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Abstract Long-term safety and efficacy data of extended half-life factor IX (FIX) prophylaxis in
children with hemophilia B (HB) are sparse. paradigm 5 is a multinational, open-label,
single-arm, phase III trial assessing once-weekly (40 IU/kg) prophylactic nonacog beta
pegol (N9-GP) in previously treated patients (PTPs) aged � 12 years with HB (FIX
activity � 2%). Primary endpoint: incidence of anti-FIX inhibitory antibodies (� 0.6
Bethesda Units). We present a 5-year analysis (N¼ 25, including remaining patients
with � 5 years’ follow-up) and compare with a 1-year analysis (� 52 weeks’ exposure).
The main phase enrolled 25 children; 22 entered the extension phase; 17 remained in
trial at data cutoff. Median treatment period: 5.6 years/patient; median total number
of N9-GP exposure days: 290.0/patient. No patients developed anti-FIX inhibitory
antibodies. No other safety concerns, including thromboembolic events, were
reported. Neurological examinations have not revealed any new abnormal findings.
Sixteen (64.0%) patients remained free from spontaneous bleeds; all bleeds were
mild/moderate in severity; 93.0% were controlled with 1 to 2 N9-GP injections. No
intracranial hemorrhages were reported. Annualized bleeding rates (ABRs) were very
low at 5 years (median/Poisson-estimated mean overall ABR: 0.66/0.99), having
decreased from the 1-year analysis (1.00/1.44). Median/Poisson-estimated mean
spontaneous ABRs for the 1- and 5-year analyses: 0.00/0.45 and 0.00/0.33. Mean
FIX trough activity at 5 years: 17.9%. Mean polyethylene glycol plasma concentration
reached steady state at 6 months, increasing slightly over time, in line with increased
FIX trough activity. N9-GP administered for� 5 years shows favorable long-term safety
and efficacy in PTPs with HB (FIX activity � 2%).
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Introduction

Severe hemophilia B (factor IX [FIX] activity <1%) is associ-
ated with frequent spontaneous bleeds, particularly joint
and musculoskeletal bleeding, leading to chronic pain and
disability. Additionally, patients with severe hemophilia B
are at risk of life-threatening bleeding, such as intracranial
hemorrhage (ICH).1–3 Primary prophylaxis, defined as initi-
ation of regular factor concentrate infusions in young chil-
dren (generally between 1 and 2 years of age) prior to a joint
bleed, has become the recommended approach for the
management of severe hemophilia B.4–6

In the past, the goal of prophylactic therapy in severe
hemophilia B has been tomaintain plasma FIX activity above
1%, based on evidence that patients with moderate hemo-
philia B (FIX activity of 1–5%) experience significantly fewer
bleeds and their associated complications.4 Historically, to
achieve this threshold, standard FIX (recombinant or plas-
ma-derived) products have been administered at least twice
per week. However, the need for such frequent infusions can
negatively affect quality of life, adherence to treatment, and,
ultimately, long-term treatment efficacy.1,4,7 Frequent ad-
ministration is problematic for young children in whom
venous access is particularly challenging and who often
require insertion of central venous access devices (CVADs).
Such devices, in addition to requiring surgery and hospitali-
zation to insert, are associated with several complications,
including malfunction, infection, and thrombosis.8

To address the challenges associated with frequent dosing,
anextendedhalf-lifebetaEHL) FIX, nonacogbetapegol (N9-GP;
REFIXIA/REBINYN,NovoNordiskA/S, Bagsværd,Denmark), has
been developed. N9-GP employs site-specific glyco-PEGylation
on the activation peptide of FIX, which has been shown to
prolong FIX half-life by up to fivefold over standard half-life
recombinantor plasma-derived FIX.9Clinical efficacyofN9-GP
has been confirmed in three trials involving previously treated
adults and adolescents with severe or moderately severe
hemophilia B (FIX activity � 2%).10–12

The paradigm 5 trial was initiated in 2012 to assess the
safety and efficacy of once-weekly N9-GP prophylaxis (40 -
IU/kg) in previously treated children (aged � 12 years) with
hemophilia B and FIX activity � 2%. The first interim analysis,
performed in 2014when the last enrolled patient had reached
50 exposure days (EDs), demonstrated safety and efficacy in
this population over a � 1-year period of follow-up data.13

However, long-term safety and efficacy data are of particular
importance in young children, given the anticipated duration
of exposure. Here, we present long-term safety and efficacy
data from the paradigm 5 trial after a minimum of 5 years of
follow-up and compare results with the 1-year analysis.13

Methods

Trial Design
The design of paradigm 5 has previously been described in
detail.13 Briefly, paradigm 5 is a multinational, open-label,
single-arm, phase III trial (ClinicalTrials.gov identifier:
NCT01467427) with a 52-week main phase (initiated in

May 2012) and an ongoing extension phase. The trial seeks
to follow patients over a 10-year follow-up period
(►Supplementary Fig. S1, available in the online version).
The data cutoff date for this current 5-year analysis was
October 1, 2018.

