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Abstract
Background: N8-	GP	(turoctocog	alfa	pegol;	Esperoct)	is	a	glycoPEGylated	human	re-
combinant	factor	VIII	(FVIII).
Objectives: Pathfinder8	 (NCT01480180)	was	 a	 phase	 3,	multinational,	 open-	label,	
nonrandomized	trial	to	investigate	the	long-	term	safety	and	efficacy	of	N8-	GP	in	peo-
ple	of	all	ages	with	severe	hemophilia	A	previously	treated	with	N8-	GP.
Patients/Method: Patients	were	recruited	from	the	completed	phase	3	pathfinder2	
and	pathfinder5	trials	to	receive	intravenous	N8-	GP	prophylaxis	for	up	to	104	weeks,	
administered	every	7	days,	twice	weekly,	or	three	times	weekly.	Primary	and	second-
ary	end	points	were	 the	number	of	 adverse	events	 (AEs)	 reported	and	efficacy	of	
treatment,	respectively.
Results: Overall,	160	patients	were	exposed	to	N8-	GP	for	a	mean	of	179	exposure	
days	and	681	calendar	days	(≈1.9	years)	per	patient.	In	total,	119	patients	experienced	
510	AEs,	corresponding	to	a	rate	of	1.71	AEs	per	patient-	year	of	exposure;	97.5%	of	
AEs	were	mild	or	moderate	 in	severity,	and	no	AEs	 led	 to	withdrawal.	No	patients	
developed	 FVIII	 inhibitors	 during	 the	 trial.	 The	 Poisson	 estimate	 of	 mean	 annual-
ized	bleeding	rate	for	all	bleeds	(excluding	surgery)	and	across	all	regimens	was	1.10	
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Essentials

•	 A	total	of	160	people	with	hemophilia	A	were	recruited	from	pathfinder2	or	pathfinder5	into	pathfinder8.
•	 In	pathfinder8,	510	adverse	events	occurred	in	119	patients;	no	patients	developed	FVIII	inhibitors.
•	 Most	(55.6%)	patients	had	no	bleeds;	estimated	annualized	bleeding	rate	was	1.10	(all	bleeds).
•	 Long-	term	prophylactic	use	of	N8-	GP	appeared	safe	and	efficacious	across	all	age	groups.

1  |  INTRODUC TION

People	with	severe	hemophilia	A	typically	experience	spontaneous	
recurrent	bleeds	 that	may	 lead	 to	chronic	hemophilic	arthropathy,	
pain,	and	 immobility	 if	not	 treated	adequately.1	Clotting	 factor	 re-
placement	therapy	to	prevent	and	treat	bleeds	remains	a	mainstay	
of	 treatment,	 and	extended	half-	life	 (EHL)	 recombinant	 factor	VIII	
(rFVIII)	concentrates	can	reduce	treatment	burden,	compared	with	
standard	half-	life	factor	VIII	(FVIII)	molecules.1,2

N8-	GP	(turoctocog	alfa	pegol)	is	an	EHL	human	rFVIII	produced	
by	glycoPEGylation	on	the	truncated	B-	domain	of	turoctocog	alfa.3 
Its	 safety	 and	 efficacy	 have	been	demonstrated	 in	 the	 pathfinder	
clinical	 trial	 program,	 which	 includes	 >1000	 patient-	years	 of	 ex-
posure	(excluding	pathfinder8)	and	a	total	of	270	patients	treated,	
some	for	>6	years.4-	6	Pathfinder2	 (NCT01480180)	was	a	phase	3,	
multinational,	 open-	label	 trial	 evaluating	N8-	GP	 in	 186	previously	
treated	 adolescents	 or	 adults	 (age	 ≥12	 years)	 with	 severe	 hemo-
philia	 A.	During	 the	main	 phase	 of	 pathfinder2,	 patients	 received	
prophylaxis	with	50	IU/kg	N8-	GP	adminstered	every	4	days	(Q4D;	
n	=	175)	or	only	on-	demand	treatment	of	bleeds	(n	=	12).6,7	During	
the	extension	phase,	most	patients	continued	to	receive	Q4D	pro-
phylaxis,	although	patients	with	a	low	bleeding	rate	could	switch	to	
75	IU/kg	N8-	GP	once	weekly	(Q7D).	By	the	trial	end,	patients	had	
received	N8-	GP	for	up	to	6.6	years	(median,	5.4	years).6	Pathfinder5	
(NCT01731600)	 was	 a	 phase	 3,	 multinational,	 open-	label,	 single-	
arm	trial	of	68	previously	treated	pediatric	patients	(age	<12	years),	
comprising	 a	 main	 phase	 and	 an	 extension	 phase.	 Patients	 re-
ceived	60	 IU/kg	N8-	GP	prophylaxis	 twice	weekly	 (BIW)	 for	up	 to	
5.4	years.8	Patients	previously	enrolled	in	pathfinder2	or	pathfinder5	
were	eligible	to	enroll	in	pathfinder8	(NCT03528551),	an	extension	
trial	evaluating	the	long-	term	safety	and	efficacy	of	N8-	GP	in	pre-
viously	N8-	GP–	treated	people	(all	ages)	with	severe	hemophilia	A.

2  |  METHODS

2.1  |  Patients and trial design

Pathfinder8	was	 a	 phase	 3,	multicenter,	multinational,	 open-	label,	
nonrandomized,	 interventional	 trial.	 It	 was	 conducted	 between	
April	30,	2018	(first	patient	first	visit)	and	December	3,	2020	(last	
patient	last	visit)	and	in	accordance	with	the	Declaration	of	Helsinki9 
and	 the	 International	Conference	on	Harmonization	Good	Clinical	
Practice,10	 including	 archiving	 of	 essential	 documents	 and	 the	US	
Food	and	Drug	Administration	Code	of	Federal	Regulations	(21	CFR	
312.120).11

Males	with	severe	congenital	hemophilia	A	(FVIII	activity	<1%)	
and	ongoing	participation	in	pathfinder2	or	pathfinder5	(at	the	time	
of	transfer)	could	enroll	 in	pathfinder8	only	 if	 they	were	willing	to	
follow	one	of	the	defined	N8-	GP	prophylaxis	regimens	and	were	ca-
pable	of	assessing	and	treating	a	bleed	at	home.	People	with	known	
hypersensitivity	to	N8-	GP,	with	any	disorder	other	than	hemophilia	
that	might	jeopardize	safety	or	compliance,	or	those	participating	in	
a	clinical	trial	other	than	pathfinder2	or	pathfinder5	were	excluded.

2.2  |  Treatment

Patients	 were	 recruited	 from	 pathfinder2	 and	 pathfinder5	 to	
receive	 intravenous	 N8-	GP	 (turoctocog	 alfa	 pegol;	 Esperoct®; 
Novo	Nordisk	A/S)	 prophylaxis	 dosed	Q7D,	BIW,	or	 three	 times	
weekly	 (TIW).	BIW	and	TIW	regimens	were	 introduced	to	 inves-
tigate	 the	safety	and	efficacy	of	N8-	GP	using	alternative	dosing	
to	 Q4D	 prophylaxis.	 Treatment	 allocation	 by	 the	 investigator	
was	based	on	previous	regimen	and	bleeding	tendency.	The	Q7D	
regimen	 (75	 IU/kg	 bodyweight	 [BW])	 was	 available	 upon	 entry	

(median,	0.00),	 and	 for	 spontaneous	bleeds	was	0.61	 (median,	0.00).	Most	 (55.6%)	
patients	experienced	no	bleeds	that	 required	FVIII	 treatment	 (excluding	periopera-
tive	bleeds).	The	estimated	hemostatic	success	rate	for	the	treatment	of	322	bleeding	
episodes	(excluding	surgery)	was	95.8%,	including	missing	values	as	failure.
Conclusions: Long-	term	 prophylactic	 use	 of	 N8-	GP	 appeared	 safe	 and	 efficacious	
across	 all	 age	 groups	 in	 people	 with	 severe	 hemophilia	 A	 previously	 treated	 with	
N8-	GP.

K E Y W O R D S
factor	VIII,	hemophilia	A,	prophylaxis,	safety,	turoctocog	alfa	pegol
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into	 pathfinder8	 for	 patients	 who	 received	 Q7D	 prophylaxis	 or	
on-	demand	 treatment	 in	 pathfinder2.	 BIW	 prophylaxis	 (dos-
ing	 alternately	 every	 3	 and	 4	 days)	 was	 administered	 at	 50	 IU/
kg	BW	(patients	aged	≥12	years)	or	60	 IU/kg	BW	(patients	aged	
<12	years).	Patients	receiving	TIW	prophylaxis	(dosing	every	2,	2,	
and	3	days)	received	N8-	GP	at	50	IU/kg	BW	(all	ages).	All	children	
aged	<12	years	received	BIW	or	TIW	prophylaxis.	Patients	could	
switch	 to	BIW	or	TIW	at	 the	 investigator’s	discretion.	For	 treat-
ment	of	bleeds,	doses	of	20	 to	75	 IU/kg	BW	were	administered	
at	 the	 investigator’s	discretion,	depending	on	bleed	 location	and	
severity.	 Single	doses	were	not	 to	exceed	75	 IU/kg	BW	and	 the	
total	daily	dose	was	not	to	exceed	200	IU/kg	BW.	For	major	sur-
gery,	patients	 received	N8-	GP	 (20-	75	 IU/kg	BW)	before,	during,	
and	after	surgery.

