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Abstract: Background: Management of Acute Myeloid Leukemia (AML) and Myelodysplastic Syndromes
(MDS) are challenging in low-middle income countries (LMICs) due to lack of advanced diagnostics for risk
stratification, restricted finances and lack of trained manpower and infrastructure for handling patients with
intensive chemotherapy. Venetoclax when combined with hypomethylating agents (HMA) such as decitabine
or azacitidine inhibit electron transport chain complex II resulting in metabolic disruption and eradication of
leukemia stem cells (LSCs). Although widely used globally, limited data is available for its use and outcomes
from LMICs. Objectives: In this study, we aim to evaluate the outcomes of AML and MDS patients treated with
venetoclax and HMA combination therapy in a tertiary care center of Pakistan. Materials and Methods: We
conducted a retrospective analysis on 96 patients of which 54 patients had AML and 42 had MDS. All patients
received venetoclax combined with HMA at a single center from January 2020 to December 2024. The primary
outcomes measured for AML were overall survival (OS), progression free survival (PFS) and response rates
(complete remission [CR], partial remission [PR], stable disease [SD] and no response [NR]) while for MDS re-
sponse was assessed as per International Working Group (IWG criteria). Secondary outcomes were treatment
related toxicity (febrile neutropenia, deaths, tumor lysis syndrome). Results: A total of 96 patients were divided
into AML cohort (n=54) and MDS cohort (n=42). AML cohort had a male-to-female ratio of 2:1 and a median age
of 52 (IQR:37- 62.2). The overall survival (OS), disease free survival (DFS), overall response rate (ORR) and com-
plete remission (CR) was 77.4%, 52.8%, 50% and 88.8% respectively. Of relapsed patients (n=9), only 1 patient
responded to salvage therapy. The median OS and DFS for patients receiving salvage HMA was 75% and 12%
respectively. Common treatment related toxicities included febrile neutropenia (FN) in 66.7% patients with no
treatment related mortality. A total of 12.9% patients underwent consolidative HSCT and 18.5% received off
label venetoclax maintenance. The MDS cohort (n=42) had a male-to- female ratio 9.5:1 with 51 years median
age. The OS and DFS in MDS cohort were 59.5% and 44.4% respectively. Disease was relapsed in 21.1% patients
and median time to response was 64 days. FN occurred in 54.8% patients. Karyotype analysis showed normal
cytogenetics in 90.5%. A total of 17.1% MDS patients underwent consolidative HSCT and 12.2% received veneto-
clax maintenance. Conclusion: HMA-VEN combination therapy is a feasible and effective treatment for patients
with MDS and AML presenting in a resource limited setting. However, the low CR rates and high incidence of
febrile neutropenia compared to high-income countries underscores the need for better supportive care, com-
prehensive molecular testing and individualized treatment approaches.
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1. Introduction

Acute myeloid leukemia (AML) is the most common acute leukemia in adults with a median
age at diagnosis of 68 years while myelodysplastic syndrome (MDS) is a clonal hematological disor-
der with heterogeneous presentation that can progress to AML. Both AML and MDS are among the
most challenging hematologic malignancies, especially in elderly and unfit patients who cannot tol-
erate intensive chemotherapy and have inferior survival outcomes (1). The use of hypomethylating
agents (HMA) such as azacytidine (AZA) and decitabine (DEC) in combination with Venetoclax
(VEN) have shown promising results in improving overall survival (OS) and increasing remission
rates in these patients as compared to HMA alone. HMA-VEN combination therapy got FDA ap-
proval in November 2018 for the treatment of newly diagnosed AML patients who are elderly (>75
years) or unfit for intensive induction regimens(2, 3). This approval was primarily based on promis-
ing results from clinical trials such as VIALE-A which demonstrated improved survival and higher
remission with the AZA VEN combination as compared to AZA alone. VEN acts as a selective inhib-
itor of B-cell leukemia/lymphoma-2 (BCL-2), an anti-apoptotic protein overexpressed in leukemia
stem cells (LSCs) (4, 5). Further trials involving analysis of LSCS undergoing HMA VEN treatment
demonstrate that this therapy manifests its effects by causing disruption of tricyclic acid (TCA) cycle
due to decreased alpha ketoglutarate and increased succinate levels leading to inhibition of electron
transport chain (ETC) (6).

