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Introduction:	 Prophylaxis	 with	 replacement	 factor	 IX	 (FIX)	 reduces	 bleeding	 fre‐
quency	and	improves	quality	of	life	in	haemophilia	B	patients.	With	prophylaxis,	the	
likelihood	of	bleeding	is	 lowered	with	increasing	trough	levels.	New	products	with	
extended	half‐life	(EHL)	can	maintain	high	factor	activity	levels	over	prolonged	peri‐
ods,	compared	with	standard	FIX	products.
Aim:	To	evaluate	the	safety,	efficacy	and	pharmacokinetics	of	the	new	recombinant	
FIX	EHL	product,	nonacog	beta	pegol	(N9‐GP),	using	pooled	data,	with	a	focus	on—
but	not	limited	to—prophylaxis	at	40	IU/kg.
Methods:	N9‐GP	has	been	investigated	in	males	with	congenital	haemophilia	B	and	
FIX	 activity	 ≤2%	 in	 the	paradigm™	clinical	 trial	 programme.	This	 analysis	 includes	
pooled	data	from	five	completed	paradigm™	trials	conducted	in	previously	treated	
adults,	 adolescents	 and	children,	 focusing	on	 results	of	prophylaxis	with	40	IU/kg	
once‐weekly	intravenous	dosing.
Results:	In	total,	115	previously	treated	patients	were	exposed	to	N9‐GP.	Of	54	pa‐
tients	 (47%)	 treated	 with	 N9‐GP	 40	IU/kg	 once‐weekly	 prophylaxis,	 72%	 experi‐
enced	 no	 spontaneous	 bleeds	 over	 1	year.	 In	 all	 patients	 receiving	 40	IU/kg	
once‐weekly,	median	overall	annualized	bleeding	rate	(ABR)	was	1.03	(interquartile	
range	0.00;	2.89);	median	spontaneous	ABR	was	0.00	(0.00;	0.80).	No	patients	de‐
veloped	inhibitors.	Estimated	mean	steady‐state	trough	levels	with	N9‐GP	40	IU/kg	
once‐weekly	were	≥15%	overall;	27.3%	in	adolescents	and	adults.
Conclusion:	N9‐GP	40	IU/kg	once‐weekly	was	well	tolerated	and	effective	 in	pre‐
venting	bleeding,	maintaining	mean	FIX	activity	 levels	≥15%	across	all	age	groups.	
N9‐GP	may	provide	a	new	treatment	option	for	preventing	bleeding	in	haemophilia	
B	patients.
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1  | INTRODUC TION

Haemophilia	B	 is	 an	X‐linked	 recessive	 congenital	 bleeding	 disorder	
caused	by	a	deficiency	of	 factor	 IX	 (FIX).1	For	patients	with	haemo‐
philia	B,	prophylaxis	with	FIX	replacement	therapy	can	reduce	bleed‐
ing	frequency,	prevent	haemophilic	arthropathy	and	 improve	quality	
of	life	(QoL).2‒4	However,	despite	prophylaxis,	joint	bleeds	and	damage	
can	still	occur5‒7	and	prophylaxis	 regimens	can	be	challenging;8,9	 for	
example,	standard	FIX	products	can	have	half‐lives	of	18‐23	hours,10 
thus	requiring	frequent	injections	and	good	adherence	for	treatment	
success.

High	mean	 trough	 factor	 VIII	 activity	 levels	 of	 >15%	 (0.15	IU/
mL)	during	regular	prophylaxis	may	offer	effective	protection	from	
bleeds,11	 and	 the	 same	 may	 be	 true	 for	 FIX	 activity.	 New	 prod‐
ucts	with	 an	 extended	 half‐life	 (EHL)	 can	 change	 the	 paradigm	of	
care;	their	modified	pharmacokinetic	(PK)	profiles	offer	the	poten‐
tial	 to	maintain	 higher	 factor	 activity	 levels	 over	 a	 prolonged	 pe‐
riod,	 lowering	 treatment	 burden	 compared	 with	 standard‐half‐life	
products.1,12‒14	 The	 reduced	dosing	 frequency	of	 EHL	prophylaxis	
products	can	lower	total	factor	consumption,15,16	with	the	lower	fre‐
quency	of	administration	likely	improving	patient	adherence,	treat‐
ment	outcomes	and	QoL.3,12,13

Nonacog	beta	pegol	 (N9‐GP)	 is	 a	 recombinant	FIX	 that	 has	 an	
EHL.1	N9‐GP	has	improved	PK	properties:	higher	recovery,	greater	
area	under	the	curve	(AUC),	and	a	fivefold	increase	in	terminal	half‐
life	 compared	 with	 standard	 FIX	 products.1	 These	 improvements	
offer	the	possibility	of	maintaining	near‐normal	(nonhaemophilic)	FIX	
activity	levels	(>40%;	0.40	IU/mL)	with	once‐weekly	prophylaxis.17

The	safety,	efficacy	and	PK	of	N9‐GP	 in	patients	with	haemo‐
philia	B	have	been	investigated	in	the	paradigm™	clinical	trials.1,2,18‒20 
This	analysis	presents	pooled	data	from	five	completed	paradigm™	
trials	conducted	in	previously	treated	patients	with	haemophilia	B,	
with	a	focus	on	once‐weekly	prophylaxis	with	N9‐GP	40	IU/kg,	and	
including	results	for	once‐weekly	prophylaxis	with	N9‐GP	10	IU/kg	
and	on‐demand	treatment	with	N9‐GP	40	or	80	IU/kg.	Results	from	
the	range	of	N9‐GP	regimens	are	analysed	to	ensure	that	the	safety	
data	are	appropriately	and	comprehensively	reported.	The	analysis	
is	supplemented	by	previously	published	data	from	the	paradigm	tri‐
als.	This	study	aims	to	provide	new	insights	into	the	safety,	efficacy	
and	PK	of	N9‐GP	in	a	larger	population	of	patients	than	is	usual	in	
individual	trials,	across	distinct	age	groups.

