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Background

• Despite advancement in AML in recent years, 
survival has not significantly improved

• Therefore, novel therapeutics approaches are 
urgently needed

• Harnessing the immune system, against 
cancer, represent the new frontier of research



The mechanisms of immune escape in AML

Isidori A & Curti A, Cancer Res Frontiers, 2016

Blocked NK function
1) stronger KIR
2) NKG2D on blasts
3) GITRL on blasts Aberrant co-stimulatory

1. ↑PD1, PD-L1, CTLA-4
2. ↓+ve costimulatory

Reduced T cell function
1. Decrease synapse formation
2. Blocked T mitogenesis

Immunosuppressive milieu
1. Vascular niche
2. Soluble factors (IDO, NOS)

Isidori A & Curti A, Exp Rev Haematol, 2014
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Target Antigens and Novel Antibodies in AML

- SGN-CD123 (Halted)
- IMGN632
- XmAb 14045 (CD3/CD123)
- MGD006 (CD3/CD123)

- 225Ac-Lintuzumab
- Gemtuzumab ozogamicin
- Vadastuximab talirine (SGN-CD33A)
- IMGN779
- AMG 330 (BiTE; CD33/CD3)
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Ravandi. ASH 2018. Abstr 25.
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Step dosing (D1/D5), 
prophylactic dexamethasone 
treatment started

Treatment duration 
extended to 4 wks

AMG 330 dosed by continuous 
IV for 2-4 wks on/1-4 wks off  

Cohort # 
(C#): X μg/d

C12: 10 à 60 à 240

First CR

1 CRi
1 CRi

1 MLFS

Second CR

First-in-Human Phase I Trial of 
Anti-CD33 BiTE AMG 330 in R/R AML

• Enrolled adults with R/R AML and > 5% BM blasts, no APL or AML from MDS (N = 40)
• Median age 58.5 years, median lines of prior therapy 4
• Prior SCT: 43%



Other Antibody Targets in AML: CD123
• CD123 (IL-3 receptor): expressed on most myeloid leukemic cells and targeted by 

multiple investigational agents[1,2]

– Flotetuzumab (MGD006): CD123 x CD3 bispecific DART construct[3]

– IMGN632 (CD123 directed) and IMGN779 (CD33 directed): antibodies conjugated to 
novel DNA alkylating agent[4,5]

– XmAb14045: CD3 x CD123 bispecific antibody[6]

1. Jordan. Leukemia. 2000;14:1777. 2. Testa. Leukemia. 2004;18:219. 3. Uy. ASH 2017. Abstr 637. 
4. Kovtun. ASH 2016. Abstr 768. 5. Cortes. ASH 2017. Abstr 1312. 6. Lichtenegger. J Hematol Oncol. 2017;10:142.
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Uy. ASH 2018. Abstr 764.
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Ravandi F, et al, ASH 2018, Abstract 763

Phase I Trial of XmAb14045 (CD123 x CD3 Bispecific 
Antibody) in R/R Hematologic Malignancies

• Enrolled patients with R/R AML (N = 66), 
median age 61 years

• Patients received weekly doses of 
XmAb®14045 infused over 2 h

– Cycles were 28 d in length
– Part A: 15 planned dose cohorts starting at 

0.003 µg/kg
– Intrapatient dose escalation allowed

• Disease assessments at end of odd-numbered 
cycles

• DLT period: D1-22 
• More cycles permitted if deemed clinically 

beneficial by investigator

Ravandi. ASH 2018. Abstr 763.



