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Leuk Lymphoma 2021;[Online ahead of print].



Proposed Algorithm for Risk Stratification in Myelodysplastic 
Syndrome

Ball S et al. Leuk Lymphoma 2021;[Online ahead of print].



Ther Adv Hematol 2021;12:1-10.



Best Pract Res Clin Haematol 2021;34(4):101325.
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ASH 2021;Abstract 66.



Characteristics of Patients with Lower-Risk MDS in ASCERTAIN

Garcia-Manero G et al. ASH 2021;Abstract 66.



ASCERTAIN: Grade ≥3 Treatment-Emergent Adverse 
Events (TEAEs) in Patients with Lower-Risk MDS

Garcia-Manero G et al. ASH 2021;Abstract 66.



ASCERTAIN: Efficacy in Patients with Lower-Risk MDS

Garcia-Manero G et al. ASH 2021;Abstract 66.



ASCERTAIN: Transfusion Independence Among Patients 
with Lower-Risk MDS

Garcia-Manero G et al. ASH 2021;Abstract 66.



ASCERTAIN: Survival Analyses of Patients with
Lower-Risk MDS

Leukemia-Free Survival
• Median follow-up: 32 months
• For events of leukemia or death, 

median time not yet reached

Overall Survival
• Median follow-up: 32 months
• Median OS not yet reached

Garcia-Manero G et al. ASH 2021;Abstract 66.



J Clin Oncol 2021;39:1426-36.

Garcia-Manero G et al. J Clin Oncol 2021;39:1426-36.



Oral HMAs for Lower-Risk MDS

Buckstein R. Education Session. ASCO 2021.



N Engl J Med 2020;382:140-51.



MEDALIST: Independence from Red Blood Cell Transfusion

Fenaux P et al. N Engl J Med 2020;382:140-51.



Higher-Risk MDS: Improving Response and Duration of Response 
Is an Unmet Medical Need

Buckstein R. Education Session. ASCO 2021.

Ipilimumab



Venetoclax in Combination with Azacitidine Granted FDA 
Breakthrough Therapy Designation for Higher-Risk MDS
Press Release: July 21, 2021

“…the US Food and Drug Administration (FDA) granted a Breakthrough Therapy Designation (BTD) 
to venetoclax in combination with azacitidine for the potential treatment of adult patients with 
previously untreated intermediate-, high- and very high-risk myelodysplastic syndromes (MDS) 
based on revised International Prognostic Scoring System (IPSS-R).

This designation is supported by data from the Phase 1b M15-531 study. In addition to the Phase Ib
M15-531 study, venetoclax is being investigated in combination with azacitidine for the treatment 
of MDS in the Phase 1b M15-522 study in patients with relapsed or refractory disease, and the 
Phase 3 randomized VERONA study in patients with newly diagnosed higher-risk MDS.”

https://www.prnewswire.com/news-releases/venetoclax-venclexta-granted-us-fda-breakthrough-therapy-designation-btd-in-
higher-risk-myelodysplastic-syndrome-mds-301338030.html



ASH 2021;Abstract 241.



Venetoclax with Azacitidine Mechanism of Action

Garcia JS et al. ASH 2021;Abstract 241.

Size of rectangles indicates relative dependency on specific protein for survival.
Dotted lines indicate an indirect therapeutic effect on BCL-2 family member dependency



Phase Ib Study of Venetoclax with Azacitidine for Patients with 
Treatment-Naïve High-Risk MDS

Garcia JS et al. ASH 2021;Abstract 241.



Safety of Venetoclax with Azacitidine

Garcia JS et al. ASH 2021;Abstract 241.



Response to Venetoclax with Azacitidine

Patients with HR-MDS treated with 
venetoclax (400 mg D1-14) and 
azacitidine (75 mg/m2) had rapid, durable 
responses with high remission rates

Garcia JS et al. ASH 2021;Abstract 241.



Response to Venetoclax with Azacitidine Across the Mutational 
Spectrum

Garcia JS et al. ASH 2021;Abstract 241.



VERONA Phase III Study Design

R

Zeidan AM et al. ASCO 2021;Abstract TPS7054.

