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1  | INTRODUCTION

Surrogate	 endpoints	 offer	 both	 benefits	 and	 limitations	 in	 medi-
cine.1‒7	To	strengthen	inferences	from	surrogates,	interventions	are	
often	additionally	assessed	for	effects	on	clinical	endpoints.	Yet	clin-
ical	outcomes	may	not	always	offer	concrete	proof	of	efficacy.	For	
instance,	in	thrombotic	thrombocytopenic	purpura	(TTP),	a	drug	that	
increases	the	platelet	level	(surrogate)	may	also	result	in	fewer	days	
of	 plasmapheresis	 (clinical	 endpoint).	 In	 this	 case,	 improvement	 in	
the	clinical	endpoint	of	plasmapheresis	may	be	indirectly	influenced	
by	knowledge	of	changes	in	the	surrogate	endpoint,	that	is,	platelet	
levels.	Providers	may	cease	plasmapheresis	simply	upon	seeing	nor-
malized	platelet	levels,	and	thus	plasmapheresis	may	be	shorter,	but	
this	might	occur	in	the	absence	of	any	true	change	in	disease	biology.	
When	data	supporting	a	treatment	are	based	on	surrogate	endpoints	
and	 clinical	 endpoints	 that	 are	 contingent	 on	 knowledge	 of	 those	
surrogates,	we	cannot	definitively	determine	whether	the	interven-
tion	 is	 effective.	 In	 this	 commentary,	we	wish	 to	 separate	 clinical	
endpoints	that	may	be	mediated	by	surrogate	outcomes	from	those	
that	are	independent	of	it.	We	propose	that	clinical	endpoints	poten-
tially	effected	by	provider	interpretation	of	surrogate	endpoints	do	
not	offer	stronger	inference	about	interventions	compared	to	surro-
gate	endpoints	alone.

How	do	we	know	which	clinical	endpoints	are	mediated	by	pro-
vider	 interpretation	 of	 surrogate	 outcomes	 and	which	 are	 not?	 A	
simple	thought	experiment	can	clarify.	When	randomized	controlled	
studies	reach	positive	results,	imagine	what	would	occur	if	we	substi-
tute	the	experimental	drug	with	an	electronic	medical	record	(EMR)	
glitch	 that	 gives	 the	 appearance	 of	 improved	 surrogate	 outcomes	
in	patient	charts	 (with	no	treatment	differences	compared	to	con-
trol).	Imagine	what	the	effects	of	spurious	EMR	records	(the	glitch)	

might	be	on	the	clinical	outcomes	investigated	in	the	original	study.	
If	 outcomes	 could	be	 similar	 in	 the	 randomized	 trial	 and	 the	EMR	
glitch	thought	experiment,	 it	 is	 likely	 that	clinical	endpoints	would	
not	offer	independent	evidence	of	benefit.	We	offer	a	few	examples.

2  | CAPLACIZUMAB

The	HERCULES	trial	compared	the	effects	of	caplacizumab	to	pla-
cebo	on	normalization	of	platelet	count	in	patients	with	TTP.8	TTP	is	
a	blood	disorder	in	which	autoantibodies	block	the	von	Willebrand	
factor–cleaving	 protease	ADAMTS‐13,	 causing	 platelets	 to	 adhere	
to	uncleaved	von	Willebrand	factor	multimers	in	excess.	This	leads	
to	thrombocytopenia,	hemolytic	anemia,	and	eventually	multiorgan	
dysfunction,	 thromboembolic	 events,	 and	 death.9	 Plasmapheresis	
is	 used	 to	 remove	 autoantibodies	 from	 the	 blood	 and	 replenish	
ADAMTS‐13	enzymes.	Caplacizumab	was	developed	to	block	plate-
lets	from	adhering	to	von	Willebrand	factor	multimers	and	thereby	
prevent	microvascular	 thrombosis.	 In	 the	HERCULES	 trial,	 the	 ca-
placizumab	group	had	significantly	shorter	median	time	to	platelet	
count	normalization	(the	surrogate	endpoint)	compared	to	placebo	
(2.69	days	vs.	2.88	days).	Days	of	plasmapheresis	and	days	of	hos-
pitalization	(the	clinical	endpoints)	were	also	shorter	in	the	caplaci-
zumab	group,	and	TTP	recurrence	during	treatment	was	lower.

