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Abstract
Background To investigate the e�cacy of venetoclax combined with azacytidine in the treatment of elderly patients with relapsed and refractory (R/R) acute
myeloid leukemia AML). 

Methods  The clinical data of 9 elderly AML patients over 65 years old, including 5 with R/R AML, using venetoclax and azacytidine were retrospectively
analyzed. 

Results  Six males and 3 females with a median age of 71 years were included in this study, of which four patients had at least one relapse, and one patient
did not get go into remission after 4 cycles of azacytidine monotherapy, deeming it refractory. Four patients had AML with myelodysplasia-related changes
(AML-MRC). After 1 to 13 cycles of treatment using venetoclax and azacytidine, one of the 9 patients died early due to long duration of neutropenia and severe
pulmonary infection caused by drugs. and six of the remaining 8 patients obtained complete response or complete response with incomplete hematologic
recovery (CR/ CRi) , including �ve R/R patients. One patient did not respond to treatment after two cycles. For the side effects of the treatment,
granulocytopenia occurred in all patients, and neutropenia occurred in 8 patients, lasting for an average of 10.5 (6-15) days and was most obvious in the
second to third week of treatment. Three patients with TP53 gene mutation positive had following different outcomes. One relapsed patient achieved
progression free remission (PFS) for 16 months up to date, and a second patient achieved complete remission but relapsed two months thereafter. Another
patient had complete remission in myelology for 4months, but the variant allele fraction value (VAF) gradually increased, indicative that the disease was about
to progress.

Conclusion Venetoclax combined with azacytidine regimen in elderly patients is an effective and well tolerated rescue scheme for R/R AML.The patients with
TP53 mutation with lower VAF may be beni�t from Venetoclax and azacytidine. Severe infection caused by neutropenia is an adverse reaction worthy of
attention in the treatment process of the regimen. 

Background
Acute myeloid leukemia (AML) is one of the malignant tumors of hematopoietic system. It is the most common type of leukemia in adults.

With the continuing aging of the world population, the median age of AML onset has risen to 68 years old (1). Most elderly AML patients cannot tolerate
intensive therapy or the conventional combination of cytarabine with anthracycline (7 + 3 regimen) because of many serious treatment-related complications
and poorly reserved organ function. As a result, the complete remission rate (CR) in this population is low, the duration of remission (DOR) is short, the early
mortality is high, and the overall prognosis is poor. Appelbaum et al. (2006) found that the elderly patients aged 66-75 years with performance status (PS) ≥ 2
points had a 31% likelihood of dying within 30 days of initiating induction chemotherapy, and a remission rate far lower than that in adult patients (2). The
median overall survival (OS) of AML patients over 65 years old in the United States from 2000 to 2016 was estimated to be 2.67 months, and the one-year
survival rate of the same group was only 21.8% (3).

With the development of tumor epigenetics, it has been found that abnormal DNA methylation plays an important role in the occurrence and development
of elder AML. In recent years, studies have shown that hypomethylation agents (HMA) have advantages over conventional chemotherapy for elderly leukemia
patients. A phase III clinical trial (DACO-016) compared the e�cacy of the HMA, decitabine with traditional regimen in the treatment of elderly patients with
AML. A total of 485 patients (median age 73 years) were enrolled. The complete response or complete response with incomplete hematologic recovery CR /
CRi rates of the two groups were 17.8% and 7.8%, and the median overall survival time was 7.7 months and 5.0 months, respectively p 0.108 (4). In the past
several years, low-intensity chemotherapy including HMA has become the standard treatment for elderly AML patients who are not suitable for high-intensity
chemotherapy (5).  However, because HMA is unable to clear leukemic stem cells, AML often relapses after drug withdrawal and needs long-term maintenance.
Because of these shortcomings, new targeted drugs have been emerging. 

