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Base	Excision	Repair	via	PARP

Plummer et al., Clin Can Res, 2007



PARP	Function	in	DNA	Repair

Plummer et al., Clin Can Res, 2007



~40%	of	HGSCs	have	
homologous	
recombination	(HR)
defect

Inhibiting	PARP
for	those	patients



Rationale	Behind	PARP	Inhibition

• BRCA	Negative	(and	HR	deficient)	Tumors
– Unable	to	repair	double	strand	DNA	breaks	using	
homologous	recombination

– Rely	upon	PARP	to	repair	single-strand	breaks	and	
replication	fork	stalls

• In	Combination	with	Chemotherapy
– Chemotherapies	cause	DNA	single	strand	breaks
– Inhibition	of	PARP	will	not	allow	single	strand	
repair	at	these	sites



Olaparib FDA	Approval
• December	2014
• Patients

– Germline	BRCA	1/2		mutation
– ≥	3	prior	lines	of	therapy

• Basis	of	Approval
– 34%	ORR	in	137	patients
– Duration	of	response	7.9	months

• Is	this	advancing	care	or	an	option	of	care?



PARP	Inhibitors	Selectively	Kill	BRCA	
Deficient	Tumor	Cells

BRCA 1 BRCA 2

Concentration (M)

Log Surviving Fraction

BRCA +/+

BRCA +/-

BRCA -/-

Farmer et al., Nature 2005



CLINICAL	TRIAL	DESIGNS

BRCA
Serous	(HR)

Chemo	that
causes	DNA	

breaks
After	chemo

PARPi
Alone PARPi +	Chemo PARPi

maintenance



PARP	Inhibitors	in	Clinical	Trials	with	Registration	Potential

Drug Trial Phase Design

Olaparib
(AZD2281)

SOLO	1 3 Maintenance	– following	front	line	treatment,	germline
and	somatic	BRCA	

SOLO	2 3 Maintenance	– following	platinum combination	therapy	
for	platinum	sensitive	recurrence, germline and	somatic	
BRCA	

SOLO	3 3 Treatment	– monotherapy/standard	chemotherapy	for	
platinum	sensitive	recurrence, germline BRCA

Niraparib
(MK4827)

NOVA 3 Maintenance	– following	platinum combination	therapy	
for	platinum	sensitive	recurrence, germline BRCA	or	high	
grade	serous	

QUADRA 2 Treatment – ≥	3	priors,	high	grade	serous

Rucaparib	
(CO-338)

ARIEL	3 3 Maintenance	– following	platinum combination	therapy	
for	platinum	sensitive	recurrence, high	grade	serous	or	
endometrioid

ARIEL	2 2 Treatment – 3/4	priors,	high	grade	serous	or	
endometrioid

Veliparib (ABT888) GOG	3005 3 Treatment	– first	line	with	chemotherapy

https://clinicaltrials.gov



When	to	Use	a	PARP	Inhibitor?

1st Line
§Ultimately	where	we	have	the	biggest	impact	on	curative	therapy.
§Chemotherapy	naïve	patients	=	less	chemotherapy/platinum	resistance.
§Can	study	biomarkers	in	“real	time”	tissue	samples.
§Many	companies	were	discouraged	by	initial	phase	I	studies	in	heavily	
pretreated	patients	showing	limited	tolerability	of	PARP	inhibitor	in	
combination	with	chemotherapy	necessitating	dose	reductions	of	all	agents.
§GOG	Partners	study	represents	the	only	phase	3	approach	incorporating	PARP	
inhibition	with	chemotherapy.

1st Line 2nd Line 3rd Line 4th LineM	1 M	2

Maintenance	(M1,	M2…)
§Can	use	as	monotherapy =	less	toxicity.
§Patient	population	at	high	risk	(M1)	or	~100%	risk	(M2)	of	recurrence.
§Phase	2	studies	have	shown	improved	PFS.		Will	the	magnitude	of	benefit	be	
great	enough	in	a	select	population?
§Do	patients	in	remission	need	to	be	on	therapy?
§Previous	maintenance	studies	with	paclitaxel	and	bevacizumab	have	failed	to	
achieve	approval	with	PFS	benefit	only	and	no	OS	benefit.	

4th Line	(or	beyond?)
§≥	3	lines	of	chemotherapy	=	“unmet	medical	need”	by	FDA
§Response	rate	data	led	to	olaparib accelerated	approval	in	germline BRCA	
patients	(December	2014).		
§Niraparib and	rucaparibphase	2	studies	opened	in	January	2015
§Phase	2	study	of	liposomal	doxorubicin	vs.	olaparib failed	to	show	superiority	
of	olaparib.		Will	SOLO	3	succeed?
§More	work	is	needed	to	discern	who	will	really	benefit.



BRCAmut

BRCA-like

Chromosome No.

Biomarker 
Negative

Hypothesis 1:
Ovarian cancer patients with 
high genomic LOH suggesting 
BRCA-like signature will 
respond to PARPi.