Normalization	 of	 platelet	 count	 (>150	 000	 platelets/mm3)	 is	
a	 common	 response	 criterion	 for	 patients	with	 TTP,	 and	 one	may	
equate	 quicker	 normalized	 platelet	 count	 to	 less	 thromboembolic	
events	and	death.	Yet	there	are	some	issues	with	this	assumption.	
First,	caplacizumab	does	not	change	the	underlying	biology	of	 the	
disease	(eg,	it	does	not	remove	or	attack	autoantibodies);	it	prevents	
platelet	adherence.	Second,	platelet	count	has	not	been	verified	as	
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an	effective	surrogate	 for	death	or	 thromboembolic	events	 in	 this	
setting.	 Instead	of	 powering	 their	 study	 to	determine	 caplacizum-
ab’s	effect	on	outcomes	such	as	death,	the	HERCULES	investigators	
powered	the	study	for	effects	on	platelets.

Let’s	apply	our	thought	experiment.	If	we	were	to	use	standard	
of	care	as	the	control	(like	HERCULES)	and	replace	caplacizumab	
with	an	EMR	glitch	that	adds	40	000	platelets/mm3	to	each	patient	
chart,	what	would	the	outcomes	look	like?	Providers	would	likely	
report	 improved	 time	 to	 normalization	 in	 the	 experimental	 arm,	
as	 every	 patient’s	 records	mistakenly	 received	 a	 boost	 in	 plate-
let	counts.	Due	to	this	misinformation,	providers	would	also	likely	
prescribe	less	plasmapheresis	and	discharge	these	patients	sooner.	
Endpoints	 such	 as	 thromboembolic	 events	 or	 mortality	 would	
likely	not	differ	significantly	between	groups,	as	there	was	no	bio-
logical	intervention	given	to	EMR	glitch	group	and	these	outcomes	
are	not	 influenced	by	 (incorrect)	numbers	on	a	 chart.	Moreover,	
the	EMR	glitch	 trial,	 paralleling	 the	HERCULES	 trial,	 is	not	pow-
ered	to	measure	those	outcomes.	Instead,	the	chosen	clinical	end-
points	were	days	of	plasmapheresis	and	hospitalization,	endpoints	
that	can	be	influenced	by	a	glitch	in	the	EMR	system	without	any	
biological	changes	present.	This	means	that	the	clinical	endpoints	
investigated	 in	 the	 trial	 could	be	mediated	by	provider	 interpre-
tation	of	the	surrogate,	and	provide	no	 independent	evidence	of	
benefit.	As	a	contrast,	 thromboembolic	events	and	mortality	are	
clinical	endpoints	that	would	have	been	uninfluenced	by	surrogate	
outcomes	or	provider	interpretation	of	surrogates	in	this	setting.	
In	the	case	of	HERCULES,	the	trial	was	not	designed	to	find	a	dif-
ference	in	these	endpoints.

3  | AVATROMBOPAG AND  
LUSUTROMBOPAG

Avatrombopag10	and	lusutrombopag11	are	2	thrombopoeitin	recep-
tor	 agonists	 whose	 US	 Food	 and	 Drug	 Administration	 approvals	
were	based	on	trials	with	platelet‐related	surrogate	outcomes.	Both	
drugs	are	indicated	for	patients	with	thrombocytopenia	and	chronic	
liver	disease	scheduled	to	undergo	procedures.	The	ADAPT	trials12 
and	L‐PLUS	 trials11	 investigated	avatombopag	and	 lusutrombopag,	
respectively,	 with	 the	 primary	 outcome	 of	 proportion	 of	 platelet	
transfusions.	The	trials	found	that	the	drugs	lowered	number	of	pro-
phylactic	platelet	transfusions	compared	to	placebo.

