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NOVEL TARGETED 
THERAPIES: 
IBRUTINIB 



Targets in the BCR signaling pathway 
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Model of BCR activation in CLL 

From: Burger JA & Chiorazzi N: Trends Immunol. 2013 
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The discovery of agammaglobulinaemia 
in 1952 

Colonel Ogden Bruton (*1908, †2003) 
Chief of Pediatrics at  

Walter Reed Army Hospital  
Photo from: Ponader S & Burger JA,  
J Clin Oncol. 32:1830-9 



• Mapped to Xq22 

Discovery of BTK as the cause for 
agammaglobulinemia (1993) 

From: Vetrie, D et al. Nature 1993;361(6409);
226-33 

• Expressed in most 
hematopoietic cells, except T 
lymphocytes and plasma cells 

• Role in normal B cell function, 
autoimmune disorders and B 
cell malignancies 

From: Tsukada, S et al. Cell 1993;72;279-90 



Ibrutinib (PCI-32765) 
l  Forms a specific bond with 

cysteine-481 in BTK 

l  Highly potent BTK inhibition at  
IC50 = 0.5 nM 

l  Orally administered with once daily 
dosing resulting in 24-hr target 
inhibition 

l  No cytotoxic effect on T-cells or 
natural killer (NK)-cells 

l  In chronic lymphocytic leukemia 
(CLL) cells promotes apoptosis and 
inhibits CLL cell proliferation, 
migration and adhesion 
Advani, R. et al, J Clin Oncol. 2012;42:7906. 
Honigberg LA  et al, Proc Natl Acad Sci U S A.2010;107:13075. 
Herman SEM et al, Blood.2011;117: 6287-6296. 
Ponader, et al, ASH Meeting Abstracts. 2010; 116:45. 
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Before  
ibrutinib+R (iR) 

2 weeks  
iR 

9 months  
iR 

Marked Reductions in Lymphadenopathy 



Ibrutinib-induced CLL cell Redistribution:  
Blood Lymphocytes vs Lymph Nodes 

 

From: Byrd JC et al, NEJM 2013 From: Advani RH et al, JCO 2013 

•  Redistribution of tissue CLL cells into the PB causes early 
lymphocytosis (up to 3-fold increase)  

•  Class effect of kinase-inhibitors targeting BTK, PI3K, and SYK 
•  Saw-tooth pattern due to re-homing of CLL cells during “off-drug” 

period 

Saw-tooth pattern: 
rapid drop in ALC 
during 7-day  
off ibrutinib 
 



Mechanism of Treatment Related Lymphocytosis in 
Chronic Lymphocytic Leukemia (CLL) and Mantle Cell 

Lymphoma (MCL) 

integrin
BTK

ibrutinib

BCRCXCR4
CXCR5
CCR7

ibrutinib

ibrutinib

CLL LN PB

adhesion + migration survival + proliferation apoptosis

de	Rooij	MFM,	et	al.	Blood.	2012;	119:2590-2594.	

l  Ibrutinib blocks BTK inducing b-cell apoptosis and disruption of b-cell 
adhesion in lymph nodes  

l  B-cells egress into peripheral blood 

l  Ibrutinib blocks b-cells from migrating back to lymph nodes resulting in 
treatment related lymphocytosis 

CXCR4 

CLL/MCL Lymph Node Peripheral Blood 



BCR kinase-inhibitors:  
what is the MOA? 

Direct versus indirect effects: 
 
•  Is the displacement from the 

microenvironment the principal MOA? 

•  Or is BCR signaling inhibition, causing 
growth arrest and apoptosis, the key MOA? 



Volumetric changes during ibrutinib therapy 

Before ibrutinib 3 months on ibrutinib 



Dynamics of PB and tissue CLL cells 
during ibrutinib therapy 

From: Wodarz D et al, Blood 2014 

•  Serial ALC (left column) 
•  serial volumetric analysis (right column) of CLL disease burden 

•  During ibrutinib therapy, 1.7% 
of blood and 2.7% of tissue 
CLL cells die per day  

•  The fraction of CLL cells that 
redistribute into the blood 
during ibrutinib treatment 
represents 23.3% ± 17% of the 
tissue disease burden 

 



Effects of Ibrutinib on CLL 
viability 

S. Ponader et al., Blood 119: 1182-9, 
2012 



Ibrutinib inhibits  
proliferation of CLL cells 

From: Herman SEM et al., Blood 117: 6287-6296  (2011) S. Ponader et al., Blood 119: 1182-9, 2012



Ibrutinib inhibits CLL cell chemotaxis 

CXCL12 CXCL13 
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S. Ponader et al.,  
Blood 119: 1182-9, 2012 



Heavy water labeling of CLL cells prior to ibrutinib therapy 

MDACC 

KineMed, Inc. 