Venetoclax (VEN) a selective B cell leukemia/lymphoma-2 (Bcl-2) inhibitor, can directly bind to Bcl-2 protein, trigger mitochondrial outer membrane
permeability and caspase activation, help restore the process of apoptosis, selectively kill AML cells, and increase the sensitivity of AML cells to chemotherapy
drugs (6,7).As a single agent for patients with R/R AML, VEN has demonstrated clinical e�cacy, but responses were modest and short-lived. The leukemia-free
survival and OS were 2.3 months and 4.7 months, respectively (8).   It combined with azacytidine, has been shown to have e�cacy in newly diagnosed elderly
AML patients (9).  Foreign clinical trials have tried to use VEN and HMA in elderly patients with relapsed and refractory(R/R) leukemia(10). In China, most elderly
un�t patients have to receive single symptomatic and supportive treatment. Thus far, no large-scale case study has been reported in China using VEN
combined with azacytidine(AZA) in elderly patients with R/R AML. To investigate the safety and e�cacy of this combinatorial therapy in R/R elderly AML
patients, we retrospectively analyzed the clinical data on the e�cacy and side effects of this regimen in elder AML patients treated with AZA+VEN in the past
two years at the Department of Hematology, Xuanwu Hospital, Capital Medical University. 

Cases And Methods
1. Cases: Nine elderly AML patients from December 2018 to July 2021 in our department were treated with AZA+VEN. All patients were diagnosed through

examining bone marrow cell morphology, histochemical staining based on the FAB classi�cation. Clinical and laboratory data were collected at initiation
of AZA+VEN therapy

2. Diagnostic criteria, Response criteria and survival: Response to venetoclax therapy was determined by using the 2017 European LeukemiaNet (ELN)
response criteria (11). The overall response rate (ORR) was de�ned as the combination of CR/ CRi . OS was calculated from cycle 1 day 1 of therapy until
death or time of last follow-up.
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3. Flow cytometric immunophenotype analysis: heparin-anticoagulated bone marrow (2mL) was aspirated from 9 patients and the immunophenotype was
examined and analyzed by �ow cytometry prior to VEN+AZA treatment.
 

4.  Cytogenetic analysis: Heparin-anticoagulated bone marrow (4 mL) were collected, and chromosomes were prepared by 24-hour culture method. G-
banding technique was employed to stain the chromosomes and the karyotype was analyzed under the microscope and the nomenclatures were written
according to International System for Human Cytogenetic Nomenclature ((ISCN2016). 

5. Gene mutation detection: DNA was extracted from bone marrow cells anticoagulated with EDTA. Forty-two genes were detected by AML / MDS second-
generation sequencing chip of Shanghai Yuanqi life science and Technology Co., Ltd.,( see Table1).The library was constructed by PCR ampli�cation
following the instruction from the manufacturer. The hot spots of 42 exons were sequenced by Illumina sequencer. The sequencing results were analyzed
by sequencer 4.7 software.

                                                                         Table1

   

DNA methylation regulation related genes TET2 DNMT3A  IDH1 IDH2

Histone regulation related genes EZH2 ASXL1 PPM1D RAD21 SMC1A SMC3

splicing factor related genes SF3B1 SRSF2 U2AF1 ZRSR2

signal transcription related genes  FLT3 CBL JAK2 NARS KRAS c-kit  CSF3R MPL SH2B3 PDGFRA NF1

transcription factor related genes NPM1, GATA2, CEBPA, ETV6, PHF6, RUNX1, SETBP1,BCOR,BCORL1 STAG2 STAT3 PTPN11

DNA repair related genes  TP53, WT1

others CALR PIGA KMT2A

6. Treatment regimen: azacytidine: 75mg / m2 / d, subcutaneous injection in 2-3 sites for 7 days; VEN: 100 mg on the �rst day; 200 mg on the second day; 400
mg from the third day to the 28th day to complete the 28-day treatment course. The regimen was administered 30 minutes after meals as scheduled. If a
CYP3A4 inhibitor, such as �uconazole and posaconazole, was used to treat the accompanied fungal infection, the dosage of VEN was reduced to half, or
¼, respectively.(12)

7. Follow up: The endpoint of follow-up was Jul 1, 2021. Follow-up was conducted by phone calls and/or medical record inquiry.

Results
1.Clinical data: There were 6 males and 3 females with a median age of 71 (65-82) years old. The PS scores were ≥2. Among them, two patients had
secondary recurrence, two patients had their �rst recurrence, and �ve patients had AML with myelodysplastic related changes (AML-MRC). Eight patients had
at least one cycle of AZA or combined with low-dose chemotherapy before the application of VEN; 3 patients had TP53 gene mutation, of which 2 patients had
complex chromosome karyotype (see table 2); 1 patient had FLT3-ITD gene mutation, 3 patients had DNMT3A mutation, 2 patients had IDH2 mutation, 1
patient had TET2 mutation, 3 patients had RUNX1 mutation and 1 patient had U2AF1 mutation. 