Despite the promising results of HMA-VEN combination therapy, recent studies have demon-
strated that the response to these therapies is influenced by karyotypes and underlying genetic mu-
tations in AML and MDS patients. Patients with complex karyotype and underlying genetic muta-
tions such as TP53 mutation showed lower remission rates with this combination. (7, 8)

Most of the data on the efficacy of HMA-VEN combination therapy is from the countries with a
well-developed healthcare system. There is scarcity of data from resource limited settings where lack
of diagnostic tools for karyotype analysis, mutation detection, ineffective supportive care, unavaila-
bility of novel therapies and access to clinical trials can influence the treatment outcomes. In this
study we aim to assess the outcomes of AML and MDS patients receiving HMA-VEN combination
therapy. The study will provide valuable insight into the real-world application of this regimen in
resource limited countries.

2. Materials and Methods

In this retrospective observational cohort, we included 96 patients of AML and MDS (newly
diagnosed or relapsed/refractory) receiving HMA+VEN from January 2020 to December 2024 at the
Armed Forces Bone Marrow Transplant Centre, Rawalpindi Pakistan. Ethical approval was taken
from the hospital ethical committee in accordance with the Declaration of Helsinki. All patients were
diagnosed as per WHO criteria (9, 10)for AML or MDS and received HMA (decitabine or azacitidine)
in combination with venetoclax (4) along with antifungal prophylaxis. Mandatory antifungal prophy-
laxis was added for all patients with the aim to reduce fungal infections and reduce the dose of VEN
needed which resulted in significant cost reduction. AML was risk stratified as per ELN criteria (11,
12) whereas MDS was risk stratified as per IPSS or R-IPSS criteria (13, 14). Immunophenotyping was
performed using multiparameter flow cytometry and gene expression analysis was performed using
qualitative polymerase chain reaction (PCR) for AML gene panel testing for FLT3-ITD, NPM1, CBFB-
MYH11, BCR-ABL1, RUNX1-RUNX1T1, DEK-NUP214 and MLL gene mutation. Fluorescence in situ
hybridization (FISH) studies and next generation sequencing (NGS) was done in selected cases as per
affordability of the patients. Patients of all age, sex, diagnosis of either MDS or AML either in front
line settings or relapsed refractory settings receiving at least 1 cycle of HMA-VEN were included in
the study.

Patients were given combination chemotherapy protocol according to the recommendations by
Di Nardo et al. and European society of medical oncology (ESMO) clinical practice guidelines by
Heuser et al. (3, 15) . It included either azacitidine or decitabine in combination with venetoclax. As
per institutional policy, choice of HMA was based on physician preference, presence of TP53 muta-
tion, age of patient, cost and availability of the agent. Decitabine was the preferred agent in younger
patients especially those with TP53 mutation. Decitabine was administered intravenously at
20mg/m?2 for 10 days every 28 days. Azacitidine was given at 75mg/m?2 for 7 days either intravenously
or subcutaneously. Venetoclax was dosed as 100 mg/day or 200 mg twice daily in combination with
voriconazole 200 mg and itraconazole 100mg twice daily respectively. The optimum duration of
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venetoclax in combination with azacitidine/decitabine was 21 days but was tailored as per patients’
age, performance status, presence of active infections and bone marrow fibrosis. Treatment emergent
toxicity was graded as per common terminology criteria for adverse events (CTCAE v5.0). Treatment
was interrupted for any CTCAE more than or equal to 3 except hematologic toxicity. The first cycle
was administered irrespective of blood counts and delivery of subsequent cycles was dependent on
disease response, patient tolerance and blood counts. In case of complete response and significant
cytopenias in previous cycles, subsequent cycles were either delayed as per physician’s discretion to
allow for count recovery or alternatively venetoclax dose was reduced to 14 days or less in some
cases.