Feinstein Institute  

Burger J et al. JCI Insight 2017 Jan 26;2(2):e89904. 



Heavy water labeling of CLL cells prior to ibrutinib therapy: 
Effects of ibrutinib on birth and death rates 

• CLL cell proliferation 
(“birth”) rates: before 
ibrutinib therapy 0.39% 
down to 0.05% on ibrutinib 

• Death rates increased from 
0.18% to 1.5% 

• Overall response rate of 
97%.  

•  First direct in vivo 
measurements of ibrutinib’s 
anti-leukemia activity 

• Profound inhibition of CLL 
cell proliferation  

• Promotion of high rates of 
CLL cell death. 

Burger J et al. JCI Insight 2017 Jan 26;2(2):e89904. 



Lessons about ibrutinib mechanism 
of action in CLL 

l  Dual action of ibrutinib:  

Ø  inhibits proliferation  

Ø accelerates CLL cell death in 2 ways 

Ø   Acutely causing death of BCR 
signaling-dependent CLL cells (mostly 
in tissues) 

Ø  Chronically by deprivation of blood CLL 
cells from other tissue survival signals 



ASH	2016,	1102-03	5-year	Update;	O’Brien	et	al.	

PCYC-1102/1103	Phase	2	Study	Design	

Pa8ents	with	CLL/SLL	
treated	with		

oral,	once-daily	ibru8nib		
(420	or	840	mg/day)	

Long-Term		
Follow-Up	

≥SD	

*R/R	includes	paJents	with	high-risk	CLL/SLL,	
defined	as	progression	of	disease	<24	months	
aUer	iniJaJon	of	a	chemoimmunotherapy	
regimen	or	failure	to	respond	

Relapsed/Refractory*	
(R/R)	
n=101	

Treatment	Naïve	(TN)		
≥65	years	
n=31	

Phase	2	(PCYC-1102)	
N=132		

Extension	Study		
(PCYC-1103)	



ASH	2016,	1102-03	5-year	Update;	O’Brien	et	al.	
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Best	Response	

20 

87%	 89%	 89%	

Median	DOR,	
months	(range)	 NR	(0.0+	to	65.5+)	 56.8	(0.0+	to	65.5+)	 NR	(0.0+	to	65.5+)	

Median	follow-up,	
months	(range)	 62	(1	–	67)	 49	(1+	–	67)	 56	(1+	–	67)	

CR	
PR	
PR-L	

TN	(n=31)	 R/R	(n=101)	 Total	(N=132)	

NR,	not	reached.		



American	Society	of	Clinical	Oncology	2014,	PCYC	1102/1103,	O’Brien	et	al.		 21	

Response	Over	Time	
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Months	From	Ini8a8on	of	Study	Treatment	

CR/PR	
PR-L	

Best response to ibrutinib improves over time 

Median	Jme	to	first	
response:	

1.9	months	(range,	1.4–23.2)	

Median	8me	to	best	
response:	

7.3	months	(range,	1.7–31.8)	

92%	of	paJents	who	achieved	a	PR-L	converted	to	beber	
response	

*CumulaJve	response	as	assessed	by	invesJgator	



American	Society	of	Clinical	Oncology	2014,	PCYC	1102/1103,	O’Brien	et	al.		
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Patients with Results 

*All treated patients with baseline anemia or thrombocytopenia 



ASH	2016,	1102-03	5-year	Update;	O’Brien	et	al.	

Survival	Outcomes:	Overall	Popula8on	

NR,	not	reached.		

Median	PFS	 5-year	PFS	
TN	(n=31)	 NR	 92%	
R/R	(n=101)	 52	mo	 43%	

Progression-Free	Survival	 Overall	Survival	

Median	OS	 5-year	OS	
TN	(n=31)	 NR	 92%	
R/R	(n=101)	 NR	 57%	



ASH	2016,	1102-03	5-year	Update;	O’Brien	et	al.	

