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Cell	 culture	 studies	 show	 that	 high	 extracellular	 concentrations	 of	 ascorbate	 (vitamin	 C)	 –	
concentrations	 	achievable	within	the	body	by	high-dose	 intravenous	 infusions	of	sodium	ascorbate	-	
have	the	potential	to	selectively	kill	cancer	cells	by	inducing	severe	oxidative	stress.1-3		By	analyzing	the	
molecular	mechanisms	responsible	for	this	effect,	Oasis	of	Hope	has	developed	a	complex	regimen	for	
high-dose	intravenous	ascorbate	therapy	of	cancer	that	defines	the	state-of-the-art.4	

It	has	often	been	observed,	 in	 rodent	 studies	or	 clinical	 experience,	 that	 concentrations	of	ascorbate	
sufficient	to	effectively	kill	cancer	cells	in	cell	culture	have	a	less	effective	impact	on	tumors	exposed	to	
these	 same	 concentrations.5,	 6	 	 Recent	 studies	 clarify	 that	 the	 low	 oxygen	 levels	 (hypoxia)	
characteristically	found	in	parts	of	most	tumors	may	be	the	key	reason	for	this	relative	resistance.7		Two	
factors	may	be	involved.	 	In	the	extracellular	space	of	tumors,	ascorbate	reacts	with	molecular	oxygen	
to	generate	hydrogen	peroxide;	 this	hydrogen	peroxide	then	seeps	 into	tumor	cells,	where	 it	 induces	
oxidative	stress	and	cell	death.2	 	 It	stands	to	reason	that	the	reaction	between	ascorbate	and	oxygen	
will	be	somewhat	less	rapid	when	tumor	oxygen	levels	are	very	low.	 	But	low	tumor	oxygen	levels	also	
lead	 to	 increased	 tumor	 levels	 of	 the	 protein	 hypoxia-inducible	 factor-1alpha	 (HIF-1alpha),	 and	 this	
protein	is	now	known	to	protect	cancer	cells	from	the	killing	action	of	hydrogen	peroxide.7	 	While	it	is	
not	yet	entirely	clear	why	this	happens,	 it	 is	 reasonable	to	suspect	that	HIF-1alpha	works	to	decrease	
oxidant	production	within	the	cancer	cells	themselves4	–	an	effect	which	protects	cancer	cells	from	the	
hydrogen	peroxide	generated	by	ascorbate.	

One	measure	which	Oasis	of	Hope	uses	to	counteract	an	increase	in	HIF-1alpha	levels	is	administration	
of	 the	anti-diabetic	drug	metformin;	 this	can	be	expected	to	slow	the	synthesis	of	 this	protein	within	
cancer	 cells.8,	 9	 	 But	 HIF-1alpha	 levels	 can	 also	 be	 suppressed	 by	 increasing	 the	 oxygenation	 of	 the	
tumor;	when	tumors	are	adequately	oxygenated,	HIF-1alpha	is	rapidly	degraded.10			As	noted,	increased	
tumor	oxygenation	might	also	aid	ascorbate’s	capacity	to	generate	hydrogen	peroxide.	

To	 boost	 tumor	 oxygenation	 prior	 to	 and	 during	 i.v.	 high-dose	 ascorbate	 therapy,	 Oasis	 of	 Hope	
employs	the	venerable	cardiovascular	drug	pentoxifylline.		This	drug	is	chiefly	used	for	the	treatment	of	
intermittent	claudication,	a	condition	in	which	poor	blood	flow	to	leg	muscle	leads	to	severe	pain	during	
walking.	 	Pentoxifylline	remedies	this	problem	by	improving	blood	flow	to	the	legs.11,	12	 	 It	does	so	by	
exerting	 a	 range	 of	 effects	 that	 enable	 blood	 and	 red	 blood	 cells	 to	 flow	 more	 easily	 through	 the	
microcirculation.13-19	 	Pentoxifylline	makes	blood	plasma	flow	more	easily	by	reducing	blood	viscosity;	
in	part,	this	reflects	lower	blood	levels	of	the	protein	fibrinogen,	a	major	contributor	to	blood	viscosity.		
Pentoxifylline	also	makes	the	membranes	of	red	blood	cells	and	white	blood	cells	more	flexible,	so	that	
they	can	offer	less	resistance	to	flow	as	they	pass	through	narrow	capillaries.			

By	 the	 same	 principle,	 pentoxifylline	 therapy	 can	 make	 it	 easier	 for	 blood	 to	 flow	 through	 tumors.		
Tumor	 blood	 flow	 is	 often	 reduced	 because	 the	 vascular	 system	 of	 tumors	 tends	 to	 be	 chaotic	 and	
irregular,	 offering	 increased	 resistance	 to	 blood	 flow.20	 	 Numerous	 rodent	 studies,	 and,	 to	 a	 more	



limited	 extent,	 clinical	 studies,	 have	 shown	 the	 pre-treatment	 with	 pentoxifylline	 can	 boost	 tumor	
blood	flow	and	increase	oxygen	levels	in	poorly-oxygenated	regions	of	a	tumor.21-30		These	studies	have	
been	 pursued	 primarily	 in	 an	 effort	 to	 make	 tumors	 more	 sensitive	 to	 radiotherapy,	 which	 is	 less	
effective	 for	 killing	 cancer	 cells	 in	 low-oxygen	 regions	 of	 tumors.	 	 Oasis	 of	 Hope	 has	 adapted	 this	
principle	for	use	with	 i.v.	high-dose	ascorbate	therapy,	which	 likewise	 is	more	effective	at	killing	well-
oxygenated	cancer	cells.			

In	doses	traditionally	used	for	treating	 intermittent	claudication,	pentoxifylline	 is	completely	safe	and	
usually	well	tolerated,	although	GI	upset	is	sometimes	reported.			

.			
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