XmAb14045 in R/R AML: Safety

Related TEAEs in ≥ 10% of 
Patients, n (%)

Patients (N = 66)

Any Gr Gr ≥ 3

CRS* 36 (55) 4 (6)

Chills 26 (39)

Fever 18 (27)

Tachycardia 14 (21)

Increased ALT 12 (18) 5 (8)

Anemia 11 (17) 9 (14)

Hypotension 11 (17) 1 (2)

Fatigue 10 (15) 1 (2)

Hypertension 9 (14) 3 (5)

Increased AST 8 (12) 2 (3)

Lymphopenia 7 (11) 5 (8)

Nausea 7 (11)

Vomiting 7 (11)

• CRS in 55%, with 29% having events within 
24 h of infusion consistent with CRS (eg, 
chills, fever, hypotension, tachycardia)

• No drug-related myelosuppression
• Grade 3 transaminase elevation within 24 h 

of infusion in 5 patients, all resolved in 7 d
– No relationship with dose, mostly seen 

with first dose of XmAb14045
– 1 patient developed hyperbilirubinemia 

(Gr 1)
• 4 patients had recurrent infusion-related 

back or head pain, managed with analgesics
• 5 patients with neurologic events (transient 

infusion-related cognitive changes)

Ravandi. ASH 2018. Abstr 763.

*Per Lee. Blood. 2014;124:188.



XmAb14045 in R/R AML: Efficacy

• CR/CRi in 5 out of 18 
patients (28%) dosed with ≥ 
1.3 μg/kg

• SD lasting > 3 mos in 3 
patients (17%)

• BM blast reduction in 56% 
of patients

• Blast reduction observed in 
first cycle

• Clinical hematologic 
recovery from CRi to CR 
sometimes took 1-2 more 
cycles

Percentage Change in BM Blasts From Pretreatment Baseline

Ravandi. ASH 2018. Abstr 763.





Hypomethylating Agents and Immune Regulation

1. Sato. Cold Spring Harb Perspect Med. 2017;7. 2. Goodyear. Blood. 2010;116:1908. 
3. Li. Oncotarget. 2014;5:587. 4. Wang. PLoS One. 2013;8:e62924. 5. Yang. Leukemia. 2014;28:1280. 

++Upregulate 
antigen processing 
and presentation 

(MHC-1)[3]

++Upregulate tumor 
cell antigen (PRM1, 

NY-ESO, WT1) and ERV 
expression[1,2]

--Upregulate 
expression of PD1, 

PD-L1, and to lesser 
extent CTLA[5]

++Upregulate 
expression of 
costimulatory 

molecules 
(CD40L, CD28)[4]
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Phase Ib/II Study of AZA + Nivo in Relapsed AML

• How does this compare?
– Single-agent AZA/DAC (N = 655) 

with CR/CRi rate of 16%[2]

– AZA/DAC + VEN with CR/CRi of 
21%[3] to 27%[4]

*Response maintained > 6 mos.

Best 
Response/Outcome[1]

Evaluable 
Patients
(N = 70)

ORR, n (%)
§ CR/CRi/PR
§ HI + 50% blast 

reduction (> 6 mos)*
§ SD > 6 mos
§ PD

23 (35)
17 (25)
7 (10)

6 (9)
41 (56)

8-wk mortality, n (%) 8 (11)
Median no. cycles to 
response (range)

2 (1-13)

Median follow-up, mos 
(range) 13.3 (8.2-25.5)

*Response maintained > 6 mos.

1. Daver. Cancer Discov. 2018 Nov 8. [Epub ahead of print.] . 2. Stahl. Blood Adv. 2018;2:923. 
3. DiNardo. Am J Hematol. 2018;93:401. 4. Goldberg M. ASH 2018. Abstr 1353.



OS of Azacitidine + Nivolumab vs Historical HMA 
Combinations at MDACC; Censored for SCT

• Salvage 1[1]

– Median age: 72 yrs
– Secondary AML: 42%
– Adverse cytogenetics: 35%

• Expected survival in salvage 1/2: 
5-7 mos, 12-mo OS (N = 655): 
16%[2]

• Survival with HMA + VEN in 
salvage (off protocol): 3-4 mos[3]

1. Daver. EHA 2017. Abstr S474. 2. Stahl. Blood Adv. 2018;2:923. 3. DiNardo. Am J Hematol. 2018;93:401.
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TIM-3 is an inhibitory receptor 
expressed on immune and leukemic cells

