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Muta-ons	in	AML	



AML: Pathogenesis

•  Complex,	diverse	disease	

•  Gene-c	abnormali-es	
include	ultrastructrual	
changes	to	chromosomes,	
gene	muta-ons	(eg,	
DNAMT3A,	TET2,	FLT3,	
NPM1,	IDH1/2,	TP53),	
epigene-c	changes,	and	
changes	in	RNA	splicing	
factors	

•  86%	pts	have	≥	2	gene-c	
drivers	

•  Conclusion:	AML	is	
complicated	!	

Papaemmanuil	E,	et	al.	N	Engl	J	Med.	2016;374:2209-2221.		

Landscape	of	Driver	Muta3ons	
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Impact of DNMT3A mutation on NPM1mut 
transcript levels 
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Samples, n 108 121 79 88 71 69 47 51 32 37 31 25 

Median 768873 670832 2568 2494 16 113 3 58 0 26 0 87 

Negative, n 0 0 7 4 23 5 20 10 18 10 19 4 

Negative % 0.0 0.0 8.9 4.5 32.4 7.2 42.5 19.6 56.3 27.0 61.3 16.0 

Diagnosis	 Induc-on	I	 Induc-on	II	 Consolida-on	I	 Consolida-on	II	 Consolida-on	III	

p=0.78	 p=0.05	 p=0.002	 p=0.01	 p<0.001	 p<0.001	

DNMT3A	mutated	

DNMT3A	wildtype	



Klco	et	al,	JAMA	Onc,	2015	
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ACTIONABLE	MUTATIONS	IN	HEMATOLOGIC	MALIGNANCIES		





Response dynamics in IDH2 mutant AML patients treated with enasidenib.  

Bas J. Wouters Blood 2017;130:693-694 

©2017 by American Society of Hematology 



Hills KR et al, ASH 2018, Abs 664  

Outcomes of Relapsed/Refractory Patients with 
IDH1/2 Mutated AML Treated with Non-Targeted 
Therapy: Results from the NCRI AML Trials	



Stein	et	al.	Blood.	2017	



Stein	et	al.	Blood.	2017	



§  Median treatment duration 
for primary R/R AML set:  
3.9 mos (range: 0.1-25.8) 

Ivosidenib in Mutant IDH1 AML: Response in 
Primary R/R AML Set 

Duration of Best Overall Response in 
Responders (n = 52) 

Duration of 
Response 

CR + 
CRh CR All 

Median, mos 8.2 9.3 6.5 
At 6 mos, % 59.3 67.5 55.0 
At 12 mos, % 32.4 41.2 24.6 

Outcome Primary R/R AML Set 
(n = 125) 

CR + CRh, % (95% CI) 
§  Median time to CR/CRh, mos (range) 
§  Median duration of CR/CRh, mos (range) 

30.4 (22.5-39.3) 
2.7 (0.9-5.6) 

8.2 (5.5-12.0) 

CR, % (95% CI) 
§  Median time to CR, mos (range) 
§  Median duration of CR, mos (95% CI) 

21.6 (14.7-29.8) 
2.8 (0.9-8.3) 

9.3 (5.6-18.3) 

CRh, %* 8.8 

ORR, % (95% CI) 
§  Median time to first response, mos (range) 
§  Median duration of response, mos (95% CI) 

41.6 (32.9-50.8) 
1.9 (0.8-4.7) 
6.5 (4.6-9.3) 

Best response, % 
§  CR 
§  CRi or CRp 
§  MLFS 
§  SD 
§  PD 
§  NA 

 
21.6 
12.8 
7.2 

35.2 
10.4 
12.8 

DiNardo CD, et al. ASH 2017. Abstract 725. 

*6 pts w/investigator-assessed CRi/CRp, 5 w/MLFS 



Ivosidenib in Mutant IDH1 AML: OS and 
Transfusion Independence in R/R AML 

DiNardo CD, et al. ASH 2017. Abstract 725. 

Independence from Transfusion by Best Response* OS by Best Response (n = 125) 
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Dinardo	CD,	et	al.	Blood.	2016;128:1070a.	

AG-120:	IDH1	Muta3on	Clearance	in	Pa3ents		
with	CR	(5/14	Pa3ents)	



Fig.3	

Amatangelo	MD	et	al.	Blood.	2017	



Norsworthy KJ et al. 
ASH 2018, Abs288	



TP53 Mutations: Frequency and Prognosis 

§  TP53 mutations found in ~ 8% of AML pts[1] 
‒  Incidence increases with age  – Predominantly in pts with complex karyotype 

§  Confers poor outcome to chemo, including lower CR rates, inferior RFS, OS[2] 

OS by Karyotype Complexity[2] 

All 21 pts 
w/mutated 
TP53 
responded 

1. Döhner H, et al. N Engl J Med. 2015;373:1136-1152. 2. Rucker FG, et al.  
Blood. 2012;119:2114-2121. 3. Welch, et al. N Engl J Med. 2016;375:2023. 

Response to Decitabine by Gene Mutation[3] 
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Response Rates by Pa5ent Subgroups


•  CR/CRi	higher	in	intermediate	cytogene-c	risk	in	poor	risk	pts	
•  Spliceosome	or	NPM1	muta-ons	pts	higher	rates	of	CR/CRi	(>70%)	
•  TP53	muta-ons	or	aneuploidy	pts	had	a	lower	rate	(52%)	

Strickland	S,	et	al.	EHA	2018.	

Recently	FDA	
approved	for	
AML	pa-ents	
>	75	yrs	or	
not	eilgible	to	
int.		CHT.		