To	 prevent	 excess	 bleeding,	 guidelines	 recommend	 platelet	
transfusions	prior	to	surgery	for	patients	with	counts	<50	×	109/L.13 
Avatrombopag	and	lusutrombopag	work	to	increase	platelets,	and	it	
is	therefore	unsurprising	that	administering	these	drugs	led	to	fewer	
transfusions.	 Yet	 patients	 are	 given	 transfusions	 to	 prevent	major	
bleeding	events,	and	the	aforementioned	trials	were	not	powered	to	
investigate	this	clinically	important	endpoint.	The	ADAPT	trials	did	
not	demonstrate	 lower	 incidence	of	bleeding	 in	the	avatrombopag	
group,	a	limitation	acknowledged	in	their	discussion,	and	the	L‐PLUS	
trials	 have	 not	 yet	 published	 full	 results.	 The	 surrogate	 endpoint	
of	 platelet	 transfusion	 count	 is	 not	 validated	 from	past	 trials,	 and	

therefore	 investigating	 platelet	 transfusion	 as	 a	 primary	 outcome	
may	be	insufficient	in	determining	efficacy.

Consider	our	thought	experiment:	If	there	were	an	EMR	glitch	that	
increased	platelet	count	by	20	×	109/L	in	records	of	patients	random-
ized	to	the	experimental	group,	providers	would	likely	read	their	charts	
and	prescribe	fewer	platelet	transfusions	compared	to	placebo.	Platelet	
counts	would	appear	to	increase	(if	only	on	paper)	and	more	patients	
would	head	to	surgery	without	prophylactic	 transfusions.	To	parallel	
the	ADAPT	and	L‐PLUS	trials,	we	would	not	power	the	EMR	glitch	study	
to	measure	bleeding	complications,	and	therefore	could	not	determine	
if	our	EMR	glitch	improved	these	clinical	outcomes,	similar	to	the	above	
studies.	Again,	all	clinical	differences	in	the	trial	are	mediated	through	
the	surrogate’s	influence	on	provider	decision	making.	Whether	or	not	
there	was	a	mistake	in	patient	EMRs,	bleeding	complications	would	re-
main	the	same,	and	therefore	could	act	as	an	independent	clinical	out-
come.	On	the	other	hand,	rates	of	platelet	transfusions	are	influenced	
by	chart	numbers,	even	if	there	is	no	biological	intervention,	making	it	
susceptible	and	dependent	on	surrogate	outcomes.

4  | G‐CSF

Granulocyte	 colony‐stimulating	 factor	 (G‐CSF)	was	 approved	 as	 a	
prophylactic	 treatment	 after	 chemotherapy	 to	 decrease	 the	 inci-
dence	of	infection	due	to	febrile	neutropenia	in	patients	with	non-
myeloid	 malignancies.14	 Febrile	 neutropenia	 puts	 patients	 at	 risk	
of	 serious	 infections	 and	death	 if	 conditions	persist	 beyond	10	 to	
14	days.15	G‐CSF	is	indicated	for	chemotherapy	regimens	associated	
with	a	>20%	incidence	of	febrile	neutropenia,	based	on	a	trial	that	
found	that	G‐CSF	significantly	decreased	febrile	neutropenia	(tem-
perature	≥38.2°C	and	absolute	neutrophil	count	[ANC]	<1.0	×	109/L)	
in	patients	with	small‐cell	lung	cancer	compared	to	placebo.16 Overall 
use	of	antibiotics	and	days	of	hospitalization,	secondary	endpoints	in	
the	study,	were	also	found	to	be	less	in	the	G‐CSF	group.