 Table 2. Clinical characteristics of patients
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Patient
no.

Age

(years)

Gender WHO
diagnosis

 

ECOG
PS 

scores

Blast
Percentage
(%)

WBC(*109/L) HB(g/L) PLT(*109/L) LDH
level
(IU/L)

Mutated
gene

 

Cytogenetics

1 69 F AML-M5

(second
relapse)

 

2 14 0.9 80 65 144 CEBPA
NPM1
TET2
TP53
DNMT3A

46 XX

 

2 71 F AML-M2

(second
relapse)

2 7.5 1.88 130 134 113 IDH2

 

46, XX

 

3 74 M AML-MRC

 

3 20.5 3.45 51 263 317 ASXL1
BCOR
RUNX1
IDH2

46, XY

 

4 82 M AML-MRC 3 21 4.62 82 25 312 TP53
DNMT3A

46,XY, add(4)(p16
del(5)(q21), del(7
(q31), +8,del(16)
(q22)

5 71 M AML-MRC

 

3 20 1.83 72 2 129 RUNX
U2AF1
FLT3-ITD

46, XY

6 65 F AML-MRC

 

3 37 1.3 65 298 473 IDH1
NPM1

CEBPA
DNMT3A 

46, XX

7 69 M AML-MRC

 

2 2.5 5.38 118 159 152 TP53

 

45,XY,-5,add(11)
(p15),add(13)
(p11),add(15)
(p11),-17,-18, -20,

8 68 M AML-
MRC(relapse)

 

2 18 2.04 124 81 240 RUNX1

SRSF2

IDH1

BCOR

ASXL1

SETBP1

KMT2A

TET2

47 XY +8

9 65 M AML-
MRC(relapse)

 

2 13 5.48 157 83 182 ASXL1

SRSF2

GATA2

46,XY

 2. Adverse Events: Gastrointestinal reactions: 6/9 patients had mild nausea, no vomiting. Hematologic toxicity: Granulocytopenia occurred in  8/9 patients
during the �rst two cycles of treatment, of which 5 patients developed severe infections.One patient died of severe neutropenia and septic shock.
 Thrombcytopenia occurred in 5/9 patients, of which 2 patients developed severe bleeding and died. There was no obvious tumor lysis syndrome in nine
patients.(see table.3)

Table.3

 

3.Therapeutic effect: Except case 6 died in the early stage and the therapeutic effect could not be evaluated ,6 patients among the remaining 8 patients had
e�cacy with the response rate (CR/CRi) at 75%, which occurred around the time when the regimen was given for 1.5 cycles(1-3cycles).

In case 1, the course of AML was 4 years. At the time of initial diagnosis, due to biallelic mutated CEBPA and mutated NPM1 without FLT3-ITD, the risk
strati�cation was low-risk. At that time, standard induction therapy, medium and large dose of cytarabine consolidation, and intensive therapy were given, and
the mutation gene was corrected after therapy. One year later, the patient relapsed for the �rst time, with mutations of TET2, TP53 (VAF=4.55%) and DNMT3A
genes. The patient was treated with low-dose chemotherapy containing another HMA, decitabine, and bone marrow obtained CR again. The second complete
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Adverse
Events

Hematologic toxicity Gastrointestinal
reactions

 

Tumor lysis
syndrome

Granulocytopenia Thrombcytopenia Nausea Vomiting

No.1 yes no slight no no

No.2 yes no slight no no

No.3 yes skin and soft tissue
infectiongs,staphylococcemia

no no no no

No.4 yes pneumonia yes slight no no

No.5 yes, pseudomonas aeruginosa Yes gastrointestinal
bleeding

slight no no

No.6 Yes,stenotrophomonas maltophilia pneumonia Yes abdominal hemorrhage slight no uncertain

No.7 no yes no no no

No.8 yes no slight no no

No.9 Yes,fungal pneumonia yes no no no

remission lasted for one year. Aside from the TET2 gene, TP53, DNMT3A, and NPM1 gene mutations occurred again in the second relapse, which was not
relieved after 2 cycles of azacytidine treatment alone. The third CR (CR3) was achieved after 2 cycles of AZA+VEN treatment, and NPM1 mutation was
corrected again.  

