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Dear Editor,
Myelodysplastic syndromes (MDS) are a myeloid neoplasm

characterized by clonal hematopoiesis, peripheral cytopenias, and
morphologic dysplasia with a tendency to progress to acute myeloid
leukemia. Current therapies are tailored based on disease risk using
the Revised International Prognostic System (IPSS-R) complemented
by molecular data and patient-related factors [1, 2]. The standards of
care for high risk MDS (HR-MDS) are hypomethylating agents (HMA)
and allogeneic hematopoietic stem cell transplantation (AHSCT),
which remains the only curative option. HR-MDS overall response
rates to HMA therapy approach 50%, although <20% achieve
complete response (CR) [3]. The original AZA-001 MDS studies
demonstrated a median OS of 24months, while several real-world
data have reported a median OS of only 15–17months [4, 5]. TP53
and ASXL1 somatic mutations have been associated with worse OS
and inferior response to HMA [6]. After HMA failure, outcomes are
poor with median OS being 4–6months and treatment options are
limited [7–9]. Venetoclax is a BH3 mimetic which binds to BCL-2, an
antiapoptotic protein, ultimately inducing cellular apoptosis [3]. The
combination of HMA and Venetoclax has become the standard of
care treating AML patients unfit for intensive chemotherapy where
randomized clinical trials have demonstrated OS advantage for the
combination. We compared outcomes of HR-MDS patients who have
been treated with HMAs alone and HMA with Venetoclax, in
combination as first line (1 L) therapy and in sequence as an add-
back strategy at time of HMA failure.
HR-MDS patients, defined by IPSS-R by ≥ intermediate risk,

treated at Moffitt Cancer Center who received an HMA as 1 L
therapy after diagnosis were included in this analysis. We
compared outcomes of those patients who received single agent
1 L HMA, 1 L HMA/Venetoclax combination, and HMA with
Venetoclax add-back strategy after HMA failure later. The decision
to treat with combination therapy was based on physician choice.
HMA failure was defined as progression on therapy or lack of
response after at least 4 cycles. Response to treatment was based
on the International Working Group 2006 criteria. Overall survival
was defined from time of diagnosis.
We identified 1193 HR-MDS patients who received HMA as 1 L

therapy. 1158 patients received 1 L single agent HMA (1027
received azacitidine and 131 received decitabine), and 35 patients
received 1 L HMA/Venetoclax combination (26 received azaciti-
dine and 9 received decitabine). Among the 1158 patients with 1 L
HMA alone, 31 were subsequently treated with HMA/Venetoclax
combination at the time of HMA failure without transformation to

AML. The median duration of follow up from diagnosis was
96months for 1 L HMA, 15months for 1 L HMA/Ven, and 36mo for
HMA/Ven in relapsed/refractory (R/R) MDS. Table 1A summarizes
baseline clinical characteristics. For 1 L treatment, patients who
received 1 L HMA/Venetoclax were more likely to be categorized
as MDS-EB2 based on WHO 2016 classification and more likely to
harbor the ASXL1 somatic mutation. The median time to initiate
treatment from time of diagnosis was 1 month with no difference
between the two arms. Venetoclax starting dose was 400 mg PO
daily on days 1–14 of each 28-day cycle. The ven dose was
adjusted as needed for antibiotic prophylaxis per package insert
guidelines. The median number of treatment cycles administered
was 5 for HMA alone and 4 cycles for HMA/Ven.
The OS was 21 months (95% CI 11–32) and 20months (95% CI

19–22) for 1 L HMA/Venetoclax and 1 L HMA alone respectively
(p= 0.86) (Fig. 1A). Among the 269 patients who proceeded to
allogeneic stem cell transplantation (AHSCT), 13 patients received
1 L HMA/Venetoclax. For these patients, the median OS was not
reached compared to 38months among those who received 1 L
HMA alone (p= 0.20) (Fig. 1B). For patients who proceeded to
AHSCT, the 2-year survival probability rates were 91% and 51% for
1 L HMA/Venetoclax and HMA alone, respectively. The rates of
AML transformation were 23% and 37% for 1 L HMA/Venetoclax
and HMA alone respectively (p= 0.08).
The ORR, defined as hematological improvement or better, was

