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Patients with higher-risk myelodysplastic syndromes (MDS) and chronic myelomonocytic leukemia (CMML)
unfit for hematopoietic stem cell transplantation have poor outcomes. Novel therapies that provide
durable benefit with favorable tolerability and clinically meaningful improvement in survival are needed.
T-cell immunoglobulin domain and mucin domain-3 (TIM-3) is an immuno-myeloid regulator expressed
on immune and leukemic stem cells in myeloid malignancies. Sabatolimab is a novel immunotherapy
targeting TIM-3 with a potential dual mechanism of reactivating the immune system and directly targeting
TIM-3+ leukemic blasts suppressing the growth of cancer cells. Here, we describe the aims and design
of the phase III STIMULUS-MDS2 trial, which aims to demonstrate the potential for sabatolimab plus
azacitidine to improve survival for patients with higher-risk MDS and CMML-2 (NCT04266301).
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Myelodysplastic syndromes (MDS), also referred to as myelodysplastic neoplasms, include a complex group of
hematopoietic stem cell (HSC) neoplasms characterized by ineffective hematopoiesis and progressive bone marrow
(BM) failure resulting in blood cytopenias, cytogenetic and molecular abnormalities, and poor survival prognosis [1–

3]. Chronic myelomonocytic leukemia (CMML) has features that overlap with MDS, including an inherent risk
of progression to acute myeloid leukemia (AML) and short overall survival [4]. Patients with higher-risk MDS and
CMML are often not eligible for allogeneic hematopoietic stem cell transplant (alloHSCT) and have poor survival
when given available treatments including hypomethylating agent (HMA) monotherapy [4–7]. Patients with HMA
failure have even fewer therapeutic options and worse survival (median overall survival <1 year) [4,6,8–10]. These
outcomes demonstrate the importance of novel therapies that achieve durable benefits with favorable tolerability
and clinically meaningful improvement in survival for patients with higher-risk MDS and CMML.

Prognosis and treatment options for patients with MDS vary according to their Revised International Prognostic
Scoring System (IPSS-R) risk classification at diagnosis [2,3]. Patients with an IPSS-R score >3.5 are collectively
referred to as ‘higher-risk’; this group is composed of patients with the highest risk scores from the intermediate-risk
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group, and all patients in the high-risk and very high-risk groups [11]. As the risk classification score increases, the
median duration of survival becomes shorter [3]. Patients with CMML are classified according to the presence of
blasts (CMML-0, CMML-1 and CMML-2) which also holds prognostic significance [4,12].

In both MDS and CMML, patients with higher risk classifications, along with those with ’at-risk’ disease subtypes,
experience increased severity of symptoms stemming from BM failure [3,12]. Among patients with MDS, ∼40%
present with anemia and up to 80% will develop anemia over time. This leads to ∼90% of patients requiring red
blood cell (RBC) transfusions throughout the course of the disease [13]. Transfusion-requiring anemia is associated
with inferior outcomes among MDS patients, and achieving transfusion-free intervals is associated with improved
survival in patients with higher-risk MDS [13,14]. Fatigue, a severe symptom of anemia and often combined with pain
and anxiety, is especially distressing for patients and greatly impacts their quality of life (QOL) [14,15]. Aside from
prolonging patient survival, treatment options that lower transfusion frequency, minimize fatigue, and improve
QOL are needed for these patients.

Available pharmacologic treatment options for patients with higher-risk MDS and CMML do not provide long-
term survival benefit in most cases [6,16,17]. Many patients with MDS are of advanced age, frail, and present with
comorbidities; more than 90% are not candidates for alloHSCT, the only potentially curative option [5,18]. HMAs,
azacitidine and decitabine, are the only approved treatments for patients with higher-risk MDS who are not eligible
for alloHSCT [10]. Additionally, patients with CMML-2 are often ineligible for alloHSCT and HMAs are the only
treatment option for patients with a white blood cell count <12,000 [4,19]. The median overall survival for patients
with higher-risk MDS after azacitidine treatment in the AZA-001 clinical trial was 24.5 months [6], although the
reported survival in real-world and registry studies is substantially shorter at ∼11–17 months [20,21]. Clinical trials
with HMAs in patients with CMML are limited; prolonged overall survival has not been demonstrated in these
patients [7]. Early-phase trials of combination strategies with HMAs have been reported to improve outcomes in
patients with MDS, but improved survival has yet to be observed with combination therapy in large, randomized
trials [22–24]. Despite the continued research efforts for more than a decade since the first approval of HMA therapy,
there is still a significant unmet need for treatment options that provide durable benefit with favorable tolerability,
better QOL, and clinically meaningful improvement in survival for patients with higher-risk MDS and CMML [25].