2  | MATERIAL S AND METHODS

Data	from	completed	paradigm™	trials	that	evaluated	the	efficacy,	
safety	or	PK	of	N9‐GP	were	included	in	these	analyses	(see	Table	S1	
for	an	overview	of	these	trials).

2.1 | Trial design

Details	 of	 the	 methods	 of	 individual	 paradigm™	 trials	 included	 in	
the	 pooled	 analyses	 (paradigm™1,	 2,	 3,	 4,	 5)	 have	 been	published	

previously.1,2,18‒20	The	trials	were	all	multicentre	and	multinational,	
including	patients	from	16	countries	(Table	S2).	Randomization	and	
blinding	details	are	provided	in	the	Appendix	S1.

2.2 | Patients and treatment

All	 patients	 were	 previously	 treated	 males	 with	 moderately	 se‐
vere	 or	 severe	 congenital	 haemophilia	 B	 and	 FIX	 activity	 ≤2%.	 In	
all	trials,	N9‐GP	was	administered	intravenously	(iv)	as	bolus	injec‐
tions.1,2,18‒20	 Additional	 information	 on	 the	N9‐GP	 protein	 is	 pro‐
vided	in	the	Appendix	S1.

2.2.1 | Prophylaxis

Prophylaxis	 treatment	 regimens	 for	adolescents	and	adults	 in	par‐
adigm™2	 and	 paradigm™4	 included	 N9‐GP	 10	 or	 40	IU/kg	 once‐
weekly.	 In	 paradigm™5,	 paediatric	 patients	 received	 prophylaxis	
with	N9‐GP	40	IU/kg	once‐weekly.2,18,20

2.2.2 | Treatment of bleeds

Bleeds	 were	 classified	 as	 mild,	 moderate	 (ie	 uncomplicated	 joint	
bleeds,	muscle	bleeds	without	compartment	syndrome,	or	mucosal	
or	subcutaneous	bleeds)	or	severe	(ie	all	intracranial,	retroperitoneal,	
iliopsoas	 and	 neck	 bleeds,	 muscle	 bleeds	 with	 compartment	 syn‐
drome,	and	bleeds	associated	with	a	decrease	in	haemoglobin	level	
>3	g/dL).	All	reported	bleeds	treated	with	N9‐GP	were	 included	in	
the	efficacy	analyses.

2.2.3 | On‐demand treatment

N9‐GP	on‐demand	treatment	included	treatment	of	bleeds	only,	as	
described	above.

2.3 | Trial objectives

Primary	 and	 key	 secondary	 trial	 objectives	 are	 detailed	 in	 the	
Appendix	S1.

2.4 | Analytical methods

2.4.1 | FIX inhibitors and FIX activity

Tests	for	FIX	inhibitors	(titres	≥0.6	Bethesda	units)	were	conducted	
as	 previously	 described	 using	 the	 standard	 Bethesda	 assay	 and	 a	
modified	heat/cold	Nijmegen	Bethesda	assay.2,20,21

PK	assessments	of	FIX	activity	were	primarily	based	on	an	ac‐
tivated	 partial	 thromboplastin	 time	 (aPTT)‐based	 one‐stage	 clot‐
ting	 assay	 performed	 on	 a	 coagulation	 analyser	 (Siemens	 BCS® 
XP	 analyser	 [Dade	 Behring,	Marburg,	 Germany])	 using	 SynthAFax	
(Instrumentation	 Laboratories,	 Brussels,	 Belgium)	 as	 an	 aPTT	 re‐
agent.	The	FIX	activity	in	test	samples	was	measured	using	a	prod‐
uct‐specific	calibrator	(N9‐GP)	at	a	central	laboratory	(Esoterix	Inc,	
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Englewood,	 CO,	 USA).	 Efficacy	 of	 prophylaxis	was	 also	 evaluated	
using	FIX	activity	as	a	surrogate	marker.

2.4.2 | Target joint International Society on 
Thrombosis and Haemostasis (ISTH) definition

A	target	joint	is	defined	as	≥3	bleeds	within	6	months.	Where	there	
have	been	≤2	bleeds	into	a	current	target	joint	within	12	consecutive	
months,	the	joint	is	no	longer	considered	a	target	joint.22

2.4.3 | Patient‐reported outcomes

Patient‐reported	 outcomes	 were	 collected	 from	 adult/adolescent	
patients	using	the	EuroQoL‐5	Dimensions	 (EQ‐5D)	visual	analogue	
scale	(VAS)	and	Haemophilia‐Adults‐Quality	of	Life	(Haem‐A‐QoL).	
These	 questionnaires	 measured	 generic	 health	 outcome	 and	 dis‐
ease‐specific	QoL,	respectively.	Age‐specific	Haemo‐QoL	question‐
naires	were	used	for	paradigm™5.

2.5 | Statistical methods

No	apparent	differences	between	trials,	treatment	regimens	or	age	
groups	were	observed	in	the	haemostatic	response	of	N9‐GP	when	
used	 for	 treatment	 of	 bleeds.	 The	 same	 treatment	 for	 control	 of	
bleeds,	40	IU/kg	for	mild/moderate	bleeds	and	80	IU/kg	for	severe	
bleeds,	was	 used	 across	 all	 trials.	 A	 pooled	 haemostatic	 response	

that	included	all	bleeds	from	all	treatment	arms	in	all	trials	is	there‐
fore	 presented	 here.	 All	 other	 efficacy	 endpoints	 are	 presented	
either	by	 treatment	 regimen	or	by	age	group.	Safety	data	 from	all	
completed	trials	 in	previously	 treated	patients	 (PTPs)	were	pooled	
(Appendix	S1).