The	total	 treatment	duration	 in	pathfinder8	was	104	weeks.	A	
1-	month	follow-	up	period	after	treatment	end	was	applicable	to	pa-
tients	who	developed	an	inhibitor	or	discontinued	N8-	GP	due	to	lack	
of	hemostatic	effect	or	anaphylaxis.

A	 post	 hoc	 subgroup	 analysis	was	 performed	 to	 investigate	 if	
annualized	bleeding	 rate	 (ABR)	 changed	 in	 patients	who	 switched	
from	Q4D	 to	 BIW	 prophylaxis	when	moving	 from	 pathfinder2	 to	
pathfinder8.	This	subgroup	was	selected	for	 investigation	because	
it	 contained	 the	greatest	number	of	patients	 switching	 regimen	 in	
pathfinder8.

2.3  |  Objectives, end points, and assessments

The	primary	end	point	was	the	number	of	adverse	events	(AEs)	re-
ported.	All	AEs	were	considered	 treatment	emergent	because	pa-
tients	had	received	N8-	GP	in	previous	trials.	AEs	were	assessed	with	
regard	to	seriousness,	severity,	causality,	and	final	outcome.	Serious	
adverse	events	(SAEs)	and	nonserious	AEs	of	special	interest	(AESIs)	
were	followed	up	until	resolution,	stabilization,	or	if	the	event	was	
otherwise	explained	(eg,	chronic	condition)	or	the	patient	was	lost	to	
follow-	up.	Bleeds	were	not	reported	as	AEs/SAEs,	unless	they	were	
life	 threatening	 and/or	 evaluated	by	 the	 investigator	 as	 related	 to	
N8-	GP.	Definitions	of	AEs	and	SAEs	are	included	in	Table	S1.

Incidence	of	FVIII	 inhibitors	was	a	secondary	safety	end	point.	
A	patient	was	considered	to	have	developed	an	inhibitor	if	two	sep-
arate	samples	tested	positive	(defined	as	≥0.6	Bethesda	Units	[BU],	
using	 the	Nijmegen	modified	 FVIII	 Bethesda	 assay)	 at	 the	 central	
laboratory,	preferably	with	<2	weeks	between	tests.	Any	single	pos-
itive	test	was	reported	as	an	AESI.	The	patient	was	considered	inhib-
itor	negative	if	the	second	(confirmatory)	inhibitor	test	was	negative.

Secondary	efficacy	end	points	 included	the	number	of	 treated	
bleeds	 (including	 spontaneous	 bleeds)	 on	 prophylaxis,	 hemostatic	
effect	of	N8-	GP	for	treatment	of	bleeds	and	during	major	surgery	
(assessed	 on	 a	 four-	point	 scale:	 “excellent,”	 “good,”	 “moderate,”	
and	 “none”),	 number	of	N8-	GP	 injections	 required	per	bleed,	pre-
dose	FVIII	activity	 levels	on	prophylaxis	 (IU/dL),	consumption,	and	
change	in	joint	health	status,	and	treatment	satisfaction.	Definitions	
of	bleeds	and	hemostatic	effect	for	treatment	of	bleeds	and	during	

major	surgery	are	reported	in	Tables	S2	to	S4,	respectively.	FVIII	ac-
tivity	was	measured	with	a	validated	chromogenic	assay	(Coatest	SP	
FVIII	assay	 [Chromogenix,	Florham	Park,	NJ,	USA]	on	 the	BCS	XP	
analyzer	[Siemens	Healthineers	AG,	Erlangen,	Germany].	Joint	sta-
tus	was	 assessed	using	 the	Hemophilia	 Joint	Health	Score	 (HJHS;	
Toolkit	2.1).	Target	joints	were	defined	as	a	joint	with	≥3	spontaneous	
bleeds	within	a	consecutive	period	of	6	months.	Target	joints	were	
considered	 resolved	when	 there	had	been	no	spontaneous	bleeds	
in	 the	 joint	 for	 12	 months.	 Treatment	 satisfaction	 was	 measured	
using	the	Hemo-	SAT	Adults	questionnaire	(patients	aged	≥17	years).	
Hemo-	SAT	domain	scores	ranged	from	0	to	100,	with	lower	scores	
indicating	greater	treatment	satisfaction;	the	Hemo-	SAT	total	score	
was	calculated	from	changes	in	the	other	six	domain	scores.

Exploratory	 end	 points	 included	 incidence	 of	 anti–	N8-	GP	 and	
anti–	polyethylene	 glycol	 (PEG)	 antibodies.	 A	 radioimmunoassay	
using	radiolabeled	N8-	GP	was	used	for	measuring	antibodies	against	
N8-	GP	 and	 validated	 according	 to	 guidelines12-	15;	 a	 test	 was	 per-
formed	on	 positive	 samples	 for	 anti–	N8-	GP	binding	 antibodies	 to	
identify	 if	the	antibodies	could	cross-	react	with	endogenous	FVIII.	
Measurement	 of	 PEG	 in	 plasma	 was	 performed	 using	 an	 explor-
atory	assay	developed	in	accordance	with	the	European	Medicines	
Agency	guideline	on	bioanalytical	method	validation.16	Routine	lab-
oratory	measures	and	vital	signs	were	assessed.

For	the	post	hoc	subgroup	analyses,	change	in	ABR	was	assessed	
in	patients	who	had	an	ABR	>1	while	on	Q4D	prophylaxis	in	path-
finder2,	to	indicate	treatment	response	following	initiation	of	BIW	
prophylaxis	in	pathfinder8.	The	threshold	of	ABR	>1	was	chosen	to	
reflect	the	median	ABR	of	0.84	observed	with	Q4D	prophylaxis	in	
the	pathfinder2	end-	of-	trial	results.6

2.4  |  Statistical analyses

All	patients	enrolled	were	included	in	the	safety	analysis	set	(SAS).	
All	patients	exposed	to	≥1	N8-	GP	dose	in	pathfinder8	were	included	
in	 the	 full	 analysis	 set.	 For	 end	 points	 based	 on	 bleeding	 episode	
data,	only	bleeds	treated	with	N8-	GP	were	included.

ABR	of	treatment-	requiring	bleeds	was	estimated	by	a	Poisson	
regression	 model	 with	 logarithmic	 prophylaxis	 duration	 as	 offset	
and	 allowing	 for	 overdispersion.	 Poisson	 regression	 models	 were	
applied	 separately	 for	each	 regimen,	 and	estimated	ABR	was	pre-
sented	with	 a	 two-	sided	95%	confidence	 interval	 (CI).	Hemostatic	
response	for	treatment	of	bleeds	and	during	major	surgery	were	as-
sessed	on	a	 four-	point	 scale;	 responses	of	excellent	or	good	were	
recorded	as	success,	and	those	of	moderate,	none,	or	missing	as	fail-
ure	 (Tables	 S3,S4).	Hemostatic	 success	 rates	were	 estimated	with	
95%	CI	using	logistic	regression,	with	age	group	included	as	a	factor	
and	accounting	for	repeated	measures	within	each	patient	assuming	
compound	symmetry	working	correlation	(equal	variances	and	equal	
covariances).	 Modeling	 was	 performed	 separately	 for	 each	 treat-
ment	 regimen.	A	Wilcoxon	 signed-	rank	 test	was	 used	 to	 evaluate	
whether	 changes	 in	Hemo-	SAT	 score	were	 statistically	 significant	
(P <	.05).
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Measurements	of	FVIII	predose	(trough)	activity	were	excluded	
if	postdose	activity	was	lower	(or	equal	to)	predose	activity,	if	plasma	
samples	were	 defrosted	 during	 transit,	 if	 the	 samples	were	 taken	
<7	days	since	 the	 last	 treated	bleed,	or	 if	 the	dose	was	not	 taken	
within	2	days	of	the	planned	window.	FVIII	activity	data	before	the	
fourth	prophylaxis	dose	were	excluded	for	each	switch	in	treatment	
regimen.	A	mixed	model	on	 logarithmic	plasma	activity	 levels	was	
used	to	estimate	mean	predose	FVIII	activity,	with	age	as	a	factor	
and	patient	as	a	random	effect.

3  |  RESULTS

3.1  |  Patients

In	total,	160	patients	from	25	countries	were	enrolled	and	exposed	
to	 N8-	GP	 during	 pathfinder8	 (102	 patients	 from	 pathfinder2;	 58	
from	pathfinder5).	Of	these,	25	started	the	trial	with	Q7D	prophy-
laxis,	133	with	BIW,	and	2	with	TIW	(Figure	1).	Six	patients	switched	
regimen	during	the	trial,	16	withdrew,	and	144	 (90.0%)	completed	
the	trial.	Baseline	characteristics	are	presented	in	Table	1.