The primary outcomes measures were response rates, overall survival (OS) and disease-free sur-
vival (DFS). Response assessment was performed either at the end of the 1st cycle of chemotherapy
or more frequently at the end of 2nd cycle. Treatment responses were evaluated as per International
Working Group (IWG) criteria for MDS (16, 17) and ELN criteria for AML (12). Patients achieving
complete remission (CR) continued to receive a total of 6 cycles of HMA plus venetoclax. Treatment
beyond 4-6 cycles was based on transplant eligibility, financial status, ongoing response to treatment
and tolerability. Patients with donor availability who achieved remission and had financial resources
were offered hematopoietic stem cell transplant (HSCT). Patients with no donor availability or finan-
cial constraints were offered autologous HSCT if they achieved minimal residual disease MRD neg-
ative CR or intermediate to high dose cytarabine 1-2g/m?2 consolidation. Patients who were not eligi-
ble for either of these consolidation therapies due to any reason were offered off label venetoclax
maintenance at 100mg/day for 15 to 21 days in combination with voriconazole till progression and
dose was adjusted as per blood counts and tolerability.

Statistical Analysis

Patient characteristics are described using median or mean for continuous variables and fre-
quency (percentage) for categorical variables. Overall survival (OS) was calculated from the day of
diagnosis to death or last follow-up and disease-free survival (DFS) from the date of CR to the time
of relapse or death. OS and DFS were evaluated with Kaplan-Meier method and the log rank test was
applied to evaluate the association of factors of AML and MDS with OS and DEFS. Statistical signifi-
cance was defined as P value <0.05. Analyses were performed using SPSS v24.

3. Results

A total of 96 patients received a combination of HMA+VEN, with 54 (55.6%) in the AML cohort
and 42 (43.3%) in the MDS cohort.

3.1. AML Cohort

Patients in the AML cohort (n=54) had a male-to-female ratio of 2:1, with a median age of 52
years (IQR:37- 62.2). Median WBC at diagnosis was 5.6 x10° per liter (IQR: 2.2- 15.1). The median
number of HMA+ Ven cycles given were 3 (IQR: 2-6). Clinical and demographic profile of the cohort
is tabulated (Table 1). The overall survival (OS) of AML cohort was 77.4% with median 1250 survival
days (95% CI:139-2360) and the disease-free survival (DFS) was 52.8 % with median survival 438 days
(95% CI:165-761) (Figure 1). ORR at last follow-up was 27(50%) of which 24 (88.8%) had CR and
3(11.1) had CR i, MLFS in 1(1.9%), while response was not assessed in 2(3.7%). There was no response
to HMA-Ven based treatment in 14(25.9%) and disease relapse in 10(18.5%) patients. Of patients re-
lapsing on HMA VEN salvage, alternate HMA was administered in 9(14.8%) patients to which only
1(1.9%) patient responded. Patients with salvage HMA (n=8) had 75% OS (P=0.44) and 12% DFS
(P=0.58). OS and DFS survival data was not available for 1 patient.

1. Indications for first line treatment were advanced age or frailty in 27 (50%), active infections
in 3 (3.9%) and cardiac dysfunction in 2 (3.8%) and poor risk AML in 11 (20.37%) which included MR
(n=8), AML with prior cytotoxic therapy (n=2) and AML with germline predisposition (Fanconi ane-
mia evolved to AML) in 1 patient. Indications for use in 2nd line and beyond were relapsed disease
in 6 (11.1%), primary refractory disease in 5 (9.3%).

2. Genetic mutations were detected in only 8(14.8%) of which RUNX1-RUNX1T1land FLT3 ITD
were present in 3 each (75%%), TP53 mutation and WT1 were present in 1 each (25%). One patient
had Fanconi anemia transformed to AML. Karyotype analysis showed normal karyotype in
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45(83.4%), complex karyotype and CBF leukemia (18) in 3(5.5%) each whereas del7q and trisomy 8
and 11 in 1(1.8%) each.

3.WHO Classification:

4. Safety and Tolerability: HMA VEN was a fairly tolerable regimen and grade 3 or above cy-
topenias resulting in delays in subsequent chemotherapy cycle administration was observed in
5(9.3%) patients. The most frequent adverse event was febrile neutropenia (FN) which was observed
in 36 (66.7%) of the AML cohort however there was notably no mortality in the entire cohort due to
treatment related toxicity (TRM) or FN. AML patients with hematological toxicity leading to delayed
subsequent chemotherapy cycle administration had 80% OS (P=0.66) and DFS (P=0.93). Patients who
developed active infections during treatment had 72.2% OS (P=0.45) and 47.2% DEFS (P=0.97).