Disposi8on	
TN	

(n=31)	
R/R	

(n=101)	

Median	8me	on	study,	months	(range)	 62	
(1–67)	

49	
(1–67)	

Dura8on	of	study	treatment,	n	(%)	
		≤1	year	
		>1–2	years	
		>2–3	years	
		>3–4	years	
		≥4	years	

		
5	(16%)	

0	
1	(3%)	
1	(3%)	
24	(77%)	

		
24	(24%)	
14	(14%)	
9	(9%)	

19	(19%)	
35	(35%)	

Pa8ents	remaining	on	ibru8nib	therapy,	n	(%)	 20	(65%)	 30	(30%)	

Primary	reason	for	discon8nua8on,	n	(%)	
		Progressive	disease	
		Adverse	event	
		Consent	withdrawal	
		InvesJgator	decision	
		Lost	to	follow-up	

		
1	(3%)	
6	(19%)	
3	(10%)	

0	
1	(3%)	

		
33	(33%)	
21	(21%)	
5	(5%)	

11	(11%)	
1	(1%)	

Ibru8nib	Treatment	Con8nued	in	65%	of	TN	
and	30%	of	R/R	Pa8ents	

•  AUer	~5	years	of	follow-up,	65%	of	TN	and	30%	of	R/R	paJents	conJnue	treatment	on	study.	



ASH	2016,	1102-03	5-year	Update;	O’Brien	et	al.	

Survival	Outcomes	by	Chromosomal	Abnormali8es	
Detected	by	FISH	in	R/R	Pa8ents*	

**No	del17p,	del11q,	del13q,	or	trisomy	12;	in	hierarchical	order	for	del17p,	and	then	del11q		
NR,	not	reached.		

Progression-Free	Survival	 Overall	Survival	

*Only	2	paJents	in	the	TN	group	showed	PD	or	death.	Subgroup	analyses,	therefore,	focused	on	the	R/R	populaJon.		

Median	OS	 5-year	OS	

Del17p	(n=34)	 57	mo	 32%	

Del11q		(n=28)	 NR	 61%	

Trisomy	12	(n=5)	 NR	 80%	

Del13q	(n=13)	 NR	 91%	
No	abnormality**	(n=16)	 NR		 83%	

Median	PFS	 5-year	PFS	

Del17p	(n=34)	 26	mo	 19%	

Del11q		(n=28)	 55	mo	 33%	

Trisomy	12	(n=5)	 NR	 80%	

Del13q	(n=13)	 NR	 91%	
No	abnormality**	(n=16)	 NR	 66%	



ASH	2016,	1102-03	5-year	Update;	O’Brien	et	al.	

Onset	of	Most	Grade	≥3	Adverse	Events	
Decreased	Over	Time	

*Listed	adverse	events	include	those	that	occurred	in	≥5%	of	paJents	in	all-treated	populaJon;	denominator	for	each	term	and	Jme	period	
can	vary	based	on	those	at	risk	

≤1	year	 >1–2	years	 >2–3	years	 >3–4	years	 >4	years	

•  Dose	reducJons	and	dose	disconJnuaJons	due	to	AEs	occurred	more	frequently	in	R/R	paJents	
than	in	TN	paJents,	and	during	the	first	year	aUer	treatment	compared	with	subsequent	Jme	
periods.	



Byrd et al. ASCO 2014, Abstract LBA7008 

§  StraJficaJon	according	to:	
–  Disease	refractory	to	purine	analog	chemoimmunotherapy	(no	response	or	

relapsed	within	12	months)	
–  Presence	or	absence	of	17p13.1	(17p	del)	

§  At	Jme	of	interim	analysis,	median	Jme	on	study	was	9.4	months	
	
	

RESONATE™	Phase	3	Study	Design	

R 
A
N
D
O
M 
I 
Z 
E  

Oral	ibru8nib	420	mg	once	
daily	un8l	PD	or	

unacceptable	toxicity	
n=195		

IV	ofatumumab	ini8al	dose	
of	300	mg	followed	by	2000	

mg	×	11	doses	over	24	
weeks	
n=196	

1:1	

Pa8ents	with	
previously	
treated	
CLL/SLL	

	
Protocol	amended	for	crossover	with	support	of	Data	Monitoring	Commibee	and	discussion	with	health	authoriJes.	
PD,	progressive	disease.		
	