All patients received once-weekly intravenous N9-GP 40 -
IU/kg prophylaxis during the main and extension phases.
Uncomplicatedmild/moderatebleedingepisodes, suchas joint
bleeds,were tobe treatedwith a single dose ofN9-GP40 IU/kg
and severe bleeding episodes (such as ICHs)were to be treated
with a single dose of 80 IU/kg. For placement of CVADs (ports)
or minor surgeries, an additional dose of N9-GP 40 IU/kg was
administered. Major surgery was permitted following a pro-
tocol amendment in July 2014 and conducted in accordance
with the World Federation of Hemophilia guidelines.4

If high-titer (� 5 Bethesda Units [BU]) anti-FIX inhibitory
antibodies were confirmed or if significant clinical impact
from anti-FIX inhibitory antibodies was observed, the pa-
tient was to be withdrawn from N9-GP treatment. In the
event of low-titer (<5 BU) anti-FIX inhibitory antibodies, the
patient could remain in the trial.

Patients
Key inclusion criteria for paradigm 5 included male gender,
age � 12 years, moderately severe or severe congenital
hemophilia B (FIX activity � 2%), and a history of � 50 EDs
to other FIX products. Informed consent from the patients’
parents/caregivers was obtained before any trial-related
activities. Key exclusion criteria included a known history
of anti-FIX inhibitory antibodies and an anti-FIX inhibitory
antibody level of � 0.6 BU at screening.

Endpoints
Safety: The primary endpoint was incidence of anti-FIX
inhibitory (neutralizing) antibodies, defined as � 0.6 BU.
Secondary safety endpoints included the incidence of ad-
verse events (AEs), serious AEs (SAEs), medical events of
special interest (MESIs), and development of anti-Chinese
hamster ovary (CHO) antibodies. The following were consid-
ered to be MESIs: medication errors of trial product, devel-
opment of anti-FIX inhibitory antibodies, thromboembolic
events, anaphylactic reactions, allergic reactions, and central
nervous system (CNS)-related AEs. General safety was also
assessed. A neurological examination was added to the
investigational plan in December 2017. This includedgeneral
appearance; language, social, and developmental aspects;
handedness; head circumference; level of consciousness;
cranial nerves in relation to sight (reaction to light, visual
fields and acuity, and eye movements); hearing; muscle
function (neck, upper and lower extremities); sensory aspect
of cold, pin prick, light touch and proprioception; and gait
(walking, running, on heels and toes, standing or hopping on
one leg, and Romberg’s test).

In addition, exploratory plasma polyethylene glycol (PEG)
concentration was measured. Blood samples collected since
the start of the paradigm 5 trial in 2012 were identified and,
following receipt of informed consent, analyzed for PEG plas-
ma levels. After the protocol amendment (December 2017),
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blood samples were prospectively collected and analyzed for
plasma PEG levels.

Efficacy: Efficacy endpoints were all secondary and in-
cluded the number of bleeding episodes during prophylaxis
(annualized bleeding rate [ABR]), type of bleed, bleed loca-
tion, number of N9-GP injections needed to treat a bleed, and
hemostatic control of bleeding, assessed on a four-point
hemostatic response scale. An “excellent” response was
defined as abrupt pain relief and/or clear improvement in
objective signs of bleeding within 8 hours after a single
infusion; a “good” response as noticeable pain relief and/or
improvement in signs of bleeding within 8 hours after a
single injection; a “moderate” response as probable or slight
beneficial effect within the first 8 hours after the first injec-
tion but requiring more than one injection within 8 hours;
and a “poor” response as no improvement or worsening of
symptoms within 8 hours after two injections. Successful
control of bleeding was defined as either an “excellent” or a
“good” response. In addition, the amount of N9-GP adminis-
tered for purposes of prophylaxis, bleed management, and
minor or major surgery was reported.

Pharmacokinetic (PK) parameters: Steady-state FIX trough
activity (%) wasmeasured at each clinic visit. The PK analysis
was performed with a one-stage clot assay, based on a
modified activated partial thromboplastin time assay and
using a product-specific calibrator.

Health economic resource use: Endpoints included dura-
tion of hospitalization, number of preschool/school days
missed due to bleeds or their sequelae, and number of
workdays missed by parent(s)/caregiver(s) due to bleeds or
their sequelae.