Immune Effectors Leukemic Cells

• An inhibitory receptor expressed on macrophages, 
monocytes, NK cells, dendritic cells, and T cells1,2

• Involved in regulating innate and adaptive 
immune responses1,2

• Expressed on LSCs and blasts, but not on normal 
HSCs,3,4 making it a promising target in MDS/AML4-6

• TIM-3/Galectin-9 interaction promotes an autocrine 
stimulatory loop promoting LSC self-renewal

AML, acute myeloid leukemia; HSC, hematopoietic stem cell; IgG4, immunoglobulin G4; LSC, leukemic stem cell;  MDS, myelodysplastic syndrome; NK, natural killer; TIM-3, T-cell immunoglobulin domain and mucin domain-3.
1. Pardoll DM. Nat Rev Cancer. 2012;12:252–264; 2. Das M, et al. Immunol Rev. 2017;276:97–111; 3. Kikushige Y and Miyamoto T. Int J Hematol. 2013;98:627–633; 4. Kikushige Y, et al. Cell Stem Cell. 2010;7:708–717; 5. Ngiow SF. 
Cancer Res. 2011;71:3540–3551; 6. Sakuishi K, et al. Trends Immunol. 2011;32:345–349; 7. Sabatos-Peyton C. AACR 2016. Oral presentation; 8. Borate U, et al. ASH 2019. Oral presentation.



Dual Targeting of TIM-3 on Immune 
and Leukemic Cells by Sabatolimab

Targeting Immune Effectors Targeting Leukemic Cells

• Binds TIM-3 on immune cells, enhancing anti-
leukemia immune activation

• Enhances phagocytic uptake, facilitating cell-
mediated killing of LSCs and blasts

• Directly targets LSCs through high-affinity 
binding of TIM-3

• Blockade of TIM-3 on LSCs may inhibit  TIM-
3/Galectin 9 driven self-renewal

AML, acute myeloid leukemia; HSC, hematopoietic stem cell; IgG4, immunoglobulin G4; LSC, leukemic stem cell;  MDS, myelodysplastic syndrome; NK, natural killer; TIM-3, T-cell immunoglobulin domain and mucin domain-3.
1. Pardoll DM. Nat Rev Cancer. 2012;12:252–264; 2. Das M, et al. Immunol Rev. 2017;276:97–111; 3. Kikushige Y and Miyamoto T. Int J Hematol. 2013;98:627–633; 4. Kikushige Y, et al. Cell Stem Cell. 2010;7:708–717; 5. Ngiow SF. 
Cancer Res. 2011;71:3540–3551; 6. Sakuishi K, et al. Trends Immunol. 2011;32:345–349; 7. Sabatos-Peyton C. AACR 2016. Oral presentation; 8. Borate U, et al. ASH 2019. Oral presentation.



Trial design: Phase 1b study of Sabatolimab
+ HMA in MDS/AML1,2

aMulti-arm, open-label, phase Ib dose-escalation and -expansion study of Sabatolimab as a single-agent or in combination with HMAs or spartalizumab.
HMA, hypomethylating agents; IPSS-R, Revised International Prognostic Scoring System; R/R, relapsed or refractory.
1. Borate U, et al. Blood. 2019;134(suppl 1):570; 2. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT03066648.

ClinicalTrials.gov 
identifier: 

NCT03066648a
8 

countries
11 

trial centers

Primary Endpoints: 
Maximum tolerated dose/recommended dose, safety and tolerability

Secondary Endpoints:
Preliminary efficacy, pharmacokinetics

Up to 207 Adult Patients

• IPSS-R high- or very high-
risk MDS (HR-MDS)

• Unfit, newly diagnosed 
AML, ineligible for 
standard chemotherapy

• R/R AML, ineligible for 
standard chemotherapy

Patients with prior HMA treatment 
for MDS/AML were excluded

28-day treatment cycles

Decitabine Arm
Days 1-5
20 mg/m2

Azacitidine Arm
Days 1-7
75 mg/m2

Additional study arms 
• Sabatolimab ± spartalizumab (anti-PD-1)
• Spartalizumab + decitabine
• Spartalizumab + decitabine + sabatolimab