Case 2 was initially diagnosed as a moderate risk patient. Standard induction chemotherapy and intensive treatment with high dose cytarabine was used in a
consolidation period. After 6 years of long-term remission, azacytidine combined with low-dose cytarabine induction treatment was effective in obtaining CR2
after the �rst relapse occurred. During single drug azacytidine maintenance treatment, the patient relapsed again with IDH2 gene mutation. Because an IDH2
inhibitor was not available, AZA+VEN treatment was administered, and CR3 was obtained after one cycle of treatment. The IDH2 gene mutation was corrected
after two cycles. 

Case 3 was diagnosed as AML-MRC with ASXL1, BCOR, RUNX1 and IDH2 gene mutations. According to the National Comprehensive Cancer Network (NCCN)
guidelines, azacytidine with 75mg/m2/d monotherapy was the �rst line choice. After four cycles of treatment, the proportion of bone marrow blast cells failed
to decrease, and the patient had to continuously receive the transfusion of red blood cells. Therefore, the evaluation of curative effect was invalid and the
paitne became a refractory case. After adjusting to AZA+VEN, CR1 was obtained after two cycles of treatment, and the mutation gene BCOR was resolved.
These three patients received a combined VEN therapy after ineffective single drug azacytidine treatment, and achieved CR. 

Case 4 was an elderly patient with complex karyotype with 7q- and TP53 gene mutation. Three factors including elder, complex karyotype, and TP53 mutation
were independent adverse prognostic factors (13). Therefore, AZA combined with VEN induction therapy was given. CRi was obtained after one course of
treatment, and the VAF of TP53 decreased from 41.4% to 2.06%.

Cases 5 and 6 were both initially diagnosed as MDS-EB2. After a course of single drug azacytidine treatment, the disease progressed to AML-MRC, and severe
neutropenia occurred after the addition of venetoclax. The former case developed Pseudomonas aeruginosa, which improved after antibiotic treatment. But
after another course of AZA+VEN treatment, there was no improvement and the patient died of gastrointestinal bleeding because of thrombocytopenia for
long time

Case 6 developed neutropenia, Pseudomonas maltophilia infection and primary resistance to carbapenems. On the 14th day after treatment with AZA+VEN,
the patient died of severe pulmonary infection.

Case 7 was diagnosed as AML-MRC with complex karyotype and TP53 mutation VAF is 58.1% . Although CR1 was obtained by azacytidine combined with
low dose cytarabine, the VAF value of TP53 gradually increased from 6.3% to 11.8% during consolidation treatment, suggesting that this case would be
refractory to the therapies and the prognosis would be poor. After three cycles of combined therapy using AZA+VEN, the VAF value of TP53 increased from
11.8% to 28%. Thrombocytopenia occurred more than 2 weeks after the fourth cycle treatment and died of abdominal hemorrhage.

Cases 8 and 9 were both diagnosed as AML-MRC and were treated with AZA and low-dose cytarabine when relapsed. After VEN be added for only one cycle,
CR2 was obtained. In case 8, there were seven genes mutation when relapsed, including RUNX1, SRSF2, IDH1, ASXL1, SETBP1, KMT2A, TET2. When 2 cycles
treatment �nished, the mutation genes RUNX1, , IDH1, ASXL1 and SETBP1 were resolved. There were three genes mutation including ASXL1, SRSF2 and GATA2
when relapsed in case 9 and only GATA2 mutation retained after two cycles treatment.

Discussion
DNA methylation and other epigenetic changes are involved in the pathogenesis of elderly AML. HMA has become the �rst choice for newly diagnosed elderly
patients who are not suitable for high-intensity chemotherapy and hematopoietic stem cell transplantation and for R/R elderly AML patients. A retrospective
study conducted in MD Anderson Cancer Center showed that the CR/ CRi rate was 28% in demethylation alone group and 56% in group using Bcl-2 inhibitor
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combined with demethylation after 1-3 courses of induction therapy (14). These data demonstrate that Bcl-2 inhibitor combined with a demethylation drug is
more effective than a demethylation drug alone. 

All cases we studied were elderly frailty AML patients, including 5 R/R patients. Cases 1 and 2 were in their second relapse. They had used anthracyclines and
cytarabine and other standard and high-dose chemotherapy regimens for many times in the past, but because of the organ function, they failed to continue
the conventional chemotherapies. Most of the cases in this group had grade 3-4 myelosuppression after using VEN with 100-400 mg per day combined with
azacytidine 75 mg/m2/d. This dose is the same as that of adults.In the �rst course of treatment, neutropenia lasted for 6-15 days. Six out of the 8 patients
(75%) showed signi�cant therapeutic effect, CR/CRi, especially in all 5 R/R patients. 