Antibody Testing
Detection of anti-FIX inhibitory antibodies (titer of� 0.6 BU)
was performed using a modified Nijmegen FIX Bethesda
assay. Samples were analyzed at a central laboratory, and,
if positive, a second confirmatory assay was performed.13 In
the main phase, blood samples to be tested for anti-FIX
inhibitory antibodieswere collected predose and 7 days after
the first dose, then every 4 weeks up to week 12, and then
every 8 weeks up to and including week 52. In the extension
phase, testing for anti-FIX inhibitory antibodies was per-
formed at 3months after the end of the main phase and then
every 6 months thereafter. Screening for N9-GP-binding
antibodies and FIX-binding antibodies in plasma was con-
ducted using a bridging enzyme-linked immunosorbent
assay (ELISA).14 Anti-PEG antibodies were not directly mea-
sured; any antibodies binding to N9-GP that did not cross-
react to recombinant FIX (rFIX) were assumed to be directed
against the PEG domain. Anti-CHO antibodies were mea-
sured using a direct ELISA approach.15

Statistical Analysis
The sample size was based on European Medicines Agency
guidelines.16 At enrollment, patients were stratified into two
age groups (0–6 and 7–12 years), with the aim of � 10
patients in each age group completing the main phase with
� 50 EDs for statistical evaluation.

Confidence intervals (CIs) for the anti-FIX inhibitory
antibody rate and the ABR were determined; assessments
of all other endpoints were based on descriptive analyses. All
summaries and analyses were performed for the total group,
as well as for each age group. The full analysis and safety
analysis sets were identical and comprised all patients
exposed to N9-GP. All data reported were cumulative.

For the primary endpoint, the incidence of anti-FIX in-
hibitory antibodies was reported, and a one-sided 97.5%
upper confidence limit was determined, based on an exact
calculation for a binomial distribution. Adequate safety, with
respect to anti-FIX inhibitory antibodies, was concluded if
the observed rate was � 5%, corresponding to no more than
one patient with anti-FIX inhibitory antibodies.

ABRs (overall, spontaneous, traumatic, or joint) were
reported and a two-sided 95% CI was provided based on a
Poisson regression model allowing for overdispersion. A
Poisson regression model was chosen because it adjusts for
the different exposure times of the patients in trial, whereas
the conventionalmean ABR treats all exposure times equally.
Consequently, the Poisson regression model provides a more
accurate estimate of ABR.

The analysis of mean FIX trough activity at steady state
during prophylaxis was based on a mixed model on the log-
transformed plasma concentrations with patient as a random
effect.OnlypredoseFIXmeasurements takenat least 5days and
no more than 10 days after the last dose, as well as measure-
mentstakenat least14daysafter thelastbleedingepisode,were
included in the calculation of steady-state FIX trough activity.

Results

As previously described, 25 patients were enrolled in this
trial from 17 sites in 8 countries.13 Of these 25 patients, 24
completed the main phase and 22 entered the extension
phase. Some attrition was expected given the length of the
trial and the increasing age of the patients. At data cutoff for
the 5-year analysis, 17 patients remained in the trial, while 8
had discontinued; one patient did not complete the main
phase, two patients did not enter the extension phase of the
trial, and five discontinued during the extension phase. For
the five patients who withdrew during the extension phase,
reasons for withdrawal included unwillingness to follow trial
procedures (one patient), parental anxiety over PEGylated
product (one patient), relocation of principal investigators
(one patient), and deciding to change treatment regimen
(two patients). No patients were withdrawn due to AEs. At
baseline, median (range) age was 7.0 (1–12) years in the
overall population. ►Table 1 shows additional patient char-
acteristics at baseline. At the time of this 5-year analysis,
median (range) age was 11.1 (6–18) years in the 17 remain-
ing patients: 9.2 (6–12) years in the younger age group and
15.7 (14–18) years in the older age group.

N9-GP Exposure
The 5-year analysis (including the main and extension
phases) comprised 116.44 patient years and 6,194 N9-GP
EDs. Themedian (range) total number of EDs per patient was
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290.0 (10.0–325.0), while the median (range) number of
prophylactic N9-GP injections was 279.0 (10.0–318.0).

Safety
Immunogenicity: No patients developed anti-FIX inhibitory
(neutralizing) antibodies (primary endpoint) over the 5-year
period analyzed. As previously reported, one patient was tran-
siently positive (visit 11) for anti-CHO antibodies in the main
phase of the trial without clinical consequences; the patient
remained in the trial.13 In the extension phase, one patient with
a small deletion FIX mutation (currently aged 16 years) was
transiently positive for a binding, non-neutralizing antibody to
N9-GP,which cross-reacted against standard rFIX. The antibody
did not have any clinical impact (no impact on PKparameters or
AEs and no increase in bleeding rate). Currently (post data
cutoff), the patient is negative for N9-GP-binding antibodies.
No anti-PEG antibodies were detected in any patients.

Adverse events: Over the entire 5-year trial period, 24
(96.0%) patients reported 573 AEs (4.92 AEs per patient-year
of exposure) (►Table 2). Of these, four (occurring in three
patients) were considered to be SAEs (catheter-site infection,
viral upper respiratory tract infection, food poisoning, and
hemoptysis). An additional three SAEs were reported but
were linked to existing SAEs. Importantly, no thromboem-
bolic events or severe allergic reactions were reported.

