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Conclusions
q The addition of CPI-613 to HDAC and mitoxantrone removes the age 
dependent differences in outcome in relapsed/refractory AML.

q Older patients had a dose dependent increase in response rate to 
CPI-613 when combined with HDAC and mitoxantrone.  

q Older but not younger patients had a dose dependent increase in 
survival when treated with CPI-613, HDAC and mitoxantrone.

q Impairments in mitochondrial biogenesis and proteostasis including 
autophagy increase with age.  

q CPI-613 induces autophagy and it is a source of resistance.

q The late autophagy inhibitor chloroquine sensitizes AML cells to CPI-
613 in vitro and in vivo. 

q The electron transport chain inhibitor metformin increases sensitivity 
to CPI-613 in vitro and in vivo. 

q CPI-613 appears to be targeting age related vulnerabilities of AML to 
improve outcomes in older patients.

q A Phase III trial for  relapsed  or refractory AML patients ≥60 years of 
age is about to start enrollment.
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Acute myeloid leukemia (AML) is an aggressive 
malignancy. Outcomes in relapsed disease are dismal 
especially in older patients. New therapies are 
desperately needed. Mitochondrial metabolism is 
aberrant in AML and is associated with resistance. 
Pyruvate dehydrogenase complex (PDH) and a-
Ketoglutarate dehydrogenase complex (KGDH) are 2 key 
mitochondrial TCA cycle enzymes.  CPI-613 is a non-
redox active lipoate derivative developed by Rafael 
Pharmaceuticals that inhibits these enzymes. Biological 
hallmarks of aging include impairments in mitochondrial 
biogenesis and autophagy. How these pathways affect 
responses to CPI-613 is currently unknown. 

Introduction

Survival Did Not Differ by Age in R/R AML 
treated with CPI-613 Containing regimens

Overall Survival by Age in relapsed/refractory AML patients. Survival was 
calculated from date of treatment until death. Kaplan-Meier curves were 
compared by Log Rank test. HDAC= high dose cytarabine, Mito= 
mitoxantrone, Asp= asparaginase. Historical Cohort refers to a cohort of 
relapsed/refractory AML patients treated at the same institution with 
identical HDAC, Mitoxantrone doses/schedule but with asparaginase and no 
CPI-613 (see PMID: 26154683).
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HDAC= 3gm/m2 Q12hr for 5 doses (1.5gm if age ≥60)
Mito = 6mg/m2 QD for 3 doses

Combined Phase I/II Cohorts
HDAC/Mito/CPI-613

CPI-613 Induces Autophagy

CPI-613 induces autophagy in AML cells. K562 and MFL2 cells were 
incubated with CPI-613 for 4 hours in the presence of 3-methyladenine 
(3MA) or Bafilomycin A (BafA) and then blotted for LC3. HBSS=Hanks’s 
balanced salt solution.
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Chloroquine Sensitizes to CPI-613

Chloroquine sensitizes AML cells to CPI-613. K562 and OCI-AML3 
cells were incubated with the indicated treatments for 72 hours and 
then viability assessed. All concentrations listed are μM. 
CHLR=Chloroquine, CPI=CPI-613.

Chloroquine Sensitizes to CPI-613 In Vivo

Chloroquine sensitizes AML cells to CPI-613 in vivo. C57Bl/6 mice 
were injected with MFL2 cells and upon confirmation of engraftment 
were treated with CPI-613, Chloroquine (Chlr) or both as indicated 
and followed for survival. P value was determined by log rank test.

CPI-613 Increases Response Rate in Older 
AML Patients in a Dose Dependent Fashion

Cohort Historical 
Cohort (94)

1,500 mg/m2 

(30)
2,000 mg/m2 

(32)
Response CR CR + 

CRi
CR CR + 

CRi
CR CR + 

CRi
Overall 34% 41% 47% 50% 38% 47%
≥60 y.o. 27% 33% 38% 47% 47% 57%

CR= complete remission, CRi= complete remission with incomplete 
count recovery. 

Older But Not Younger Patients Show 
Dose Dependent Increase in Survival

Overall Survival of the combined phase I and II data for the 1,500 and 
2,000 mg/m2 dose cohorts stratified by age. Survival was calculated from 
date of enrollment until death. Tic marks represent censored patients. 
Curves were compared by Log Rank test.       

ATG5 KO Cells Are Sensitive to CPI-613

Metformin Sensitizes to CPI-613

Metformin Sensitizes to CPI-613 In Vivo

Metformin sensitizes AML cells to CPI-613 in vivo. C57Bl/6 mice 
were injected with MFL2 cells and upon confirmation of 
engraftment were treated with metformin or metformin plus CPI-
613 (Met+CPI) as indicated and followed for survival. P value was 
determined by log rank test.
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PDHA KO Cells Are Sensitive to 
Chloroquine

AML cells deleted for ATG5 are more sensitive to CPI-613. MFL2 
cells (murine AML) were engineered to express CAS9 and infected 
with a lentiviral vector that expresses an sgRNA targeting ATG5 or 
the ROSA26 safe harbor locus. Clonal isolates were obtained by 
limiting dilutions and knock out confirmed by Western blot (left 
side). Clones were then exposed to the indicated amount of CPI-
613 for 72 hours and viability assessed.         

AML cells deleted for PDHA are more sensitive to chloroquine. 
MFL2 CAS9 expressing cells were infected with a lentiviral vector 
targeting PDHA or ROSA26. Knock out was confirmed by Western 
blot (left side). Cells were then exposed to the indicated amount of 
chloroquine for 72 hours and viability assessed.         

Metformin sensitizes AML cells to CPI-613. MFL2 cells were 
incubated with the indicated treatments for 72 hours and then 
viability assessed. All concentrations listed are μM. Met=Metformin, 
CPI=CPI-613.

Model of Metabolic Adaptations

HDAC/Mitoxantrone/CPI-613

AML cells upregulate energy producing pathways in response to 
chemotherapy exposure including increased mitochondrial oxidative 
metabolism. CPI-613 via its inhibition of PDH and KGDH impair the cells 
ability to utilize the TCA cycle to produce ATP and reducing equivalents 
needed for DNA damage repair. This places increased demands on non-
TCA cycle electron transport chain (ETC) activity and autophagy. AML 
arising in older patients will have reduced mitochondrial and autophagic
reserves making it particularly vulnerable to this approach. 