Trial
Sabatolimab is a novel immunotherapy that targets T-cell immunoglobulin domain and mucin domain-3 (TIM-
3), an immuno-myeloid regulator that is expressed on immune cells and leukemic stem cells (LSCs) [26–30]. The
STIMULUS Clinical Trial Program is evaluating the potential for sabatolimab to emerge as a therapeutic option
for patients with myeloid malignancies. This broad program includes numerous trials evaluating the early and
long-term efficacy and safety of sabatolimab combination therapy in patients with MDS, CMML and AML, with
the potential for investigation of additional myeloid malignancies [31]. The ongoing STIMULUS-MDS1 phase II,
randomized trial evaluating sabatolimab plus HMA therapy in higher-risk MDS (NCT03946670) has completed
enrollment, and primary end points evaluate complete remission (CR) and progression-free survival (PFS) [31,32].

Here we describe the trial design of STIMULUS-MDS2, a phase III, randomized trial evaluating the clinical
effects of sabatolimab plus azacitidine versus placebo plus azacitidine in adults with higher-risk MDS and CMML-
2 (NCT04266301). The primary end point is overall survival. Key secondary end points include improvement
in transfusion-free intervals and QOL. The overall survival primary end point of STIMULUS-MDS2 aims to
provide definitive evidence of the potential long-term benefits of sabatolimab plus HMA therapy in patients with
higher-risk MDS. Additional clinical trials included in the STIMULUS program are planned or ongoing; findings
from these studies may provide further support for the use of sabatolimab as a novel immunotherapy for patients
with myeloid malignancies. Given the preliminary findings of sabatolimab plus HMA in early-phase trials and the
need for treatment options that offer durable clinical survival benefit with favorable tolerability and better QOL,
STIMULUS-MDS2 will investigate a new potential treatment approach using sabatolimab plus HMA for patients
with a high unmet need.

Background & rationale
Several signaling pathways can transform preleukemic HSCs into LSCs, which can self-renew and further replicate.
This leads to a shift from normal hematopoiesis to the production of leukemic clones, some gaining relapse-specific
mutations that may, in part, contribute to the resistance to therapy and the short overall survival of patients with
higher-risk MDS [33–36]. TIM-3 is reported to be expressed on LSCs, but not normal HSCs [26,27,35] and to promote

632 Future Oncol. (2023) 19(9) future science group



Sabatolimab + azacitidine in higher risk MDS & CMML-2 Clinical Trial Evaluation

T cell

T cell

Macrophage

Leukemic
cell

Leukemic stem cell
self-renewal loop

Dysfunctional
immune cells

TIM-3+ 
leukemic cell

Dendritic
cell

IL-6

IL-6

IL-6

IL-6

IL-12

IL-12

IL-12

IL-12

TNF�

TNF�

TNF�

TNF�

Sabatolimab enhances
T-cell–mediated killing
of TIM-3–expressing
leukemic cells

Sabatolimab

TIM-3
ligand

TIM-3

Galectin-9
Fc�R

Macrophage

Dendritic
cell

Sabatolimab facilitates 
antibody-dependent 
cellular phagocytosis 

Sabatolimab enhances 
inflammatory cytokine

production by dendritic cells

Sabatolimab blocks the 
binding of galectin-9 to 
TIM-3, potentially 
inhibiting leukemic 
stem cell self-renewal

Figure 1. Sabatolimab putative mechanism of action on TIM-3, an immuno-myeloid regulator. (A) TIM-3 is an
inhibitory receptor expressed on several immune cells including T cells, macrophages, and dendritic cells and
regulates innate and adaptive immune responses. TIM-3 is also expressed on LSCs/blasts in myeloid malignancies.
Interaction of TIM-3 with galectin-9 has been reported to form an autocrine stimulatory loop that drives leukemic
stem cell self-renewal. (B) Sabatolimab has diverse effects on different cellular compartments via binding to TIM-3
and enhancing immune function. Sabatolimab induces phagocytic uptake of target cells by macrophages, potentially
facilitating cell-mediated killing of TIM-3 expressing leukemic stem cells/blasts. Sabatolimab partially blocks the
interaction of TIM-3 and galectin-9 and potentially inhibits TIM-3/galectin-9–pro-survival signaling pathways involved
in self-renewal of LSCs. Sabatolimab increases dendritic cell activation as seen by enhanced secretion of
pro-inflammatory cytokines, and also augments T-cell mediated killing of TIM-3+ leukemic cells.
FcγR: Fc gamma receptor; IL: Interleukin; LSC: Leukemic stem cell; MDS: Myelodysplastic syndrome; TIM-3: T-cell
immunoglobulin domain and mucin domain-3.