Venetoclax 400 mg qd (d1-14/cycle)
+

Azacitidine 75 mg/m2

Placebo for venetoclax
+

Azacitidine 75 mg/m2

Dual primary endpoints: Complete remission and OS
Secondary endpoints: RBC and platelet transfusion independence for patients who are transfusion-
dependent at baseline, change from baseline in fatigue, time to deterioration of physical functioning 
and overall response

Eligibility (N = 500)

Newly diagnosed 
higher-risk MDS 1:1

Until relapse, progression or unacceptable toxicity



ASH 2021;Abstract 537.



A Phase I/II Study of Venetoclax in Combination with 
ASTX727 (Cedazuridine/Decitabine) in 
Treatment-Naïve High-Risk Myelodysplastic Syndrome 
(MDS) or Chronic Myelomonocytic Leukemia (CMML) 
Venugopal S et al.
ASH 2021;Abstract 245.



Phase I/II Study of Venetoclax with ASTX727 for Treatment-Naïve 
High-Risk MDS and CMML

Characteristics Total (N = 7)
Median age 72 years
Disease subtype

Higher-risk MDS
CMML

5
2

Hematology parameters
ANC (x 109/L)
Hb (g/dL)
Platelets (x 109/L)

1.7
8.9
33

Median bone marrow blasts 33%
Cytogenetics

Good
Intermediate
Poor

2
4
1

Response
ORR
CR
mCR

7 (100%)
3 (43%)
4 (57%)

Venugopal S et al. ASH 2021;Abstract 245.



Magrolimab, an Investigational Anti-CD47 Monoclonal Antibody, 
Receives FDA Breakthrough Therapy Designation for Treatment 
of Myelodysplastic Syndrome
Press Release: September 15, 2020

“The US Food and Drug Administration (FDA) has granted Breakthrough Therapy designation for 
magrolimab, a first-in-class, investigational anti-CD47 monoclonal antibody for the treatment of 
newly diagnosed myelodysplastic syndrome (MDS). 

The FDA granted Breakthrough Therapy designation for magrolimab based on positive results of an 
ongoing Phase 1b study, which evaluated magrolimab in combination with azacitidine in previously 
untreated intermediate, high and very high-risk MDS. In data presented at the 2020 European 
Hematology Society Congress, 91 percent of evaluable patients (n=33) treated with magrolimab
plus azacitidine achieved an objective response, with 42 percent achieving a complete remission 
(CR). The combination of magrolimab plus azacitidine was generally well-tolerated. No maximum 
tolerated dose was reached and no MDS patients discontinued treatment due to a treatment-
related adverse event.” 

https://www.gilead.com/news-and-press/press-room/press-releases/2020/9/gileads-magrolimab-an-investigational-anticd47-
monoclonal-antibody-receives-fda-breakthrough-therapy-designation-for-treatment-of-myelodysplastic



Magrolimab/Azacitidine Mechanism of Action

Garcia-Manero G et al. ASCO 2021;Abstract TPS 7055.

• Magrolimab is a first-in-class monoclonal antibody that blocks the macrophage inhibitory immune checkpoint 
cluster of differentiation (CD)47, a “do not eat me” signal overexpressed on tumor cells.

• Binding of magrolimab to CD47 leads to phagocytosis of tumor cells.
• Azacitidine increases expression of prophagocytic “eat me” signals, facilitating synergy with magrolimab.



ASCO 2020;Abstract 7507.



5F9005 Study Design: Magrolimab in Combination with 
Azacitidine for MDS and Acute Myeloid Leukemia (AML)

Sallman DA et al. ASCO 2020;Abstract 7507.



5F9005: Response to Magrolimab in Combination with 
Azacitidine for MDS and AML

Sallman DA et al. ASCO 2020;Abstract 7507.



5F9005: Durability of Response to Magrolimab in Combination 
with Azacitidine for MDS and AML

Sallman DA et al. ASCO 2020;Abstract 7507.



5F9005: Response to Magrolimab in Combination with 
Azacitidine for MDS and AML with TP53 Mutation

Sallman DA et al. ASCO 2020;Abstract 7507.



5F9005: Safety of Magrolimab in Combination with Azacitidine
for MDS and AML with TP53 Mutation

Sallman DA et al. ASCO 2020;Abstract 7507.