Crossover	to	ibru8nib		
420	mg	once	daily	aker		
IRC-confirmed	PD	(n=57)	

(August	2013)		

Enrollment Dates: 
  June 2012 – April 
2013 
 
 



Byrd et al. ASCO 2014, Abstract LBA7008 

Progression-Free	Survival	
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No.	at	risk	
IbruJnib:	

Ofatumumab:	

Months	

IbruJnib	
Ofatumumab	

Ofatumumab	 Ibru8nib	
Median	Jme	(mo)	 8.08	 NR	
Hazard	raJo	 0.215	
(95%	CI)	 (0.146-0.317)	
Log-rank	P	value	 <	0.0001	

§  IbruJnib	significantly	prolonged	PFS;	median	not	reached	vs.	8.1	months	for	ofatumumab	
§  78%	reducJon	in	the	risk	of	progression	or	death	
§  InvesJgator	assessed	PFS	hazard	raJo	0.133	(95%	CI:	0.085-0.209)	p	value	<	0.0001	
§  Richter’s	transformaJon	was	confirmed	in	2	paJents	on	each	arm.	An	addiJonal	paJent	

on	the	ibruJnib	arm	experienced	disease	transformaJon	to	prolymphocyJc	leukemia	

NR,	not	reached.	



Byrd et al. ASCO 2014, Abstract LBA7008 

Progression-Free	Survival	by	Baseline	
Characteris8cs	and	Molecular	Features	

391	
175	
216	
127	
264	
152	
239	
266	
125	
169	
222	
163	
225	
198	
193	
122	

0.21	
0.18	
0.24	
0.25	
0.19	
0.17	
0.24	
0.22	
0.21	
0.19	
0.22	
0.24	
0.19	
0.19	
0.21	
0.14	

(0.14-0.31)	
(0.10-0.32)	
(0.15-0.40)	
(0.14-0.45)	
(0.12-0.32)	
(0.09-0.31)	
(0.15-0.40)	
(0.13-0.35)	
(0.11-0.40)	
(0.10-0.37)	
(0.13-0.35)	

(0.12-0.31)	
(0.10-0.36)	
(0.13-0.34)	
(0.06-0.29)	

B2-microglobulin	at	baseline,	≤	3.5	mg/L	

Del11q,	Yes	

Number	of	prior	treatment	lines,	<	3	

Bulky	disease,	<	5	cm	
III–IV	

Rai	stage	at	baseline,	0-II	
Female	

Gender,	Male	

Age,	<	65	years	
No	

Del17p,	Yes	
No	

Refractory	disease	to	purine	analogs,	Yes	
All	subjects	

N	
Hazard		
ra8o	 95%	CI	

Favors	
ibru8nib	

Favors	
ofatumumab	

≥	65	years	

≥	5	cm	
(0.13-0.44)	

≥	3	

259	 0.26	 (0.16-0.40)	No	

>3.5	mg/L							
58	
298	

0.05	
0.21	

(0.01-0.39)	
(0.14-0.33)	

0.00	 0.25	 0.50	 0.75	 1.00	 1.25	 1.50	
Hazard	ra8o	(linear	scale)	

IgVH,	Mutated	
									Unmutated	

		83	
		177	

0.31	
0.22	

(0.11-0.83)	
(0.13-0.38)	



RESONATETM-2	(PCYC-1115)	Study	
Design	

Pa8ents	(N=269)	
•  Treatment-naïve	CLL/
SLL	with	acJve	disease	

•  Age	≥65	years	
•  For	paJents	65-69	
years,	comorbidity	
that	may	preclude	FCR		

•  del17p	excluded	
•  Warfarin	use	excluded	

ibru8nib	420	mg		
once	daily	un8l	PD	or	
unacceptable	toxicity	

chlorambucil	0.5	mg/kg		
(to	maximum	0.8	mg/kg)	
days	1	and	15	of	28-day	
cycle	up	to	12	cycles	

*PaJents	with	IRC-confirmed	PD	enrolled	into	extension	Study	1116		for	follow-up	
and	second-line	treatment	per	invesJgator’s	choice	(including	ibruJnib	for	
paJents	progressing	on	chlorambucil	with	iwCLL	indicaJon	for	treatment).	

