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Abstract
Background/Objective: We report the first analysis of an extended half-life recombi-
nant factor IX, nonacog beta pegol (N9-GP), in previously untreated patients (PUPs) 
and minimally treated patients with hemophilia B.
Methods: Paradigm 6 (Safety and Efficacy of Nonacog Beta Pegol [N9-GP] in 
Previously Untreated Patients With Haemophilia B) is a multicenter, open-label, 
single-arm, phase 3 trial. Main inclusion criteria were males aged  <  6  years, with 
hemophilia B with factor IX (FIX) activity ≤ 2%, who were previously untreated or 
with ≤ 3 exposure days (EDs) to FIX-containing products. Patients received N9-GP 
40 IU/kg once weekly (prophylaxis) or individualized dosing (preprophylaxis). Bleeds 
were treated with N9-GP 40 IU/kg (80 IU/kg if severe). The primary end point was 
incidence of anti-FIX inhibitory antibodies (inhibitors). Secondary end points included 
safety outcomes and annualized bleeding rate (ABR).
Results: At data cutoff (August 31, 2018), 38 patients had been screened, and 37 had 
received N9-GP (median age, 1.0 years [range, 0-4]). Total in-trial EDs amounted to 
2833, representing ~ 65 patient-years. Two (6.1%) of 33 “at-risk” patients (patients 
with ≥ 10 EDs plus patients who developed inhibitors) developed high-titer inhibitors 
and were withdrawn. No other safety concerns, including thromboembolic events, 
were identified. In the prophylaxis group (n = 28), 67.9% were bleed free; all bleeds 
(n = 15) were treated with one N9-GP injection; and overall, spontaneous, and trau-
matic ABRs were low (median ABRs of 0.0, 0.0, and 0.0, respectively; modeled mean 
ABRs of 0.31, 0.08, and 0.23, respectively). Estimated mean FIX trough activity was 
15.0%.
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Essentials

•	 Nonacog beta pegol (N9-GP) was evaluated in previously untreated patients (PUPs) with severe hemophilia B (FIX ≤ 2%).
•	 FIX inhibitor incidence (2/33 “at-risk” patients) was within the expected range for PUPs.
•	 ~68% of PUPs on N9-GP prophylaxis had no bleeds; all 15 bleeds resolved with one N9-GP injection.
•	 Median overall, spontaneous, and traumatic ABRs of PUPs on N9-GP prophylaxis were 0.00.

1  | INTRODUCTION

Therapeutic advances in hemophilia B, including development of 
recombinant factor IX (rFIX) products and implementation of rou-
tine prophylaxis, have improved patients’ lives.1,2 Both the World 
Federation of Hemophilia (WFH) and the World Health Organization 
have stated that initiating prophylactic treatment with coagulation 
factor IX (FIX) at a young age, ideally ~ 1-2 years, is the optimal treat-
ment for children with severe hemophilia B (FIX activity  <  1%).3,4 
However, frequent FIX injections may negatively impact quality of life 
and treatment adherence.1 Frequent dosing is particularly challenging 
for younger children due to venous access difficulties, pain during fac-
tor administration, and complications associated with central venous 
access devices.5,6 Extended half-life (EHL) rFIX products aim to mini-
mize this treatment burden by reducing dosing frequency while main-
taining higher levels of FIX activity versus standard rFIX products.7,8

Until now, clinical trial results have been published only for EHL 
rFIX products in previously treated patients (PTPs) with hemophilia 
B.7,8 Previously untreated patients (PUPs) with severe disease rep-
resent a vulnerable patient population, as the greatest risk of de-
veloping anti-FIX inhibitory (neutralizing) antibodies is during the 
first 10-20 exposure days (EDs) of factor replacement therapy.9-11 
Development of inhibitory antibodies is a significant complication 
of hemophilia treatment, resulting in difficult-to-treat bleeds and an 
increased risk of morbidity.12,13 Moreover, patients with anti-FIX in-
hibitory antibodies may experience anaphylaxis or allergic reactions, 
and immune tolerance induction can be complicated by the risk of 
developing nephrotic syndrome.14,15