Partial Clinical Hold for Studies Evaluating Magrolimab in 
Combination with Azacitidine
Press Release: January 25, 2022

“The US Food and Drug Administration (FDA) has placed a partial clinical hold on studies evaluating 
the combination of magrolimab plus azacitidine due to an apparent imbalance in investigator-
reported suspected unexpected serious adverse reactions (SUSARs) between study arms. While no 
clear trend in the adverse reactions or new safety signal has been identified at this time, the partial 
clinical hold is being implemented across all ongoing magrolimab and azacitidine combination 
studies worldwide in the best interests of patients as additional data is gathered and analyzed to 
address the concerns raised by FDA.

During the partial clinical hold, screening and enrollment of new study participants will be paused 
in any study investigating the combination of magrolimab with azacitidine. Patients already 
enrolled in these clinical studies may continue to receive magrolimab and azacitidine, or placebo, 
and continue to be closely monitored according to the current study protocol... Other magrolimab
studies, or cohorts, that are not studying the combination of magrolimab plus azacitidine, will 
continue without any impact by the partial clinical hold.”

https://finance.yahoo.com/news/gilead-announces-partial-clinical-hold-235200540.html



ENHANCE Phase III Study Design

Garcia-Manero G et al. ASCO 2021;Abstract TPS 7055.



ASH 2021;Abstract 242.



Sabatolimab Receives Fast Track Designation for MDS
Press Release: May 25, 2021

“The US Food and Drug Administration (FDA) has granted fast track designation for sabatolimab
(MBG453) for the treatment of adult patients with myelodysplastic syndromes (MDS) defined with 
an IPSS-R risk category of high or very high risk in combination with hypomethylating agents. Fast 
track designation facilitates the development and expedites the review of drugs to treat serious 
conditions and fill unmet medical needs.

Sabatolimab is a first-in-class investigational immuno-myeloid therapy that binds to TIM-3, a novel 
target expressed on multiple immune cell types and leukemic cells and blasts, but not on the 
normal stem cells that induce blood formation; it is in development for HR-MDS and acute myeloid 
leukemia.”

https://www.novartis.com/news/novartis-receives-fda-fast-track-designation-sabatolimab-mbg453-myelodysplastic-syndromes



ASH 2021;Abstract 244.



Brunner AM et al. ASH 2021;Abstract 244.

LSC = leukemic stem cell



Phase IB Trial Design of Sabatolimab Combined with 
Hypomethylating Agents (HMA) in MDS and AML

Brunner AM et al. ASH 2021;Abstract 244.



Clinical Responses Associated with Sabatolimab Combined with 
HMA in Very High-Risk/High-Risk MDS (vHR/HR-MDS)

Brunner AM et al. ASH 2021;Abstract 244.



Durability of Responses Associated with Sabatolimab Combined 
with HMA for vHR/HR-MDS

Brunner AM et al. ASH 2021;Abstract 244.

aORR for patients with MDS was defined as CR + mCR + PR + SD with HI; bELN adverse-risk mutations: TP53, ASXL1, and 
RUNX1; cDOR events (including progression/relapse and death) reported out of the number of patients with a BOR of 
CR, mCR, or PR (forMDS). 1.Döhner H, et al. Blood.2017;129(4):424-447.



Adverse Events Associated with Sabatolimab Combined with 
HMA for MDS and AML

Brunner AM et al. ASH 2021;Abstract 244.



STIMULUS: Clinical Trial Program for Sabatolimab in MDS 

www.clinicaltrials.gov, Accessed March 8, 2022

Trial identifier Phase Setting Study arms

STIMULUS-MDS1
(NCT03946670) II IPSS-R Intermediate-, 

High- or Very High-risk MDS
• Sabatolimab + HMA
• Placebo + HMA

STIMULUS-MDS2
(NCT04266301) III High- or Very High-risk MDS • Sabatolimab + azacitidine

• Placebo + azacitidine

STIMULUS-MDS3
(NCT04812548) II High- or Very High-risk MDS • Sabatolimab + azacitidine + 

venetoclax
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2021



Komrokji RS et al. ASH 2021;Abstract 536.



Komrokji RS et al. ASH 2021;Abstract 536.



Ball S et al. Am J Hematol 2022;[Online ahead of print].



Clin Lymphoma Myeloma Leuk 2022;[Online ahead of print].



