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DESCRIPTION	OF	RIGOSERTIB	AS	A	RAS	MIMETIC	
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PRIOR	KNOWLEDGE	REGARDING	RIGOSERTIB	
MECHANISM	

§  Broad	an'-cancer	ac'vity	in	vitro	(cell	lines)	and	in	vivo	
(tumor	xenograMs);	no	resistance	mechanism	
iden'fied	

§  Induc'on	of	apoptosis	through	inhibi'on	of	
intracellular	PI3K	signaling	

§  Prominent	phenotype	of	G2/M	arrest	

§  Precise	molecular	MOA	connec'ng	observa'ons	
remained	elusive		
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RIGOSERTIB	BINDS	TO	MULTIPLE	RAS	EFFECTOR	RBDS	
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SECONDARY/TERTIARY	STRUCTURAL	SIMILARITY	OF	RBDS	
DESPITE	LACK	OF	EXTENSIVE	SEQUENCE	HOMOLOGY	

RAF/Ral-GDS/PI3K 
Crystal Structures  

Superimposed 

Yellow: Hydrophobic Core; Cyan: Conserved Charged Amino Acids 
Red:  Conserved Hydrophobic AA; Green: Conserved Aromatic AA 

Sequence Alignment of RA and RB Domains 

NMR Structures of 10 RBDs 
Superimposed 
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RAS	SIGNALS	VIA	MULTIPLE	EFFECTORS	

Effector proteins contain common 
RAS-binding domain (RBD) 
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NOVEL	MECHANISM	OF	ACTION	OF	RIGOSERTIB	

§  Rigoser'b	is	a	first-in-class	molecule	that	targets	the	mul'ple	signaling	
pathways	driven	by	RAS.	

§  Rigoser2b	achieves	this	by	binding	to	the	RBD	of	Ras	effector	proteins	
including	PI3K	and	Raf,	thereby	leading	to	their	inac2va2on.	

§  This	novel	mechanism	helps	to	explain	the	pleiotropic	effects	of	rigoser'b,	
such	as	inhibi'on	of	the	PI3K	and	PLK	pathways.	

	
Future	direc*ons:	
§  Exploit	the	new	knowledge	to	determine	the	extent	of	Ras	effector	

proteins	targeted	by	rigoser'b	and	their	role	in	addi'onal	tumor	types.	

§  Further	characterize	the	poten'al	for	rigoser'b	in	Ras-driven	tumors:	
•  Tumors	with	ac'va'on	of	Ras	pathways	
•  Tumors	that	are	resistant	to	targeted	agents	due	to	Ras	ac'va'ng		

muta'ons	
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GROWTH	COMPETITION	ASSAY	WITH	AZA		&												
RIGOSERTIB	ON	IPSC	IN	MDS	/	AML	
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GROWTH	INHIBITION	AND	INDUCTION	OF	APOPTOSIS	
WITH	RIGOSERTIB		IN	NF1	CELLS	
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Clinical	Trials	in	MDS	
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TWO	RIGOSERTIB	FORMULATIONS	

§  IV	(Phase	3	INSPIRE	ongoing)	
•  Con'nuous		infusion	using	a	

portable	pump	
•  >500	pa'ents	treated	in	trials	
•  Lead	indica'on	2nd-line	HR-MDS	

§  Oral	(Phase	2	enrolled)	
•  Bioavailability	~35%	
•  >200	pa'ents	treated	
•  Combina'on	with	azaci'dine	

for	HR-MDS	and	AML	
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SINGLE-AGENT	IV	RIGOSERTIB	FOR	HR-MDS	FAILING	
HMA		
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PATIENT	POPULATION	FOR	PHASE	3	INSPIRE	TRIAL	

Data from ONTIME Paper* Recently Published in Lancet Oncology 
ITT for ONTIME Trial Subpopulation for INSPIRE Trial (ONTIME subset) 

299 Patients 116 Patients 

*Guillermo Garcia-Manero, Pierre Fenaux, Aref Al-Kali, Maria R Baer, Mikkael A Sekeres, Gail J Roboz, et al. Rigosertib versus best supportive care for patients with higher-
risk myelodysplastic syndromes after failure of hypomethylating drugs (ONTIME): a randomised, controlled, phase 3 trial; The Lancet Oncology 2016 (17): 496–508 

•  ITT OS analysis of ONTIME – HR= 0.87; NS survival benefit 
•  ITT OS of proposed INSPIRE  population – HR = 0.48; P = 0.0008 
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REVISED	IPSS-R	IN	RELATION	TO	SURVIVAL	

Greenberg	et	al.	Blood	2012;120:2454-65	
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ONTIME	TRIAL:	ITT	SUBGROUPS	CORRELATED	WITH	
BETTER	SURVIVAL	BENEFIT	

Subgroup	
Rigoser2b	 BSC	

HR	(95%	CI)	 p-value	
N	 Median	(mos)	 N	 Median	(mos)	