No	formal	hypothesis	testing	was	performed	on	pooled	efficacy	
data	 and	 the	 prevalence	 of	 the	 success	 outcomes	was	 consistent	
across	trials.

The	extension	phase	of	paradigm™5	was	ongoing	at	the	time	of	
this	pooled	analysis.	All	data	up	to	the	last	patient	to	complete	the	
main	phase	of	the	trial	were	included	in	the	analysis.

All	statistical	analyses	were	based	on	the	full	analysis	set	(FAS);	
that	is,	all	patients	exposed	to	N9‐GP.	All	patients	exposed	to	N9‐GP	
in	the	completed	trials	were	included	in	the	safety	analyses.

Further	 details	 on	 the	 statistical	 methods	 are	 provided	 in	 the	
Appendix	S1.

3  | RESULTS

3.1 | Patients

The	 flow	 of	 patients	 in	 the	 paradigm™	 clinical	 trial	 programme	
(pooled	analysis)	 is	 shown	 in	Figure	1.	A	 total	of	115	unique	PTPs	
were	exposed	to	N9‐GP	in	the	five	completed	clinical	trials.	The	ma‐
jority	of	patients	participated	in	more	than	one	trial;	thus,	the	sum	
of	patients	in	the	individual	trials	is	higher	than	the	total	number	of	

F I G U R E  1  Flow	of	patients	in	the	paradigm™	clinical	trial	programme	(pooled	analysis).	The	figure	shows	the	flow	of	patients	through	the	
trials.	In	the	completed	trials	(white	boxes),	a	total	of	115	unique	previously	treated	patients	were	exposed	to	N9‐GP.	“New”	patients	(italics)	
refer	to	the	number	of	patients	exposed	to	N9‐GP	for	the	first	time	in	each	trial
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unique	patients.	Of	the	115	patients,	90	were	adults	or	adolescents,	
25	were	children	(Table	1).	The	majority	were	from	the	United	States	
(n	=	32),	 the	United	 Kingdom	 (n	=	16),	 Germany	 and	 Japan	 (n	=	11	
each).	 In	total,	105	of	115	patients	were	included	in	the	four	trials	
that	comprise	the	efficacy	results	(the	remaining	10	patients	partici‐
pated	in	the	single‐dose	PK	trial	only	and	are	not	included).

In	the	trials	evaluating	prophylactic	efficacy,	30	patients	received	
10	IU/kg	 N9‐GP	 once‐weekly	 prophylaxis,	 54	 patients	 received	
40	IU/kg	 once‐weekly	 prophylaxis,	 and	 15	 patients	 were	 treated	
on‐demand.	The	annualized	bleeding	rate	(ABR)	results	include	data	

from	paradigm™2	and	5,	and	exclude	data	from	paradigm™4	due	to	
the	bias	 that	 results	 from	switching	of	 treatment	 regimens	 (where	
patients	could	choose	their	own	treatment)	within	the	study.

Baseline	demographics	for	all	unique	patients	participating	in	the	
pooled	analysis	are	shown	in	Table	1.	Mean	(standard	deviation)	pa‐
tient	age	was	26.0	(15.8)	years.	At	trial	entry,	61.7%	of	patients	were	
on	prophylaxis	and	38.3%	were	receiving	on‐demand	treatment.

A	 total	 of	 91.5%	 of	 adolescents/adults	 in	 paradigm™2	 had	
	problem	joints	at	baseline,	as	had	16%	of	children	in	paradigm™518 
(Table	S3).

TA B L E  1  Baseline	demographics	for	all	unique	patients	participating	in	the	paradigm™	clinical	trial	programme	(pooled	analysis),	
presented	by	age	group

1−6 y 7−12 y 13−17 y 18−65 y Total

No.	of	patients 12 13 18 72 115

Age	at	baseline	in	first	trial	(year)

Mean	(SD) 3.1	(1.7) 9.6	(1.6) 14.8	(1.4) 35.7	(11.6) 26.0	(15.8)

Race,	n	(%)

White 8	(66.7) 5	(38.5) 15	(83.3) 47	(65.3) 75	(65.2)

Black ‐ 1	(7.7) ‐ 6	(8.3) 7	(6.1)

Asian 4	(33.3) 4	(30.8) 1	(5.6) 16	(22.2) 25	(21.7)

Other ‐ 3	(23.1) 2	(11.1) 3	(4.2) 8	(7.0)

Classification	of	haemophilia	B,	n	(%)

Moderate ‐ ‐ 4	(22.2) 10	(13.9) 14	(12.2)

Severe 12	(100.0) 13	(100.0) 14	(77.8) 62	(86.1) 101	(87.8)

Hepatitis	C	and	HIV	status,a	n	(%)

Hepatitis	C	antibody

Low	positive ‐ ‐ ‐ 3	(4.2) 3	(2.6)

Positive ‐ ‐ ‐ 45	(62.5) 45	(39.1)

HIV−1/2	antibody	positive ‐ ‐ ‐ 9	(12.7) 9	(8.0)

Current	treatment	prior	to	trial,	n	(%)

On‐demand 1	(8.3) 2	(15.4) 4	(22.2) 37	(51.4) 44	(38.3)

Prophylaxis 11	(91.7) 11	(84.6) 14	(77.8) 35	(48.6) 71	(61.7)