Int J Mol Sci 2021;22(18):10105. 



COVID-19 Outcomes Among Participants in the 
NHLBI Myelodysplastic Syndromes (MDS) 
Natural History Study 
Padron E et al.
ASH 2021;Abstract 2611.



ASH 2021;Abstract 217.



The Natural History of Lower Risk MDS: Factors 
Predicting Progression to High-Risk Myelodysplastic 
Syndrome and Acute Myeloid Leukemia in Patients 
with Very Low and Low Risk MDS According to the 
R-IPSS Criteria 
Jain AG et al.
ASH 2021;Abstract 2600.



Major Mutations Found in Each Cohort and the Mutations that 
Predict Progression

Jain AG et al. ASH 2021;Abstract 2600.





IDH Mutations Are Enriched in Myelodysplastic 
Syndromes Patients with Severe Neutropenia: 
A Potential Targeted Therapy 

Komrokji RS et al.
ASH 2021;Abstract 1526.



Leukemia 2022;[Online ahead of print].





Blood 2021;138(11):989-92.



A Focus on Phenotype and Genotype: Racial/Ethnic 
Disparities in Myelodysplastic Syndromes 

Tinsley-Vance SM et al.
ASH 2021;Abstract 1985.



Clin Lymphoma Myeloma Leuk 2022;22(1):1-16.



Haematologica 2022;107(3):737-9. 



Haematologica 2022;[Online ahead of print]. 
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Lower-Risk MDS



Clinical Prognostic Scores in MDS

Buckstein R. Education Session. ASCO 2021.



AZA-MDS-003: Baseline Disease Characteristics

Garcia-Manero G et al. J Clin Oncol 2021;39:1426-36.



AZA-MDS-003: Achievement and Duration of Red Blood Cell 
Transfusion Independence

Achieved RBC-TI
CC:486: 31%
Placebo: 11%

Garcia-Manero G et al. J Clin Oncol 2021;39:1426-36.



AZA-MDS-003: Duration of RBC Transfusion Reduction

Garcia-Manero G et al. J Clin Oncol 2021;39:1426-36.



AZA-MDS-003: Change in Hemoglobin from Baseline

Garcia-Manero G et al. J Clin Oncol 2021;39:1426-36.



AZA-MDS-003: Platelet Count Change from Baseline

Platelet transfusion independence in 75 patients who were transfusion-dependent at baseline:
• CC-486: 16.7% (median duration 12.1 months)
• Placebo: 14.3% (median duration 4.4 months)

Garcia-Manero G et al. J Clin Oncol 2021;39:1426-36.



MEDALIST: Erythroid Response and Increase in Mean 
Hemoglobin Level

Fenaux P et al. N Engl J Med 2020;382:140-51.



MEDALIST: Change in Mean Observed Hemoglobin Level over Time

Fenaux P et al. N Engl J Med 2020;382:140-51.



MEDALIST: Change from Baseline in Hemoglobin Level

Fenaux P et al. N Engl J Med 2020;382:140-51.



MEDALIST: Adverse Events Occurring in at Least 10% of Patients

Fenaux P et al. N Engl J Med 2020;382:140-51.



Higher-Risk MDS



FDA Approves Oral Combination of Decitabine and Cedazuridine
for MDS
Press Release: July 7, 2020
“On July 7, 2020, the Food and Drug Administration approved an oral combination of decitabine and cedazuridine for 
adult patients with myelodysplastic syndromes (MDS) including the following:

• previously treated and untreated, de novo and secondary MDS with the following French-American-British subtypes 
(refractory anemia, refractory anemia with ringed sideroblasts, refractory anemia with excess blasts, and chronic 
myelomonocytic leukemia [CMML]) and

• intermediate-1, intermediate-2, and high-risk International Prognostic Scoring System groups.

[The combination] was investigated in two open-label, randomized, crossover trials. Trial ASTX727-01-B (NCT02103478) 
included 80 adult patients with MDS (International Prognostic Scoring System [IPSS] Intermediate-1, Intermediate-2, or 
high-risk) or CMML and trial ASTX727-02 (NCT03306264) included 133 adult patients with MDS or CMML, including all 
French-American-British classification criteria and IPSS Intermediate-1, Intermediate-2, or high-risk prognostic scores.