Patients	were	exposed	to	N8-	GP	for	a	mean	of	179	(range,	30-	
312)	 exposure	days	 (EDs)	 and	681	 (range,	 137-	862)	 calendar	days	
per	patient	across	all	regimens,	corresponding	to	a	cumulative	total	
of	28	698	EDs	and	time	in	trial	of	298	years.	The	longest	duration	
of	 exposure	 to	 N8-	GP	 observed	 in	 the	 pathfinder	 program	 was	
≈8.4	 years,	 comprising	 6.3	 years	 in	 pathfinder2	 and	 2.1	 years	 in	
pathfinder8.

3.2  |  Safety

From	the	SAS	(n	=	160),	119	patients	experienced	510	AEs	(Table	2),	
corresponding	 to	a	 rate	of	1.71	AEs	per	patient-	year	of	 exposure.	
Most	(97.5%)	AEs	were	mild	or	moderate	in	severity.	Thirteen	AEs	
in	13	patients	were	reported	as	severe.	The	most	common	AEs	were	
upper	respiratory	tract	infection	(n	=	33	events),	epistaxis	(n	=	30),	
nasopharyngitis	(n	=	26),	and	arthralgia	(n	=	15).	Eight	(1.6%)	of	510	
AEs	were	evaluated	as	probably	or	possibly	 related	 to	N8-	GP.	No	
AEs	led	to	withdrawal.

Nineteen	 (11.9%)	 patients	 had	 22	 SAEs;	 3	 SAEs	 of	 seizures	
occurred	 in	3	patients,	 two	of	which	were	evaluated	as	probably/
possibly	 related	 to	N8-	GP.	A	12-	year-	old	patient	with	a	history	of	
cognitive	disorder	and	prior	intracranial	hemorrhage	was	diagnosed	
with	 seizure,	 hospitalized,	 and	 treated.	A	16-	year-	old	patient	with	
no	history	of	seizure	or	cognitive	disorders	experienced	a	seizure;	
the	brain	computed	tomography	(CT)	scan,	neurologic	examination,	
magnetic	resonance	imaging,	cardiac	evaluation,	and	electroenceph-
alogram	 results	were	without	 any	abnormal	 findings.	A	9-	year-	old	
patient	with	no	history	of	seizure	or	cognitive	disorders	experienced	
a	 seizure	 after	 an	 unwitnessed	 fall;	 the	 head	CT	 scan	 showed	 no	
evidence	of	bleeding;	the	event	was	assessed	as	unlikely	related	to	
N8-	GP.	 Following	 the	 seizure	 events,	 all	 three	 patients	 continued	
N8-	GP	treatment,	with	no	reoccurrences	of	seizure	reported.	One	
fatal	event	of	malignant	melanoma	occurred,	which	was	assessed	as	
unlikely	related	to	N8-	GP.

No	 FVIII	 inhibitors	 (≥0.6	 BU)	 were	 reported.	 One	 patient	
(BIW	 prophylaxis)	 tested	 positive	 for	 cross-	reacting	 anti–	N8-	GP	

F I G U R E  1 Participant	flow.	*Two	patients	switched	from	Q7D	to	BIW	regimen	and	five	patients	switched	from	BIW	to	TIW,	including	
one	patient	who	switched	regimen	twice	(ie,	from	Q7D	to	BIW,	and	then	from	BIW	to	TIW).	†16	patients	withdrew	from	the	trial	due	to	
withdrawal	by	patient	(n	=	7),	withdrawal	by	parent/guardian	(n	=	5),	protocol	deviation	(n	=	3),	lost	to	follow-	up	(n	=	1);	no	patient	withdrew	
from	the	trial	due	to	AEs.	AE,	adverse	event;	BIW,	twice	weekly;	PPX,	prophylaxis;	Q4D,	every	4	days;	Q7D,	once	weekly;	TIW,	three	times	
weekly

Q7D PPX

Initiated: 25
Completed: 23
Withdrawals: 0

BIW PPX

Initiated: 133
Completed: 114
Withdrawals: 16†

TIW PPX

Initiated: 2
Completed: 7

Withdrawals: 0

Q7D PPX
n = 23

On-demand
n=3

Q4D PPX
n=71

BIW PPX
n=5

BIW PPX
n=58

pathfinder2, (≥12 years)
Exposed: 186

Completed: 113
Continuing: 102

pathfinder5,
(<12 years)

Exposed: 68
Completed: 62
Continuing: 58

Originator

trials

pathfinder8,

(all ages)

n=23 n=2 n=1 n=71 n=4 n=1n=1 n=57

n=2* n=5*
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antibodies	 (visits	 1,	 3,	 5	 and	7);	 the	 patient’s	 antibody	 test	 at	 the	
end-	of-	treatment	visit	was	negative.	Nine	patients	had	anti-	PEG	an-
tibodies	during	the	trial	 (five	were	positive	at	baseline;	four	devel-
oped	antibodies	during	the	trial);	these	patients	continued	to	receive	
N8-	GP	prophylaxis;	none	experienced	AEs	or	decreased	FVIII	activ-
ity	related	to	anti-	PEG	antibodies.	There	was	no	consistent	pattern	
to	 the	 incidence	of	PEG	antibodies	 and,	 in	 general,	 no	 increase	 in	

PEG	plasma	concentration	in	relation	to	EDs	during	the	trial	across	
all	regimens	(Figure	S1).

No	 significant	medical	 or	 safety	 concerns	were	 identified,	 and	
no	safety	issues	observed	with	laboratory	or	vital	signs	parameters.	
Overall,	there	were	no	apparent	differences	in	the	AE	and	SAE	rates	
among	the	three	prophylaxis	regimens,	nor	in	the	safety	profiles	be-
tween	pediatric	and	adult	patients	(data	not	shown).

Prophylaxis dose frequency

TotalQ7D BIW TIW

Number	of	patients 25 135 7 160

Mean	(SD)	age	at	baseline,	y 35.1	(12.7) 27.3	(16.8) 25.3	(17.8) 28.4	(16.4)

Age	groups,	n	(%)

0-	11	y 0	(0) 29	(21.5) 1	(14.3) 29	(18.1)

12-	17	y 0	(0) 28	(20.7) 3	(42.9) 29	(18.1)

≥18	y 25	(100) 78	(57.8) 3	(42.9) 102	(63.8)

Race,	n	(%)

Asian 3	(12) 17	(12.6) 1	(14.3) 21	(13.1)

Black	or	African	American 1	(4) 4	(3) … 5	(3.1)

White 21	(84) 110	(81.5) 6	(85.7) 130	(81.3)

Other … 1	(0.7) … 1	(0.6)

NA … 3	(2.2) … 3	(1.9)

Number	of	patients	with	
baseline	target	joints

2 3 … 5

Number	of	target	joints 4 3 … 7

Abbreviations:	BIW,	twice	weekly;	NA,	not	available;	Q7D,	once	weekly;	SD,	standard	deviation;	
TIW,	three	times	weekly.

TA B L E  1 Demographics	and	baseline	
characteristics

TA B L E  2 Adverse	events

Prophylaxis dose frequency

TotalQ7D BIW TIW

Number	of	patients 25 135 7 160

Total	risk	time,	ya 46.20 241.37 8.30 298.37

All	adverse	events,	n	(%)	E	[R] 17	(68.0)	58	[1.26] 101	(74.8)	444	[1.84] 4	(57.1)	8	[0.96] 119	(74.4)	510	[1.71]

Serious	adverse	events,	n	(%)	E	[R] 4	(16.0)	7	[0.15] 15	(11.1)	15	[0.06] … 19	(11.9)	22	[0.08]

Adverse	events	by	severity,	n	(%)	E	[R]

Mild 13	(52.0)	39	[0.84] 88	(65.2)	358	[1.48] 3	(42.9)	5	[0.60] 101	(63.1)	402	[1.35]

Moderate 9	(36.0)	18	[0.39] 44	(32.6)	74	[0.31] 2	(28.6)	3	[0.36] 55	(34.4)	95	[0.32]

Severe 1	(4.0)	1	[0.02] 12	(8.9)	12	[0.05] … 13	(8.1)	13	[0.04]

Adverse	event	by	outcome,	n	(%)	E	[R]

Fatal … 1	(0.7)	1	[0] … 1	(0.6)	1	[0]

Adverse	event	by	relationship,	n	(%)	E	[R]

Related	adverse	events 1	(4.0)	1	[0.02] 4	(3.0)	7	[0.03] … 5	(3.1)	8	[0.03]

AEs	leading	to	withdrawal,	n	(%)	E	[R] … … … …

Abbreviations:	%,	percentage	of	patients	with	AE;	AE,	adverse	event;	BIW,	twice	weekly;	E,	number	of	adverse	events;	N,	number	of	patients	with	
adverse	event;	Q7D,	once	weekly;	R,	number	of	adverse	events	per	patient-	years	of	risk	time	(E/total	risk	time);	TIW,	three	times	weekly.
aTotal	risk	time:	the	cumulative	sum	of	time	spent	in	the	trial	(from	the	time	of	informed	consent	at	trial	entry	to	the	end	of	the	trial)	for	all	patients.	
All	AEs	are	considered	treatment	emergent.	Patients	may	be	summarized	under	more	than	one	treatment	category	if	they	switched	regimen	during	
the	trial;	however,	AEs	are	only	represented	under	the	treatment	where	they	occurred.
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3.3  |  Prevention of bleeding episodes

All	160	patients	received	prophylaxis;	89	(55.6%)	had	no	treatment-	
requiring	 bleeds	 during	 the	 trial	 (excluding	 perioperative	 bleeds).	
Poisson	estimates	of	mean	ABRs	for	patients	on	Q7D,	BIW,	or	TIW	
prophylaxis	were	2.65,	0.78,	and	1.69,	respectively.	The	Poisson	es-
timate	of	mean	ABR	for	all	bleeds	(excluding	surgery)	and	across	all	
regimens	was	1.10	 (95%	CI,	 0.62-	1.95),	with	 a	median	ABR	of	 0.0	
(interquartile	range	[IQR]:	0.0-	1.0)	(Table	3).	Of	all	160	patients,	120	
(75.0%)	had	no	spontaneous	bleeds	that	required	treatment	during	
the	trial.	The	Poisson	estimate	of	mean	and	median	ABR	for	spon-
taneous	bleeds	across	all	regimens	was	0.61	(95%	CI,	0.24-	1.53)	and	
0.0	(IQR,	0.0-	0.2),	respectively.