Previous	prophylaxis	patients

Months	on	prophylaxis

Mean	(SD) 22.4	(18.5) 90.5	(31.6) 104.3	(49.9) 154.9	(161.6)	37.8 113.8	(124.2)	40.6

Prophylaxis	dose	level	(U/kg)

Mean	(SD) 37.5	(11.5) 57.7	(33.6) 36.9	(15.2) 37.8	(15.5) 40.6	(19.9)

FIX	level	limit,	n	(%) n	=	10 n	=	12 n	=	22

<0.6% 2	(20.0) ‐ ‐ ‐ 2	(9.1)

<1.0% 8	(80.0) 12	(100.0) ‐ ‐ 20	(90.9)

FIX	level	at	screening n	=	11 n	=	13 n	=	18 n	=	55 n	=	97

Mean	(SD) 2.1	(0.7) 4.6	(1.7) 3.2	(1.8) 2.9	(1.9) 3.1	(1.9)

FIX,	factor	IX;	PTP,	previously	treated	patient;	SD,	standard	deviation.
The	pooled	analysis	involved	115	PTPs,	age	1‐65	y.	The	extension	phase	of	paradigm™5	was	ongoing	at	the	time	of	this	pooled	analysis.	All	data	up	to	
the	last	patient	to	complete	the	main	phase	of	the	trial	were	included	in	the	analysis.	Patients	in	paradigm™4	have	not	been	included	as	their	baseline	
information	is	the	same	as	in	the	first	trial;	that	is,	either	paradigm™2	or	3.	Only	patients	from	paradigm™3	not	previously	treated	in	paradigm™2	are	
included.	For	patients	who	participated	only	in	the	paradigm™1	trial,	history	data	are	from	this	trial.	For	all	other	patients,	history	data	are	from	the	first	
phase	3	trial.	Classification	of	haemophilia:	moderate,	1‐≤2%	FIX	activity;	severe,	<1%	FIX	activity.
aTaken	at	baseline	in	the	first	trial	in	which	each	patient	participated	and	had	a	baseline	assessment.	
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3.2 | Safety

In	the	completed	trials,	115	PTPs	were	exposed	to	N9‐GP	for	8,801	
exposure	 days,	 corresponding	 to	 approximately	 170	 patient‐years	
(Table	 2).	 No	 patients	 developed	 N9‐GP	 inhibitors.	 Anti‐N9‐GP	
binding	antibodies	were	identified	in	three	patients.	None	of	these	
antibodies	had	any	inhibitory	effect,	and	detection	of	antibodies	did	
not	correlate	with	any	adverse	events	(AEs)	or	with	reduced	trough	
FIX	activity	levels.

A	 total	 of	 647	 AEs	were	 reported	 in	 98	 (85.2%)	 patients;	
the	 overall	 rate	 was	 3.8	 AEs	 per	 patient‐year	 of	 exposure	
(Table	2,	Table	S4).	The	most	commonly	reported	AEs	are	de‐
tailed	 in	 Table	 S5.	 Overall,	 there	were	 no	 unexpected	 safety	
signals,	and	no	thromboembolic	events	were	reported,	nor	sys‐
temic	 changes	 over	 time	 for	 haematological,	 hepatic	 or	 renal	
parameters.

3.2.1 | Pharmacokinetics

Single‐dose administration
For	 all	 patients,	 FIX	 activity	 remained	 >0.05	IU/mL	 for	 up	 to	 168	
hours	 after	 single‐dose	 administration	 of	 N9‐GP	 40	IU/kg.17 
Geometric	mean	FIX	activity	168	hours	postdosing	for	single	dose	
40	IU/kg	 was	 0.08	IU/mL	 (1‐6	years),	 0.11	IU/mL	 (7‐12	years),	
0.15	IU/mL	 (13‐17	years)	 and	 0.17	IU/mL	 (≥18	years).	 FIX	 activ‐
ity	declined	exponentially	after	dosing,	and	was	generally	 lower	 in	
younger	than	in	older	patients.

Single‐dose	PK	parameters	for	N9‐GP	40	IU/kg	in	the	completed	
trials	are	presented	in	Table	3.	An	increasing	incremental	recovery	
(0.015	[IU/mL]/[IU/kg]	 in	 age	 1‐6	years;	 0.023	[IU/mL]/[IU/kg]	 in	
adults)	 and	 a	 decrease	 in	 clearance	 (0.8	 and	0.4	mL/h/kg,	 respec‐
tively)	with	age	was	observed,	and	the	half‐life	was	higher	in	adoles‐
cents	and	adults	(up	to	89.4	hours)	than	in	children	(up	to	76.3	hours).

TA B L E  2  Overview	of	adverse	events	in	the	paradigm™	clinical	trial	programme	(pooled	analysis),	presented	by	age	group

1−6 y 
n (%)

7−12 y 
n (%)

13−17 y 
n (%)

18−65 y 
n (%)

Total 
N (%)

No.	of	patients 12 13 18 72 115

Total	time	in	trial	(years) 12.6 16.5 35.7 105.0 169.9

Total	no.	of	exposure	days 682 906 1,914 5,299 8,801

All	adverse	events 12	(100.0) 12	(92.3) 17	(94.4) 57	(79.2) 98	(85.2)

Serious	adverse	events ‐ 1	(7.7) 2	(11.1) 8	(11.1) 11	(9.6)

Adverse	events	by	severity

Mild 12	(100.0) 12	(92.3) 16	(88.9) 53	(73.6) 93	(80.9)

Moderate 5	(41.7) 2	(15.4) 6	(33.3) 30	(41.7) 43	(37.4)