Hypothesis 2: 
Ovarian cancer patients who 
are “biomarker negative” 
(ie, with low genomic LOH) will 
not respond to PARPi.

NGS=next-generation	sequencing;	mut=mutation;	wt=wild	type.

HRD	causes	genome-wide	loss	of	heterozygosity	(LOH)	that	can	
be	measured	by	comprehensive	genomic	profiling	based	on	NGS

McNeish et	al.,	ASCO	2015



HGOC	patients	can	be	classified	into	three	molecular	subgroups:	
BRCAmut,	BRCA-like,	Biomarker	Negative
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McNeish et	al.,	ASCO	2015



Patient	characteristics
Parameter Total

(N=204)
Median	age,	years	(range) 65	(31–86)
ECOG	PS	grade

0	/	1	/	Pending	(%) 67		/	30		/	3	
Diagnosis

Epithelial	ovarian	cancer	(%) 80
Primary	peritoneal	/	fallopian														

tube	cancer	(%) 12		/	7		(1	UNK)

Histology
Serous	/	endometrioid	/	mixed/	

pending	(%) 96		/	2		/	2		/	1	

No.	of	prior	treatment	regimens
Median	no.	of	regimens	(range) 1	(1–6)

1–2	(%) 81
>2	(%) 19

Median	no.	of	plat-based	
regimens	(range) 1	(1–5)

1–2	(%) 86%
>2	(%) 14

Biomarker	
Negative
34%

BRCA
Mutant
20%	*

BRCA
Like
40%

Distribution	of	HRD	molecular	
subgroups	(N=191)

UNK	– unknown Data	cut	01APR2015

*	Enrollment	of	known	gBRCA patients	
was	capped

McNeish et	al.,	ASCO	2015



BRCAwt patients	can	be	split	into	2	subgroups	with	
enhanced	benefit	observed	in	BRCA-like	tumors

HRD Subgroup
Median PFS	(mo)	

[90%	CI]

Overall Response Rate,	%	(N)

RECIST
RECIST	+	
CA-125

BRCAmut 9.4
[7.3,	NR] 69	(27/39) 82

(32/39)

BRCA-like 7.1
[3.7,	10.8] 30	(22/74) 45

(33/74)

Biomarker	negative 3.7
[3.5,	5.5]

13
(8/62)

21
(13/62)NR	– not	reached

McNeish et	al.,	ASCO	2015



Emerging	Pipeline

• Spleen	Tyrosine	Kinase	(SYK)	
inhibitor

• Synthetic	lethality- ARID1A	
tumor	suppressor

• Immune	checkpoint	inhibitor
• Others

Targeted	therapy	and	precision	cancer	medicine	based	on	
understanding	tumor	biology…



Spleen	Tyrosine	Kinase	(SYK)
A	non-receptor	tyrosine	kinase	mediates	signal	
transduction	of	transmembrane	receptors.

Activated	SYK	signaling	
is	essential	for	
proliferation	and	
survival	in	B-cell	
malignancies.	

The	biological	role	
of	SYK	in	solid	
tumors	remains	
largely	elusive.	



• Ovarian	cancer	cells	surviving	paclitaxel	treatment	
have	higher	levels	of	activated	SYK.	

• Inhibition	of	SYK	sensitizes	ovarian	cancer	cells	
(especially	TR)	to	paclitaxel	via	enhancing	
microtubule	stability.

• This	is	made	possible	via	altering	phosphorylation	
of	MAP1B	and	MAP4	and	tubulins	and	
microtubule-associated	proteins.

• Microtubule-independent	pathway	may	also	exist.	



(1)	Fostamatinib R406

SYK
Inactive

SH2SH2

(2)	Entospletinib

SYK	inhibitors	in	clinical	trials

Blood,	2015.	PMID:	25696919	

SYK
Active

SH2SH2



Study pts (n) Drug Disease Studied Phase
Weinblatt et al. (2008) [PMID: 18975322] 189 Fostamatinib Rheumatoid arthritis II
Weinblatt et al. (2010) [PMID: 20879879] 457 Fostamatinib Rheumatoid arthritis II
Friedberg et al. (2010) [PMID: 19965662] 68 Fostamatinib NHL & CLL I/II
Genovese et al. (2011) [PMID: 21279990] 219 Fostamatinib Rheumatoid arthritis II
Weinblatt et al. (2013) [PMID: 23378467] 457 Fostamatinib Rheumatoid arthritis II
Park et al. (2013) [PMID: 23404627] 37 Fostamatinib CRC thyroid, NSLC, H&N,  RCC II
Genovese et al. (2013) [PMID: 25225285] 322 Fostamatinib Rheumatoid arthritis III
Weinblatt et al. (2014) [ PMID: 25223724] 918 Fostamatinib Rheumatoid arthritis III
Sharman et al. (2015) [PMID: 25696919] 186 Entosplatinib NHL & CLL II