Nonacog beta pegol (N9-GP; REFIXIA/REBINYN; Novo Nordisk 
A/S, Bagsværd, Denmark) is a site-specific glycoPEGylated EHL rFIX 
product that has demonstrated safety and efficacy in PTPs of all age 
groups in phase 3 clinical trials.16-18 Here, we report interim safety, 
immunogenicity, and efficacy results of paradigm 6 (Safety and 
Efficacy of Nonacog Beta Pegol [N9-GP] in Previously Untreated 
Patients With Haemophilia B), a phase 3 trial of N9-GP for the 
prevention and treatment of bleeds in PUPs and minimally treated 

patients (MTPs) with severe and moderately severe hemophilia B 
(FIX activity ≤ 2%). The primary objective was to evaluate the inci-
dence of anti-FIX inhibitory antibodies; safety outcomes, efficacy, 
and FIX pharmacokinetics were also assessed.

2  | METHODS

2.1 | Trial design

Paradigm 6 (NCT02141074) is an ongoing, multinational, open-label, 
single-arm, phase 3 trial conducted in accordance with the Declaration 
of Helsinki, the International Conference on Harmonization Good 
Clinical Practice Guideline, and the US Food and Drug Administration 
21 Code of Federal Regulations Part 11. The protocol, consent form, 
and subject information sheet were approved according to local regu-
lations by appropriate health authorities and an institutional review 
board/independent ethics committee.

The start date was July 2, 2014, and the estimated trial comple-
tion date is October 30, 2022. The trial has 4 phases. Phase 1 defines 
the screening visit. Phase 2 (main phase; 1-3 years’ duration) com-
prises a patient’s first 50 N9-GP EDs; patients receive either weekly 
prophylaxis with N9-GP until 50 EDs are reached or preprophylaxis 
with N9-GP (until maximum 24 months old or 20 EDs), after which 
they receive weekly prophylaxis until 50 EDs. Phase 3 comprises 
prophylactic N9-GP for another 50 EDs until 100 EDs; thereafter, 
patients enter phase 4 and receive N9-GP prophylaxis until trial end.

Following a protocol amendment (December 2017), a neurologi-
cal examination was included as a baseline assessment, as was mea-
surement of plasma polyethylene glycol (PEG) levels.

2.2 | Patient eligibility

Key inclusion criteria were male sex, age  <  6  years, hemophilia B 
with FIX activity  ≤  2%, and previously untreated or exposed to 

Conclusion: We report an inhibitor incidence of 6.1%, which is within the expected 
range for PUPs with hemophilia B. No other safety concerns were identified; moreo-
ver, N9-GP provided effective hemostatic coverage.
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FIX-containing products for  ≤  3 EDs (5 EDs to blood components 
were permitted). Informed consent was obtained from the primary 
caregiver(s) before any trial activities. A key exclusion criterion was 
history of anti-FIX inhibitory antibodies.

2.3 | N9-GP regimen

Before starting treatment with N9-GP, the family and investigator 
decided whether a patient initially underwent preprophylaxis or 
prophylaxis treatment.

2.3.1 | Preprophylaxis treatment

To account for the difficulty of frequent infusions in very small 
children, caregivers and treating physicians could decide the fre-
quency of infusions in patients up to 24 months of age or 20 EDs, 
whichever came first. Thus, patients in preprophylaxis received 
either N9-GP only on demand for bleeds or N9-GP 40  IU/kg at 
individually chosen intervals longer than a week, with additional 
doses given for treatment of bleeds if necessary. After 20 EDs or 
their second birthday, the patient was switched to the full prophy-
laxis dosing schedule. Patients could also switch before reaching 
either milestone. Any child aged  ≥  2  years at screening started 
directly on prophylaxis.

2.3.2 | Prophylaxis treatment

N9-GP was administered intravenously as a weekly (±1 day) 40 IU/
kg dose. Patients could undergo major (after 20 EDs) or minor sur-
gery. During surgery, the N9-GP treatment pattern could be altered, 
with patients resuming the normal prophylaxis schedule upon sur-
gery completion.