In both trials, patients were randomized 1:1 to receive 35 mg decitabine and 100 mg cedazuridine orally in cycle 1 and 
decitabine 20 mg/m2 intravenously in cycle 2 or the reverse sequence. Both [the oral combination] and intravenous 
decitabine were administered once daily on days 1 through 5 of a 28-day cycle. Starting with cycle 3, all patients 
received [the combination] orally once daily on days 1 through 5 of each 28-day cycle until disease progression or 
unacceptable toxicity."

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-oral-combination-decitabine-and-cedazuridine-
myelodysplastic-syndromes



Blood 2020;136(6):674-83.



ASTX727-01: Schema and Summary of Endpoints

Garcia-Manero G et al. Blood 2020;136(6):674-83. 

93.5% 97.6%



Prolonged Survival Observed in 133 MDS Patients Treated 
with Oral Decitabine/Cedazuridine

Savona MR et al.
16th International Congress on Myelodysplastic Syndromes
(MDS 2021);Abstract 48.



ASCERTAIN Phase III Study Design 

Savona MR et al. MDS 2021;Abstract 48.



ASCERTAIN Study Population 

Savona MR et al. MDS 2021;Abstract 48.



ASCERTAIN: Pharmacokinetics and Pharmacodynamics

Savona MR et al. MDS 2021;Abstract 48.



ASCERTAIN: Response Rates

Savona MR et al. MDS 2021;Abstract 48.



ASCERTAIN Safety Results: TEAEs in >10% of Patients*

Savona MR et al. MDS 2021;Abstract 48.



ASCERTAIN: Updated Overall Survival (OS) with 32-Month Follow-Up

Savona MR et al. MDS 2021;Abstract 48.

Median OS: 31.7 months
Leukemia-free survival: 29.1 months

Overall Survival (months)
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Study Design

Zeidan AM et al. ASH 2021;Abstract 537.



TEAEs with Venetoclax/Azacitidine

Zeidan AM et al. ASH 2021;Abstract 537.



Study Drug Discontinuation and Dose Modifications Due to TEAEs

Zeidan AM et al. ASH 2021;Abstract 537.



Deaths Among Patients Who Received Venetoclax/Azacitidine

Zeidan AM et al. ASH 2021;Abstract 537.



Response to Venetoclax/Azacitidine

Zeidan AM et al. ASH 2021;Abstract 537.



Transfusion Independence and Hematologic Improvement with 
Venetoclax/Azacitidine

Zeidan AM et al. ASH 2021;Abstract 537.



OS with Venetoclax/Azacitidine

Zeidan AM et al. ASH 2021;Abstract 537.



Pevonedistat plus Azacitidine vs Azacitidine Alone 
in Higher-Risk Myelodysplastic Syndromes (MDS): 
Efficacy and Safety Results from Study P-2001 
(NCT02610777)

Watts J et al.
SOHO 2021;Abstract MDS-344.



P-2001: Phase II Study of Pevonedistat with Azacitidine for 
Higher-Risk MDS

Watts J et al. SOHO 2021;Abstract MDS-344.



P-2001: Exposure-Adjusted Adverse Event Rates Among Patients 
with Higher-Risk MDS

Watts J et al. SOHO 2021;Abstract MDS-344.



PANTHER (P-3001): Phase III Trial Schema

Sekeres MA et al. ASH 2021;Abstract 242.



PANTHER (P-3001): Overall Response Rate in the Intent-to-Treat 
(ITT) Population and in the Higher-Risk MDS Cohort

Sekeres MA et al. ASH 2021;Abstract 242.



PANTHER (P-3001): Event-Free Survival (EFS) and OS in the 
Higher-Risk MDS Cohort

Sekeres MA et al. ASH 2021;Abstract 242.

• No statistically significant difference between the 2 study arms in EFS (p = 0.557) and OS (p = 0.181) 
in the ITT population



PANTHER (P-3001): OS for Patients with Higher-Risk MDS by 
Number of Cycles Received

Sekeres MA et al. ASH 2021;Abstract 242.



PANTHER (P-3001): Treatment Discontinuation

Sekeres MA et al. ASH 2021;Abstract 242.

• No new safety signals were identified


