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Downstream effects of proteasome inhibiBon




María-Victoria	Mateos	,	Enrique	M.	Ocio	and	Jesús	F.	San	Miguel,	Seminars	in	Oncology,	
2013-10-01,	Volume	40,	Issue	5,	Pages	618-633.	



Milestones in the approval of ixazomib for 
mulBple myeloma


Shirley,	M.	Drugs	2016;	76:405-411.	



Chemical structure of MLN9708 and its biologically active form MLN2238.  

Edmund C. Lee et al. Clin Cancer Res 2011;17:7313-7323 
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Advantages of ixazomib (MLN9708)


• As	compared	with	bortezomib	
•  SelecGvity	and	potency	of	ixazomib	and	bortezomib	are	similar	
•  MLN9708/MLN2238	has	a	shorter	proteasome	dissociaGon	half-life	(18	v	110	
minutes),	which	may	increase	

•  Gssue	penetraGon	
•  blood	volume	distribuGon	at	steady	state	
•  pharmacodynamic	effects	in	Gssues	

•  AcGve,	even	in	bortezomib-resistant	cells	
•  Head-to-head	analysis	of	MLN2238	versus	bortezomib	showed	a	significantly	
longer	survival	Gme	in	tumor-bearing	mice	treated	with	MLN2238	than	mice	
receiving	bortezomib	

Chauhan	D.,	Tian	Z.,	Zhou	B.,	et	al:	Clin	Cancer	Res	2011;	17:	pp.	5311-5321	



Proteasome inhibition and antitumor activity of bortezomib and MLN2238 in tumor xenograft 
models of activated B-cell diffuse large B-cell lymphoma.  

Edmund C. Lee et al. Clin Cancer Res 2011;17:7313-7323 

©2011 by American Association for Cancer Research 
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Dose limiBng toxiciBes (DLT) 



•  Four paBents reported DLTs:

-  1 grade 4 neutropenia at 1.76 mg/m2


-  1 grade 3 neutropenia at 2.34 mg/m2


-   1 grade 3 acute renal failure at 3.11 mg/m2, a pre-renal condiBon due to 
dehydraBon as a result of grade 3 diarrhea and grade 3 vomiBng


-  1 DLT at 3.11 mg/m2 of grade 2 faBgue, grade 2 nausea, grade 2 vomiBng and 
grade 3 diarrhea despite best supporBve care


• RP2D = 2.34 mg/m2






Grade > 3 or greater – neutropenia (20%), thrombocytopenia (13%) and diarrhea (10%)




Pharmacodynamics 

PK – terminal half life, 8-12 hours




Response data


FL = 4/11 (36.3%)  
responders 



Bortezomib in follicular lymphoma
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Kaplan–Meier distributions of (A) PFS, (B) OS, and (C) TTNT with bortezomib–rituximab and 
rituximab in biomarker-evaluable patients (N = 376) who were positive or negative for the 

biomarker pair PSMB1 P11A (G allele) and low CD68 expression (≤50 CD68-positive) 

Bertrand Coiffier et al. Clin Cancer Res 2013;19:2551-2561 
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Ixazomib is dosed orally at 4 mg weekly


Gupta	N.	,	Br	J	Clin	Pharmacol	2015;	79	(5):790	



Ixazomib is dosed orally at 4 mg weekly


PopulaGon	PK	analysis	showed	that	ixazomib	
pharmacokineGcs	are	not	impacted	by	BSA,	
creaGnine	clearance	or	age	

Gupta	N.	,	Br	J	Clin	Pharmacol	2015;	79	(5):790	



Phase 2 Study of Oral IXAZOMIB in Adult PaBents 
With Relapsed and/or Refractory Follicular 
Lymphoma

• Phase	I	run-in	in	lymphoma,	followed	by	two-stage	phase	II	design	
• Dosing	4	mg	weekly	days	1,	8,	15	of	28	day	cycle	
•  Study	stopped	aker	1st	stage	for	low	efficacy	and	very	slow	accrual	
• Plan	was	to	open	trial	up	to	only	PSMB1 P11A(G Allele)	if	these	
paGents	were	more	likely	to	respond	



Ongoing studies with ixazomib in lymphoma

Title	 Details	

Lenalidomide,	Ixazomib,	and	Rituximab	as	Front-Line	
Therapy	for	High	Risk	Indolent	B-Cell	Lymphoma	

Case	Comprehensive	Cancer	Center,	NCT02898259,	
not	yet	recruiGng	

Ixazomib	ACer	Stem	Cell	Transplant	in	TreaEng	
PaEents	With	Mantle	Cell	Lymphoma	in	Remission	

Emory,	NCT02632396,	recruiGng	

Open-label,	Phase	II	Study	of	MLN9708	in	PaEents	
With	Relapsed/Refractory	Cutaneous	and	Peripheral	
T-cell	Lymphomas	
	

University	of	Michigan	Cancer	Center,	NCT02158975,	
recruitment	complete	

Ixazomib	Citrate	and	Rituximab	in	TreaEng	PaEents	
With	Indolent	B-cell	Non-Hodgkin	Lymphoma	

University	of	Washington,	NCT02339922,	recruiGng	

CombinaEon	Chemotherapy,	Rituximab,	and	
Ixazomib	Citrate	in	TreaEng	PaEents	With	Non-
Hodgkin	Lymphoma	(BL,	DLBCL,	Aggressive	
lymphoma-DH,	plasmablasEc	lymphoma)	

North	Western,	NCT02481310,	Not	yet	recruiGng	



RaBonal combinaBons with ixazomib?


•  The	novel	proteasome	inhibitor	MLN2238	induces	death	in	CLL	cells	in	vitro	and	
potenGates	lethality	of	fludarabine	and	the	BCL-2	inhibitor	At-101	

•  Kasyapa	SC.	Blood	2013;122:4189	
•  Genome-wide	analysis	reveals	MYC-dependent	cell	death	and	idenGfies	
predicGve	biomarkers	of	ixazomib	sensiGvity	in	preclinical	models	of	T-cell	
lymphoma	and	Hodgkin	lymphoma	

•  Dashnamoorthy	R.	Blood	2015;124:3120	
•  Proteasome	inhibitor	and	histone	deacetylase	inhibitor	



Conclusions


• Proteasome	inhibiGon	is	relevant	in	follicular	lymphoma	
•  Ixazomib	is	potent,	tolerable,	orally	available	and	easily	dosed	
•  4/11	paGents	with	heavily-pretreated	FL	receiving	ixazomib	had	deep	
and	durable	responses	in	phase	I	

• Biomarker	selecGon	of	potenGally	responsive	paGents	is	needed	
• ConsideraGon	of	combinaGon	therapies	with	histone	deacetylase	
inhibitors,	BCL2	inhibitors,	other??	

•  Limited	number	of	ongoing	studies	in	FL	using	ixazomib	



	
May	13,	2017	
“Right	now,	you	see	people	saying	‘I	have	this	great	idea,	but	nobody’s	
interested,’	”	lamented	Fojo	about	the	current	fixaGon	on	
immunotherapy.	“There’s	a	lot	of	things	that	are	just	being	put	aside	
and	not	pursued.”	
		
htp://news.naGonalpost.com/features/cancer-drug-
money#sthash.t83Z5bu3.dpuf	
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