2.3.3 | Treatment of bleeds

All bleeds were to be treated immediately. Mild/moderate bleeds 
were treated with N9-GP 40 IU/kg, with an additional dose of 40 IU/
kg permitted upon consultation with the investigator. Severe bleeds 
were treated with N9-GP 80 IU/kg, which could be repeated (maxi-
mum dose, 200 IU/kg in 24 hours).

2.3.4 | Treatment location requirements

The first 10, preferably 20, N9-GP injections had to be adminis-
tered at the trial site, per WFH recommendations.11 N9-GP ad-
ministration outside the trial site before reaching 20 EDs was 
to be performed in the presence of an experienced health care 
professional.

2.4 | Trial end points

2.4.1 | Immunogenicity

The primary end point was incidence of anti-FIX inhibitory (neutral-
izing) antibodies of ≥ 0.6 BU, calculated based on “at-risk” patients, 
defined as those with ≥ 10 EDs or who had developed anti-FIX in-
hibitory antibodies. The minimum exposure of 10 EDs was chosen 
because patients with fewer EDs might not have developed a meas-
urable immune response. Samples were tested for N9-GP–binding 
antibodies every 5 EDs until 20 EDs, every 10 EDs until 100 EDs, and 
every 24 EDs thereafter. A positive test for N9-GP–binding antibod-
ies and two consecutive positive anti-FIX inhibitory antibody tests 
(Bethesda assay) performed at the central laboratory were required 
to confirm the presence of FIX inhibitors. The second test defined 
the anti-FIX inhibitory antibody titer.19 Patients with low-titer (0.6 
to < 5 BU) anti-FIX inhibitory antibodies could continue N9-GP treat-
ment; patients with high-titer (≥5 BU) anti-FIX inhibitory antibodies 
were withdrawn from treatment, and follow-up visits were planned.

Antibodies against anti-Chinese hamster ovary (CHO) host 
cell proteins (HCPs) were assessed. Anti-PEG antibodies were not 
directly measured but were considered possible in the event of 
N9-GP–binding antibodies that did not cross-react against rFIX.

2.4.2 | Safety

Secondary safety end points included adverse events (AEs) thought 
possibly/probably related to treatment, serious AEs (SAEs), and 
medical events of special interest (MESIs). MESI categories were 
medication errors concerning the trial product, anti-FIX inhibitory 
antibody formation, thromboembolic events, anaphylactic reaction, 
allergic reaction, and central nervous system–related AEs. Vital signs 
and laboratory parameters were also assessed. Following a protocol 
amendment (December 2017), PEG plasma levels were assessed at 
screening (or before dosing on the first day of dosing if the blood 
sampling limit had been reached at the screening visit), as well as at 
visits after 30, 50, 80, and 100 EDs, and every 24 EDs thereafter.

2.4.3 | Efficacy

Secondary efficacy end points included hemostatic control, as-
sessed on a 4-point hemostatic response scale. An “excellent” re-
sponse was defined as one N9-GP dose within 8 hours and abrupt 
pain relief and/or clear improvement in objective signs of bleeding; 
“good” was one N9-GP dose within 8 hours and noticeable pain re-
lief and/or improvement in signs of bleeding; “moderate” was more 
than one N9-GP dose within 8 hours and probable/slight beneficial 
effect after the first injection; and “poor” was more than one N9-GP 
dose within 8 hours and no improvement/worsening of symptoms. 
Successful control of bleeding was defined as “excellent” or “good.” 
Number of breakthrough bleeds (annualized bleeding rate [ABR]), 
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the amount of N9-GP administered per bleed, the number of N9-GP 
injections needed to treat a bleed, and N9-GP consumption were 
assessed.

2.4.4 | Pharmacokinetic parameters

Trough (predose) FIX activity was recorded every 5 EDs until 20 EDs, 
every 10 EDs until 100 EDs, and every 24 EDs thereafter. FIX activ-
ity at 30 minutes after dosing was recorded every 10 EDs until 20 
EDs, as well as at 50 and 100 EDs. The resulting incremental FIX 
recovery at 30 minutes after dosing was calculated when both pre- 
and postdosing FIX activity were available.