Monosomy	7		 16	 5.6	 13	 2.8	 0.24		
(0.09-0.66)	 0.003	

Trisomy	8	 22	 9.5	 8	 4.5	 0.34	
(0.12-0.95)	 0.035	

Very	high	risk	
per	IPSS-R	 93	 7.6	 41	 3.2	 0.56		

(0.37-0.84)	 0.005	
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SAFETY	OF	SINGLE-AGENT	IV	RIGOSERTIB		IN	MDS	
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Treatment-related Adverse Events Reported in ≥5% of Patients with MDS                           
Treated with IV Rigosertib as Monotherapy (N=355) 

MedDRA Preferred Term All  
Grades 

Grade      
1 

Grade  
2 

Grade  
3 

Grade  
4 

Grade  
5 

Any treatment-related AE 238 (67) 55 (15) 70 (20) 71 (20) 37 (10) 5 (1) 

Nausea 64 (18) 51 (14) 10 (3) 3 (1) 0 0 

Fatigue 63 (18) 18 (5) 38 (11) 6 (2) 1 (<1) 0 

Diarrhoea 51 (14) 37 (10) 10 (3) 4 (1) 0 0 

Constipation 40 (11) 32 (9) 7 (2) 1 (<1) 0 0 

Anaemia 25 (7) 1 (<1) 4 (1) 18 (5) 1 (<1) 1 (<1) 

Vomiting 24 (7) 17 (5) 5 (1) 2 (1) 0 0 

Dysuria 20 (6) 14 (4) 3 (1) 3 (1) 0 0 

Abdominal pain 19 (5) 14 (4) 4 (1) 1 (<1) 0 0 
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INSPIRE:		
RIGOSERTIB	PHASE	3	TRIAL	
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•  Statistical analysis: two analysis planned 
 

1.  Power 0.80; Target HR < 0.625; (reduce mortality by > 37.5%) 
2.  α for ITT = 0.04; α for IPSS-R VHR = 0.01 
3.  Trial can succeed in two ways: ITT population or IPSS-R Very High Risk 
 

•  Genomic sequencing of patient samples 

Post-HMA HR-MDS (N=225) 
 
Key Eligibility Criteria:  
-  Failed HMA < 9 months DoT 
-  < 82 years of age 
-  Last HMA within 6 months 

Randomization 
2:1 

IV rigosertib  
+ 

BSC 
N = 150 

 
Overall Survival 
 
-  Interim analysis 

(88 events) 

-  Intent-to-treat 
analysis                
(176 events) 

 

Physician’s  
Choice 

+ 
BSC 

N = 75 

Follow-up 

Commentary on new trial in recent publication: Emilio P Alessandrino, Matteo G Della Porta. Novel trial designs                                                                                                    
for high-risk myelodysplastic syndromes;The Lancet Oncology 2016 (17): 410–412 
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Oral	Rigoser'b	+	Azaci'dine		
for	HR-MDS		
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RIGOSERTIB	+	AZACITIDINE		

§  Despite	ac'vity	in	MDS,	single-agent	DNMT	
inhibitors	are	limited	by	low	CR	and	PR	rates															
(7-20%)	with	median	dura'on	of	15	months	

§  Combina'ons	should	not	add	burdensome	
toxici'es	

§  DNMT	inhibi'on	may	be	complemented	by	
combina'on	with	novel	mechanisms	to	improve	
response	rates	and	dura'on		

19	



July,	2017	 Confiden'al	

PRE-CLINICAL	BACKGROUND	
§  Combina'on	of	rigoser'b	with	AZA	produced	an	
increase	of	1.7-	to	2.9-fold	in	cytotoxicity	(p<0.05)	in	
HL-60	cells*	

	
§  Interac'on	resulted	in	a	synergis'c	effect	with	
combina'on	indexes	between	0.3	and	0.75	

§  Sequence	of	administra'on	influenced	degree	of	
cytotoxicity;	rigoser'b	priming	offered	op'mal	results	

§  These	pre-clinical	results	provided	ra'onale	for	
combining	agents	in	a	Phase	1/2	study	in	MDS	and	
AML	pa'ents	with	op'mal	sequence	
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*Skidan I, Zinzar S, Holland J, Silverman. Toxicology of a novel small molecule ON01910Na on 
human bone marrow and leukemic cells in vitro. AACR Meeting Abstracts, Apr 2006:309 
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RIGOSERTIB	+	AZACITIDINE	COMBINATION		

§  Phase	1	combina'on	was	well	
tolerated	with	evidence	of	
efficacy	in	pa'ents	with	MDS*	

§  Azaci'dine	given	one	week	
per	month	(full	dose	and	
administra've	scheme	per	
label)	

§  Rigoser'b	given	3	of	4	weeks	
(at	recommended	Phase	2	
dosing	of	560/280	mg	BID)	

§  Adverse	event	profile	of	
combina'on	similar	to	single-
agent	azaci'dine	(per	label)	
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Week 1 
Oral  

Rigosertib 
Only 

Week 4 
No Treatment 

Week 2 
Oral Rigosertib  

+ 
Azacitidine 
(75 mg/m2) 