A	subgroup	analysis	was	performed	 in	71	patients	who	 transi-
tioned	from	Q4D	prophylaxis	in	pathfinder2	(mean	[standard	devia-
tion	(SD)]	treatment	duration,	5.3	[0.8]	years)	to	BIW	in	pathfinder8	
(mean	 [SD]	 treatment	 duration,	 1.8	 [0.5]	 years).	 In	 this	 subgroup,	
patients	who	had	higher	ABRs	on	Q4D	prophylaxis	 in	pathfinder2	
demonstrated	a	more	marked	reduction	in	ABR	following	transition	
to	BIW	prophylaxis	compared	with	patients	who	had	lower	ABRs	in	
pathfinder2	(Figure	2).	Of	these	71	patients,	30	(42.3%)	had	a	mean	
ABR	>1	while	on	Q4D	treatment	(mean	[SD]	ABR	for	these	30	pa-
tients	in	pathfinder2,	3.78	[3.38]).	Most	(27/30;	90.0%)	patients	with	

an	 ABR	>1	 in	 pathfinder2	 demonstrated	 an	 improvement	 in	 ABR	
following	transition	to	BIW	prophylaxis	in	pathfinder8,	with	a	mean	
(SD)	change	in	ABR	of	–	2.72	(2.9);	3	of	the	30	patients	demonstrated	
an	increase	in	ABR,	with	a	mean	(SD)	change	in	ABR	of	2.67	(2.4).	Of	
the	71	patients	in	this	subgroup,	41	(57.7%)	had	a	mean	ABR	≤1	while	
on	Q4D	treatment	(mean	[SD]	ABR	for	these	patients	in	pathfinder2,	
0.34	[0.33]).	Following	transition	to	BIW	prophylaxis	in	pathfinder8,	
the	mean	(SD)	change	in	ABR	was	–	0.11	(0.61).

Among	 the	 71	 patients	 in	 this	 subgroup,	 45	 (63.4%)	 had	 no	
bleeds	on	Q4D	prophylaxis	during	the	last	year	of	pathfinder2.	Due	
to	withdrawal,	completion	of	the	study,	or	switching	to	a	different	
dosing	regimen,	61	patients	remained	in	this	subgroup	in	the	second	
year	of	pathfinder8,	of	whom	47	(77.0%)	had	no	bleeds	while	on	BIW	
prophylaxis.

3.4  |  Treatment of bleeding episodes

In	total,	72	patients	(45.0%)	experienced	327	bleeds	during	the	trial.	
The	 estimated	 success	 rate	 for	 the	 treatment	 of	 322	 bleeding	 epi-
sodes	(excluding	5	bleeds	during	surgery)	was	95.8%,	including	missing	
values	recorded	as	 failure	 (Table	4).	Most	 (54.7%)	of	 the	327	bleeds	
were	spontaneous;	the	most	frequent	location	of	bleeds	was	the	joint	

TA B L E  3 Annualized	bleeding	rate

Prophylaxis dose frequency

TotalQ7D BIW TIW

Number	of	patients 25 135 7 160

Mean	treatment	period,	y 1.84 1.77 1.19 1.83

Annualized	bleeding	rate,	all	bleedsa

Patients	with	bleeds,b	n	(%) 9	(36.0) 61	(45.2) 3	(42.9) 71	(44.4)

Patients	without	treatment-	requiring	
bleeds,b	n	(%)

16	(64.0) 74	(54.8) 4	(57.1) 89	(55.6)

Number	of	bleedsb 122c 186 14 322c

Median	ABR	(IQR) 0.00	(0.00-	1.47) 0.00	(0.00-	1.00) 0.00	(0.00-	1.56) 0.00	(0.00-	1.00)

Poisson	estimate	of	mean	ABR	(95%	CI) 2.65c	(0.64-	10.98) 0.78	(0.55-	1.10) 1.69	(0.64-	4.44) 1.10	(0.62-	1.95)

ABR,	spontaneous	bleedsa

Patients	with	bleedsb,	n	(%) 9	(36.0) 29	(21.5) 3	(42.9) 40	(25.0)

Patients	without	treatment-	requiring	
bleedsb,	n	(%)

16	(64.0) 106	(78.5) 4	(57.1) 120	(75.0)

Number	of	bleedsb 98 73 8 179

Median	ABR	(IQR) 0.00	(0.00-	0.94) 0.00	(0.00-	0.00) 0.00	(0.00-	1.56) 0.00	(0.00-	0.23)

Poisson	estimate	of	ABR	(95%	CI) 2.13	(0.41-	10.95) 0.31	(0.18-	0.52) 0.96	(0.48-	1.94) 0.61	(0.24-	1.53)

Abbreviations:	ABR,	annualized	bleeding	rate;	BIW,	twice	weekly;	CI,	confidence	interval;	IQR,	interquartile	range;	Q7D,	once	weekly;	TIW,	three	
times	weekly.
aFor	patients	withdrawing	prematurely,	the	planned	treatment	duration	was	used;	for	completers,	the	actual	treatment	duration	was	used.	Missing	
diary	period	and	surgery	period	was	excluded	when	relevant.
bExcluding	five	bleeds	during	surgery.
cOne	patient	in	the	Q7D	regimen	experienced	92	bleeds	(in	part	possibly	due	to	difficulty	in	distinguishing	between	bleed-	related	pain	and	joint	pain);	
the	Q7D	prophylaxis	regimen	was	retained	at	the	request	of	the	patient.
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(66.7%);	the	location	of	bleeds	did	not	appear	to	differ	among	prophy-
laxis	regimens.	Of	327	bleeds,	325	(99.4%)	were	classified	as	mild	or	
moderate,	and	2	joint	bleeds	were	classified	as	severe.	A	total	of	309	
(94.5%)	bleeds	were	resolved	with	1	to	2	N8-	GP	infusions.	The	mean	
(SD)	number	of	injections	to	treat	a	bleed	was	1.4	(1.1).	The	estimated	
hemostatic	success	rate	appeared	similar	across	three	prophylaxis	reg-
imens,	ranging	from	95.3%	(95%	CI,	88.9-	98.1)	for	BIW	prophylaxis	to	
100%	for	Q7D	and	TIW	prophylaxis.	One	patient	on	Q7D	prophylaxis	
experienced	 92	 treated	 bleeds:	 Despite	 this	 high	 number,	 the	Q7D	
regimen	was	continued	at	the	patient’s	request.

3.5  |  Surgery

Of	160	patients,	12	(7.5%)	underwent	17	major	surgeries,	which	in-
cluded	the	following	procedures:	knee	prosthesis	(n	=	2),	right	ankle	
replacement	(n	=	1),	cholecystectomy	(n	=	2),	arthrotomy	and	total	
knee	insert	replacement	(n	=	1),	hip	replacement	(n	=	1),	right	ankle	
arthrodesis	 (n	=	 1),	 tonsillectomy/adenoidectomy	 (n	=	 1),	 laparos-
copy/laparotomy	(n	=	1),	tonsillectomy	(n	=	1),	arthrotomy	(n	=	1),	
ulnar	nerve	decompression	(n	=	1),	intraoral	lesion	excision	(n	=	2),	
circumcision	 (n	=	1),	and	 laparoscopic	hernia	repair	 (n	=	1).	Of	the	
17	surgeries,	hemostatic	response	was	rated	as	excellent	for	11	and	
good	 for	 5;	 for	 the	 remaining	 surgery,	 the	 response	was	missing.	
The	 estimated	hemostatic	 success	 rate	 of	N8-	GP	during	 all	major	
surgeries	was	93.6%	(95%	CI,	64.7-	99.2),	including	the	missing	value	
recorded	as	failure.