2.5 | Analytical assessments

Evaluation of anti-FIX inhibitory antibodies was performed at a 
central laboratory using a heat-modified Nijmegen FIX Bethesda 
assay.20 Samples measuring above the assay cut point (≥0.6 BU) re-
quired a confirmation test.

Assays validated according to international guidelines were 
used for antibody screening.21,22 Samples measuring above the 
predetermined assay cutoff point were characterized for specific-
ity to N9-GP and cross reactivity to FIX. If necessary, isotyping 
was performed.

FIX activity was measured with a FIX one-stage clotting assay23 
using SynthAFax as activated partial thromboplastin time reagent.23 
FIX gene mutation status was determined by either in-trial labora-
tory analysis or by post hoc classification of gene defects reported 
in patients’ medical records.

2.6 | Statistical analysis

No formal sample size calculations were performed; the planned 
size of 40 trial completers was based on European Medicines 
Agency (EMA) guidelines.24 With an estimated dropout rate of 20%, 
50 patients needed to be enrolled. A protocol-specified interim 
analysis was performed when  ≥  20  patients receiving N9-GP had 
achieved ≥ 50 EDs. At time of trial design, EMA regulatory guide-
lines stated that approval of rFIX or human plasma-derived FIX 
products for hemophilia B in PUPs should be based on a preauthori-
zation safety/efficacy clinical trial in ≥ 20 patients with ≥ 50 EDs; 
in addition, a postapproval commitment to have follow-up data 
for ≥ 20 additional PUPs for a minimum of 100 EDs was required.24 
Consequently, all patients in paradigm 6 were to continue in the on-
going extension phase to capture data for ≥ 100 EDs in ≥ 40 patients.

The incidence of anti-FIX inhibitory antibodies was reported, and 
a one-sided 97.5% upper confidence limit was determined based on 
an exact calculation for a binomial distribution: The numerator com-
prised patients with anti-FIX inhibitory antibodies, and the denomi-
nator included all patients with ≥ 10 EDs plus any patient with ≤ 10 

EDs with anti-FIX inhibitory antibodies. The ABR was summarized, 
and a 95% two-sided confidence interval (CI) was provided, based 
on a negative binomial regression model with the number of break-
through bleeds as the outcome variable, and adjusting for exposure 
time. All other data were descriptive statistics. The full analysis and 
safety sets included all patients exposed to N9-GP.

3  | RESULTS

3.1 | Patients

As of August 31, 2018 (data cutoff), 38 patients were screened and 
37 dosed with N9-GP; 13 patients started directly on prophylaxis. 
Of 24 patients who started preprophylaxis, 15 had moved to proph-
ylaxis at the time of analysis (Figure 1).

Median (range) age of patients (N = 37) at baseline was 1.0 (0-4) 
years; the most common FIX gene defect (determined in 36 patients) 
was missense mutations (n = 21; 58.3%), followed by nonsense mu-
tations (n = 6; 16.7%; Table 1).

Fourteen patients underwent minor surgery (preprophylaxis group, 
n = 5; prophylaxis group, n = 11): 17 surgeries for port placement or 
removal, 5 incidences of dental work, 2 circumcisions, and 2 bilateral 
myringotomy and tube surgeries. No major surgery was performed.

3.2 | N9-GP exposure

At data cutoff, 31 and 21 patients achieved ≥ 10 and ≥ 50 EDs, respec-
tively, and total N9-GP exposure amounted to 2833 EDs (preprophy-
laxis group, 222 EDs; prophylaxis group, 2611 EDs), representative 
of 65.0 patient years (preprophylaxis group, 15.4, prophylaxis group, 
49.6 years). N9-GP was administered for a median (range) duration 
of 0.64 (0.00-1.63) years per patient (preprophylaxis group) and 1.52 
(0.00-3.77) years per patient (prophylaxis group). Median (range) 
total numbers of EDs per patient were 8.5 (1-20; preprophylaxis) and 
78.5 (1-197; prophylaxis).