an autocrine stimulatory loop via the TIM-3–galectin-9 interaction, which supports LSC self-renewal leading to
disease progression and AML [26,28,29]. Production of TIM-3 ligands, such as galectin-9, is increased in patients
with MDS, thereby contributing to disease progression [29].

Preclinical studies show that sabatolimab functions as an immunotherapeutic agent with immuno-myeloid
activity and with an immuno-modulatory mechanism to combat myeloid malignancies by reactivating the immune
system, boosting its ability to eliminate leukemic stem cells (Figure 1 [27]). Although it remains unclear how these
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Primary objective:
Evaluate overall survival of patients with intermediate-, high-, or very high-risk MDS or CMML-2 treated with sabatolimab
+ azacitidine or placebo + azacitidine alone as a first-line therapy

I/H/vHR-MDS or CMML-2
n ~ 500 

Key inclusion criteria

• IPSS-R I/H/vHR-MDS or CMML-2a

• Ineligibility for intensive chemotherapy or HSCT

• Indication for treatment with azacitidine

Key exclusion criteria

• Prior TIM-3–directed therapy

• Prior immune checkpoint therapy or cancer vaccine within 4 months

• Prior antineoplastic agent for first-line treatment of I/H/vHR-MDS
 or CMML

• Systemic steroids or immunosuppressive therapy within 2 weeks

• Investigational treatment within 4 weeks
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Secondary end points:
FACIT-fatigue and EORTC QLQ-C30 (emotional and physical functioning), RBC transfusion-free intervals,
RBC/platelet transfusion independence, CR/mCR/PR/HI, PFS, LFS, safety, PK, immunogenicity, EQ-5D-5L

28-day cycles until end of treatment

Figure 2. STIMULUS-MDS2 trial design.
aDefined according to the IPSS-R criteria: very high-risk (>6 points), high-risk (>4.5-6 points), or intermediate-risk
(>3-4.5 points).
bIPSS-R prognostic risk score (intermediate-, high-, very high-risk).
CMML-2: Chronic myelomonocytic leukemia-2; CR: Complete remission; EORTC QLQ-C30: European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire; EQ-5D-5 L: EuroQol Five Dimensions Questionnaire;
FACIT: Functional Assessment of Chronic Illness Therapy; H: High; HI: Hematologic improvement; HSCT: Hematopoietic
stem cell transplant; l: Intermediate; IPSS-R: Revised International Prognostic Scoring System; IV: Intravenously; LFS:
Leukemia-free survival; mCR: Bone marrow CR; MDS: Myelodysplastic syndrome; PFS: Progression-free survival; PK:
Pharmacokinetics; PR: Partial remission; RBC: Red blood cell; SC: Subcutaneous; TIM-3: T-cell immunoglobulin domain
and mucin domain-3; vHR: Very high-risk.

mechanisms may relate to clinical effects in patients, the potential dual mechanisms of sabatolimab provide a novel
therapeutic approach for patients with myeloid malignancies.

Results from the phase I/Ib portion of the first-in-human study of sabatolimab, both as monotherapy and in
combination with spartalizumab, demonstrated favorable tolerability in patients with advanced solid tumors [37].
Stable disease was observed in 25.6% (34/133) of patients who received sabatolimab monotherapy [37]. Final
analysis from a phase Ib study of sabatolimab plus HMA therapy demonstrated clinical benefit with favorable
tolerability [38]. Patients with high- and very high-risk MDS had an overall response rate of 56.9% in evaluable
patients, a response duration of 17.1 months, and 12-month PFS of 54.0% [38]. Patients with newly diagnosed AML
had an overall response rate of 42.5% in evaluable patients, a response duration of 12.6 months, and a 12-month
PFS of 26.8% [38]. The most common adverse events (AEs) observed were similar to those AEs expected with
single-agent HMA therapy, such as hematologic and gastrointestinal AEs [38]. Discontinuation from the trial due to
an AE was infrequent; few possible immune-mediated AEs (imAEs) related to treatment were noted in patients with
MDS, and all were grade 1/2 [38]. These preliminary results validate TIM-3 as a promising therapeutic target in
myeloid malignancies and support further clinical development of sabatolimab in patients with higher-risk MDS.