3.6  |  Joint health

There	were	five	patients	with	a	total	of	seven	target	joints	at	path-
finder8	baseline.	By	the	trial	end,	three	of	them	had	≥1	baseline	tar-
get	 joint	 resolved,	and	two	of	 these	three	patients	had	all	baseline	
target	joints	resolved.	During	the	trial,	two	patients	on	BIW	prophy-
laxis	 and	one	patient	on	TIW	prophylaxis	who	did	not	have	 target	
joints	at	baseline	developed	new	target	 joints;	target	 joints	did	not	
resolve	for	the	two	patients	on	BIW	prophylaxis,	but	were	resolved	
in	the	patient	on	TIW	prophylaxis.	One	patient	with	baseline	target	
joints	who	received	Q7D	prophylaxis	developed	one	new	target	joint.

The	mean	(SD)	changes	in	total	score	from	the	HJHS	from	visit	
1	to	end	of	treatment	 in	patients	on	Q7D	(n	=	21),	BIW	(n	=	112),	
and	TIW	prophylaxis	(n	=	2)	were,	respectively,	0.238	(7.75),	–	0.116	
(7.40)	 and	 –	10.0	 (14.1).	Mean	 (SD)	 change	 in	 total	 score	 from	 the	
HJHS	for	all	patients	(n	=	139,	including	four	patients	who	switched	
regimen)	was	–	0.173	 (7.47),	with	 the	decrease	 in	score	denoting	a	
reduction	in	symptom	severity.

3.7  |  Consumption

The	mean	annual	consumption	rate	of	N8-	GP	for	prophylaxis	per	
patient	per	year	 for	 the	 respective	Q7D,	BIW,	and	TIW	regimen	
were	3878	IU/kg,	5320	IU/kg,	and	7646	IU/kg	(Table	5).	The	mean	
doses	 for	 prophylaxis	 and	 treatment	 of	 bleeds	 are	 reported	 in	
Table	5.

F I G U R E  2 Change	in	ABR	in	subgroup	of	patients	who	transitioned	from	Q4D	prophylaxis	(pathfinder2)	to	BIW	treatment	(pathfinder8).	
Scatterplot	including	LOWESS	curve	(fitted	in	SAS	with	proc	sgplot)	to	examine	possible	trends	present	in	the	change	in	ABR	in	the	subgroup	
of	patients	who	transitioned	from	Q4D	prophylaxis	in	pathfinder2	to	BIW	prophylaxis	in	pathfinder8	(n	=	71),	in	relation	to	ABR	outcomes	
in	pathfinder2.	A	negative	trend	was	observed,	whereby	patients	with	a	higher	ABR	on	Q4D	prophylaxis	in	pathfinder2	demonstrated	larger	
reductions	in	the	ABR	on	BIW	prophylaxis	during	pathfinder8.	(Note:	no	randomized	control	group	was	available	for	statistical	comparison	
in	the	subgroup	analyses	to	evaluate	causality	of	the	observed	reductions	in	ABR.	Furthermore,	allowance	should	be	made	for	regression	to	
the	mean	when	interpreting	results.)	Coloring	denotes	bleed	outcomes	for	this	subgroup	in	pathfinder8	(ie,	blue	dot	indicates	patients	who	
experienced	a	bleed	in	pathfinder8;	red	dot	indicates	patients	who	did	not	experience	a	bleed	in	pathfinder8).	ABR,	annualized	bleeding	rate;	
BIW,	twice	weekly;	LOWESS,	locally	weighted	scatterplot	smoothing;	Q4D,	every	4	days
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3.8  |  FVIII activity

The	mean	(95%	CI)	predose	(trough)	FVIII	activity	was	0.016	(0.011-	
0.023)	IU/mL,	0.042	(0.035-	0.049)	IU/mL,	and	0.049	(0.018-	0.133)	
IU/mL	for	patients	on	Q7D,	BIW,	or	TIW	prophylaxis,	respectively.	
The	predose	(trough)	FVIII	activity	levels	differed	as	expected	in	re-
sponse	to	increasing	dosing	frequency.

3.9  |  Treatment satisfaction

For	 the	subgroup	of	patients	who	transitioned	 from	Q4D	prophy-
laxis	in	pathfinder2	to	BIW	prophylaxis	in	pathfinder8,	a	significant	
reduction	in	total	Hemo-	SAT	Score	(P <	.05)	was	observed	from	the	
start	of	pathfinder2	to	the	end	of	pathfinder8,	which	was	contrib-
uted	 to	by	 all	 domains.	A	 significant	 reduction	 in	 total	Hemo-	SAT	

Score	 (P <	 .05)	was	also	demonstrated	between	the	start	and	end	
of	 pathfinder8	 for	 this	 subgroup	 of	 patients	 on	 BIW	 prophylaxis	
(Figure	3).

4  |  DISCUSSION

Pathfinder8	was	a	phase	3	trial	investigating	the	safety	and	efficacy	
of	N8-	GP	 for	prophylaxis	and	 treatment	of	bleeds	 in	people	of	all	
ages	with	 severe	 hemophilia	 A	who	were	 previously	 treated	with	
N8-	GP.	Patients	were	enrolled	from	pathfinder2	and	pathfinder5	to	
receive	up	to	104	weeks	of	treatment	in	pathfinder8.	Long-	term	N8-	
GP	prophylaxis	demonstrated	a	good	safety	profile	across	all	ages,	
with	 an	 average	 of	 1.71	AEs	 per	 patient-	year	 of	 exposure	 and	 no	
patients	developing	FVIII	inhibitors.	N8-	GP	demonstrated	high	rates	
of	 hemostatic	 success	 for	 treatment	 of	 bleeds	 and	major	 surgery,	

TA B L E  4 Details	of	bleeding	episodes	and	hemostatic	response	to	N8-	GP

Prophylaxis dose frequency

TotalQ7D BIW TIW

Number	of	patients 25 135 7 160

Patient	with	bleeds,	n	(%) 10	(40) 61	(45.2) 3	(42.9) 72	(45)

Bleeding	episodes,	n	(%) 123	(100)a 190	(100) 14	(100) 327	(100)a

Cause	of	bleed,	n	(%)

Spontaneous 98	(79.7) 73	(38.4) 8	(57.1) 179	(54.7)

Traumatic 24	(19.5) 113	(59.5) 6	(42.9) 143	(43.7)

Surgical 1	(0.8) 4	(2.1) … 5	(1.5)

Location	of	bleed,	n	(%)

Joint 88	(71.5) 120	(63.2) 10	(71.4) 218	(66.7)

Muscular 10	(8.1) 24	(12.6) 2	(14.3) 36	(11)

Skin 22	(17.9) 31	(16.3) 2	(14.3) 55	(16.8)

Mouth,	gums	or	nose 2	(1.6) 10	(5.3) … 12	(3.7)

Other 1	(0.8) 5	(2.6) … 6	(1.8)

Classification	of	bleed,	n	(%)

Mild	or	moderate 123	(100) 188	(98.9) 14	(100) 325	(99.4)

Severe … 2	(1.1) … 2	(0.6)

Haemostatic	response	for	treatment	of	bleeds	(excluding	surgery)

Patients	with	bleeds,	n	(%) 9	(36) 61	(45.2) 3	(42.9) 71	(44.4)

Number	of	bleeds,	n	(%) 122	(100) 186	(100) 14	(100) 322	(100)

Excellent 114	(93.4) 94	(50.5) 8	(57.1) 216	(67.1)

Good 8	(6.6) 80	(43) 6	(42.9) 94	(29.2)

Moderate 0	(0) 4	(2.2) 0	(0) 4	(1.2)

None 0	(0) 0	(0) 0	(0) 0	(0)

Missing 0	(0) 8	(4.3) 0	(0) 8	(2.5)

Success,	n	(%)	(including	missing	as	failure) 122	(100) 174	(93.5) 14	(100) 310	(96.3)

Success	rateb	(95%	CI),	(including	missing	as	failure) 100 95.3	(88.9-	98.1) 100 95.8	(89.8-	98.4)

Abbreviations:	BIW,	twice	weekly;	CI,	confidence	interval;	Q7D,	once	weekly;	TIW,	three	times	weekly.
aOne	patient	in	the	Q7D	regimen	experienced	92	bleeds	(in	part	possibly	due	to	difficulty	in	distinguishing	between	bleed-	related	pain	and	joint	pain);	
the	Q7D	prophylaxis	regimen	was	retained	at	the	request	of	the	patient.
bAnalyzed	using	logistic	regression	accounting	for	repeated	measures	within	patient.
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and	was	 effective	 for	 bleed	prevention	 across	 different	 regimens.	
Overall,	55.6%	of	patients	had	no	 treatment-	requiring	bleeds,	 and	
75.0%	had	no	spontaneous	bleeds	during	the	trial	(excluding	bleeds	
during	surgery).