Severe ‐ ‐ 1	(5.6) 9	(12.5) 10	(8.7)

Adverse	events	by	relationshipa

Probably	or	possibly	related 1	(8.3) 3	(23.1) 2	(11.1) 17	(23.6) 23	(20.0)

Unlikely	related 12	(100.0) 11	(84.6) 17	(94.4) 57	(79.2) 97	(84.3)

Adverse	events	leading	to	
withdrawal

‐ ‐ ‐ 2	(2.8) 2	(1.7)

%,	percentage	of	patients	with	adverse	event;	N/N,	number	of	patients	with	adverse	event;	PTPs,	previously	treated	patients.
The	pooled	analysis	involved	115	PTPs	age	1‐65	y.	The	extension	phase	of	paradigm™5	was	ongoing	at	the	time	of	this	pooled	analysis.	All	data	up	to	
the	last	patient	to	complete	the	main	phase	of	the	trial	were	included	in	the	analysis.	All	adverse	events	listed	were	treatment‐emergent.	An	exposure	
day	is	defined	as	a	day	when	the	patient	received	at	least	one	dose	of	N9‐GP.	Age	is	defined	for	each	patient	as	age	at	baseline	in	the	first	trial.
aThe	causality	for	one	adverse	event	(overdose	in	paradigm™1)	was	captured	in	the	safety	database	only	and	is	therefore	not	included	in	this	table,	
which	is	based	on	data	in	the	clinical	database.	The	event	was	judged	to	be	unlikely	related	to	N9‐GP	treatment	by	the	investigator.

PK parameter [geometric 
mean (CV)]

1−6 y 
(n = 12)

7−12 y 
(n = 13)

13−17 y 
(n = 3)

18−65 y 
(n = 6)

Half‐life	(h) 69.6	(15.8) 76.3	(25.5) 89.4	(24.1) 83.0	(22.5)

IR	(IU/mL)/(IU/kg) 0.015	(7.3) 0.016	(16.2) 0.020	(14.7) 0.023	(11.3)

AUC(0–inf)	(IU*h/mL) 46.2	(14.1) 56.2	(19.1) 79.9	(34.7) 90.6	(16.1)

CL	(mL/h/kg) 0.8	(13.0) 0.6	(21.9) 0.5	(30.4) 0.4	(14.7)

AUC(0–inf),	area	under	the	curve	from	time	0	to	infinity;	CL,	clearance;	CV,	coefficient	of	variation;	
h,	hours;	IR,	incremental	recovery;	PK,	pharmacokinetic.

TA B L E  3  Single‐dose	PK	parameters	of	
N9‐GP	40	IU/kg	in	completed	clinical	
trials	(pooled	analysis),	presented	by	age	
group
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Steady‐state FIX levels
Steady‐state	 trough	 levels	were	available	 for	 all	 patients	 and	esti‐
mated	 mean	 data	 with	 40	IU/kg	 N9‐GP	 once‐weekly	 were	 ≥15%	
(0.15	IU/mL)	 in	 all	 age	 groups.	 In	 adolescents	 and	 adults,	 mean	
steady‐state	trough	levels	were	27.3%	(95%	confidence	interval	[CI]	
24.8;	30.0)—almost	twice	as	high	as	those	in	children	aged	1‐6	years	
(15.4%	 [12.7;	18.6]).	 Trough	 levels	were	19.0%	 (15.9;	 22.8)	 in	 chil‐
dren	aged	7‐12	years.	Corresponding	peak	levels	were	92.6%	(85.5;	
100.0),	65.5%	(60.6;	70.7)	and	71.4%	(66.3;	77.0).

When	steady‐state	FIX	activity	profiles	were	predicted	using	a	
one‐compartment	distribution	model,	patients	treated	with	N9‐GP	
40	IU/kg	 once‐weekly	 were	 predicted	 to	 have	 FIX	 activity	 >40%	
for	5.4	days	per	week	in	adolescents	and	adults	 (Figure	2),	and	for	
2.3	days	per	week	in	children.17

Cumulative	 time	 above	 15%	 was	 predicted	 to	 be	 the	 entire	
weekly	 dosing	 interval	 in	 adolescents	 and	 adults	 (Figure	 2),	 and	
6.4	days	per	week	in	children.17

3.3 | Efficacy

3.3.1 | Treatment of bleeds

In	total,	597	bleeds	were	treated	in	79	(75%)	of	the	105	patients	who	
were	evaluated	for	efficacy.

Clinical	efficacy	of	N9‐GP	for	the	control	of	bleeding	episodes	
is	shown	in	Figure	3.	The	overall	success	rate	(defined	as	excellent	
or	good	using	the	four‐point	scale)	for	the	treatment	of	bleeds	in	
all	trials	was	93%	(haemostatic	response	was	missing	for	six	bleed‐
ing	 episodes).	 The	 majority	 of	 bleeds	 (97%)	 were	 successfully	
treated	with	 1‐2	 injections	 of	N9‐GP	 (87%	were	 treated	with	 1	
dose,	10%	with	2	doses,	3%	with	≥3	doses).	The	total	median	dose	
level	of	N9‐GP	used	for	the	treatment	of	all	bleeds	was	42.3	IU/
kg	 (range,	 20.3‐444.7).	 This	 dose	 was	 similar	 between	 patients	
on	prophylaxis	 (42.4	IU/kg)	 and	 those	 taking	N9‐GP	on‐demand	
(42.1	IU/kg).