5. Consolidative Treatment: A total of 7(12.9%) patients underwent consolidative HSCT of
which 5 (71.4%) were fully matched whereas haploidentical and autologous HSCT were received by
1 each (28.5%). Patients ineligible for HSCT either due to high hematopoietic stem cell transplant
comorbidity index score (HCT-CI score) or lack of donor availability were offered intermediate to
high dose cytarabine(1-2g/m?2) consolidation (IDAC/ HIDAC) in 5(9.3%) patients. Patients who were
either deemed ineligible for any consolidative treatment or were non affording/non accepting were
offered off label venetoclax maintenance after 6 cycles of HMA VEN in 10 (18.5%) patients due to lack
of availability of oral azacitidine. None of the patients received continuous HMA VEN owing to se-
vere financial toxicity.

Further association of AML factors with OS and DFS was summarized in Table 1.

Table 1. The association of AML factors with OS and DFS.

Overall Survival Disease Free Survival
Dead
Total Dead Alive P-value Total /relapse Alive/diseas P-value
(n) (n) n(%) (n) d
e free (%)
(n)
WHO Classification AML-NOS 34 6 28 (83) 0.12 37 15 22 (59.4) 0.04
AML-MR 14 9 5(57.1%) 11 9 5(35.7%)
Prior cytotoxic 2 0 2 (100) ’ 0 2 (100)
therapy
RGA 3 1 1 (50) 2 2 0 (0)
Risk stratification Favorable 3 1 2 (66.7) 0.2 3 3 0 (0) 0.005
Int 37 5 31 (86.1) 36 14 22 (61.1)
Adverse 14 6 8 (57.1) 14 8 6 (42.9)
Sequencing 1st line 41 8 32 (80) 0.81 41 16 24 (60) 0.84
2nd line 12 4 8 (66.7) 12 8 4(33.3)
3rd line 1 0 1 (100) 1 1 0 (0)
HMA used Azacitidine 44 6 37 (86) 0.14 43 18 25 (58.1) 0.34
Decitabine 10 6 4 (40) 10 7 3(30)
ORR Cycle 1 Yes 26 4 22 (84.6) 0.003 26 9 17 (65.4) 0.03
No 17 8 9 (52.9) 17 13 4 (23.5)
Not Assessed 11 0 10 (100) 10 3 7 (70)
Response after cycle 1 CR 15 3 12 (80) 0.02 15 5 10 (66.7) 0.24
CRi 5 1 4 (80) 5 1 4 (80)
PR 6 0 6 (100) 6 3 3 (50)
NR 14 8 6 (42.9) 14 13 1(7.1)
IH 1 0 1 (100) 1 0 1 (100)
MLFS 2 0 2 (100) 2 0 2 (100)
Not assessed 11 0 10 (100) 10 3 7(70)
ORR Cycle 2 Yes 34 3 31 (91.2) 0.001 34 10 24(70) 0.01
No 13 7 6 (46.2) 13 12 1(7.7)
Not Assessed 7 2 4 (66.7) 6 3 3 (50)
Response after cycle 2 CR 27 3 24 (88.9) 0.01 27 8 19 (70) 0.06
CRi 3 0 3 (100) 3 0 3 (100)
PR 4 0 4 (100) 4 2 2 (50)
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NR 12 7 5 (41.7) 12 12 0 (0)
MLEFS 1 0 1 (100) 1 0 1 (100)
Not assessed 7 2 4 (66.7) 6 3 3 (50)
ORR EOT Yes 36 2 34 (94.4) 0.001 36 9 27 (75) 0.001
No 16 10 6 (37.5) 16 15 1(6.3)
Not Assessed 2 0 1 (100) 1 1 0(0)
IDAC cons Yes 5 1 4 (80) 0.91 5 1 4 (80) 0.37
No 48 11 37 (77.1) 48 24 24 (50)
Allo BMT Yes 5 1 4 (80) 0.86 5 1 4 (80) 0.32
No 48 11 37 (77.1) 48 24 24 (50)
Haplo BMT Yes 1 0 1 (100) 0.51 1 1 0(0) 0.91
No 52 12 40 (76.9) 52 24 28 (53.8)
Auto BMT Yes 1 0 1 (100) 0.51 1 0 1 (100) 0.37
No 52 12 40 (76.9) 52 25 27 (51.9)
Ven Maintenance Yes 10 0 10 (100) 0.02 10 4 6 (60) 0.18
No 43 12 31 (72.1) 43 21 22 (51.2)

Note: log rank test was applied. ORR= over all response, EOT= end of treatment, NA= not available, RGA =Re-
current genetic abnormality, IH= iatrogenic hypoplasia, Statistical significance was defined as P value <0.05.