Adverse events considered possibly/probably related to trial
product: A total of eight AEs occurring in four patients (three
patients in the 7–12-year age group accounted for sixof these
AEs; one patient in the 0–6-year age group accounted for two
of these AEs) were determined by site investigators to be
possibly/probably related to trial product, corresponding to
0.07 events per patient-year of exposure (►Table 2). These
were abdominal pain, diarrhea, administration-site pain
(two AEs), eosinophilia, headache, nausea, and wheezing;
all occurred during thefirst year of the trial and did not result
in product discontinuation. No SAEs were judged by the
investigators to be related to N9-GP.

Medical events of special interest: A total of seven MESIs
(0.06 MESIs per patient-year of exposure) in five patients
were reported, of which six were allergic reactions
(►Table 2). These were urticaria (two episodes in one
patient), miliaria, allergic rhinitis, wheezing, and allergy to
arthropod bite. Only wheezing was considered
possibly/probably related to the trial drug. One patient
experienced a CNS-related event (Tourette’s disorder) that
was not judged to be related to the trial drug, and he
remained on treatment.

Neurological assessments: Fifteen patients underwent the
first structured neurological examination. No patients dis-
played any new abnormal findings. Three patients had
abnormal neurological findings that had already been
reported prior to the first structured neurological examina-
tion, and nonewere assessed as being related to the trial or to
N9-GP. One of these patients had abnormal social interaction
and language skills and was not reaching developmental
milestones. This patient also had a previous ICH at birth and,
while in the trial, had been diagnosed with attention-deficit
hyperactivity disorder; this was considered unlikely to be
related to treatment. Another patient had preexisting re-
duced visual acuity, and a third patient had gait issues at
baseline due to a target joint in his right foot. By the data
cutoff date for this analysis, two patients had undergone
a second annual neurological examination and no abnormal-
ities were reported.

Laboratory findings: Mean PEG plasma concentration
reached steady state at 6 months, after which a slight
increase occurred over � 5 years, in line with the increase
in FIX trough activity; this corresponded to the expected
decrease in FIX clearance, which occurs with increasing
patient age (►Fig. 1A, B). As expected, with increasing age,
creatinine levels also increased slightly over the trial period
but remained age appropriate and within the reference
range. Liver enzymes remained stable over time. No safety
concerns were identified.

Table 1 Patient demographics at baseline13

Younger children (0–6 y) Older children (7–12 y) Total

Number of patients 12 13 25

Age (y)a

Mean (SD) 3.1 (1.7) 9.6 (1.6) 6.5 (3.7)

Median (min–max) 3.0 (1–6) 10.0 (7–12) 7.0 (1–12)

Race, N (%)

Asian 4 (33.3) 4 (30.8) 8 (32.0)

Black/African American – 1 (7.7) 1 (4.0)

White 8 (66.7) 5 (38.5) 13 (52.0)

Other – 3 (23.1) 3 (12.0)

BMI (kg/m2)

Mean (SD) 17.0 (1.7) 18.0 (2.1) 17.5 (2.0)

Median (min–max) 17.0 (14.7–21.1) 17.5 (15.3–23.3) 17.5 (14.7–23.3)

Abbreviations: BMI, body mass index; N, number of patients; SD, standard deviation.
aNo patients were <1 year of age at baseline.
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Efficacy
Bleeding during prophylaxis: In the 1-year analysis, 15 of 25
patients enrolled in the main phase had experienced 42
bleeds requiring treatment13; at the 5-year analysis, an
additional five patients had experienced treatment-requir-
ing bleeds over the subsequent 4 years (►Table 3). Therefore,
over � 5 years, 20 patients (80.0%) had experienced 115
bleeds requiring treatment, with the cause of bleeds being
traumatic (73; 63.5% of bleeds), spontaneous (38; 33.0%), and
other (4; 3.5%).

Sites of bleeds with reported information on location
(n¼ 113) were joint (48; 42.5% of bleeds), muscular (22;
19.5%), subcutaneous (19; 16.8%), mucosal (15; 13.3%), gas-
trointestinal (1; 0.9%), or other (8; 7.1%); location was not
reported for two bleeds. No ICHs were reported. All bleeds
that occurred were classified as mild or moderate, 88.7%
were successfully controlled with N9-GP (“excellent” or
“good” response on the four-point hemostatic response
scale), and the majority (93.0%) were successfully treated
with one or two N9-GP injections (►Table 3).

Prophylactic efficacy: Over a median (range) treatment
period per patient of 5.6 (0.2–6.1) years, 5 (20%) patients
remained completely bleed free, 10 (40.0%) patients did not
experience any joint bleeds, and 16 (64.0%) patients experi-
enced no spontaneous bleeds.