The	haemostatic	response	by	prophylaxis	dose	was	assessed	in	
paradigm™2,	where	the	success	rate	for	patients	on	N9‐GP	40	IU/kg	
was	97%	and	for	those	on	10	IU/kg	was	87%.2

3.3.2 | Prophylaxis

In	 the	 pooled	 analysis,	 39	 (72%)	 of	 the	 54	 patients	 treated	 with	
40	IU/kg	 once‐weekly	 prophylaxis	 experienced	 no	 spontaneous	
bleeds.	Forty‐six	spontaneous	bleeds	occurred	in	15	(28%)	patients	
(range,	0‐11	per	patient)	over	a	mean	treatment	period	of	1.1	years;	
33	 spontaneous	 bleeds	 (72%)	 occurred	 in	 eight	 adults.	 Estimated	
spontaneous	ABR	(AsBR)	for	all	age	groups	receiving	40	IU/kg	was	
0.71	(95%	CI	0.32;	1.56);	median	AsBR	was	0.00	(interquartile	range	
[IQR]	0.00;	0.80).	Overall	median	ABR	 increased	slightly	with	age,	
while	 median	 ABRs	 for	 spontaneous,	 traumatic	 and	 joint	 bleeds	
were	0.00	among	all	patients	(Table	4).	Adult,	adolescent	and	pae‐
diatric	 patients	 on	prior	 prophylaxis	 treated	with	40	IU/kg	N9‐GP	
once‐weekly	had	a	substantial	reduction	in	estimated	AsBR	during	
the	trial	(Figure	S1).

Twenty	 (69%)	 of	 the	 29	 adolescent	 and	 adult	 patients	 treated	
with	 40	IU/kg	 once‐weekly	 prophylaxis	 experienced	 no	 sponta‐
neous	bleeds.	Overall	estimated	AsBR	was	1.22	[95%	CI	0.46;	3.25].

Of	 the	 25	 children	 (22%	 of	 the	 total)	 treated	 with	 40	IU/kg	
once‐weekly	 prophylaxis,	 19	 (76%)	 experienced	 no	 spontaneous	
bleeding	episodes:	10/12	(83%)	aged	1‐6	years,	and	9/13	(69%)	aged	
7‐12	years.	Thirteen	spontaneous	bleeds	occurred	 in	 six	 (24%)	pa‐
tients	(overall	estimated	AsBR	0.45	[95%	CI	0.18;	1.08]).

3.3.3 | Target joints

A	 total	 of	 20	 target	 joints	 (modified	 International	 Society	 on	
Thrombosis	 and	 Haemostasis	 definition)	 in	 13	 patients	 were	 re‐
ported	at	baseline	 in	paradigm™2	with	40	IU/kg	once‐weekly	N9‐
GP	prophylaxis.	Each	patient	had	≥350	days	 in	 the	 trial.	Of	 these,	
18/20	(90%)	target	joints	were	resolved	(≤2	bleeding	episodes	in	the	

F I G U R E  2  Predicted	FIX	activity	level	
at	steady	state	in	adults/adolescents	
with	N9‐GP	40	IU/kg	once‐weekly	
(paradigm™2).	The	grey	solid	line	shows	
the	lower	limit	of	the	nonhaemophilia	
range	(>40%)	according	to	the	World	
Federation	of	Hemophilia	guidelines31
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same	joint)	during	the	trial.23	By	the	end	of	the	extension	trial	(para‐
digm™4),	resolution	of	target	joints	was	100%	with	N9‐GP	40	IU/kg	
once‐weekly.23

A	total	of	66.7%	of	patients	in	paradigm™2	with	target	joints	at	
baseline	 on	 40	IU/kg	 once‐weekly	 prophylaxis	 reported	 no	 target	
joint	bleeds	during	the	trial,	versus	7.7%	of	patients	on	10	IU/kg	pro‐
phylaxis.2	No	bleeds	were	reported	in	56%	of	baseline	target	joints	
treated	with	40	IU/kg	once‐weekly	prophylaxis,	versus	0%	treated	
with	10	IU/kg.

In	paradigm™2	patients	who	had	target	joints,	138	target	joint	
bleeds	 were	 reported:	 49	 with	 10	IU/kg	 and	 19	 with	 40	IU/kg.	
The	haemostatic	success	rate	for	treatment	of	these	bleeds	was	
89.5%.

Estimated	target	joint	ABR	was	0.94	(95%	CI	0.12;	7.67)	bleeds/
patient‐year	 for	 the	17	patients	on	40	IU/kg	once‐weekly	prophy‐
laxis	in	paradigm™2	and	5	(Table	S6).

In	paradigm™5,	over	52	weeks,	two	paediatric	patients	had	one	
target	joint	each	(one	in	the	left	ankle,	one	in	the	right	toe)	at	base‐
line.	There	were	two	target	joint	bleeds	in	two	patients.	Overall	es‐
timated	target	joint	ABR	was	0.07	(95%	CI	0.02;	0.23).	There	was	a	

100%	success	rate	 in	treating	target	 joint	bleeds.	No	spontaneous	
bleeds	were	reported	in	target	joints.18

3.3.4 | Patient‐reported outcomes

In	adolescents	and	adults	treated	with	N9‐GP	40	IU/kg	once‐weekly,	
statistically	 significant	 improvements	 in	QoL	 from	baseline	 to	end	
of	 trial	 were	 demonstrated	 in	 the	 EuroQoL‐5	 Dimensions	 visual	
analogue	 scale	 (EQ‐5D	 VAS)	 [P =	0.030]	 and	 Haemophilia‐Adults‐
Quality	of	Life	(Haem‐A‐QoL)	[P =	0.017]	questionnaires	(Figure	4).	
Mean	change	from	baseline	 in	EQ‐5D	VAS	score	was	8.2	 (positive	
score	 indicates	 improvement);	 the	mean	change	was	higher	 in	pa‐
tients	 taking	pretrial	prophylaxis	 (9.0).	Mean	change	from	baseline	
in	patients	≥17	years	old	 in	Haem‐A‐QoL	score	was	−6.4	(negative	
score	 indicates	 improvement),	which	was	driven	by	 significant	 im‐
provements	 in	the	key	Haem‐A‐QoL	domains	of	feeling,	sport	and	
partnership	 (all	P <	0.05).24	The	 improvement	 in	Haem‐A‐QoL	was	
significantly	greater	with	N9‐GP	40	IU/kg	compared	with	10	IU/kg	
once‐weekly	(P =	0.049),24	but	the	difference	between	regimens	for	
change	in	EQ‐5D	VAS	was	not	significant	(P =	0.514).