In	 pathfinder8,	 there	 were	 no	 apparent	 differences	 in	 the	 in-
cidence	of	AEs	or	SAEs	between	each	prophylaxis	 regimens,	 indi-
cating	 that	 long-	term	 N8-	GP	 prophylaxis	 was	 well	 tolerated.	 No	
patients	developed	FVIII	inhibitors,	which	is	consistent	with	the	low	
rate	of	inhibitor	development	in	pathfinder2	and	pathfinder5,6,8	and	
similar	to	findings	reported	in	previously	treated	patients	following	
long-	term	 treatment	 with	 other	 EHL	 molecules,	 including	 efmo-
roctocog	 alfa	 (Eloctate),17	 rurioctocog	 alfa	 pegol	 (Adynovate),18 or 

damoctocog	alfa	pegol	(Jivi).19,20	In	pathfinder8,	anti-	PEG	antibodies	
were	 not	 associated	with	AEs,	 and	 in	 general	 the	 plasma	 concen-
tration	of	PEG	did	not	increase	over	time,	which	is	consistent	with	
results	for	other	PEGylated	FVIII	molecules.19,21,22	The	AEs	of	infec-
tions	and	neurological	events	have	been	observed	in	previous	stud-
ies	of	people	with	hemophilia.23-	25

The	hemostatic	success	rates	observed	for	treatment	of	bleeds	
(95.8%)	and	major	surgery	 (93.5%)	were	similar	 to	 those	observed	
for	bleeds	in	pathfinder2	(83.2%)6	and	pathfinder5	(81.6%).8	These	
results	compare	with	hemostatic	responses	for	treatment	of	bleeds	
with	other	EHL	FVIII	molecules,	including	efmoroctocog	alfa	(≥73%	
of	first	infusions	for	the	treatment	of	acute	bleeds	rated	as	excellent/

TA B L E  5 Consumption	of	N8-	GP

Prophylaxis dose frequency

TotalQ7D BIW TIW

Number	of	patients 25 135 7 160

Mean	(SD)	consumption	for	treatmenta 
per	patient,	IU/kg/y

4050	(468.5) 5424	(559.1) 7740	(710.9) 5220	(828.1)

Mean	(SD)	consumption	for	prophylaxis	
per	patient,	IU/kg/y

337.5	(39.0) 452.0	(46.6) 645.0	(59.2) 435.0	(69.0)

Average	prophylaxis	dose

Number	of	prophylaxis	doses 2381 24434 1195 28013

Mean	(range)	prophylaxis	dose,	IU/kg 75.2	(53.9-	84.3) 52.7	(43.8-	75.5) 52.1	(51.2-	54.0) 55.9	(43.8-	84.3)

Average	dose	for	treatment	of	bleed

Number	of	patients 10 61 3 72

Number	of	bleeds 123 190 14 327

Mean	(range)	dose	for	treatment	of	
bleed,	IU/kg/bleed

91.3	(25.9-	325.0) 81.9	(29.7-	375.0) 61.1	(52.0-	74.6) 83.0	(25.9-	375.0)

Abbreviations:	BIW,	twice	weekly;	Q7D,	once	weekly;	SD,	standard	deviation;	TIW,	three	times	weekly.
aConsumption	used	for	treatment	includes	all	doses	given.

F I G U R E  3 Mean	change	from	baseline	to	end	of	treatment	in	total	Hemo-	SAT	Adult	Scores	for	the	subgroup	of	patients	who	transitioned	
from	Q4D	prophylaxis	in	pathfinder2	to	BIW	prophylaxis	in	pathfinder8.	*P <	.05	for	change	in	score	using	Wilcoxon	signed-	rank	test.	
Change	in	total	Hemo-	SAT	Adult	Scores	are	reported	from	pathfinder2	trial	baseline	to	end	of	treatment	in	pathfinder8	(blue	bars;	n	=	64),	
and	from	pathfinder8	trial	baseline	to	end	of	treatment	in	pathfinder8	(red	bars;	n	=	65).	Two	patients	who	ended	pathfinder2	on	Q4D	
prophylaxis	received	on-	demand	treatment	at	the	beginning	of	pathfinder2.	BIW,	twice	weekly;	EoT,	end	of	trial
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good),17	rurioctocog	alfa	pegol	(88.6%	excellent/good	response	for	
hemostatic	 efficacy),18	 and	 damoctocog	 alfa	 pegol	 (87.4%	 hemo-
static	response	in	pediatric	patients).20

In	total,	five	patients	had	target	joints	at	baseline;	for	three	pa-
tients	≥1	 target	 joints	 resolved;	of	 these,	 two	patients	had	all	 tar-
get	 joints	 resolved.	The	mean	change	 in	HJHS	for	all	patients	was	
–	0.17,	 indicating	 that	N8-	GP	maintained	 and	marginally	 improved	
joint	health.	Maintenance	of	 joint	health	over	 time	with	 long-	term	
prophylaxis	 is	 consistent	 with	 findings	 observed	 with	 other	 EHL	
molecules.17,18,26

Poisson	 estimate	 of	mean	ABR	 for	 overall	 bleeds	with	N8-	GP	
was	1.10,	which	was	 comparable	 to	pathfinder5	 (ABR,	1.08),8	 but	
slightly	lower	than	pathfinder2	(ABR	for	Q4D	prophylaxis,	2.14;	ABR	
for	Q7D	prophylaxis,	 1.31).6	 The	 trend	 for	 reduction	 in	ABR	over	
time	between	pathfinder2	and	pathfinder8	may	in	part	be	attributed	
to	the	more	frequent	prophylaxis	regimen	administered	to	most	pa-
tients	during	pathfinder8,	effectively	converting	patients	to	a	milder	
bleeding	phenotype.	The	reduction	may	also	be	due	to	patients	re-
ceiving	 long-	term	regular	prophylaxis,	as	observed	with	other	EHL	
FVIII	molecules	whereby	ABR	decreased	over	time	between	the	tri-
al’s	main	 and	 extension	 phases.17-	19,27	Median	ABR	 in	 pathfinder8	
(0.0)	 was	 consistent	 with	 long-	term	 studies	 of	 efmoroctocog	 alfa	
(median	ABR,	<1.0),17	rurioctocog	alfa	pegol	(1.62),18	and	damocto-
cog	alfa	pegol	(1.49).19

The	post	hoc	subgroup	analysis	exploring	the	effect	of	transi-
tioning	from	Q4D	prophylaxis	 in	pathfinder2	to	BIW	prophylaxis	
in	pathfinder8	indicated	that	patients	with	an	ABR	>1	with	Q4D	
prophylaxis	had	a	more	marked	reduction	in	ABR	following	tran-
sition	to	BIW	prophylaxis	compared	with	patients	who	had	lower	
ABRs	in	pathfinder2.	Most	patients	with	an	ABR	>1	with	Q4D	pro-
phylaxis	demonstrated	a	reduction	in	ABR	following	transition	to	
BIW	prophylaxis.	These	 results	 suggest	 that	 although	 treatment	
with	Q4D	prophylaxis	 is	effective	for	most	patients,	there	might	
be	a	small	proportion	of	patients	for	whom	transitioning	to	BIW	
prophylaxis	 could	 improve	 efficacy	 outcomes.	 These	 findings	
support	World	 Federation	 of	Haemophilia	 recommendations	 for	
individualization	 of	 prophylaxis	 based	 on	 bleeding	 phenotype.1 
However,	because	of	the	lack	of	a	control	group	and	the	nonran-
domized	trial	design,	the	cause	of	ABR	reduction	is	undefined,	and	
could	be	attributed	to	the	change	in	prophylaxis	regimen,	the	lon-
ger	duration	of	prophylaxis,	or	regression	toward	the	mean,	among	
other	 factors.	Most	 patients	 in	 this	 subgroup	 responded	well	 to	
Q4D	 prophylaxis,	 and	 63%	were	without	 bleeds	 during	 the	 last	
year	of	pathfinder2.	Most	patients	with	no	bleeds	on	Q4D	prophy-
laxis	in	pathfinder2	continued	to	have	no	bleeds	on	BIW	prophy-
laxis	 in	pathfinder8,	while	 a	 few	patients	experiencing	bleeds	 in	
pathfinder2	were	without	bleeds	in	pathfinder8.	An	improvement	
in	treatment	satisfaction	was	observed	in	this	subgroup,	despite	a	
small	increase	in	infusion	frequency.

One	limitation	of	the	trial	is	the	lack	of	baseline	joint	status	data	
from	pathfinder2.	This	parameter	is	crucial	for	assessing	joint	health	
before	treatment	initiation;	the	lack	of	data	may	limit	the	ability	to	
draw	conclusions	 about	 change	 in	 joint	 health	over	 time.	Another	

limitation	is	the	potential	for	sampling	bias	because	patients	enrolled	
in	the	trial	were	those	who	had	received	N8-	GP	treatment	previously	
and	were	likely	already	responding	well	to	treatment.	Additionally,	
the	relatively	 low	number	of	patients	who	received	Q7D	and	TIW	
prophylaxis	may	 limit	 the	ability	 to	draw	definitive	conclusions	re-
garding	 the	 long-	term	 safety	 and	 efficacy	 of	 these	 regimens	with	
N8-	GP.	Finally,	in	the	post	hoc	analysis,	no	control	group	was	avail-
able	 because	 all	 patients	 on	 Q4D	 prophylaxis	 in	 pathfinder2	 had	
transitioned	to	other	dosing	regimens	(primary	BIW	prophylaxis)	in	
pathfinder8,	as	per	the	study	design.