§  Phase	3,	open-label,	mulJcenter,	internaJonal	study	
§  Primary	endpoint:	PFS	as	evaluated	by	IRC	(2008	iwCLL	criteria)1,2	
§  Secondary	endpoints:	OS,	ORR,	hematologic	improvement,	safety	

1.	Hallek	et	al.	Blood.	2008;111:5446-5456;	2.	Hallek	et	al,	Blood.	2012;	e-leber,	June	04,	2012.	

IRC-
confirmed	
progression	

PCYC-1116	
Extension	
Study*	

	
	

In	clb	arm,	
n=43	

crossed	over	
to	ibruJnib	

Stra8fica8on	factors	
•  ECOG	status	(0-1	vs.	2)	
•  Rai	stage	(III-IV	vs.	≤II)	

R	
A	
N	
D	
O	
M	
I	
Z	
E	
1:1		



PFS	by	Independent	Assessment	

•  84%	reducJon	in	risk	of	progression	or	death	with	ibruJnib		
•  18-month	PFS	rate:	90%	with	ibruJnib	vs.	52%	with	chlorambucil		
•  Median	follow-up:	18.4	months		

Burger	JA	et	al.,	NEJM	373(25):2425-37,	2015	



PFS	by	InvesJgator	for	High-Risk	
Subgroups	

•  Median	PFS	in	del11q	subgroup:	NR	with	ibruJnib	vs.	9	months	with	chlorambucil	
(HR=0.02,	P<0.0001)	

•  Median	PFS	in	unmutated	IGHV	subgroup:	NR	with	ibruJnib	vs.	9	months	with	
chlorambucil	(HR=0.06,	P<0.0001)		

•  IbruJnib:	18-month	PFS	92%	in	IGHV	mutated,	95%	in	unmutated	subgroup			

PFS	by	del11q	status	 PFS	by	IGHV	muta8on	status	

Burger	JA	et	al.,	NEJM	373(25):2425-37,	2015	



Overall	Survival		

•  84%	reducJon	in	risk	of	death	with	ibruJnib	
•  24-month	OS	rate:	98%	with	ibruJnib	and	85%	with	chlorambucil	
•  3	deaths	on	ibruJnib	arm	vs.	17	deaths	on	chlorambucil	arm		

Burger	JA	et	al.,	NEJM	373:2425-37,	2015	



AddiJonal	Safety	Results	
ibru8nib		
(n	=	135)	

chlorambucil		
(n	=	132)	

Median	exposure,	months	(range)	 17.4	(0.7-24.7)	 7.1	(0.5-11.7)	

Adverse	event	 Any	 G3	 G4	 Any	 G3	 G4	

			Hypertension	 14%	 4%	 0	 0	 0	 0	

			Atrial	fibrillaJon	 6%	 1%	 0	 1%	 0	 0	

			Major	hemorrhage		 4%	 3%	 1%	 2%	 2%	 0	

§  On	ibruJnib	arm	
–  The	6	paJents	(4%)	with	grade	3	hypertension	were	managed	with	anJ-

hypertensive	medicaJon	and	did	not	require	dose	modificaJon	of	ibruJnib	
§  4	of	6	paJents:	history	of	hypertension	

–  Among	8	paJents	(6%)	with	atrial	fibrillaJon,	2	disconJnued	ibruJnib	
§  7	of	8	paJents:	history	of	hypertension,	CAD,	and/or	myocardial	ischemia		

–  Among	6	paJents	(4%)	with	major	bleeding,	3	disconJnued	ibruJnib	
§  3	of	6	paJents:	concomitant	LMWH,	aspirin,	or	vitamin	E	at	Jme	of	event	

Overall,	19%	of	paJents	on	the	ibruJnib	arm	received	anJcoagulants	and	47%	received	
anJplatelet	agents	



Conclusions 

•  Ibrutinib is highly effective therapy for 
relapsed CLL and previously untreated CLL 

•  More selective than chemotherapy but not 
without toxicity 

•  Ibrutinib FDA approved for R/R CLL-  2014 

•  Ibrutinib FDA approved for untreated CLL –
2016 

•  2nd generation BTK inhibitors in clinical trials 



Challenges and open 
questions 

1.  Indefinite therapy = cumulative toxicity and risk 
for developing resistance. Combination trials, 
such as venetoclax + ibrutinib or iFCG to 
achieve MRD-negativity, then stop therapy 

2.  Mechanism of action: contribution of BCR 
signaling inhibition vs. anoikis 

3.  Resistance: how to manage high-risk patients 
on ibrutinib, cellular therapy vs. venetoclax, 
timing 

4.  What to do with younger low-risk patients, CIT 
vs. BTKi 
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