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EFFECTS	ON	SIGNALLING	PATHWAYS
GBM	CELL	LINES

• DOWN	REGULATES
• NFKb,	MMP2,	MMP9
• PI3K,	MAPK
• HIF1a,	VEGF

• Kim	EH,	2016	Oncotarget 7:40:	65125



TTF	AND	IONIZING	RADIATION
IN	VITRO	MODELS

• SYNERGISTIC		EFFECTS
• INDUCING	APOPTOSIS
• DOUBLE	STRAND	BREAKS	/	PROLONGED	H2AXgamma
• INDUCTION	OF	MULTINUCLEATION	AND	MITOTIC	ABNORMALITIES
• INHIBITION	OF	MIGRATION	IN	TRANSWELL	CHAMBER	ASSAYS
• RADIOSENSITIZATION	EFFECT

• Kim	EH,	2016	Oncotarget 7:38:	62267



BIOPHYSICAL	MECHANISMS
COMPUTATIONAL	MODELLING

• POTENTIALLY	COMPATIBLE	WITH	COMPUTATIONAL	MODELS
• ELECTROSTATIC	EFFECTS	ON	TUBULIN	DIPOLES	EFFECT		CONFORMATION

• C-TERMINAL	DYNAMICS
• ION	CONDUCTIVITY	THROUGH	MICROTUBULAR	CORES	OR	SURFACE

• INCOMPATIBLE	WITH	MODELS
• MEMBRANE	DEPOLARIZATION	EFFECTS
• ION	CHANNEL	CONDUCTION	EFFECTS	

• Tuzsynski et	al;	2016





CLINICAL	TRIAL	ENDPOINTS
DEFINITIONS
• OVERALL	SURVIVAL
• TIME	TO	PROGRESSION/PROGRESSION	FREE	SURVIVAL
• IN	FIELD	VRS	SYSTEMIC	PROGRESSION
• RESPONSE	RATES

• COMPLETE
• PARTIAL
• STABLE	DISEASE
• CLINICAL	BENEFIT	RATE:	CR+PR+SD



TUMOR	TREATING	FIELDS
RECURRENT	GLIOBLASTOMA	EF-11
• RECURRENT	GLIOBLASTOMA:	237	PATIENTS
• TTF	VRS	CLINICIAN	CHOICE	CHEMOTHERAPY
• EQUIVALENT	OS	TO	CHEMOTHERAPY
• MINIMAL	TOXICITY
• APPROVED	IN	US	FOR	RECURRENT	GBM
• 6M	OS	6.6	VRS	3.3M	IN	BEVACIZUMAB	FAILURES



Tumor	Treating	Fields	(TTFields)	in	Recurrent	GBM.	
An	Updated	Subgroup	Analysis	of	the	Phase	III	Data

ABSTRACT

•NovoTTF-100A	(Novocure	Ltd.)	is	an	anti-mitotic	
therapeutic	device	which	delivers	low	intensity,	
alternating	electric	fields	(Tumor	treating	fields	- TTFields)	
to	the	brain.	These	fields	interfere	with	cell	division	during	
metaphase	and	anaphase.	This	portable	device	was	
investigated	in	a	prospective,		randomized	clinical	phase	
III	trial	(n=237)	and	showed	that	NovoTTF-100A	was	
equivalent	in	efficacy	with	better	quality	of	life	and	lower	
toxicity	compared	to	active	chemotherapy	(including	
bevacizumab)	in	patients	with	recurrent	glioblastoma.	The	
device	has	been	approved	by	the	FDA	for	the	treatment	
of	recurrent	GBM	based	this	data.	