F I G U R E  3  Clinical	efficacy	of	N9‐GP	
for	the	control	of	bleeding	episodes	in	
the	paradigm™	clinical	trial	programme	
(pooled	analysis)

Bleeding rate
<13 y 
(n = 25)

13−65 y 
(n = 29)

All patients, 
1−65 years 
(N = 54)

ABRspontaneous,	median	
(IQR)

0.00	(0.00;	0.00) 0.00	(0.00;	0.99) 0.00	(0.00;	0.80)

ABRtraumatic,	median	(IQR) 0.68	(0.00;	1.93) 0.00	(0.00;	2.05) 0.00	(0.00;	1.96)

ABRjoint,	median	(IQR) 0.00	(0.00;	0.80) 0.97	(0.00;	2.07) 0.00	(0.00;	1.97)

Overall	ABR,	median	(IQR) 1.00	(0.00;	2.06) 1.04	(0.00;	4.01) 1.03	(0.00;	2.89)

Patients	with	no	bleeding	
episodes,	n	(%)

10	(40.0) 13	(44.8) 23	(42.6)

Patients	with	no	
spontaneous	bleeding	
episodes,	n	(%)

19	(76.0) 20	(69.0) 39	(72.2)

ABR,	annualized	bleeding	rate;	IQR,	interquartile	range.

TA B L E  4  Annualized	bleeding	rate	in	
completed	clinical	trials	with	N9‐GP	
40	IU/kg	once‐weekly	(pooled	analysis),	
presented	by	age	group
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Data	on	paediatric	QoL	were	inconclusive	due	to	the	use	of	dif‐
ferent	questionnaires	in	different	age	groups	and	the	small	sample	
size.

4  | DISCUSSION

The	haemostatic	efficacy	of	N9‐GP	was	demonstrated	by	an	overall	
success	rate	of	93%	for	treating	bleeds,	at	doses	of	20.3‐444.7	IU/
kg,	with	the	majority	(97%)	resolved	with	1‐2	injections.	Prophylactic	
efficacy	of	N9‐GP	40	IU/kg	once‐weekly	was	confirmed.	Low	me‐
dian	overall	and	AsBRs	across	all	age	groups	were	similar	to,	or	lower	
than,	rates	reported	for	similar	doses	of	currently	licensed	rFIX	EHL	
products.14,25	The	40	IU/kg	prophylactic	dose	was	also	more	effec‐
tive	than	the	10	IU/kg	regimen.	Median	joint	ABR	following	prophy‐
laxis	with	N9‐GP	40	IU/kg	once‐weekly	was	higher	 in	adolescents	
and	adults	(0.97)	than	in	paediatric	patients	(0.00);	an	expected	re‐
sult,	given	that	 joints	 in	adult	haemophilia	patients	are	more	 likely	
to	 have	 underlying	 disease.	 Considering	 that	 joint	 disease	 is	 irre‐
versible,26	adults	may,	therefore,	be	at	greater	risk	of	experiencing	
bleeds.

Improvements	to	the	management	of	haemophilia	B	include	bet‐
ter	protection	from	bleeding	episodes.12,18	PK	analyses	showed	that	
once‐weekly	 prophylaxis	 with	 N9‐GP	 40	IU/kg	 maintained	 mean	
FIX	 activity	 at	 ≥15%	 across	 all	 age	 groups.17	 A	 trough	 level	 >15%	
(0.15	IU/mL)	has	been	suggested	as	a	threshold	for	avoiding	bleeding	
episodes.11	Despite	relatively	high	FIX	trough	levels,	28%	of	patients	
treated	with	40	IU/kg	once‐weekly	prophylaxis	experienced	sponta‐
neous	bleeds;	33	of	46	spontaneous	bleeds	were	in	adults.	This	may	
be	due	to	existing	and	irreversible	joint	disease,	particularly	in	adults	
(in	patients	aged	13‐65	years	in	paradigm™2	treated	with	40	IU/kg	
prophylaxis,	 93.1%	 had	 problem	 joints	 at	 baseline).	 Furthermore,	
bleeding	 phenotype	 may	 not	 always	 correlate	 with	 factor	 activ‐
ity.26	Nonetheless,	with	 its	EHL	of	93	hours	 and	high	 incremental	

recovery	 of	 2%	 providing	 the	 possibility	 of	 maintaining	 high	 FIX	
activity	levels,1	N9‐GP	may	offer	effective	bleed	protection,	which	
lasts	throughout	the	week	in	adolescents	and	adults.