It has been previously reported that AZA+VEN shows better e�cacy in low and medium-risk groups than in high-risk group according to genetic
strati�cation(15).In our study, 2/9 cases were in the medium and low risk groups at the time of initial diagnosis,whose PFS are 16 and 13 months respectively
up to date. Studies on gene mutations have shown that AML patients with RUNX1 and IDH2 mutations had relatively better response to
AZA+VEN combinations (16,17) .  Three cases tested positive for IDH2 or RUNX1 mutations, which is consistent with the �ndings in the aforementioned
study (16). A retrospective clinical study showed that patients with FLT3-ITD, TP53, and N/KRAS gene mutations were more likely to have no response or
relapse, while 21% of patients who received venetoclax combined with HAM rescue treatment had response, and the median OS was longer than those who
did not receive rescue treatment (2.9 months vs 1.3 months) (18). In our study, TP53 mutation was found in cases 1, 4 and 7 before treatment. Up to the follow-
up period, case 1 had achieved PFS of 16 months. The overall survival (OS) of case 4 was 11 months, which was signi�cantly longer than the reported median
OS of elderly AML (3), but PFS was only 2 months. Case 7 died recently owing to abdominal hemorrhage, OS is up to 7 months. The VAF value of TP53
mutation of case 7 did not decrease after the addition of VEN. It seems that compared with AZA monotherapy, the addition of VEN does not improve the
prognosis of patients. Because the patients with TP53 mutation had poor response to conventional chemotherapy, and the median survival time was 5-9
months (19). The fact that case1 is in continuous CR for 16 months and the latter two cases have the short remission time may be related to complex
karyotype, and high VAF value(20) .Case4 and case 7 both have complex karyotype including -5/5q- and/or -7/7q- chromosomal deletions and TP53 mutation
with VAF>20%.. More cases are needed for further study for VAF of TP53 and prognosis. 

There was no tumor lysis in any of the 8 patients, which was related to the low proportion of primordial cells in patients before starting the treatment. However,
early death occurred in one case (case 6), related to the duration of neutropenia longer than 2 weeks, infection, and potential tumor lysis. In the treatment of
AML with VEN, higher peripheral blood leukocyte counts, blood lactate dehydrogenase (LDH) levels, and precursor cell counts in bone marrow or peripheral
blood were associated with higher mortality rates, (21). 

Our study has several limitations. First, the cohort of patients analyzed is relatively small. It is worth reporting because few studies about AZA+VEN in the
treatment of elderly R/R AML in Asian population has been reported. In our study, 8/9(89%) patients relapsed or progressed in the stage of AZA
monothrapy ,The therapeutic effect of AZA+VEN was signi�cantly improved compared with azacytidine alone, and the overall safety was consistent with
previous studies(10). However, it needs to be cautioned that serious myelosuppression could happen. It is noted in our study that the lack of granulocyte is the
major adverse effect for the combination therapy, which may lead to early death of the patients. The initial result from this small cohort study is encouraging.
With venetoclax entering the Chinese market, further extended studies are needed to optimize the therapeutic regimen, as well as to characterize the
mechanism of action of this combination therapy for the elderly R/R AML patients.

Conclusion
Venetoclax combined with azacytidine regimen in elderly R/R AML patients is an effective and well tolerated rescue scheme . 75% patients got response.
Especially, all the 5 relapsed patients got CR/CRi. The patients with TP53 mutation with lower VAF may be beni�t from VEN and AZA. 

Abbreviations
AML: acute myeloid leukemia; R/R: relapsed and refractory; MRC: myelodysplasia-related changes ; CR: complete response; CRi:complete response with
incomplete hematologic recovery; PFS: progression free remission; VAF: variant allele fraction value; DOR: duration of remission; PS: performance
status; OS: overall survival; HMA: hypomethylation agents; VEN: venetoclax; Bcl-2: B cell leukemia/lymphoma-2; AZA :azacytidine; ELN: European
LeukemiaNet; ORR: overall response rate; EDTA Ethylene Diamine Tetraacetic Acid; PCR: polymerase chain reaction; CYP: cytochrome P450; NCCN:
national comprehensive cancer network; MDS: myelodysplastic syndrome; LDH: lactate dehydrogenase;
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