Design
STIMULUS-MDS2 is an ongoing phase III, randomized, double-blind trial evaluating sabatolimab plus azacitidine
versus placebo plus azacitidine in IPSS-R higher-risk MDS or CMML-2 (Figure 2). This trial is fully enrolled with
530 patients randomized at a 1:1 ratio to receive either sabatolimab plus azacitidine or placebo plus azacitidine,
stratified according to IPSS-R: intermediate-risk MDS, high-risk MDS, very high-risk MDS or CMML-2.

The primary objective of the STIMULUS-MDS2 trial is to evaluate overall survival of patients with intermediate-
, high- or very high-risk MDS or CMML-2 treated with sabatolimab plus azacitidine or placebo plus azacitidine
as a first-line therapy. Key secondary objectives are between-arm comparisons of time to definitive deterioration of
fatigue, RBC transfusion-free intervals, and improvement of fatigue and physical and emotional functioning. Other
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• Time to definitive deterioration of fatigue

• RBC transfusion-free intervalsa

• Improvement of fatigue, physical and
 emotional functioning

Key secondary objectives

• Response rateb

• PFSc and LFSd

• Overall QOL

• Improvement in RBC/platelet transfusion
 independencee

• Safety profile

• PK and immunogenicity

Other secondary objectives

• Patient’s physical activity using a wearable
 digital device

• Potential association(s) between sabatolimab
 PK and efficacy/safety

• Impact of immunogenicity on efficacy, safety,
 PK of sabatolimab

• Phenotypic and/or molecular biomarkers

• Pharmacodynamic effect of treatment

• Patient’s impression of fatigue, severity of
 disease, physical function, distress, and
 treatment satisfaction

• Patient-reported bleeding and infection
 experience

Exploratory objectives

Evaluate overall survival of patients with intermediate-, high-, or very high-risk MDS or CMML-2
treated with sabatolimab + azacitidine or azacitidine alone as a first-line therapy

Primary objective

Figure 3. STIMULUS-MDS2 trial objectives.
aTransfusion-free intervals compose the cumulative time with no RBC transfusion for ≥8 weeks after randomization
until death.
bResponse rate is the proportion of patients with best overall response of either CR, mCR, PR, or HI according to the
IWG response criteria in MDS at any time during the study.
cProgression-free survival is the time from randomization to disease progression, relapse from CR, or death.
dLeukemia-free survival refers to the time from randomization to evidence of ≥20% blasts in BM or peripheral blood,
evidence of extramedullary leukemia, or death.
eTransfusion independence refers to the proportion of patients who received <3 units of RBCs/platelets for ≥16
consecutive weeks among transfusion-dependent patients at baseline or those who received ≥3 units within 8
consecutive weeks prior to screening.
BM: Bone marrow; CMML-2: Chronic myelomonocytic leukemia-2; CR: Complete remission; HI: Hematologic
improvement; IWG: International Working Group; LFS: Leukemia-free survival; mCR: Bone marrow CR; MDS:
Myelodysplastic syndrome; OS: Overall survival; PFS: Progression-free survival; QOL: Quality of life; PK:
Pharmacokinetics; PR: Partial remission; RBC: Red blood cell.

secondary and exploratory objectives for efficacy and safety include response rates, PFS, leukemia-free survival,
improvement in transfusion independence, pharmacokinetics (PK) and pharmacodynamics, and biomarker analyses
(Figure 3).

This trial was designed, implemented, and reported in accordance with the ICH Harmonized Tripar-
tite Guidelines for Good Clinical Practice, applicable local regulations, and the Declaration of Helsinki.
Investigators/institutions conducted the trial in accordance with their Institutional Review Boards/Independent
Ethics Committees. Informed consent was obtained from all patients before inclusion in the trial.