Results	from	this	analysis	align	with	those	of	a	previous	analysis	
in	this	trial	population,	showing	that	patients	had	high	FIX	activity	
levels	 during	 the	 entire	 period	 between	 N9‐GP	 dose	 administra‐
tions,17	 and	 align	with	 those	 for	 currently	 licensed	 rFIX	 EHL	 pro‐
phylaxis	 regimens.14	 According	 to	 published	 PK	 results,	 patients	
>13	years	and	children	<12	years	old	spent	approximately	80%	and	
30%	of	the	week,	respectively,	with	FIX	activity	levels	in	the	“non‐
haemophilia”	range.17	The	trend	of	increasing	incremental	recovery	
and	lower	clearance	(mL/h/kg)	of	N9‐GP	across	the	age	groups	has	
previously	been	described	for	other	FIX	products,	and	corresponds	
to	 a	 higher	 volume	of	 distribution	 per	 kg	 body	weight	 in	 younger	
compared	with	older	subjects.27

This	observed	high	bleed	protection	with	N9‐GP	40	IU/kg	once‐
weekly	prophylaxis	may	improve	long‐term	treatment	outcomes	by	
increasing	 physical	 activity,	 decreasing	 the	 number	 of	 injections/
treatment	 burden,	 and	 reducing	 factor	 consumption.	 Given	 that	
most	haemophilia	B	patients	follow	a	twice‐weekly	regimen,	the	an‐
nual	number	of	 injections	could	be	reduced	by	approximately	half,	
while	maintaining	potentially	better	protection,	compared	with	cur‐
rent	unmodified	products.28	Resolution	of	 existing	 target	 joints	 in	
adolescents	 and	 adults	was	 demonstrated	 in	 this	 pooled	 analysis,	
and	aligns	with	the	results	of	previous	analyses	of	EHL	products	for	
long‐term	prophylaxis.14	This	result	highlights	the	potential	of	con‐
tinued,	long‐term	N9‐GP	prophylaxis	to	minimize	and	possibly	elim‐
inate	target	joints.

Significant	 improvements	 in	 QoL	 in	 adolescent	 and	 adult	 pa‐
tients	were	demonstrated	in	this	pooled	analysis,	with	EQ‐5D	VAS	
and	Haem‐A‐QoL	scores	approaching	those	of	the	general	popula‐
tion.29	Further,	 the	putative	advantage	of	using	the	40	IU/kg	dose	
was	strengthened	by	 the	significant	 improvement	 in	Haem‐A‐QoL	
score	with	N9‐GP	40	IU/kg	versus	10	IU/kg	once‐weekly	(P =	0.049).	

F I G U R E  4  Health‐related	quality	of	life	following	N9‐GP	therapy—change	from	baseline	to	end	of	trial	(paradigm™2)	in	a)	EQ‐5D	and	b)	
Haem‐A‐QoL,	presented	by	dose.	*P =	0.030	vs	baseline;	†P =	0.514	vs	10	IU/kg;	‡P =	0.017	vs	baseline;	§P	=	0.049	vs	10	IU/kg.	For	EQ‐5D	
VAS	score,	a	positive	change	from	baseline	indicated	an	improvement.	For	Haem‐A‐QoL	score,	a	negative	change	from	baseline	indicated	
an	improvement.	P	values	for	change	from	baseline	are	from	a	nonparametric	Wilcoxon	signed	rank	test.	P	values	for	difference	between	
doses	are	from	a	nonparametric	Mann‐Whitney	test.	The	Haem‐A‐QoL	score	is	applicable	to	patients	of	aged	17	years	and	above.	EQ‐5D,	
EuroQoL‐5	Dimensions;	Haem‐A	QoL,	Haemophilia‐Adults‐Quality	of	Life;	VAS,	visual	analogue	scale
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The	observed	changes	in	QoL	with	N9‐GP	are	likely	primarily	related	
to	fewer	bleeding	episodes;	the	longer	dosing	interval	(ie	fewer	in‐
jections);	and/or	resolution	of	target‐joint	bleeding.

With	an	incidence	of	1:30	000,	the	small	haemophilia	B	patient	
pool	limits	data	collection.30	These	pooled	data	further	support	the	
low	 immunogenicity	 and	 high	 tolerability	 associated	 with	 N9‐GP	
across	all	 ages,	as	well	 as	 the	efficacy	particularly	associated	with	
40	IU/kg	once‐weekly	prophylaxis.	Furthermore,	 in	all	 trials	 in	this	
analysis,	 treatment	assignment	was	decided	based	on	patients’	 in‐
dividual	 needs;	 thus,	 the	 results	 are	 applicable	 to	 real‐life	 clinical	
settings.	Nevertheless,	 this	pooled	analysis	has	several	 limitations,	
including	the	small	patient	population	(inherent	in	all	trials	of	patients	
with	haemophilia	B)	and	differences	in	trial	design	and	patient	popu‐
lation	between	the	five	studies,	such	that	not	all	endpoints	could	be	
reported	across	all	 trials.	Further	 research	 is	needed	 to	determine	
whether	the	efficacy	of	once‐weekly	prophylaxis	for	haemophilia	B	
patients	translates	into	long‐term	benefits	in	joint	outcome	and	QoL	
in	children,	as	well	as	in	adolescents	and	adults.

5  | CONCLUSION

This	 pooled	 analysis	 confirmed	 that	 N9‐GP	 is	 well	 tolerated	 and	
effective	 in	 preventing	 bleeding	 at	 40	IU/kg	 once‐weekly,	 and	
maintains	mean	FIX	activity	levels	≥15%	across	all	age	groups.	Once‐
weekly	prophylaxis	resolved	existing	target	joints	and	improved	QoL	
in	adolescents	and	adults;	 thus,	N9‐GP	offers	excellent	protection	
from	bleeding	episodes	and	provides	a	new	treatment	option	for	the	
prevention	of	bleeding	in	patients	with	haemophilia	B.
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