The median overall ABR had decreased at the 5-year
analysis (0.66) compared with the 1-year analysis (1.00),
as had the median traumatic ABR (0.47 vs. 0.68). Median
spontaneous ABRwas 0.00 at both the 1- and 5-year analyses,
and median joint ABR was 0.00 at the 1-year analysis and
0.18 at the 5-year analysis.

The Poisson-estimated mean overall ABR was low in the
1-year analysis (1.44) and continued to decline over the
longer observation period in the 5-year analysis period
(0.99). Similar findings were observed with the Poisson-esti-
matedmean spontaneousABR (0.41 decreasing to 0.33),mean
traumatic ABR (0.89 decreasing to 0.63), and mean joint ABR
(0.55 decreasing to 0.42).13 See ►Fig. 2 for median ABR
and ►Table 4 for median and Poisson-estimated mean ABR
outcomes.

Table 2 Safety outcomes at 1- and 5-year analyses

1-year analysis13

(n¼ 25)
5-year analysis (n¼ 25)a

Younger children
(0–6 y)
(n¼ 12)

Older children
(7–12 y)
(n¼ 13)

Total
(n¼ 25)

N9-GP exposure

Sum of years in trial for all patients 29.17 57.04 59.40 116.44

EDs in trial 1,584 3,016 3,178 6,194

Immunogenicity, number of patients

Anti-FIX inhibitory Abs 0 0 0 0

Anti-CHO Abs 1 0 0 1

N9-GP-binding Abs 0 0 1b 1b

Anti-PEG Abs 0 0 0 0

Number of AEs/number of patients

All AEs 250/23 303/12 270/12 573/24

Serious AEs 1/1 2/1 2/2 4/3

Severe AEs 0 2/1 1/1 3/2

Moderate AEs 10/7 34/6 13/7 47/13

Mild AEs 240/23 267/12 256/12 523/24

Most commonly reported AEs (number of AEs/number of patients)

Nasopharyngitis 11/5 27/6 5/2 32/8

Cough 17/10 25/10 4/4 29/14

Contusion 17/8 12/4 16/6 28/10

Pyrexia 14/6 19/7 7/4 26/11

AEs judged as possibly/probably
related to treatment by investigator

8/4 2/1 6/3 8/4

MESIs 2/2 1/1 6/4 7/5

Abbreviations: Ab, antibody; AE, adverse event; CHO, Chinese hamster ovary; ED, exposure day; FIX, factor IX; MESI, medical event of special interest;
n, number of patients; N9-GP, nonacog beta pegol; PEG, polyethylene glycol.
aAEs at the 1- and 5-year analyses (cumulative).
bCross-reactive against recombinant FIX, transient.
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Fig. 1 Mean (SEM) profiles of PEG concentration (µg/mL) and FIX trough activity (%) for (A) patients aged 0–6 years at start of trial and (B) 7–12
years at start of trial over a follow-up period of at least 5 years.a FIX, factor IX; PEG, polyethylene glycol; SEM, standard error of the mean. aPoints
are means; error bars represent SEM. Profiles are overlaid to reveal patterns between both measurements. Note that different scales are used for
each curve. Only predose FIX measurements taken at least 5 days and no more than 10 days after the last dose, as well as measurements taken at
least 14 days after the last bleeding episode, were included. The final assessment in the 7- to 12-year age group denotes the end-of-trial visit. This
visit was for patients who did not proceed into the extension phase or who were withdrawn.

Table 3 Hemostatic effectiveness of N9-GP at 1- and 5-year analysesa

1-year analysis13

(n¼ 25)
5-year analysisb

(n¼ 25)

Younger children
(0–6 y)
(n¼ 12)

Older children
(7–12 y)
(n¼ 13)

Total
(n¼ 25)

Hemostatic response, N (% treated bleeds)

Excellent 22 (52.4) 21 (53.8) 22 (28.9) 43 (37.4)

Good 17 (40.5) 14 (35.9) 45 (59.2) 59 (51.3)

Moderate 2 (4.8) 2 (5.1) 7 (9.2) 9 (7.8)

Poor 1 (2.4) 2 (5.1) 2 (2.6) 4 (3.5)

Number of injections per bleeding episode, N (%)

1 36 (85.7) 33 (84.6) 61 (80.3) 94 (81.7)

2 5 (11.9) 5 (12.8) 8 (10.5) 13 (11.3)

� 3 1 (2.4) 1 (2.6) 7 (9.2) 8 (7.0)

Successful control of bleedingc, N (% treated bleeds)

Overall 39 (92.9) 35 (89.7) 67 (88.2) 102 (88.7)

Traumatic 24 (96.0) 28 (90.3) 38 (90.5) 66 (90.4)

Spontaneous 11 (84.6) 7 (87.5) 25 (83.3) 32 (84.2)