Table 2. OS and DFS as per WHO classification (OS: Overall Survival, DFS: Disease free survival, WHO: World

Health Organization).
WHO Classification Overall Survival (OS) Disease Free Survival (DFS)
(p=0.002) (p=0.12)

AML with recurrent genetic 66.7%

" 33.3%
abnormalities (n=3)
AML with minimal differentiation (n=3)  66.7% 66.7%
AML without maturation (n=4) 75% 50%
AML with maturation 100% 66.7%
(n=18)
AML with myelomonocytic
differentiation 100% 66.7%
(n=7)
Acute monocytic leukemia (n=2) 100% 100%
AML with myelodysplasia related
changes (MR) 57.1% 35.7%
(n=14)
AML with prior cytotoxic therapy 100% 100%
(n=2)
AML with germline predisposition 100% 100%

(n=1)
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Figure 1. OS and DFS of AML patients.

3.2. MDS cohort

MDS cohort (n=42) had a male-to- female ratio 9.5:1 with 51 years median age (IQR:36.5- 57.5).
Out of 42, 5 (11.9%) patients progressed from MDS-MLD and 1(2.4%) from MDS-MPN while 36(83.7)
had no prior presentation or antecedent hematologic disorders. Median Hb, white cell count and
platelet count at diagnosis were 7.80 g/dL (IQR: 6.80- 9.59), 5.19 x 10° per liter (IQR: 1.73- 5.44) and
109 x 10° per liter (IQR: 23- 115) respectively. The OS of MDS cohort on HMA-Ven combination ther-
apy was 59.5% with median 907 survival days (95% CI: 386-1424) and the DFS was 44.4 % with me-
dian survival 528 days (95% CI: 336-719) (Figure 2). Total of 8(21.1%) patients experienced disease
relapse. Median days to achieve response were 64 days (IQR: 35.25- 85.50). The association of MDS
factors with OS and DFS is summarized in Table 2.

1.Disease Classification: Disease subclassification showed MDS- IB1 in 5(11.6%), IB2 in
28(65.1%), MDS-LB in 4(9.3%), MDS-MPN-U, MDS-F in 2 each (4.7% each), MDS-RS in 1 (2.3%). Dis-
ease classification was missing for 1 patient.

2. Genetic abnormalities: Karyotype analyses showed normal cytogenetics in 38(90.5%) and ab-
normal in 4(9.5%). Genetic mutations were present in 3(7.3%) of which TP53, del7q were present in 1
each whereas 1 patient had ASXL1, TET2 EZH2, RUNX1 and STAG2 mutations.

3.Risk Stratification: The median R-IPSS and IPSS scores were 5 (IQR: 4.2-6) and 1.5 (IQR: 0.75-
2) respectively.

4. Safety and Tolerability: HMA VEN in MDS cohort was well tolerated. FN was observed in
23(54.8%) and hematologic toxicity leading to delays in subsequent cycles was observed in 23(54.8%)
patients.

5.Consolidative Treatment: Of all the MDS cohort, 7(17.1%) underwent consolidative allogeneic
HSCT and 2(4.9%) haploidentical HSCT.