•We	performed	a	subgroup	analysis	using	a	Cox	
Proportional	Hazards	model	on	the	latest	update	of	the	
trial	database.	As	expected,	older	age,	biopsy	only,	larger	
tumor	size,	prior	bevacizumab	failure	and	lower	KPS	were	
associated	with	shorter	survival.		Interestingly,	in	certain	
subgroups	the	effect	of	NovoTTF-100A	appeared	superior	
to	that	of	cytotoxic	chemotherapy	and	bevacizumab.	
These	included	bevacizumab	failures	(n=44;	median	OS	=	
6	vs.	3.3	months	respectively,	p=0.01),	prior	low	grade	
gliomas	(n=21;	median	OS	=	25.3	vs.	7.7	months	
respectively,	p=0.049)	and	KPS=>80	(n=161;	median	OS	=	
7.9	vs.	6.1	months,	respectively,	p=0.045).	In	addition,	
higher	compliance	with	NovoTTF-100A	use	was	associated	
with	a	statistically	significant	increase	in	survival	(log	rank	
test	for	trends	p	=	0.039).	Patients	aged	<=60	years	used	
the	device	more	than	those	>60	years	of	age	(80%	vs.	74%	
compliance,	respectively,	p=0.043).	Accordingly,	patient	
aged	<=60	years	showed	a	survival	trend	in	favor	of	
NovoTTF-100A	compared	to	chemotherapy	(n=168;	
median	OS	=	7.4	vs.	6.2	months,	respectively,	p=0.063).

•In	conclusion,	this	post	hoc,	subgroup	analysis	suggests	
certain	patient	and	tumor	characteristics	which	may	be	
associated	with	better	response	to	NovoTTF-100A	
treatment.	These	results	should	be	viewed	as	hypothesis	
generating	analyses	to	guide	future	testing	of	this	novel	
treatment	modality.	

Andrew	A.	Kanner	(1),	Eric	T.	Wong	(2),	John	L.	Villano	(3),	Zvi	Ram	(1)	on	behalf	of	the	EF-11	investigators
(1)	Tel	Aviv	Sourasky Medical	Center,	Tel	Aviv,	Israel,	(2)	Beth	Israel	Deaconess	Medical	Center,	Boston,	MA,	USA,	(3)	UK	HealthCare,	Lexington,	KY,	USA

METHODS	AND	MATERIALS RESULTS

For	additional	information	please	contact:
Andrew	A.	Kanner,	MD
Director	of	Stereotactic	Radiosurgery	Service
Department	of	Neurosurgery
Tel	Aviv	SouraskyMedical	Center
andrewk@tlvmc.gov.il

CONCLUSIONS

Fig. 3: Overall survival comparison between NovoTTF
treatment and BPC 
chemotherapy in BEV naïve 
and BEV failure patients. In 
BEV failures median overall 
survival was 6.0 mo vs. 3.3 mo, 
respectively. HR = 0.43.  

Fig.	1:	Cox	Proportional	Hazards	Model	of	baseline	prognostic	
factors. p-values	(red	=	significant)

Fig.:	6:	Trend	in	overall	survival	K-M	curves	by	compliance	with	
NovoTTF	treatment.	Increased	compliance	was	
significantly	correlated	with	improvement	in	overall	
survival.

RESULTS
NovoTTF-100A (Novocure Ltd.) is a portable device 
delivering low intensity, anti-mitotic electric fields 
(NovoTTF Therapy) via disposable transducer arrays. 
The device has recently been approved by the FDA for 
the treatment of recurrent GBM based on data from a 
phase III study in recurrent GBM. Bevacizumab (BEV) is 
FDA approved based on non-controlled data for the 
treatment of the same indication. This presentation will 
describe a post-hoc sub-analysis of the phase III data of 
NovoTTF-100A monotherapy and will try to uncover 
which patient populations may benefit most from the 
device. In addition, the device patients will be compared 
to the patients in the control group who received BEV 
containing regimens.

Ø This	post-hoc	subgroup	analysis	suggests	certain	
patient	and	tumor	characteristics	which	may	be	
associated	with	better	response	to	NovoTTF-100A	
treatment.

Ø These	characteristics	include	younger	age,		prior	
diagnosis	of	low	grade	glioma,	better	performance	
status	and	better	compliance	with	NovoTTF-100A	
treatment.	