At randomization, eligible patients must have morphologically confirmed MDS defined by >3 points per
IPSS-R or morphologically confirmed CMML-2 with white blood cells <13 × 109/l at diagnosis (2016 WHO
classification [12]). Patients should be eligible for azacitidine treatment with no immediate plans for treatment with
intensive chemotherapy or alloHSCT. Key exclusion criteria include previous TIM-3-directed therapy, immune
checkpoint therapy or cancer vaccine ≤4 months before randomization, or first-line treatment for higher-risk MDS
or CMML with any antineoplastic agent. Other eligibility criteria are shown in Table 1.

Patients are randomized to receive either sabatolimab 800 mg intravenously (iv.) on Day 8 plus azacitidine
75 mg/m2 (iv. or subcutaneously [sc.]) on days 1–7 or days 1–5, 8, and 9, or placebo plus azacitidine at the same
dose and frequency. Patients on placebo plus azacitidine are given placebo with the same dosing schedule and
administration methods used for sabatolimab. The use of sabatolimab 800 mg iv. every 4 weeks was prompted by
the results of earlier trials, which showed excellent safety and tolerability across all doses and schedules with high
TIM-3 engagement at both the 400-mg every 2 weeks and 800-mg every 4 weeks sabatolimab doses [39]. Treatment
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Table 1. Eligibility criteria for STIMULUS-MDS2.
Inclusion criteria

• Age ≥18 years old
• Morphologically confirmed diagnosis of MDS (2016 WHO) classified as either intermediate- (�3 to ≤4.5 points), high- (�4.5 to ≤6 points) or very high-risk (�6 points)
by IPSS-R or morphologically confirmed diagnosis of CMML-2 (2016 WHO) with WBC �13 × 109/l
• With an indication for azacitidine based on local standard medical practice
• Not eligible for intensive chemotherapy or HSCT according to investigator based on local standard medical practice
• ECOG performance status of 0, 1 or 2
• Adequate kidney and liver function: eGFR ≥30 mL/min/1.73 m2, AST and ALT ≤3 × upper limit of normal, and total bilirubin ≤1.5 × upper limit of normal
• With signed informed consent and able to communicate and able to comply with the study procedures

Exclusion criteria

• Any prior exposure to TIM-3-directed therapy
• Prior immune checkpoint inhibitor therapy or cancer vaccines within 4 months prior to randomization
• Previous first-line treatment for higher-risk MDS (IPSS-R) or CMML with any antineoplastic agent including chemotherapy, lenalidomide and HMAs
• Investigational treatment within 4 weeks prior to randomization (except if checkpoint inhibitor, minimum interval of 4 months)
• Any immunosuppressive therapy including systemic steroid therapy within 14 days prior to randomization
• Live vaccine within 30 days prior to randomization
• History of severe hypersensitivity reaction to any ingredient of the study treatment, or to monoclonal antibodies
• Diagnosed with AML myelofibrosis or therapy-related myeloid neoplasms (2016 WHO)
• History of organ transplant or HSCT
• Prior malignancy except lower-risk MDS, those with history of adequately treated malignancy with no ongoing antineoplastic treatment during trial
• Active autoimmune disease requiring systemic therapy or other severe and/or uncontrolled medical condition
• Active HBV or HCV infection not controlled under antiviral therapy. HIV not controlled by standard therapy
• At risk for pregnancy, whether sexually active male unwilling to use contraceptives or women of childbearing potential without contraceptive use. Pregnant or
breastfeeding

ALT: Alanine aminotransferase; AML: Acute myeloid leukemia; AST: Aspartate aminotransferase; CMML-2: Chronic myelomonocytic leukemia-2; ECOG: Eastern Cooperative Oncology
Group; eGFR: Estimated glomerular filtration rate; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HMA: Hypomethylating agent; HSCT: Hematopoietic
stem cell transplant; IPSS-R: Revised International Prognostic Scoring System; MDS: Myelodysplastic syndrome; TIM-3: T-cell immunoglobulin domain and mucin domain-3; WBC: White
blood cell count; WHO: World Health Organization.

is administered in 28-day cycles. Treatment doses may be modified or interrupted for patients who cannot tolerate
the protocol-specified dosing schedule.

The primary end point of the STIMULUS-MDS2 trial is overall survival, defined as the time from randomization
until death due to any cause, regardless of start of new therapies, alloHSCT, or discontinued treatment. Information
regarding patients’ survival status is gathered either through visits or through phone calls, and if a patient is not
known to have died, overall survival is analyzed using the latest date the patient was known to be alive. Analysis of
overall survival will be based on the full analysis set (FAS) and will be estimated using the Kaplan–Meier method.
To compare the overall survival between treatment arms, a stratified log-rank test (overall 1-sided 2.5% level of
significance) is planned to be used. The hazard ratio and 95% CI will be calculated from a stratified Cox model.