77% for 1 L HMA/Venetoclax compared to 40% for 1 L HMA alone
(p < 0.005). The complete response (CR)/ marrow CR (mCR)/ partial
response (PR)/ hematologic improvement (HI) were 34%/37%/3%/
3% compared to 13%/11%/1%/15% for 1 L HMA/Venetoclax and
1 L HMA alone respectively (p < 0.005). Among patients with ASXL1
somatic mutation, the ORR was 87% and 32% for HMA/Venetoclax
and HMA alone, respectively (p < 0.005). CR were 44% and 8% for
HMA/Venetoclax and HMA alone respectively among ASXL-1
mutant cohort (p < 0.005). Among patients with TP53 somatic
mutation, the ORR was 75% and 44% for 1 L HMA/Venetoclax and
HMA alone respectively (p= 0.038), however CR were 25% and
17% respectively (p= 0.47) (Table 1B).
Among patients who received 1 L HMA alone, 31 patients later

received HMA/Venetoclax for R/R MDS. The median number of prior
1 L HMA therapy alone was 6 cycles. For this cohort, the ORR was
61%, CR 13%, and mCR 48%. The median OS from diagnosis for
patients who received HMA/Venetoclax for HMA failure MDS was
33months (95% CI 31–36). This is compared to 21months (95% CI
11–32) for those who had 1 L HMA/Venetoclax and 20months (95%
CI 19–22) for those who received 1 L HMA alone with no subsequent
Venetoclax therapy (p= 0.02) (Fig. 1C). Nine of 31 patients who
received HMA/Venetoclax for R/R MDS underwent AHSCT compared
to 22 who did not proceed to transplant with median OS of
31months and 33months, respectively (p= 0.70).
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In this large retrospective study among HR-MDS patients, 1 L
HMA/Venetoclax combination therapy resulted in significantly
higher CR rates compared to 1 L HMA alone. This data confirms
the higher response of combination HMA/Venetoclax observed in
recent phase I clinical trials and retrospective reviews. In a phase
1b trial, treatment-naïve HR-MDS patients were treated with Aza/
Ven. Results demonstrated mORR of 80%, including CR of 40%,
and mCR of 40% [10]. OS rate at 12 months was 94% for patients
who reached a CR and 74% for those who reached a mCR.
An ongoing phase 1b, open-label, multicenter study conducted

by Zeidan et al. evaluates the safety of Venetoclax and Azacitidine
for 44 patients with R/R MDS. Results revealed an ORR of 39% with
32% mCR and 7% CR [7]. Of those with mCR, 86% had platelet
transfusion independence (TI), 71% had red blood cell TI, and 6%
had complete TI. Median OS was 12.3 months for all patients and
14.8 months for those who reached mCR [7].
Forty patients with MDS-EB2 treated with HMA/Venetoclax at

the Mayo Clinic were included in a retrospective analysis by

Gangat et al. Sixteen patients were treatment-naïve, eight were
HMA-exposed, and 16 were HMA-refractory. All IPSS-R risk
categories were included, and 23 patients received decitabine
and 17 patients received azacitadine. Thirty-eight patients were
included in final analyses, and results demonstrated 30% with
CR, 37.5% with mCR, and of those with mCR, 27% had HI [11]. Of
the 27 patients with CR or mCR, 11 patients proceeded to
AHSCT. No difference in CR/mCR rates were found between
those who were HMA-exposed, HMA-failure, or HMA naïve.
HMA/Venetoclax CR/mCR was more likely in patients with ASXL1,
SRSF2, or IDH2 [11].
The OS benefit for 1 L HMA/Venetoclax in HR-MDS patients can

only be addressed in context of a randomized clinical trial. We did
not observe OS benefit for the whole cohort, though limited by small
number of patients treated with the combination and short duration
of follow up. Our data suggest promising activity amongst those who
received 1 L HMA/Venetoclax and proceeded to AHSCT, with a 2-year
OS of 91% compared to a 2-year OS of 51% with 1 L HMA alone.