Abbreviations: n, number of patients; N, total number of bleeding episodes; N9-GP, nonacog beta pegol.
aEvaluations include only those bleeds requiring treatment.
bIncludes data from the 1-year analysis.
cDetermined as being either an excellent or a good response.
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N9-GP consumption: Median (range) annual total N9-GP
consumption was 2288.1 (2015.1–2512.4) IU/kg/year per
patient, median (range) annual prophylactic N9-GP con-
sumption was 2220.6 (2015.1–2333.6) IU/kg/year per pa-
tient, and median (range) annual N9-GP consumption for
treatment of bleeds was 50.6 (7.7–374.9) IU/kg/year per
patient. Median (range) N9-GP dose per bleeding episode
was 43.2 (21.9–569.3) IU/kg/bleed and the median (range)
prophylactic dose was 43.1 (6.4–56.0) IU/kg.

One patient underwent major surgery for closure of
arteriovenous fistula; he received two N9-GP doses of 41.8 -
IU/kg on the day of surgery. Ten patients underwent 17
minor surgeries (dental procedures [n¼ 10], CVAD
removal/insertion [n¼ 3], bronchoscopy [n¼ 1], nasal devi-
ation correction [n¼ 1], myringotomy and grommet (ear
tube) insertion [n¼ 1], and grommet insertion [n¼ 1]).
Patients undergoing minor surgery received a median
(range) N9-GP dose of 44.1 (40.6–61.5) IU/kg/procedure.

Health Economic Outcomes
At data cutoff, most children had missed no days of school
due to bleeds or their sequelae (81.8 and 84.6% of children
aged 0–6 and 7–12 years, respectively) and none of the
children spent any time as inpatients in hospital, outside
of surgery settings. Over the 5-year analysis period, parents
of children in the 0 to 6- and 7 to 12-year age groupsmissed a
mean of 0.3 and 0.5 days of work, respectively, due to a child’s
bleed or its sequelae.

Pharmacokinetics
Mean FIX trough activity increased slightly over the analysis
period (►Fig. 1A, B). By the fifth year on trial, the estimated
mean percentage steady-state FIX trough activity (95% CI)
was 17.9% (15.8–20.3%) in the overall patient group (median
age at analysis: 11.1 years), 16.6% (13.8–19.9%) in the youn-
ger age group (median age at analysis: 9.2 years), and 19.2%

(16.1–22.9%) in the older age group (median age at analysis:
15.7 years).

Discussion

In this 5-year analysis, long-term safety and efficacy of
prophylactic N9-GP administered as 40 IU/kg once weekly
were established. All 17 patients still in trial at the time of
this analysis had at least 5 years of follow-up data.

No safety concerns were identified, and no patients
developed anti-FIX inhibitory antibodies during this long-
term follow-up period. Although there is extensive clinical
experience with PEGylated molecules, there has been some
debate regarding whether abnormal accumulation of PEG in
plasma and tissues may occur during long-term treatment
andwhether this might impact the functioning of processing
organs, such as the kidneys and liver. Analysis of patient
samples from this study over a treatment duration of up to
6.5 years demonstrated that PEG plasma concentration
reached steady state at 6 months, after which there was
only a slight increase over the analysis period (� 5 years),
correlating closely with a gradual increase in FIX trough
activity over the same period.17 This increase was expected
given that FIX clearance decreases as children growolder and
assume adult-like metabolism3; in fact, at the time of this
analysis, 10 patients were already adolescents (� 12 years).
These data, combinedwith data from adolescents and adults
with hemophilia B receiving weekly prophylactic N9-GP
(40 IU/kg), were recently published in an independent man-
uscript that focused on steady-state PEG plasma levels
during long-term prophylactic treatment. It demonstrated
that PEG plasma levels followed predictable kinetics and
reached steady state in children, adolescents, and adults on
regular prophylaxis with N9-GP, with no long-term accumu-
lation observed in up to 6.5 years of regular prophylaxis.17

Moreover, Sternebring et al discuss experiences from other

Fig. 2 Changes in median overall, traumatic, and spontaneous ABRs at 1-year analysis versus 5-year analysis (total population).13 ABR,
annualized bleeding rate.
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PEGylated products in long-term use that reach similar or
higher steady-state PEG plasma levels than those achieved
with N9-GP prophylaxis. There has been no indication that
these steady-state exposures to PEG caused any safety con-
cerns or unexpected AEs.17 These findings are in line with
those from an earlier study by Stidl et al, which also con-
cluded that there is no consistent pattern of AEs attributable
to PEG exposure for any of several PEGylated drugs evaluated
(including N9-GP and FVIII/FIX replacement therapies that
include PEG as an excipient).18