Week 3 
Oral  

Rigosertib 
Only 

*Navada S, Garcia-Manero G, Wilhelm F, et al. A phase I/II study of the combination of oral  
rigosertib and azacitidine in patients with myelodysplastic syndrome (MDS) or acute myeloid 
leukemia (AML). ASH 2014; Abstract 3252. 
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RIGOSERTIB	+	AZACITIDINE	
UPDATED	PHASE	2	DATA	ASH	2016*		

§  ORR	of	85%	in	20	HMA	naïve	pa'ents	
§  ORR	of	62%	in	13	pa'ents	who	progressed/failed	prior	HMA	
§  Median	DoR	for		CR	is	8.0	months;	median	'me	to	best	response	is	3.3	cycles	
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Response	Assessment	per	2006	IWG	Criteria 

Pa'ent	Characteris'cs Eval	(n=33) HMA	Naïve	(n=20) HMA	Failure**	(n=13) 

Complete	Remission	(CR	%) 				8	(24%)	 7	(35%) 1	(8%) 

Overall	Response	Rate	(ORR	%) 	25	(76%) 17	(85%) 8	(62) 

*	Data	shown	as	of	data	cut	off	Oct	1,	2016;	response	based	on	IWG	2006	criteria	
**10	pa'ents	received	previous	therapy	with	azaci'dine,	2	with	decitabine	and	1	with	both					
HMAs;	prior	HMA	cycles	ranged	from	4-20	
	Navada	S,	et	al.	A	phase	2	study	of	the	combina'on	of	oral		rigoser'b	and	azaci'dine		in	pa'ents	with	myelodysplas'c	syndrome	(MDS).	ASH	2016	
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Rasopathies	and	JMML	
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JUVENILE	MYELOMONOCYTIC	LEUKEMIA	OVERVIEW	

§  Hematopoie'c	disorder	of	infancy	caused	by	excessive	
prolifera'on	of	monocy'c	and	granulocy'c	cells;	
which	infiltrate	the		spleen/liver,	intes'nes		and	lungs	

§  Rare-	2%	of	pediatric	hematologic	malignancies	(in	the	
US	about	50	new	cases	per	year);	1.2	cases	per	million	
annually,		median	age	is	2	years	

§  Present	with	fever,	thrombocytopenia,	failure	to	
thrive,	and	splenomegaly.		

§  Frequently	fatal,	allogeneic	stem	cell	transplant	only	
cura've	approach;	which	carries	an	event-free	survival	
(EFS)	at	5	years	of	only	52%	due	to	relapsed	disease	or	
transforma'on	to	AML	

§  Historically,	myeloid	progenitor	hypersensi'vity	to	
granulocyte	macrophage	colony-s'mula'ng	factor	
(GM-CSF)	is	a	key	diagnos'c	feature	of	JMML	
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OVERVIEW	(2)	

§  About	90%	of	JMML	pa'ents	have	some	sort	of	
gene'c	abnormality	in	their	leukemia	cells.	

§  	This	includes:	
•  15-20%	of	pa'ents	with	neurofibromatosis	1	(NF1)	
•  25%	of	pa'ents	with	muta'ons	in	one	of	the	RAS	

family	of	oncogenes		
•  Another	35%	of	pa'ents	with	a	muta'on	in	PTPN11	
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RAS	AND	GENOMICS	

§  Major	progress	in	understanding	the	pathogenesis	of	JMML	has	been	
achieved	by	deciphering	the	gene'c	lesions	that	ini'ate	the	disease,	
the	majority	of	which	encode	proteins			that	signal	in	the	RAS/MAPK	
pathway	

§  With	the	complete	genomic	landscape	of	JMML	nearly	defined,	
molecular	tes'ng	has	taken	a	fundamental	role	in	establishing	the	
diagnosis.	

§  JMML	is	fundamentally	a	disease	of	hyperac've	Ras	signaling,	with	
soma'c	muta'ons	(superimposed	on	germ-line	lesions	in	some	
instances)	in	the	NF1,	NRAS,	KRAS,	PTPN11,	and	CBL	genes	found	in	
more	than	90%	of	cases		

§  Soma'c	point	muta'ons	in	NRAS	and	KRAS	genes	occur	in	about	25%	
of	JMML	cases,	with	the	most	common	amino	acid	subs'tu'ons	
occurring	at	codons	12,	13,	and	61	
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CLINICAL	DEVELOPMENT	PATHWAY	
(REQUIRES	CLINICAL	EXPERT	DISCUSSION)	

§  JMML	
•  Intravenous	rigoser'b	
•  Oral	rigoser'b	in	combina'on	with	azaci'dine	

─  De	novo	
─  Azaci'dine	failures	

§  AMer	MEK	Failure	(underway	at	COG)	
§  Post	transplant	recurrence	

OTHER	Considera'ons?	
─  Langerhans	cell	his'ocytosis	(LCH)	
─  driver	soma'c	muta'ons	in	BRAF	in	up	to	55%	of	pa'ents		
─  ac'va'on	of	the	RAS-RAF-MEK-ERK	pathway	in	nearly	100%	of	
pa'ents	with	LCH.	
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QUESTIONS	??	
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THANK	YOU	
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