Total 5(12.2%) of the patients received off label venetoclax maintenance.
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Figure 2. OS and DFS of MDS patients.
Table 2. The association of MDS factors with OS and DFS.
Overall Survival Disease Free Survival
Alive/
Total Dead Alive value Total Rzza(sii d Disease value
(n) (n) n%) P (n) (13 free P
n(%)
Prior disease MDS-MLD 5 2 3 (60) 0.65 5 2 3 (60) 0.01
MDS-MPN 1 0 1 (100) 1 1 0 (0)
No 31 13 18 (58.1) 30 17 13 (43.3)
Cytogenetics Normal 24 8 16 (66.7) 0.12 24 11 13 (54.2) 0.06
Abnormal 4 2 2 (50) 3 3 0 (0)
NA 9 5 4(44.4) 9 6 3 (33.3)
HMA Azacitidine 28 10 18 (64.3) 0.41 27 15 12 (44.4) 0.78
Decitabine 9 5 4 (44.4) 9 5 4 (44.4)
ORR after cycle 1 Yes 12 3 9 (75) 0.28 12 2 10 (83.3) 0.01
No 11 5 6 (54.5) 10 8 2 (20)
NA 14 7 7 (50) 14 10 4 (28.6)
Response after cycle 1 Response 11 3 10 (90.9) 0.18 13 3 10 (79.9) 0.001
No Response 7 4 3 (42.8) 6 5 1 (16.6)
Stable disease 3 1 2 (66.7) 3 2 1(33.3)
Not assessed 9 4 5 (55.6) 9 6 3(33.3)
NA 5 3 2 (40) 5 4 1(20)
Febrile neutropenia  Yes 21 10 11 (52.4) 0.24 21 13 8 (38.1) 0.07
No 16 5 11 (68.8) 15 7 8 (53.3)
ORR after cycle 2 Yes 19 6 13 (68.4) 0.12 19 6 13 (68.4) 0.009
No 15 9 6 (40) 14 12 2 (14.3)
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NA 3 0 3 (100) 3 2 1(33.3)
Response after cycle 2 Response 21 6 15 (71.4) 0.03 21 7 14 (66.6) 0.01
No Response 8 5 3 (37.5) 4 3 1(25)
Stable disease 6 4 2 (33.3) 6 6 0 (0)
NA 2 0 2 (100) 2 1 1 (50)
ORR EOT Yes 17 4 13 (76.5) 0.07 17 3 14 (82.4) 0.001
No 19 11 8 (42.1) 18 17 1 (5.6)
NA 1 0 1 (100) 1 0 1 (100)
Response EOT Response 20 4 7 (45.4) 0.62 20 6 14 (70) 0.001
No Response 11 6 5 (45.4) 10 9 1(10)
Stable disease 5 3 2 (40) 5 0 (0)
Not assessed 1 0 1 (100) 1 0 1 (100)
Consolidation Allo  Yes 6 2 4 (66.7) 0.09 2 4 (66.7) 0.06
No 30 12 18 (60) 29 17 12 (41.4)
NA 1 1 0 (0) 1 1 0(0)
Consolidation Haplo Yes 2 1 1 (50) 0.17 2 1 1 (50) 0.37
No 34 13 21 (61.8) 33 18 15 (45.5)
NA 1 1 0(0) 1 1 0 (0)
Relapse Yes 8 6 2 (25) 0.001 8 0 (0) 0.01
No 28 8 20 (71.4) 27 11 16 (59.3)
Refractory 1 1 0 (0) 1 1 0 (0)

Note: log rank test was applied. ORR= overall response, EOT= end of treatment, NA= not available, Statistical
significance was defined as P-value <0.05.

4. Discussion

Our study documents real world outcomes of HMA+VEN therapy in resource limited settings,
showing important variability in treatment indications, administration patterns and patient out-
comes when compared with previously published clinical trial data. Notably our study highlights
discrepancies in response rates and survival outcomes relative to those reported from high-income
countries.

The AML cohort in our study consisted of a younger population than typically observed, where
the median age is around 65 years (19). The ORR in the AML cohort improved from cycle 1 to the
end of treatment which is consistent with rapid onset of action of this combination. (18)

However, CR rates in both AML and MDS cohorts were less than those reported in clinical trials
from high-income settings. For instance, DiNardo et al. reported a CR rate of 67% in elderly patients
with AML (20) and Zeiden et al. reported a CR of 40% in high risk MDS patients (21).

Real world data even from high resource centers shows inferior response rates compared to the
VIALE -A trial, highlighting the challenges of translating clinical trial results into practice(22).

In our MDS cohort, the ORR declined from cycle 2 onwards to end of treatment (EOT) potentially
due to cycle interruptions, increased myelosuppression or clonal progression and secondary re-
sistance as noted in prior literature.

In front line AML settings, HMA +VEN achieved lower response rates compared to conventional
induction chemotherapy, even in LMICs (23). This supports the continued superiority of intensive
regimens where feasible. However, factors such as younger age, good performance status and access
to supportive care often influence the choice of intensive induction, while limitations in infrastructure
and expertise restrict its availability to select centers and in institutions lacking such capabilities,
HMA+VEN offers a practical and tolerable alternative(24).