5  |  CONCLUSION

Previously	N8-	GP–	treated	people	of	all	ages	with	severe	hemophilia	
A	from	pathfinder2	and	pathfinder5	were	enrolled	to	receive	up	to	
104	weeks	of	N8-	GP	prophylaxis	 in	pathfinder8,	with	 the	 longest	
observed	duration	of	exposure	across	pathfinder2	and	pathfinder8	
of	≈8.4	years.	Long-	term	prophylactic	use	of	N8-	GP	appeared	to	be	
safe	across	all	age	groups	in	people	with	severe	hemophilia	A,	with	
none	developing	inhibitors	against	FVIII.	N8-	GP	demonstrated	high	
rates	of	 successful	hemostatic	 response	 for	 treatment	of	bleeding	
episodes	 and	major	 surgery.	 It	was	 effective	 for	 bleed	prevention	
across	different	prophylaxis	 regimens,	with	the	majority	of	people	
experiencing	no	 spontaneous	bleeds	 that	 required	 treatment	over	
the	 entire	 duration	 of	 the	 trial.	 Data	 from	 the	 pathfinder8	 trial	
demonstrated	that	 long-	term	N8-	GP	appeared	to	be	safe	and	was	
efficacious	for	previously	treated	people	of	all	ages	with	severe	he-
mophilia	A.

ACKNOWLEDG MENTS
The	trials	were	sponsored	by	Novo	Nordisk	A/S	(Bagsværd,	Denmark).	
The	 authors	 thank	 all	 the	participants,	 their	 families,	 investigators,	
and	 trial	 staff	who	were	 involved	 in	 the	 trial.	Medical	writing	 and	
editorial	support	 in	preparation	of	the	manuscript	was	provided	by	
James	McCary,	BSc	(AXON	Communications,	London,	UK).

REL ATIONSHIP DISCLOSURE
SL	has	received	grants,	consulting	fees,	and	support	for	the	present	
manuscript	from	Novo	Nordisk.	KK	has	received	payment	of	hono-
raria	for	lectures,	presentations,	speakers’	bureaus,	manuscript	writ-
ing,	or	educational	events	from	Bayer,	CSL	Behring,	Novo	Nordisk,	
Pfizer,	Roche,	and	Takeda;	and	has	 received	support	 for	attending	
meetings	 from	Novo	Nordisk,	 Pfizer,	 and	 Roche.	 RK	 has	 received	
grants	 from	Bayer,	 CSL	Behring,	 and	 Leo	Pharma;	 consulting	 fees	
from	 Bayer,	 BioMarin,	 CSL	 Behring,	 Novo	 Nordisk,	 Octapharma,	
Pfizer,	 Roche/Chugai,	 Sanofi,	 SOBI,	 and	 Takeda;	 and	 payment	 of	
honoraria	 for	 lectures,	 presentations,	 speakers’	 bureaus,	 manu-
script	writing,	or	educational	events	from	Bayer,	BioMarin,	Biotest,	
CSL	 Behring,	 Daiichi	 Sankyo,	 Grifols,	 Leo	 Pharma,	 Novo	 Nordisk,	
Octapharma,	 Pfizer,	 Roche/Chugai,	 Sanofi,	 SOBI,	 Shire/Takeda,	
and	 uniQure.	MM	 has	 received	 consultancy	 fees	 and	 support	 for	
attending	meetings	from	Novo	Nordisk;	and	payment	or	honoraria	



    |  11 of 12LENTZ ET aL.

for	 lectures,	 presentations,	 speakers’	 bureaus,	 manuscript	 writ-
ing,	or	educational	events	from	Novartis.	AN	has	received	support	
for	the	present	manuscript	 from	Novo	Nordisk;	grants	from	Bayer	
and	 Takeda;	 consulting	 fees	 from	Chugai	 and	 Takeda;	 payment	 of	
honoraria	for	lectures,	presentations,	speakers’	bureaus,	manuscript	
writing,	 or	 educational	 events	 from	 Bayer,	 Chugai,	 CSL	 Behring,	
Fujimoto,	 JB	 Chemicals	 and	 Pharmaceuticals,	 KM	Biologics,	 Novo	
Nordisk,	Pfizer,	Sanofi,	and	Takeda;	has	participated	on	an	advisory	
board	for	Bayer	and	Takeda;	and	has	had	a	 leadership	or	fiduciary	
role	for	the	Japanese	Society	on	Thrombosis	and	Hemostasis.	AT	has	
received	 payment	 of	 honoraria	 for	 lectures,	 presentations,	 speak-
ers’	 bureaus,	 manuscript	 writing,	 or	 educational	 events	 from	 CSL	
Behring,	Novo	Nordisk,	Roche,	and	Werfen;	and	has	received	sup-
port	for	attending	meetings	from	Novo	Nordisk.	PJ	and	MZ	are	em-
ployees	and	shareholders	of	Novo	Nordisk.	LN	has	received	support	
for	the	present	manuscript	from	Novo	Nordisk;	consulting	fees	from	
Bayer,	CSL	Behring,	Novo	Nordisk,	and	SOBI;	payment	of	honoraria	
for	lectures,	presentations,	speakers’	bureaus,	manuscript	writing,	or	
educational	events	from	Bayer,	CSL	Behring,	Novo	Nordisk,	Pfizer,	
SOBI,	and	Takeda;	support	for	attending	meetings	from	Bayer,	Novo	
Nordisk,	Octapharma,	and	Takeda;	and	has	participated	in	advisory	
boards	for	Bayer,	CSL	Behring,	Novo	Nordisk,	SOBI,	and	Takeda.

AUTHOR CONTRIBUTIONS
All	authors	made	substantial	contributions	to	conception	and	design,	
acquisition	of	data,	or	analysis	and	interpretation	of	data;	took	part	
in	drafting	the	article	or	revising	 it	critically	for	 important	 intellec-
tual	content;	gave	final	approval	of	the	version	to	be	published;	and	
agree	to	be	accountable	for	all	aspects	of	the	work.

DATA AVAIL ABILIT Y S TATEMENT
Data	sets	from	Novo	Nordisk–	sponsored	clinical	research	completed	
after	 2001	 for	 product	 indications	 approved	 in	 both	 the	 European	
Union	and	the	United	States	will	be	shared	with	bona	fide	research-
ers	submitting	a	research	proposal	requesting	access	to	data.	The	ac-
cess	 request	proposal	 form	and	 the	access	criteria	can	be	 found	at	
novonordisk-	trials.com.	Data	will	be	available	permanently	after	 re-
search	completion	and	approval	of	product	and	product	use	in	both	
the	European	Union	and	the	United	States	on	a	specialized	Statistical	
Analysis	System	data	platform.	The	analyses	available	for	use	will	be	
those	as	approved	by	the	Independent	Review	Board	(IRB)	according	
to	the	IRB	Charter	(see	novonordisk-	trials.com).	Individual	participant	
data	will	be	shared	in	data	sets	in	a	deidentified/anonymized	format.	
In	addition,	the	study	protocol	and	redacted	Clinical	Study	Report	will	
be	available	according	to	Novo	Nordisk	data-	sharing	commitments.

ORCID
Steven R. Lentz  https://orcid.org/0000-0002-8885-4718 
Alberto Tosetto  https://orcid.org/0000-0002-0119-5204 

T WIT TER
Steven R. Lentz 	@IowaMSTP	
Azusa Nagao 	@azsusumi	

R E FE R E N C E S
	 1.	 Srivastava	A,	Santagostino	E,	Dougall	A,	et	al.	WFH	guidelines	for	

the	management	of	hemophilia.	Haemophilia.	2020;26:1-	158.
	 2.	 Chowdary	 P.	 Extended	 half-	life	 recombinant	 products	 in	 haemo-

philia	clinical	practice	-		expectations,	opportunities	and	challenges.	
Thromb Res.	2020;196:609-	617.

	 3.	 Tiede	A,	Brand	B,	Fischer	R,	et	al.	Enhancing	the	pharmacokinetic	
properties	of	recombinant	factor	VIII:	first-	in-	human	trial	of	glyco-
PEGylated	recombinant	factor	VIII	in	patients	with	hemophilia	A.	J 
Thromb Haemost.	2013;11:670-	678.

	 4.	 Chowdary	P.	N8-	GP:	a	new	extended	half-	life	recombinant	factor	
VIII	 product	 for	 hemophilia	 A.	 J Thromb Haemost.	 2020;18(suppl	
1):3-	4.

	 5.	 Matsushita	 T,	Mangles	 S.	 An	 overview	 of	 the	 pathfinder	 clinical	
trials	program:	long-	term	efficacy	and	safety	of	N8-	GP	in	patients	
with	hemophilia	A.	J Thromb Haemost.	2020;18(suppl	1):26-	33.

	 6.	 Giangrande	 P,	 Abdul	 Karim	 F,	 Nemes	 L,	 et	 al.	 Long-	term	 safety	
and	 efficacy	 of	 N8-	GP	 in	 previously	 treated	 adults	 and	 adoles-
cents	with	hemophilia	A:	 final	 results	 from	pathfinder2.	J Thromb 
Haemost.	2020;18(suppl	1):5-	14.

