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Clinical	trials		failure
Ø Most	positive	phase	II	clinical	trials	with	combination	

therapy	fail	in	phase	III
Ø The	failure	is	partly	due	to	the	fact	that	not	sufficient	

forethought	is	given	to	the	interaction	that	may	take	place	
between	the	diverse	agents

Ø If	there	is	antagonism	between	the	two	agents,	how	
to	schedule	the	protocol	in	order	to	reduce	it	?

Ø How	reduce	negative	side-effect	without	
compromising	efficacy	of	treatment	?

Ø We	can	use	mathematical	models	and	
simulations	to	address	these	questions



The	mathematical	models	are	given	by	a	system	of	PDEs	in		the	
tumor	region,		and	the	tumor	boundary	is	a	free	boundary,	one	of	
the	unknown	of	the	problem

A	network	is	introduced	which	is		only		‘as	large	as	necessary’	
in	order		to	address	the	question

The	main	effort	is	then	to	estimate	the	parameters,	simulate	
the	model	and	perform	sensitivity	analysis

The	mathematics	involved	in	the	model

I	will	give	one	example	in	detail
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PD-1	is	a	receptor	on	T	cells	and	PD-L1	is	
a	ligand	on	tumor	cells	(and	also	on	T	
cells).	The	complex	PD-1	---PD-L1	blocks	
the	activities	of	the	T	cells;	anti-PD-1	is	
anti-cancer	drug

CTLA-4	is	a	receptor	on		T	cells	and	
B7		is	a	ligand	on	dendritic	cells.	
The	complex		CTLA-4	–B7	blocks	
the	activities	of	T	cells;	anti-CTLA-4	
is	anti-cancer	drug

T	cells	kill	cancer	cells	but	they	have	checkpoints	.	Checkpoint	inhibitor	drugs	are	
now	in	use	in	clinical	treatment	of	cancer



Oncolytic	virus	is	a	genetically	modified	virus	that	can	invade	cancer	
cells	but	not	normal	healthy	cells

When	the	virus-infected	cancer	cell	dies,	the	released	virus	
particles	proceed	to	infected	more	cancer	cells

Oncolytic	virus
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When	PD-L1	combine	with	PD-1	receptor	on	
effector	T	cells	,	the	T	cells	activity	is reduced

Anti-PD-1	is	anti-cancer	drug.					Oncolytic	
virus	is	also	used	as		anti-cancer	drug



T	cells	killing	of	infected	
cancer	cell	is	pro-cancer

Injection	of	virus	at	
successive	days



Vi	grows	
in	Ci



Inhibitio
by	Q



Anti-PD-1

Velocity	of	cells	

Injection	and	
depletion



Boundary	conditions









Methods	for	
estimating	
parameters	are	
explained,	with	
examples,	in	
Chapter	5	of	this	
recent	monograph



Control	case



Sensitivity	analysis



Qualitative	agreement	with	mice	models



Anti-PD-1	increases	the	killing	rate	by	T	cells	of	
cancer	cells,	including	those	infected	with	virus,	so	
this	may	not	necessarily	be	a	good	thing,	since	the	
virus	is	also	killing	cancer	cells

The	two	drugs,	anti-PD-1	and	oncolytic	
therapy	may	be	antagonistic:



Antagonism

We	marked	the	tumor	
volume	on	the	equi-
efficacy	curves

Efficacy



actually	increases	the	tumor	volume------
”more	is	not	always	better”

Conclusion
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𝛾Avoid	“zones	of	antagonism”:	for	some		values	of											
or	of	viral	growth	in	cancer	cells	𝜆 , an	increase	in	the	
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The	BET	family	proteins	perform	transcriptional	
regulatory	function		for	many	genes,	including	
oncogenes

For	this	reason,	BET	inhibitor	is		being	studied	in	
mice	experiments	as	anti-cancer	drug

BET	inhibitor



PNAS		June	2018



B7	on	dendritic	cells	combine	with	CTLA	on	effective	T	cell	to	block	toxic	T	cell	activity



Breast	cancer		in	mice



Cancer	treatment	may	give	rise	to	negative	
side	effects,		for	example,	to	increase	in	the	
inflammatory	cytokine	TNF	- alpha

Negative	side	effects





One	can	achieve	the	same	tumor	reduction	with	many	different		
amounts	of	BETi and	anti-CTLA-4	inhibitor,			but	the																																																				
best	choice	that	will	reduce TNF-alpha	(and	the	associated	gastro-
intestinal	reaction)	is	to	take	the	pair	with	the	smallest	BETi

Conclusion



An	example	with	three	drugs:	
changing	the	number	of	NK	cells	
in	the	cancer	tissue
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The	anti-tumor	efficacy	increases	when	the	endogenous	NK	
cells	are	depleted	or	when	exogenous	NK	cells	are	injected

This	was	established	by	mice	experiments	and,	
independently,	by	a	mathematical	model.



Final	conclusion

Before	starting	clinical	trials	with	two	or	more	
drugs,		a	thought	should	be	given	to	the	
possible	interaction	between	the	drugs