Survival outcomes in both AML and MDS patients in our cohort exceeded those historically
reported for HMA monotherapy. For instance, Fenaux et al. documented a median OS of 15 months
(50.8% at 2 years) with azacytidine alone in high risk MDS(25). The improved outcomes seen in our
study may reflect the synergistic mechanism of action between HMA and VEN, where HMAs induce
DNA hypomethylation and differentiation, while VEN targets BCL-2, leading to mitochondrial apop-
tosis of leukemic stem cells (LSCs)(26).

Resistance to HMA monotherapy has been linked to mutations in UCK2, SLC29A1 and reduced
expressions of genes critical for decitabine activation. Furthermore, azacytidine has been shown to
spare founder clones, allowing malignant hematopoiesis to persist even in morphologic remission.
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In contrast, VEN inhibits oxidative phosphorylation in LSCs, contributing to deeper responses and
potentially lower relapse rates(26).

Although certain genetic mutations (FLT3-ITD, TP53 and RAS pathway) are associated with
poor outcomes following HMA+VEN therapy,(27) we did not observe such correlation in our cohort.
Prior studies by Bejar et al. and Feld et al. have reported poor prognostic associations with TP53,
RUNX1 and ASXL1 mutations in MDS and AML respectively, which differs from our findings, likely
due to limited molecular profiling in our cohort. Similarly, monocytic differentiation in AML, asso-
ciated with lower VEN sensitivity in some studies, was not significantly associated with response in
our analysis (28).

Azizi et al. demonstrated that HMA+ VEN improves response rates compared to HMA alone
but increases myelosuppression particularly neutropenia [30]. Febrile neutropenia was more fre-
quent in our study compared to western cohorts. A meta-analysis by Guo et al. reported a 47% pooled
incidence of febrile neutropenia in patients receiving HMA+VEN [31] underscoring the need for ro-
bust infection control and supportive care, which are often inadequate in LMICs. Infectious compli-
cations, financial barriers, and limited supportive care availability remain significant challenges in
these settings (29).

Our MDS cohort population includes high risk patients, historically known for dismal out-
comes(30). However, with HMA+VEN, several patients were successfully bridged to HSCT. Given
the declining response rates in MDS with prolonged therapy, early consolidation with HSCT should
be considered to improve long term outcomes.(31)

In LMICs, HMA +VEN has emerged as a valuable first line therapy especially where access to
intensive chemotherapy is limited or unaffordable and many of these patients are denied any form
of treatment at all due to severe financial constraints and lack of advanced healthcare infrastructure.
Based on favorable response and tolerability, this regimen is particularly suitable for patients unfit
for intensive chemotherapy due to age, performance status, comorbidities, active infection, or finan-
cial barriers. Based on high relapse rate and low median duration of response, the responses achieved
with HMA+VEN need to be consolidated depending on donor availability, depth of remission and
patient eligibility, with definitive therapies, including allogeneic, haploidentical, or even autologous
HSCT in selected cases achieving MRD negative CR (32, 33). Where transplant is not feasible, high or
intermediate dose cytarabine consolidation may be considered. Patients not eligible for any consoli-
dation therapy, may be offered off label venetoclax maintenance especially in settings where aza-
citidine maintenance is not cost effective(34). HMA+VEN may even be used as a bridge to intensive
chemotherapy in patients who need some time to arrange finances to be able to bear the out-of-pocket
cost of intensive induction chemotherapy.

Our study offers valuable insight into the real-world application of HMA+VEN, though it has
several limitations. Only two patients underwent next generation sequencing (NGS) based testing for
AML or MDS related genes rendering us underpowered to assess the impact of mutational landscape
on treatment response. Additionally, the retrospective design, small sample size, short follow up du-
ration, and limited molecular testing reduce generalizability. Future research should focus on pro-
spective trials with larger cohorts, improved access to molecular diagnostics, and investigations into
research mechanisms, toxicity mitigation, and rational combinations to enhance efficacy. Incorporat-
ing novel agents into HMA+VEN backbone may offer therapeutic gains and warrant exploration. We
aim to use this study to guide treatment algorithms for AML and MDS patients who are not a candi-
date for IC due to factors listed above.

5. Conclusions

HMA-VEN combination therapy is a feasible and effective treatment for patients with MDS and
AML presenting in a resource limited setting. However, the low CR rates and high incidence of febrile
neutropenia compared to high-income countries underscores the need for better supportive care,
comprehensive molecular testing and individualized treatment approaches.
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