For the key secondary end points, time to definitive deterioration of fatigue is measured through the use of
the Functional Assessment of Chronic Illness Therapy Fatigue scale (FACIT-Fatigue [40]). Other patient-reported
outcomes (PROs) will be assessed using the European Organization for Research and Treatment of Cancer’s core
QOL questionnaire (EORTC-QLQ-C30) and the EuroQol Five Dimensions Questionnaire (EQ-5D-5L) [41,42].
RBC transfusion-free intervals correspond to the cumulative number of intervals that the patient is transfusion free
for at least 8 weeks.

The related clinical question for the key secondary QOL end points refers to the well-being of patients after
randomization status and covers the entire patient journey. A complete focus on response rate in clinical trials may
not be clinically meaningful if not accompanied by improvement in QOL and ideally prolongation of survival [43].
As a consequence, in this trial QOL data will continue to be collected beyond end of study treatment, beyond
disease progression or relapse from CR, and also after start of new therapies (including HSCT). Disease-modifying
therapies might result in benefits when study treatment is terminated, and patients might enter a treatment-free
period with absence of therapy-related toxicities and disease-related symptoms. The study treatment might enable
patients to receive HSCT which may have further impact on QOL. QOL assessments covering the whole patient
journey will address the key questions of patients and doctors regarding overall outcome when deciding on a
treatment option. This approach follows similar considerations as the primary end point, overall survival. Overall
survival is considered to be the most robust efficacy end point and is a gold standard as it reflects the overall outcome
of a therapy regardless of treatment discontinuation, disease progression, or start of new therapies.

Exploratory biomarker evaluations are conducted at baseline and during the course of the trial to improve
understanding of the treatment effect of sabatolimab, to measure minimal residual disease levels, to identify
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potential molecular subgroups that may benefit from sabatolimab, and to evaluate patterns of clonal evolution
and mutational clearance. A correlative analysis of TIM-3 expression is evaluated in cellular subpopulations of
interest. Additional correlative analyses include assessment of immune changes induced by TIM-3 blockade and
the potential impact of galectin-9 levels on disease progression and response to treatment. No pre-specified subgroup
analyses of efficacy data are planned based on expression cut-off of TIM-3 or galectin-9, but these analyses will be
considered. Subgroup analyses based on molecular groups of interest (e.g., IPSS-Molecular [IPSS-M] and TP53
mutation status) are planned.

The safety of sabatolimab plus azacitidine therapy will be evaluated based on the incidence and severity of AEs
and serious AEs (SAEs) as reported according to the Common Terminology Criteria for Adverse Events (CTCAE,
version 5).The occurrence of imAEs will be evaluated based on the consistency of the AE with an immune-mediated
mechanism and ruling out of alternative explanations through serologic, histologic, and immunological assessments,
as well as treatment with corticosteroids when appropriate. Changes in baseline laboratory tests and vital signs are
monitored, sabatolimab serum concentrations and PK parameters are collected, and immunogenicity is assessed by
testing antidrug antibody at baseline and on treatment. Sabatolimab PK, immunogenicity, and pharmacodynamics,
including the measurement of pharmacodynamic markers such as soluble TIM-3, are evaluated in all patients during
the course of the trial.

BM assessments are conducted at screening and pre-dose on cycle 7 Day 1 and cycle 13 Day 1 and subsequently
every 12 cycles until the end of treatment. The schedule of BM assessments was designed to minimize patient
burden, while allowing for sufficient data collection to support relevant secondary trial objectives. Additional
BM assessments can be performed if clinically indicated (eg, if progression or relapse is suspected). Hematologic
assessments were conducted at screening and pre-dose on Day 1 and 8 and thereafter on Day 1 of every cycle. Patients
who end study treatment for any reason other than progressive disease, death, lost to follow-up, or withdrawal will
enter the posttreatment follow-up period. During posttreatment follow-up, patients receive hematology and PRO
assessments every 3 months, response assessments every 12 months, with blood transfusion information collected
throughout the period. Patients who discontinue the study due to progression or who have disease progression
during the posttreatment follow-up period enter the survival follow-up period. Survival follow-up includes overall
survival and PRO assessments every 3 months. Patients who become eligible for alloHSCT following treatment
are included in both posttreatment and survival follow-up periods. If end of treatment was brought about by
progressive disease, patients will directly enter the survival follow-up period. Overall survival and other efficacy
data, including PROs, are planned to be collected for up to 5 years after the last patient is randomized.