Ø In	addition,	patients	who	failed	BEV	appeared	to	
benefit	more	from	NovoTTF-100A	than	from	
chemotherapy.	

Ø Finally,	patients	randomized	to	receive	BEV	on	the	
control	arm	of	the	study	had	shorter	survival	times	than	
those	who	received	NovoTTF-100A.	

Ø These	results	should	be	viewed	as	hypothesis	
generating	analyses	to	guide	future	testing	of	this	novel	
treatment	modality.		
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In addition, higher compliance with NovoTTF-100A use 
was associated with a statistically significant increase in 
survival (log rank test for trends p = 0.039). Patients 
aged ≤60 years used the device more than those >60 
years of age (80% vs. 74% compliance, respectively, 
p=0.043). Patients > 60 years of age has a trend towards 
longer survival on NovoTTF (HR=0.74; p=0.0631).
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Median OS compliance <60% = 5.8 m (n=10)
Median OS compliance 60-79% = 6.0 m (n=33)
Median OS compliance 80-99% = 7.7 m (n=77)

Fig.	5:	Overall	survival	of	NovoTTF	patients	(n=120)	compared	to	
patients	on	BEV	containing	regimens	(n=36).	Median	overall	
survival	was	6.6	mo vs.	4.9	mon,	respectively.	HR	=	0.64.

Fig.	2:	Overall	survival	of	secondary	recurrent	GBM	
patients	(prior	low	grade	glioma). NovoTTF	treated	
n=12,	BPC	chemotherapy	treated		n=9.		Median	=	25.3	
mo vs.	7.7	mo,	respectively.	HR	=	0.31.
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Fig. 4: Overall survival in patients with KPS ≥ 80. NovoTTF 
treated n=83, BPC 
chemotherapy treated  n=77.  
Median survival = 7.9 mo vs. 
6.1 mo, respectively. HR = 
0.71.
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Reference: Stupp R, Wong ET, Kanner AA et al., NovoTTF-100A versus 
physician's choice chemotherapy in recurrent glioblastoma: a randomised 
phase III trial of a novel treatment modality. Eur J Cancer. 2012 
Sep;48(14):2192-202. 



































AVASTIN	FAILURES

• POST	HOC	ANALYSIS	OF	EF-11
• 44	PATIENTS:	23	TTF	AND	21	CHEMO
• MOS	6M	VRS	3.3



PANOVA

• UPFRONT	UNRESECTABLE	LOCALLY	ADVANCED	PANCREATIC	CANCER
• TTF		PLUS	GEMCITABINE	VRS	GEMCITOBINE	ALONE
• 20	PATIENTS
• PFS:	8.3	VRS	3.7m
• OS:	14.9	VRS	6.7M
• SURVIVAL	1	YEAR:	55%	VRS	22%
• PR:	30%	VRS	7%



PANOVA
COHORT	2

• UPFRONT	NAVALBINE/PACLITAXEL	+	TTF
• WELL	TOLERATED
• PFS	AND	SURVIVAL	1	YEAR	DOUBLE	PHASE	3	HISTORICAL	CONTROLS



INNOVATE

• OPEN	LABEL	SINGLE	ARM	PILOT	STUDY	IN	RECURRENT	OVARIAN	CA
• TTF	PLUS	WEEKLY	PACLITAXEL
• SAFE	AND	TOLERABLE
• PFS	DOUBLE	THAT	OF	RECENT	PHASE	3	HISTORICAL	CONTROL



NSCLC

• 43	STAGE	3B	AND	4
• PREMETRXED	500MG/M2	Q3W
• TTF
• ENDPOINTS:	IN	FIELD	PROGRESSION,	PFS
• IFP	28	W,	PFS	22	W
• PR:	14.6%		SD:	48.8%
• MOS	13.8M	(	5M	OVER	HISTORICAL	CONTORLS)	1YS	57%