Recombinant	 G‐CSF	 was	 developed	 to	 stimulate	 proliferation	
and	maturation	of	neutrophils,15	thereby	 lowering	rates	of	neutro-
penia.	While	G‐CSF	drugs	are	successful	in	reducing	febrile	neutro-
penia	 caused	 by	 chemotherapy,	 febrile	 neutropenia	 is	 a	 surrogate	
endpoint.	Without	verifying	ANC	as	an	appropriate	proxy	for	hard	
clinical	 endpoints	 such	 as	 serious	 infections,	 overall	 survival,	 and	
quality	of	life	(QOL),	the	surrogate	may	be	insufficient	in	determining	
the	clinical	efficacy	of	a	drug.	Furthermore,	low	neutrophil	count	is	
one	component	of	the	multifaceted	pathophysiology	leading	to	in-
fections	in	patients	receiving	chemotherapy.	Chemotherapy	affects	
gut	microflora,	mucosal	integrity,	and	other	aspects	of	the	immune	
system	that	defend	against	infections.15

If	we	were	to	conduct	a	thought	experiment	using	the	G‐CSF	trial	
design,	comparing	placebo	to	an	EMR	glitch	that	increased	records	of	
ANC	by	0.5	×	109/L,	results	would	likely	be	comparable.	The	primary	
endpoint	 of	 febrile	 neutropenia	would	 be	 less	 frequent	 in	 the	 EMR	
glitch	group,	as	ANC	(a	surrogate	endpoint)	would	automatically	be	in-
creased.	Due	to	reported	healthy	neutrophil	levels	in	the	experimental	
group’s	charts,	practitioners	would	likely	be	influenced	by	the	numbers	
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to	 reduce	 days	 on	 antibiotics	 and	 discharge	 patients	 earlier	 (clinical	
endpoints).	The	thought	experiment	would	not	be	designed	to	make	
any	claims	about	serious	infection,	overall	survival,	or	QOL,	similar	to	
the	G‐CSF	study,	but	because	there	 is	no	difference	 in	actual	 treat-
ments,	outcomes	would	likely	be	similar	across	groups.

As	 it	 turns	out,	EMR	glitches	and	G‐CSF	have	similar	effects	on	
independent	clinical	endpoints.	Various	meta‐analyses	found	that	G‐
CSF	 and	 granulocyte‐macrophage	 colony‐stimulating	 factor	 did	 not	
improve	 infection‐related	death,	QOL,	or	overall	 survival	 in	patients	
with	nonmyeloid	cancers	undergoing	chemotherapy.17‒19	ANC	counts	
and	reported	infections	were	found	to	be	lower,	but	this	did	not	trans-
late	to	reduced	days	of	hospitalization	or	duration	of	parental	antibi-
otic treatment.17	Endpoints	that	may	be	influenced	by	ANC	count	were	
improved	by	treatment,	but	patient‐centered,	independent	outcomes	
were	largely	the	same	compared	to	placebo	or	no	treatment.

5  | CONCLUSION

This	discussion	does	not	question	these	drugs’	abilities	 to	 interact	
upon	some	part	of	human	biology	or	 imply	 that	a	computer	glitch	
is	mimicking	their	effect.	Our	thought	experiment	instead	suggests	
that	the	effect	of	these	agents	on	the	chosen	clinical	endpoints	(days	
receiving	plasmapheresis,	transfusions,	days	on	antibiotics)	are	me-
diated	 through	 the	 provider’s	 knowledge	 of	 the	 surrogate	 and	 do	
not,	in	and	of	themselves,	offer	independent	evidence	favoring	clini-
cal	benefit.	We	still	lack	evidence	that	these	drugs	improve	patient	
health	and	well‐being.

One	must	 therefore	be	cautious	 interpreting	provider‐controlled	
clinical	 endpoints	 when	 a	 surrogate	 endpoint	 may	 affect	 their	 out-
come.	Novel	drugs	boast	tremendous	price	tags.	For	instance,	capla-
cizumab	is	priced	at	$270	000	for	treating	a	typical	TTP	episode.20 To 
be	certain	of	clinical	benefit,	we	must	study	the	effect	of	agents	on	
clinical	outcomes	uninfluenced	by	provider	interpretation	of	surrogate	
outcomes.	It	is	wrong	to	say	these	drugs	improved	the	surrogate	and 
accomplished	 another	 goal,	 but	 rather	 they	 improved	 the	 surrogate	
and, as a result, could have	yielded	the	same	conclusions.
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