PK, immunogenicity, soluble TIM-3, and biomarker samples are collected at specific time points before, during,
and/or at end of treatment, and during follow-up (except for biomarkers). An unscheduled PK sample is obtained
when an AE or SAE leading to discontinuation is experienced, an unscheduled immunogenicity sample is obtained
when an imAE is suspected, and both a PK and immunogenicity sample are taken if disease progression is confirmed.

Efficacy analyses will include all randomized patients; each patient will be analyzed according to the treatment
and strata to which they were assigned (FAS). Safety analyses will be performed in all patients who received at least
one dose of any study treatment. The study follows a group-sequential design with a futility interim and an efficacy
interim analysis, which will be reviewed by an independent Data Monitoring Committee prior to the primary
analysis.

Discussion
Currently available options for the treatment of patients with higher-risk MDS and CMML provide limited survival
benefit for most patients [4–6]. A novel treatment that could offer durable responses with clinically meaningful survival
with no added toxicity and enhanced QOL is needed. Sabatolimab is a novel immunotherapy that reactivates the
immune system, boosting its ability to potentially eliminate LSCs, and directly targets TIM-3+ leukemic blasts,
suppressing the growth of cancer cells [27]. Final analysis of sabatolimab plus HMA therapy in an early-phase study
shows potential efficacy and durability in patients with high- and very high-risk MDS [38]. In this study, sabatolimab
did not add clinically significant toxicity to HMA therapy [38].

Given the number of combination approaches with HMAs in clinical trials, the apparent lack of added safety
concerns with sabatolimab plus HMAs may offer advantages for older and more frail patients who might not be able
to tolerate severe myelosuppression. Additionally, sabatolimab could be administered in the outpatient or inpatient
setting depending on institutional considerations. Further, sabatolimab is administered only once every 28 days.
As such, patients may perceive sabatolimab as a manageable treatment option.
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Several therapies beyond traditional HMAs are currently under development for this patient population. Oral
HMAs offer the advantage of administration in the outpatient setting; however, no clinically meaningful survival
benefit has been observed relative to traditional HMAs [6,44]. Venetoclax, a BCL2 inhibitor, is currently being
investigated in higher-risk MDS [45]. Findings from a phase I trial of venetoclax plus azacitidine in patients with
higher-risk MDS showed a favorable overall response rate with a manageable safety profile; however, there was no
difference in durability of responses compared with previous trials on HMAs [6,45,46]. Magrolimab, another agent
in development for higher-risk MDS, is an anti-CD47 monoclonal antibody that increases phagocytosis of tumor
cells. Patients who were given magrolimab plus azacitidine have shown improved responses, with AEs similar to
those given placebo plus azacitidine [47]. Additionally, patients with wild-type tumor protein 53 (TP53) have shown
similar responses than those with TP53 mutations when treated with magrolimab plus azacitidine [48]. Potential
concerns related to on-target anemia resulted in a temporary clinical hold that was placed and subsequently lifted
on magrolimab in combination with azacitidine treatment [49]. Emavusertib is being investigated as a monotherapy
and in combination with azacitidine or venetoclax in MDS and AML. Emavusertib is an IRAK inhibitor and
has shown preliminary efficacy in relapsed/refractory AML; however, no patients with MDS achieved a CR [50].
CPX-351 is under development for the treatment of patients with MDS following HMA failure. CPX-351 is
a liposomal formulation of cytarabine and daunomycin that may improve tolerability and efficacy of intensive
chemotherapy; however, it is only approved in patients with AML post MDS [51]. Moreover, the phase III study of
pevonedistat in combination with azacitidine failed to meet its primary end point of event-free survival [52]. These
results highlight the need for long-term outcomes from large, randomized, phase III data sets.

Recent updates to World Health Organization guidelines for Haematolymphoid Tumours, International Consen-
sus Classification of Myeloid Neoplasms and Acute Leukemia, and 2022 European LeukemiaNet recommendations
for AML [53–55] may inform future patient eligibility in trials and modify treatment decisions as some patients may
be differently categorized into the new MDS/AML category for patients with 10% to 19% blasts. Additionally,
the newly developed clinical-molecular prognostic model (IPSS-M) improves the risk stratification of patients with
MDS by combining genomic profiling with hematologic and cytogenetic parameters [56]. These updates to existing,
and development of new classification systems may help develop and validate novel risk-tailored treatment strategies
and may subsequently identify patient populations that are not benefiting from current treatment options, which
will collectively reshape the prognostic and therapeutic landscapes for MDS and CMML-2.