In the current study, no new abnormal neurological
findings were reported in the 15 patients who had under-
gone a neurological examination, and there were no clinical-
ly significant changes in the levels of creatinine or liver
enzymes over the 5-year analysis period, demonstrating a
lack of neurologic, renal, and hepatic toxicity. As such,
despite 5 years of ongoing regular PEG exposure, no safety
concerns have been identified so far. Moreover, the overall

experience from N9-GP clinical trials thus far demonstrates
that the safety profile of N9-GP is similar to other non-
PEGylated FIX products and no safety issues attributable to
PEG have been identified.9–13

In addition to showing robust long-term safety, N9-GP
was associated with favorable efficacy outcomes over a
follow-up period of at least 5 years. It is noteworthy that
ABRs diminished from the initial 1-year analysis to the 5-
year analysis; this included median overall and traumatic
ABRs (1.00 vs. 0.66 and 0.68 vs. 0.47, respectively) as well as
Poisson-estimated mean ABR measures (overall, spontane-
ous, traumatic, and joint). Median spontaneous ABRs did not
change as they were 0.00 for both analyses. There are several
possible reasons to explain the fall in bleeding rates over
time. In the first year on trial, patients/families lacking
familiarity with N9-GP may have overtreated events that
they deemed to require therapy (traumatic events or
joint/muscle pain), which might not have been true bleeds

Table 4 Treatment outcomes at 1- and 5-year analyses

5-year analysisa

(n¼ 25)

1-year analysis13

(n¼ 25)
Younger children
(0–6 y)
(n¼ 12)

Older children
(7–12 y)
(n¼ 13)

Total
(n¼ 25)

Treatment period per patient, y

Mean (SD) 1.2 (0.3) 4.8 (1.7) 4.6 (1.9) 4.7 (1.8)

Median (min–max) 1.2 (0.2–1.5) 5.6 (0.2–5.7) 5.3 (1.0–6.1) 5.6 (0.2–6.1)

Efficacy outcomesb

Number of bleeds/patients with bleeds 42/15 39/8 76/12 115/20

Number of patients without a bleed (%) 10 (40.0) 4 (33.3) 1 (7.7) 5 (20.0)

Number of patients without
a spontaneous bleed (%)

19 (76.0) 9 (75.0) 7 (53.8) 16 (64.0)

Bleed cause, N (%)

Traumatic 25 (59.5) 31 (79.5) 42 (55.3) 73 (63.5)

Spontaneous 13 (31.0) 8 (20.5) 30 (39.5) 38 (33.0)

Other/unknown 4 (9.5) 0 4 (5.3) 4 (3.5)

Median ABR (IQR)

Overall ABR 1.00 (0.00–2.06) 0.41 (0.00–1.13) 0.99 (0.33–2.68) 0.66 (0.33–1.80)

ABRtraumatic 0.68 (0.00–1.03) 0.41 (0.00–0.76) 0.50 (0.33–0.82) 0.47 (0.17–0.82)

ABRspontaneous 0.00 (0.00–0.00) 0.00 (0.00–0.18) 0.00 (0.00–0.75) 0.00 (0.00–0.36)

ABRjoint 0.00 (0.00–0.80) 0.18 (0.00–0.37) 0.17 (0.00–0.82) 0.18 (0.00–0.54)

Poisson-estimated mean ABR (95% CI)c

Overall ABR 1.44 (0.92–2.26) 0.68 (0.32–1.48) 1.28 (0.74–2.23) 0.99 (0.61–1.60)

ABRtraumatic 0.86 (0.50–1.47) 0.54 (0.23–1.27) 0.71 (0.34–1.47) 0.63 (0.36–1.10)

ABRspontaneous 0.45 (0.18–1.08) 0.14 (0.03–0.60) 0.51 (0.24–1.07) 0.33 (0.15–0.70)

ABRjoint 0.55 (0.30–1.00) 0.25 (0.11–0.53) 0.59 (0.36–0.96) 0.42 (0.26–0.68)

Abbreviations: ABR, annualized bleeding rate (bleeds per patient per year); ABRjoint, annualized bleeding rate in any joint; ABRspontaneous, annualized
spontaneous bleeding rate; ABRtraumatic, annualized traumatic bleeding rate; CI, confidence interval; IQR, interquartile range; n, number of patients;
N, total number of bleeding episodes; SD, standard deviation.
aIncludes data from the 1-year analysis.
bEvaluations include only those bleeds requiring treatment.
cAnalyzed based on a Poisson-regression analysis model allowing for overdispersion and using treatment duration as an effect.
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and might not have needed to be treated. With ongoing time
on trial, patients likely had greater confidence in the level of
prophylactic protection provided by N9-GP, which may have
caused them to not treat events that initially theymight have
treated. Additional reasons for the decrease in bleeding rates
include the gradually increasing FIX trough activity and
possible improved joint health over time.