Table 1. A Baseline patient characteristics. B Best response rates to first-line therapy.

HMA IL HMA/Ven 1 L P-value HMA/VEN R/R cohort

A

N 1127 35 31

Age (years) mean 68.4 67.8 0.76 70.9

Gender Male 66% 71% 0.50 74%

Race White 90% 97% 0.66 94%

t-MDS 24% 23% 0.86 26%

WHO 2016 MDS-SLD/MLD 18% 4% 0.04 19%

MDS-RS 6% 4% 3%

MDS-EB1 33% 9% 36%

MDS-EB2 39% 78% 42%

IPSS-R Intermediate 31% 17% 0.22 45%

High 31% 37% 32%

Very High 38% 46% 23%

Myeloblasts (%) Mean 8 13 <0.005 9%

Hgb (g/dL) Mean 9 9 1.00 9.9

WBC (k/uL) Mean 4 10.6 <0.005 3.1

ANC (k/uL) Mean 1.8 4.1 <0.005 1.5

Platelets (k/uL) mean 96 100 0.80 120

Somatic Mutations
(n= 546 sequenced)

SF3B1 5% 0 0.30 10%

TET-2 16% 23% 0.30 23%

IDH-1 3% 3% 0.70 6%

IDH-2 5% 14% 0.056 0

ASXL-1 21% 46% 0.002 42%

TP53 27% 34% 0.60 23%

NRAS 4% 11% 0.07 3%

B

HMA IL HMA/Ven 1 L P-value

N 1127 35

ORR 40% 77% <0.005

CR 13% 34%

mCR 11% 37% (62%+ HI)

PR 1% 3%

HI 15% 3%

ASXL1 MT N= 106 N= 16

ORR 32% 87% <0.005

CR 8% 44%

TP53 MT N= 137 N= 12

ORR 44% 75% 0.038

CR 17% 25% 0.47
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Based on our study and data from clinical trials, Venetoclax add-back
strategy after 1 L HMA failure has clinical activity, including OS
benefit compared to historical data and disease control to pursue
AHSCT. We assessed OS from time of diagnosis, and those who
received Venetoclax add-back strategy had the longest OS. This can
be attributed partially to time lead bias where those patients had a
response or stable disease with original HMA treatment alone, but
these results also pose the question of the optimal timing and
sequence of using Venetoclax in MDS.
Our data highlights improved ORR for patients with the poor-

prognosis associated mutations of ASXL1 and TP53 treated with 1 L
HMA/Venetoclax. The CR for 1 L HMA/Venetoclax vs. 1 L HMA in
ASXL1 patients was additionally significant at 44% compared to
8% respectively (p ≤ 0.005). Our clinical observation of higher
responses with combination therapy among ASXL1 mutant MDS
patients supports the recent preclinical data suggesting that
ASXL1 resistance to azacitidine is mediated by overexpression of
BCL-2, and addition of Venetoclax may overcome this resistance
mechanism [12]. No difference in response was observed based
on other mutations, however sample size of those subsets will
preclude meaningful analysis.
Limitations of our study include its retrospective nature, small

number of patients treated with HMA/Venetoclax combination,
short duration of follow up for the combination arm, lack of
minimal residual disease assessment, and the physician’s bias in
administering the combination for selected group of patients. No
data on dose adjustment and adverse events were collected
retrospectively for this study purpose. Lastly, we acknowledge the
discrepancy between the percentage of patients in each group
that proceeded to AHSCT.

In conclusion, the historical control arm with HMA alone is one of
the largest reported and both response rates and survival are
consistent with previous reports. The response rates with combina-
tion therapy are encouraging, particularly among patients with
known low response rates to HMA alone. The 2-year survival
probability after AHSCT in this study is encouraging, as well as the
activity noted after HMA failure. Randomized clinical trials are
required to adequately understand the effectiveness of combination
therapy of HMAs and Venetoclax as well as treatment with
Venetoclax add-back strategy to change our current standard of care.
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