The STIMULUS Clinical Trial Program includes multiple trials evaluating sabatolimab as a potential first-in-
class immuno-myeloid therapy for patients with myeloid malignancies, including MDS and CMML. STIMULUS-
MDS1 was initiated before STIMULUS-MDS2 and the findings from both trials aim to demonstrate efficacy of
sabatolimab in the treatment of patients with higher-risk MDS and CMML-2. STIMULUS-MDS2 will evaluate
overall survival, aiming to confirm any benefits seen in STIMULUS-MDS1 [31]. In addition to the studies focusing
on higher-risk MDS, the program includes studies evaluating sabatolimab doublet or triplet therapy in patients
with lower-risk MDS, which are currently recruiting (NCT04810611), AML unfit for intensive chemotherapy
(STIMULUS-AML1, NCT04150029), and AML post-transplant with measurable residual disease, which is also
recruiting (STIMULUS-AML2, NCT04623216). Overall, the STIMULUS trial program was designed to evaluate
sabatolimab for patients with myeloid malignancies. STIMULUS-MDS2 focuses on survival and aims to confirm
the durability and long-term clinical benefit of sabatolimab plus azacitidine and to demonstrate benefits in QOL
for patients with higher-risk MDS and CMML-2.

Conclusion
Patients with higher-risk MDS and CMML have a substantial unmet need for treatment options that can provide
durable clinically meaningful survival benefit with acceptable safety and improved QOL. Sabatolimab is a novel
immuno-myeloid therapy that targets TIM-3. Sabatolimab in combination with HMA, in an early-phase study,
has shown potential durable clinical benefit in patients with high- and very high-risk MDS. The safety profile
of sabatolimab in combination with HMA was consistent with that reported for HMA alone. As part of the
STIMULUS Clinical Trial broad program, STIMULUS-MDS2 evaluates the combination of sabatolimab and
azacitidine in patients with higher-risk MDS and CMML-2. Findings from STIMULUS-MDS2, particularly
overall survival and QOL end points, aim to support the potential of sabatolimab for improved and more durable
outcomes in patients who currently have very limited treatment options.
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Executive summary

• Patients with higher risk myelodysplastic syndrome (MDS) and chronic myelomonocytic leukemia (CMML) who
are not candidates for intensive chemotherapy or allogeneic hematopoietic stem cell transplant (alloHSCT) have
poor outcomes when given single-agent hypomethylating agents (HMAs).

• Novel therapies that provide durable responses with clinically meaningful survival benefit with improved quality
of life (QOL) are needed.

• T-cell immunoglobulin domain and mucin domain-3 (TIM-3) is an immuno-myeloid target and cell surface
receptor that is expressed on immune cells as well as leukemic stem cells (LSCs), but not on hematopoietic stem
cells, and is associated with proliferation of LSCs and progression of MDS.

Background & rationale
• Sabatolimab is a novel immunotherapy targeting TIM-3. Sabatolimab has immuno-modulatory potential by

reactivating the immune system and potentially increasing the killing of LSCs and blasts.
• Final results from a phase Ib trial in high- and very-high risk MDS treated with sabatolimab in combination with

HMAs showed durable clinical benefit with favorable tolerability.
STIMULUS-MDS2
• STIMULUS-MDS2 is a phase III, randomized, double-blind, multicenter trial evaluating sabatolimab in

combination with azacitidine compared with placebo and azacitidine in Revised International Prognostic Scoring
System higher risk MDS or CMML-2.

• The primary end point is overall survival; key secondary end points include time to deterioration of fatigue,
transfusion-free intervals, and improvement in QOL.

Discussion/conclusion
• The STIMULUS Clinical Trial Program includes multiple trials evaluating sabatolimab as a potential first-in-class

immuno-myeloid therapy for patients with myeloid malignancies.
• The findings from STIMULUS-MDS2 aim to confirm the potential of sabatolimab plus azacitidine to deliver a

clinically meaningful benefit, and establish sabatolimab as an option for patients with higher-risk MDS and
CMML-2.
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