	 7.	 Giangrande	P,	Andreeva	 T,	 Chowdary	 P,	 et	 al.	 Clinical	 evaluation	
of	glycoPEGylated	recombinant	FVIII:	efficacy	and	safety	in	severe	
haemophilia	A.	Thromb Haemost.	2017;117:252-	261.

	 8.	 Šaulytė	Trakymienė	S,	Economou	M,	Kenet	G,	Landorph	A,	Shen	C,	
Kearney	S.	Long-	term	safety	and	efficacy	of	N8-	GP	 in	previously	
treated	 pediatric	 patients	 with	 hemophilia	 A:	 final	 results	 from	
pathfinder5.	J Thromb Haemost.	2020;18(suppl	1):15-	25.

	 9.	 World	Medical	Association.	World	Medical	Association	Declaration	
of	Helsinki:	ethical	principles	for	medical	research	involving	human	
subjects.	JAMA.	2013;310:2191-	2194.

	10.	 International	Council	for	Harmonisation	of	Technical	Requirements	
for	Pharmaceuticals	for	Human	Use	(ICH).	ICH	harmonised	tripar-
tite	guideline.	Guideline	for	Good	Clinical	Practise	E6(R2),	Step	4.	
09	Nov	 2016.	 Accessed	October	 2021.	 https://datab	ase.ich.org/
sites/	defau	lt/files/	E6_R2_Adden	dum.pdf

	11.	 U.S.	 Food	 and	Drug	Administration	 (FDA).	Code	of	 federal	 regu-
lations,	21	CFR	part	11,	electronic	 records,	electronic	signatures.	
2009.

	12.	 Shankar	G,	Devanarayan	V,	Amaravadi	L,	et	al.	Recommendations	
for	 the	 validation	 of	 immunoassays	 used	 for	 detection	 of	 host	
antibodies	 against	 biotechnology	 products.	 J Pharm Biomed Anal. 
2008;48:1267-	1281.

	13.	 European	 Medicines	 Agency	 (EMA).	 Guideline	 on	 immunogenic-
ity	 assessment	 of	 biotechnology-	derived	 therapeutic	 proteins.	
Accessed	 October	 2021.	 https://www.ema.europa.eu/en/docum	
ents/scien	tific	-	guide	line/guide	line-	immun	ogeni	city-	asses	sment	
-	thera	peuti	c-	prote	ins-	revis	ion-	1_en.pdf

	14.	 U.S.	Food	and	Drug	Administration	(FDA).	Immunogenicity	testing	
of	therapeutic	protein	products—	developing	and	validating	assays	
for	anti-	drug	antibody	detection.	Accessed	October	2021.	https://
www.fda.gov/regul	atory	-	infor	matio	n/searc	h-	fda-	guida	nce-	docum	
ents/immun	ogeni	city-	testi	ng-	thera	peuti	c-	prote	in-	produ	cts-	devel	
oping	-	and-	valid	ating	-	assay	s-	anti-	drug

	15.	 United	 States	 Pharmacopeia.	 Immunogenicity	 assays:	 design	
and	 validation	 of	 immunoassays	 to	 detect	 anti-	drug	 antibodies.	
2017;1106:1382-	1397.

	16.	 European	 Medicines	 Agency	 (EMA).	 Guideline	 on	 bioanalytical	
method	 validation.	 Accessed	 October	 2021.	 https://www.ema.
europa.eu/en/docum	ents/scien	tific	-	guide	line/guide	line-	bioan	alyti	
cal-	metho	d-	valid	ation_en.pdf

	17.	 Nolan	B,	Mahlangu	J,	Pabinger	I,	et	al.	Recombinant	factor	VIII	Fc	fu-
sion	protein	for	the	treatment	of	severe	haemophilia	A:	final	results	
from	the	ASPIRE	extension	study.	Haemophilia.	2020;26:494-	502.

	18.	 Chowdary	 P,	 Mullins	 ES,	 Konkle	 BA,	 et	 al.	 Long-	term	 safety	
and	 efficacy	 results	 from	 the	 phase	 3b,	 open-	label,	 multicentre	

https://orcid.org/0000-0002-8885-4718
https://orcid.org/0000-0002-8885-4718
https://orcid.org/0000-0002-0119-5204
https://orcid.org/0000-0002-0119-5204
https://twitter.com/https://twitter.com/IowaMSTP
https://twitter.com/https://twitter.com/azsusumi
https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf
https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-immunogenicity-assessment-therapeutic-proteins-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-immunogenicity-assessment-therapeutic-proteins-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-immunogenicity-assessment-therapeutic-proteins-revision-1_en.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/immunogenicity-testing-therapeutic-protein-products-developing-and-validating-assays-anti-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/immunogenicity-testing-therapeutic-protein-products-developing-and-validating-assays-anti-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/immunogenicity-testing-therapeutic-protein-products-developing-and-validating-assays-anti-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/immunogenicity-testing-therapeutic-protein-products-developing-and-validating-assays-anti-drug
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf


12 of 12  |     LENTZ ET aL.

continuation	study	of	rurioctocog	alfa	pegol	for	prophylaxis	in	pre-
viously	 treated	 patients	with	 severe	 haemophilia	A.	Haemophilia. 
2020;26:e168-	e178.

	19.	 Reding	MT,	Pabinger	I,	Holme	PA,	et	al.	Confirmed	long-	term	safety	
and	efficacy	of	prophylactic	treatment	with	BAY	94–	9027	in	severe	
haemophilia	A:	final	results	of	the	PROTECT	VIII	extension	study.	
Haemophilia.	2021;27:e347-	e356.

	20.	 Mancuso	ME,	Biss	T,	Fischer	K,	et	al.	PROTECT	VIII	kids	extension	
study:	 long-	term	 safety	 and	 efficacy	 of	 BAY	94–	9027	 (damocto-
cog	alfa	pegol)	in	children	with	severe	haemophilia	A.	Haemophilia. 
2021;27:434-	444.

	21.	 Sternebring	O,	Gabel-	Jensen	C,	Jacobsen	H,	Benie	AJ,	Bjørnsdottir	
I.	 Steady-	state	 plasma	 concentrations	 of	 polyethylene	 glycol	
(PEG)	are	reached	in	children	and	adults	during	once-	weekly	pro-
phylactic	 treatment	 with	 nonacog	 beta	 pegol	 (N9-	GP).	BioDrugs. 
2019;33:673-	681.

	22.	 Stidl	R,	Fuchs	S,	Bossard	M,	Siekmann	J,	Turecek	PL,	Putz	M.	Safety	
of	 PEGylated	 recombinant	 human	 full-	length	 coagulation	 factor	
VIII	 (BAX	855)	 in	the	overall	context	of	PEG	and	PEG	conjugates.	
Haemophilia.	2016;22:54-	64.

	23.	 Tiede	 A,	 Oldenburg	 J,	 Lissitchkov	 T,	 Knaub	 S,	 Bichler	 J,	Manco-	
Johnson	MJ.	 Prophylaxis	 vs.	 on-	demand	 treatment	with	Nuwiq® 
(Human-	cl	rhFVIII)	in	adults	with	severe	haemophilia	A.	Haemophilia. 
2016;22:374-	380.

	24.	 Forsyth	AL,	Gregory	M,	Nugent	D,	et	al.	Haemophilia	Experiences,	
Results	and	Opportunities	(HERO)	study:	survey	methodology	and	
population	demographics.	Haemophilia.	2014;20:44-	51.

	25.	 Nolan	B,	Mahlangu	J,	Perry	D,	et	al.	Long-	term	safety	and	efficacy	
of	 recombinant	 factor	VIII	Fc	 fusion	protein	 (rFVIIIFc)	 in	subjects	
with	haemophilia	A.	Haemophilia.	2016;22:72-	80.

	26.	 Reding	 MT,	 Pabinger	 I,	 Lalezari	 S,	 Santagostino	 E,	 Mancuso	
ME.	 Target	 joint	 resolution	 in	 patients	 with	 haemophilia	 A	 re-
ceiving	 long-	term	 prophylaxis	 with	 BAY	 94–	9027.	 Haemophilia. 
2020;26:e201-	e204.

	27.	 Lalezari	S,	Reding	MT,	Pabinger	I,	et	al.	BAY	94–	9027	prophylaxis	is	
efficacious	and	well	tolerated	for	up	to	>5	years	with	extended	dos-
ing	intervals:	PROTECT	VIII	extension	interim	results.	Haemophilia. 
2019;25:1011-	1019.

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 in	 the	 online	
version	of	the	article	at	the	publisher’s	website.

How to cite this article:	Lentz	SR,	Kavakli	K,	Klamroth	R,	
et	al.	Turoctocog	alfa	pegol	(N8-	GP)	in	severe	hemophilia	A:	
Long-	term	safety	and	efficacy	in	previously	treated	patients	
of	all	ages	in	the	pathfinder8	study.	Res Pract Thromb 
Haemost. 2022;6:e12674. doi:10.1002/rth2.12674

https://doi.org/10.1002/rth2.12674

