), while
two patients received venetoclax with decitabine (15
mg/m2×5 d) and LDAC (20 mg/m2×14 d). All the pa-
tients received venetoclax dosing as a“ramp-up”(start-
ing at a lower dose and then increasing it when toler-
ated). The dosing of venetoclax was at the physician’s
discretion with a starting dose of 100 or 200 mg/d. The
dose was gradually increased to the maximum of 600
mg/d, with the administration lasting for a total of 28
days if the patient showed satisfactory tolerance. When
the neutrophil count was 0.5 ×109/L, venetoclax
therapy was stopped and granulocyte colony stimulating
factor (G-CSF) was administered during treatment. Ve-
netoclax monotherapy (400 mg ×28 d) or combination
therapy such as Venetoclax (400 mg ×28 d) and LDAC
(20 mg/m2×14 days) or decitabine (15 mg/m2×5 d)
would be administered every two months if they led to
better responses.（Because it is a retrospective study, the
scheme is in the exploratory stage, so there is no uni-
fied standard）.

Efficacy criteria and safety evaluation
Using the Hematological Diagnosis and Efficacy Cri-

teria3, medical records were retrospectively analyzed for
disease characteristics, laboratory values, number and
type of prior therapies, cytogenetics, molecular muta-
tions, characteristics, and response to venetoclax combi-
nation therapy, side effects of venetoclax combination
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Table　2.　Patients’ characteristics and outcomes (n=7)

#1 #2 #3 #4 #5 #6 #7
Venetoclax maximum dose 
for one day (mg) 400 600 400 400 400 600 600

Combination agents Cytarabine Cytarabine Cytarabine/
Decitabine Cytarabine Cytarabine/

Decitabine Cytarabine Cytarabine

Best response CRi CRi CRi CRi CRi NR NR
Number of venetoclax cycle 
to achieve best response 1 1 1 1 1 - -

MRD by flow cytometry 0% 0% 3.21% 0% 12.9% 8.76% 47.32%
Donor implantation rate 
after best response 100% 100% 100% 100% 100% 47.12% 55%

Number of venetoclax 
cycles as Maintenance 2 2 0 4 2 0 0

Maintenance agents Venetoclax+ 
Cytarabine Venetoclax none Venetoclax+ 

Decitabine
Venetoclax+ 
Cytarabine CART Sorafenib

Secondary HSCT No No Yes No No No No

Current status Alive without 
leukemia

Died from 
relapse

Alive without 
leukemia

Alive without 
leukemia

Alive without 
leukemia

Alive with 
leukemia

Alive with 
leukemia

Survival (days) 147 241 205 352 120 210 202
CR/CRi, complete remission/complete remission with incomplete hematologic recovery; NR, no remission; CART, Chimeric antigen receptor T 
cells; MRD by flow cytometry, Microresidual disease by flow cytometry

therapy, and survival. Cytogenetic and molecular risk
were classified according to the 2017 European leuke-
mia net (ELN) risk stratification, and response to vene-
toclax combination therapy was assessed according to
the 2017 ELN response criteria4. All the patients were
intermittently examined for coagulation function, rou-
tine blood parameters, liver function, renal function,
and cardiac function after treatment. Complications
were recorded in detail.

Results and Discussion

Poor treatment results in AML relapse after HSCT
led to a change in our practice to include venetoclax-
based therapy in failure strategies. A retrospective
analysis by Aldoss et al. of 33 relapsed AML patients
treated with venetoclax combination therapy revealed
that 6 of the 13 (46.2%) enrolled patients relapsed after
allo-HSCT showed efficacy5. We found an ORR of
71.4% in our patients, with five patients achieving CRi,
of which three out of five (60%) achieved MRD nega-
tivity by flow cytometry, including two patients who re-
ceived combination of low-dose cytarabine and decit-
abine. The characteristics and outcomes of patients are
shown in Table 2. The median time to the best re-
sponse was 34 days (range, 24-48) for one cycle. There
was no difference in the dosage of venetoclax combina-
tion between the CRi and NR groups. Similar to an-
other study6, all CRi patients were treated with HMAs
and/or DLI before venetoclax combination therapy. One
patient was able to use venetoclax combination therapy
as an abridge to secondary allo-HSCT. Three cases