SYK	inhibitors	in	clinical	trials

Acceptable	toxicity:	fatigue,	neutropenia,	anemia,	nausea,	diarrhea,	URI-like



R406	significantly	sensitizes	paclitaxel	cytotoxicity
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i) have	recurrent	ovarian/tubal/peritoneal	HGSC	
ii) have	received	initial	or	interval	cytoreduction	surgery	and	taxane-and	platinum-based	

chemotherapy
iii) have	RECIST	measurable	disease
iv) be	a	candidate	for	treatment	with	weekly	paclitaxel

Primary	HGSC
diagnosis

Cytoreduction	
surgery

Taxane	+	platinum
6	cycles 1o or	2o

recurrence
Weekly	paclitaxel

Oral	fostamatinib	
(dose	escalation)

(200	mg	bid	in	 leukemia	trial)

Bx-1																						Bx-2	(MTD)

Determine	MTD	 in	HGSC Evaluate	 toxicity
(CTCAE	V.4.03)

Validate	alterations	
in	SYK	substrates	
identified	 in	Aim	1

Phase	 I	trial	
24	patients

Phase	I	Clinical	Trial

1 2

Determine
progression-
free	survival

3

4



ARID1A PIK3CA

TP53

PPP2R1A

KRAS

PTEN

Genomic	alterations	in	ovarian	clear-
cell	carcinoma

ZNF217	
Amp

Science	330:228,	2010
New	Engl J	Med	363:1532,	2010
Clin Cancer	Res	16:1997,	2010



Somatic	mutation	of	ARID1A
AT-rich	interactive	domain	1A	(ARID1A)



ARID1A	containing
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Cancer	Discovery
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Through biomarker-guided clinical trials, we'll be 
able to better understand the mechanisms of 
response and resistance to immunotherapy and 
develop treatment strategies that will extend the 
benefit from immunotherapy to a broader range of 
patients and tumor types.



2010;101:2658-63





MSH2	loss	EMC

Pembrolizumab NCT01876511



Challenges
• Resistance:	Intra-tumoral heterogeneity	(tumor	

evolution	driven	by	Darwinian	selection)

• A	lot	of	potential	targets	but	few	effective	and	
safe	drugs	(inhibitors)

• Predictive	biomarkers/signatures

• Tumor	micro- and	macro-environment

• When	and	how	to	use?



Nature	481:306,	2012

Kinases have been one of the most 
exciting targets for cancer treatment 
in recent history, with an explosion in 
the number of them approved for use 
in oncology, but just like bacteria that 
become resistant to antibiotics, 
cancers can become resistant to the 
drugs that target them.



• Intratumoral	heterogeneity	as	a	source	of	
therapeutic	resistance.

• Majority	of	resistant	clones	were	part	of	small,	pre-
existing	subpopulations	that	selectively	escaped	
under	therapeutic	challenge.	

• Up-front	therapeutic	combinations	that	target	non-
overlapping	resistance	is	a	preferred	approach?
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Targeted	therapy	
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Am	J	Pathol 2009;174:1597

Targeting	PI3K	in	ovarian	clear	
cell	carcinoma



KRAS/NRAS	wild-type
•	 Eligible	for	an	anti-VEGF	or	anti-EGFR	
regimen	in	a	given	line	of	therapy

KRAS/NRAS	mutated
•	 Eligible	for	an	anti-VEGF	regimen
•	 Ineligible	for	an	anti-EGFR	regimen

Determining	appropriate	use	of	biomarker	
status	in	treatment	of	metastatic	colorectal	
cancer	





Diagnosis

Initial	Debulking	 Surgery

Chemotherapy

1st Remission
(median	Length	13-26	months)

Recurrence
(80-90%	of	stage	III/IV	patients)

≥6	months
Platinum	Sensitive

≤6	months
Platinum	Resistant

Possible	Surgery
Chemotherapy

Chemotherapy
(median	survival	15-18	months)

Partial	Response	or
Chemo-refractory	

2nd Remission
(median	 length	10	months)

80% 20%

40-50%

No	further	 therapy
For	low	grade
stage	IA	&	IB

Death

Cure

Precision	
Medicine



“Cancer	is	no	more	of	a	disease	of	cells	than	a	traffic	jam	
is	a	disease	of	cars.	A	lifetime	of	study	of	the	internal	
combustion	engine	would	not	help	anyone	to	
understand	our	traffic	problems.	The	causes	of	
congestion	can	be	many.	A	traffic	jam	is	due	to	failure	of	
the	normal	relationship	between	driven	cars	and	their	
environment	can	occur	
whether	they	themselves	
are	running	normally	or	not.”
D.W.	Smithers,	 Lancet,	March	1962



Summary- choose	your	poison

Targeted	therapy	and	precision	cancer	medicine	
based	on	understanding	tumor	biology

We	are	not	there	yet	but	making	progress

Revisit	personalized	primary	prevention	and	
early	detection

Sensitization	of	chemotherapy	and	radiotherapy
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