The median overall ABR reported in the 5-year analysis in
our study (0.66) compares extremely favorably to ABRs
reported with prophylaxis using standard half-life rFIX
products in children (median overall ABR of 2.0 and estimat-
ed overall ABR of 3.7, respectively).19,20 It also compares
favorably with the median overall ABR reported for prophy-
laxis with rFIX Fc fusion protein in children over a median
treatment duration of 1.1 to 3.4 years (ABR: 1.04–3.69) and
recombinant fusion protein linking coagulation FIX with
albumin (rIX-FP) administered for a mean duration of
62 weeks (ABR: 3.12).21,22

During the first-year analysis of paradigm 5, 10 patients
(40.0%) had remained free from any bleeds.13 In other
prophylaxis studies with EHL FIX products in patients with
hemophilia B and FIX activity � 2%, outcomes were similar
over an approximate 1-year treatment period. In a study of
rFIX Fc fusion protein, 10 (33.0%) patients remained free
from bleeds over amedian treatment period of 49.4 weeks,23

and 4 (14.8%) patients receiving rIX-FP experienced no
bleeds requiring treatment during a mean treatment period
of 62 weeks.22 Over the entire 5-year analysis period of
paradigm 5, 5 (20%) patients remained free from bleeds,
while 16 patients (64%) had no spontaneous bleeds. There
are no similar long-term ABR data reported for other EHL FIX
products.

The hemostatic success rate in the 5-year analysis of
paradigm 5 was slightly lower than that observed in the 1-
year analysis (88.7% vs. 92.9% of bleeds)13; to a large extent,
this was due to a single patient who was noncompliant and
who received up to 12 doses of N9-GP on several occasions to
treat bleeds. Excluding this patient, 91.8% of all bleeds were
successfully treated. In this trial, the majority (81.7%) of
bleeds were successfully treated with one N9-GP infusion,
while 11.3% were treated with two infusions; only 7% of
bleeds in four patients were managed with three or more
N9-GP infusions.

These hemostatic success outcomes are similar to those
reported in two shorter trials (paradigm2 and paradigm4) of
weekly prophylactic N9-GP (40 IU/kg) in adolescents/adults
with hemophilia B and FIX activity � 2%.10,11 In paradigm 2,
95.7% of bleeds were successfully controlled, and 98.6%
required only one N9-GP infusion to treat the bleeding
episode. Corresponding values in paradigm 4 were 92.9
and 84.7%, respectively.10,11

A limitation of this trial is its small sample size. Sample
size is always a challenge when conducting clinical trials in
rare diseases (such as hemophilia B) with low patient
numbers. Furthermore, patients with mild (FIX activity:
5–40%)4 or moderate (FIX activity: >2–5%) hemophilia B
were not eligible for inclusion in this trial, further reducing
the sample size. Additionally, maintaining patients on long-

term trials is challenging, particularly when the investiga-
tional product becomes available outside of a clinical trial—
as has happened with N9-GP, now available commercially in
many of the participating centers/countries.

In conclusion, this trial provides the longest follow-up
safety and efficacy data of any EHL FIX in children. Such long-
term follow-up data are important, particularly in very
young children who are growing and developing and who
start off with good joint status. The data from this 5-year
analysis of paradigm 5 substantiate the long-term safety and
efficacy of N9-GP for the prevention and treatment of bleeds
in previously treated children (aged 0–12 years) with hemo-
philia B with FIX activity � 2%.

What is known about this topic?

• Long-term prophylaxis with replacement factor IX
(FIX) concentrate is indicated for children with severe
hemophilia B (HB). However, such prophylaxis is chal-
lenging due to the need for frequent intravenous FIX
infusions.

• Nonacog beta pegol (N9-GP) is an extended half-life
(EHL) glycoPEGylated FIX, which has demonstrated a
fivefold prolongation of half-life versus standard half-
life FIX. It has shown good safety and efficacy as
prophylaxis in children with HB.

• Few published data exist on the long-term safety and
efficacy of prophylaxis with an EHL FIX such as N9-GP
in children with HB.

What does this paper add?

• This 5-year analysis of prophylactic N9-GP adminis-
tered as 40 IU/kg once weekly provides the longest
follow-up safety and efficacy data published of any EHL
FIX.

• No neurological, renal, or hepatic safety concerns were
identified, and no patients developed anti-FIX inhibi-
tory antibodies; PEG plasma concentration reached
steady state at 6months, after which there was a slight
increase proportional to the increased steady-state FIX
trough activity (mean FIX trough activity in 7–12 year
age group at 5 years: 19.2%). Bleeding rates continued
to decrease during the trial, such that over the entire
5-year period, the median overall annualized bleeding
rate was 0.66.

• Data from this 5-year analysis of paradigm 5 substan-
tiate the long-term safety and efficacy of N9-GP for the
prevention and treatment of bleeds in previously
treated children (aged 0–12) with HB with FIX activity
�2%.
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