31

Sabatolimab Day 8

240 mg Q2W 

400 mg Q2W

800 mg Q4W

Sabatolimab Day 22

240 mg Q2W 

400 mg Q2W

Started Aug 2017

Started Feb 2019 



Patient characteristics

aECOG performance status was unknown for 1 patient (ND-AML) in the Sabatolimab + azacitidine arm.
bFor 1 patient with R/R AML, cytogenetic data were missing and the ELN risk classification is unknown.
ECOG, Eastern Cooperative Oncology Group; ND-AML, newly diagnosed AML.
1. Döhner H, et al. Blood. 2017;129:424–447.

Parameter Sabatolimab + Decitabine
(N=69)

Sabatolimab + Azacitidine
(N=37)

HR-MDS
n=18

ND-AML
n=22

R/R AML
n=29

HR-MDS
n=16

ND-AML
n=21

Median age (range), years 69.5 (23–87) 72.0 (66–89) 68.0 (35–80) 70.5 (47–82) 75.0 (59–87)

ECOG performance status,a n (%)
0 5 (28) 7 (32) 11 (38) 6 (38) 6 (29)
1 13 (72) 11 (50) 17 (59) 8 (50) 13 (62)
2 0 4 (18) 1 (3) 2 (13) 1 (5)

IPSS-R category (MDS), n (%)
High 14 (78) – – 9 (56) –
Very high 4 (22) – – 7 (44) –

2017 ELN risk classification1

(AML),b n (%)
Favorable – 0 3 (10) – 0

Intermediate – 11 (50) 15 (52) – 9 (43)

Adverse – 11 (50) 10 (34) – 12 (57)



Sabatolimab + HMA is safe and well tolerated
TEAEs occurring in ≥15% of patients overall 

Sabatolimab + Azacitidine (N=37)

70% 60% 50% 40% 30% 20% 10% 0%

Unkn Grade 1/2
Median exposure: 4.3 (0.7–30.3) months Median exposure: 3.1 (0.3–12.3) months 
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Sabatolimab + Decitabine (N=69)

0% 10% 20% 30% 40% 50% 60% 70%
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Decreased appetite
Diarrhea

Fatigue
Anemia
Nausea

Thrombocytopenia
Neutropenia

Febrile neutropenia

Patients

Unkn Grade 1/2
Febrile neutropenia

Neutropenia 
Thrombocytopenia
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Anemia
Fatigue

Diarrhea
Decreased appetite

Constipation
Epistaxis

Headache
Rash

Peripheral edema
Fall

Vomiting
Pyrexia

• Most commonly 
reported TEAEs were 
consistent with those 
for HMA alone

• No maximum tolerated 
dose was reached

• No treatment-related 
deaths occurred

• Treatment 
discontinuation due to 
AE occurred in only 4 of 
106 patients (2.3%) 

TEAE, treatment-emergent adverse events.



Responses observed with 
sabatolimab + HMA in AML

aPatients were evaluable if they had a valid baseline and at least one post-baseline bone marrow assessment or if they had disease progression or disease-related death prior to the first 
marrow assessment. 
CR, complete remission; CRi, complete remission with incomplete hematologic recovery; ORR, overall response rate; PR, partial remission; SD, stable disease.

CR 29,4
CR 14,3

CRi 11,8
PR 5,8

PR 14,3
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Sabatolimab + Azacitidine

ORR with sabatolimab + decitabine in patients with R/R AML (26 evaluablea) was 23% (all CRi)

ND-AML









Concluding remarks
• Immunotherapy: a new modality in AML

• Bispecific antibodies in early clinical trials showing activity

• Immune and macrophage checkpoint inhibitors in trials

• Next steps:

– Potential role for these agents in MRD clearance

– Ven + Aza + ICI

– Novel combinations (AZA+TIM-3+/-VEN, Aza+ LAG-3, TIGIT, B7H3)



Frontiers in Oncology 2021, accepted, in press
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