Overall Survival

Median	Months	of	Survival	(95%	CI)	

NR	(11.0	–	NA)	
17.5	(12.3	–	NA)	
17.5	(10.3	–	NA)	

Ven	400	mg	
All	Pa3ents	
Ven	800	mg	

•  At	a	median	-me	on	study	of	8.9	months	(range,	0.2-31.6),	the	median	overall	survival	(OS)	in	all	treated	pa-ents	was	
17.5	months	(95%	CI,	12.3,	NR-)	

•  The	es-mated	6-month,	1-year,	and	2-year	OS	rates	were	80%,	59%	and	46%	
	DiNardo	CD,	et	al.	ASCO	2018.	Abstract	7042.	



Strickland	S,	et	al.	EHA	2018.	

Overall Survival by Molecular Subgroup 
V + HMA




HMA	

LD-ARA-C	

Int.	CHT	Alvocidib	MDM2		
antagonists	

BH3	mime3cs	

CDK inhibitors	
Galec3n	inhibitors		



Overall	Survival	(Primary	Endpoint)	
23%	Reduced	Risk	of	Death	in	the	MIDO	Arm	

Median	OS	
MIDO	74.7	(31.7-NE);		

PBO	25.6	(18.6-42.9)	months	
NE,	not	es3mable	
*Controlled	for	FLT3	subtype	(TKD,	ITD-Low,	ITD-High)	

Arm	 4-year	Survival	

MIDO	 51.4%	(95%CI:	46,	57)	

PBO	 44.2%	(95%CI:	39,	50)	

+	Censor	

Hazard	Ra3o*:	0.77	
1-sided	log-rank	P	value*:	.0074	

Stone	R,	et	al.	N	Engl	J	Med.	2017;377:454-464.	



Stra3fied	analysis	of	OS	 FLT3-ITD	mutant	

DNR	90	vs	60	mg	(NCRI	AML17)	

Burne+	et	al,	Blood	2015	



Analysis of Maintenance Therapy and Post-
Midostaurin Outcomes in the Ra5fy Study


Larson	RA,	ASH	2017	abstr	no.	145	





QuANTUM-R Study Design


Primary	endpoint:	overall	survival	(ITT	popula3on)	
Secondary	endpoint:	event-free	survival	(ITT	popula3on)	
Select	exploratory	endpoints:	CRc	rate,	dura3on	of	CRc,	and	transplant	rate		
Enrollment	dates:	May	2014	(first	pa-ent)	to	September	2017	(last	pa-ent)	

FLT3-ITD	AML		
(N	=	367)	

	
• Age,	≥	18	years		
•  Refractory	AML	or	relapse	within	
6	months	of	first	remission	(±	
HSCT)	

•  ≥	1	cycle	of	standard-dose	
anthracycline-	or	mitoxantrone-
containing	induc-on	therapy	

•  ≥	3%	FLT3-ITD	allelic	ra-o	

Lo
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Quizar3nib	
con3nua3on	

Quizar3nib	(n	=	245)	
	

30	mg	×	15	days	à	60	mg		
if	QTcF	≤	450	ms	on	day	16a	

Salvage	chemotherapy		
(n	=	122)	

	
LoDAC	(n	=	29)		

	
MEC	(n	=	40)		

or	FLAG-IDA	(n	=	53)	

HSCT	

Op>onal	treatments	
	

2:
1	
Ra

nd
om

iz
a3

on
	

HSCT	

	
a20	mg	×	15	days	à	30	mg	if	concomitantly	taking	CYP3A4	inhibitors.	
Data	cutoff:	February	2018	
	

Cortes	JE,	et	al.	EHA	abstracts	2018.	



QuANTUM-R Primary Endpoint: Overall Survival
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HR,	0.76	(95%	CI,	0.58-0.98)	
P	=	0.0177	(1-sided,	stra3fied	log-rank)	

	
Median	overall	survival:		

Quizar3nib	(n	=	245):	6.2	months	(95%	CI,	5.3-7.2	months)	
Salvage	chemotherapy	(n	=	122):	4.7	months	(95%	CI,	4.0-5.5	months)	

	
Median	follow-up:	23.5	months	

27%	

20%	

Cortes	JE,	et	al.	EHA	abstracts	2018.	



Unanswered	ques3ons	for	FLT3	pos	AML	

•  	What	about	3	+	7	(IDA-FLAG	or	HD-DNR)	

•  What	about	CD33+	AML	(Mylotarg	or	Midostaurin	for	CD33+/FLT3+AML)	

•  What	about	maintenance	?	Is	Mido	the	best	choice	?	







Lancet	et	al.,	JCO,	2018	



Hills	RK,	et	al.	Lancet	Oncol.2014;15(9):986.	

Gemtuzumab	Ozogamicin	in	Induc3on	Therapy		
Meta-analysis	of	5	Randomized	Trials	



2018	
	
AZA/DAC/LD	ARA-C	+	Venetoclax	
	
LD	ARA-C	+	glasdesig	



 Initial Report of the Beat AML Umbrella Study for Previously Untreated 
AML: Evidence of Feasibility and Early Success in Molecularly Driven 

Phase 1 and 2 Studies. 	

Burd	A,	ASH	2018,	Abs	559	



Burd	A,	ASH	2018,	Abs	559	
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AML	>	18	years:	2019-2020	

APL	 FLT3mut	 CBF+NPM1	 HMA	based	 3	+	7		+	IDH	in.	 S-AML	

ATRA	based	-	APL	

Midostaurin	based	
FLT3+AML	

GO	based-	CBF/Int	FLT3-	

HMA	+	VEN		

3+7	+	IDH	in.		

CPX-351	

No	pa3ent	will	receive	classical	3	+	7		