were effective and all survived without leukemia; how-
ever, one patient relapsed after single venetoclax main-
tenance during the median follow-up time of 205 days
(range 120-352). In the NR group, two patients with
leukemia survived. Six patients survived during the
follow-up period, with a total survival rate of 85.7%.
Our data showed that combining HMAs with veneto-
clax showed more encouraging anti-leukemia activity,
higher response rate, and greater overall survival in
AML patients who relapsed after allo-HSCT.
We also observed an encouraging response in pa-

tients with adverse cytogenetic findings. In our popula-
tion, one patient with TP53 mutation cleared the muta-
tion with venetoclax combined with low-dose cyta-
rabine and decitabine and survived free of leukemia up
to the follow-up period. Although AML patients with
TP53 mutation may be more sensitive to decitabine6,
early work indicates these patients may derive less
benefit from venetoclax7. Additional studies on the
mechanism of venetoclax combined with low-dose cyta-
rabine and decitabine in patients with TP53 mutations
are needed in large-scale case analysis.
Some data suggest that venetoclax combined with

FLT3 inhibitors is effective in treating FLT3-mutated
AML. Similar to other retrospective analyses of veneto-
clax combination therapy in relapsed AML, three out of
four AML patients with FLT3-mutation had responses,
and two of the three patients with FLT3-mutation were
concurrently treated with sorafenib8. We suggest that the
FLT3 inhibitor may raise the possibility of a synergistic
effect of the two drugs, although the patient with FLT3-
mutated in in our study did not respond to venetoclax
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combination sequential sorafenib. Therefore, simultane-
ous targeting of BCL-2 and FLT3 may be a way to
overcome primary and secondary resistance in AML pa-
tients receiving venetoclax therapy.
The most common and serious adverse reaction to
venetoclax is neutropenia, which generally occurs at the
beginning of treatment9. Other side effects (>30%) in-
clude nausea, diarrhea, constipation, febrile neutropenia,
fatigue, hypokalemia, loss of appetite, and leukopenia.
In our study, five patients (71.4%) experienced neutro-
penia during the first cycle. The median time from ve-
netoclax initiation to neutropenia in patients with CRi
was 14 days which was evidently longer than the 1.5
days in NR group. Compared with CRi group, the me-
dian duration of grade 3 or greater neutropenia was
much longer in the NR group. Five out of seven pa-
tients (71.4%) had an identifiable infection including
septicemia (one patient), herpes zoster (two patients),
and pneumonia (two patients), and one patient showed
tumor lysis syndrome. Gastrointestinal side effects were
common: seven patients (100.0%) had nausea and three
patients (42.8%) had vomiting. Four patients (57.1%)
developed hyperbilirubinemia, which improved with
drug withdrawal. In dose climbing trials for AML pa-
tients, the initial dose of venetoclax was not less than
200 mg/d, with no reported tumor lysis syndrome. Nev-
ertheless, complications have been reported in patients
with chronic lymphocytic leukemia (CLL), which is at-
tributed to the breakdown and death of a large number
of tumor cells because of the rapid onset of veneto-
clax10. For this reason, CLL patients are recommended
to start with a small dose, such as 10 mg/d. Given that
our patient experienced tumor lysis syndrome upon ad-
ministration of 200 mg, a large sample size is needed to
confirm whether to further reduce the initial dose of ve-
netoclax for relapsed AML patients after transplanta-
tion.
In summary, the response rates and survival data of
venetoclax combination therapy in relapsed AML pa-
tients after allo-HSCT indicate improved outcomes and
can become a bridging treatment for secondary allo-
HSCT.
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