3.3 | Safety

3.3.1 | Immunogenicity

Two patients in the preprophylaxis group developed anti-FIX inhibi-
tory antibodies (≥0.6 BU) within 10 EDs, resulting in an estimated 
incidence of 6.1% (one-sided 97.5% upper CI: 22.4%) among the 33 
“at-risk” patients exposed to N9-GP (31 patients with ≥ 10 EDs plus 
the 2 patients who developed anti-FIX inhibitory antibodies). Both 
patients were withdrawn (Table 2).

The first patient to develop confirmed anti-FIX inhibitory an-
tibodies  ≥  0.6 BU was 17  months old with severe hemophilia B 
and a de novo nonsense mutation. He had an anaphylactic reac-
tion < 5 minutes following the fourth dose of N9-GP. Symptoms 



     |  5CHAN et al.

included vomiting, coughing, hypotonia, reduced level of con-
sciousness, and swelling and cyanosis of the lips, but no respira-
tory insufficiency. The patient was treated with systemic steroids 
and fully recovered within approximately 1  hour. At the time of 
this reaction, FIX activity was < 1% and two local laboratory tests 
were positive for high-titer (≥5 BU) anti-FIX inhibitory antibod-
ies. The patient was also positive for N9-GP–binding antibodies 
and CHO-HCP antibodies. At the end-of-treatment visit (2 weeks 
later), a central laboratory test confirmed that he was still posi-
tive for high-titer (8 BU) anti-FIX inhibitory antibodies. Two weeks 
later, the patient remained inhibitor positive (5 BU). One month 
and 4  days before the anaphylactic reaction, this patient had 

experienced vomiting after their second exposure to N9-GP but 
showed no reaction at their third exposure. Before the trial, he had 
received two doses of another rFIX product (BeneFix; Pfizer Inc, 
New York, NY, USA).

The second patient who developed anti-FIX inhibitory anti-
bodies ≥ 0.6 BU was 15 months old with severe hemophilia B and 
a nonsense mutation who presented with persistent bleeding after 
the fourth and fifth N9-GP exposures. Local laboratory measure-
ments showed FIX activity < 1% and an anti-FIX inhibitory antibody 
titer of 11 BU. However, when measured by the central laboratory, 
the anti-FIX inhibitory antibody level was 4.5 BU (low titer). Thus, 
the patient stayed in the trial without further N9-GP dosing and 

F I G U R E  1   Patient flow chart showing patient attrition.A, the numbers of patients at various trial stages; B, schema to demonstrate the 
recruitment timeline. ED, exposure day; EOT, end of trial. aPatients who switched from preprophylaxis to prophylaxis are analyzed in all 
groups. Numbers in parentheses denote patients ongoing in the trial at time of analysis
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the anti-FIX inhibitory antibody titer gradually decreased to a nor-
mal level (0.5 BU). When the patient approached 2 years of age and 
was about to enter the prophylaxis cohort, he received treatment 
with plasma-derived activated prothrombin complex concentrate 
(containing FIX) during surgery for port insertion. He subsequently 
developed high-titer anti-FIX inhibitory antibodies (16 BU, as mea-
sured by the central laboratory) and was withdrawn. The patient had 
received two doses of a different rFIX product (BeneFix) during the 
trial—the first after screening but before the first N9-GP dose, and 
another before the second N9-GP dose.

Five patients tested positive for N9-GP–binding antibodies. Two 
of these patients had preexisting N9-GP binding antibodies before 
the first dose of N9-GP (visit 1), one of whom had no positive tests 
thereafter, and one who developed concomitant high-titer anti-FIX 
inhibitory antibodies (the first inhibitor patient described above). 
The other three patients developed N9-GP–binding antibodies 
during the trial, two of whom had transient N9-GP–binding anti-
bodies without clinical consequences, the third (the second inhibitor 
patient described above) developed persistent high-titer N9-GP–
binding antibodies concomitant with anti-FIX inhibitory antibody 

development. All N9-GP–binding antibodies cross reacted to rFIX. 
No anti-PEG antibodies were measured.

Five patients were positive for anti–CHO-HCP antibodies: one 
had anti–CHO-HCP antibodies at baseline, not measurable thereaf-
ter, and four developed transient anti–CHO-HCP antibodies. These 
five patients included one of the patients who developed inhibitory 
anti-FIX antibodies (the first inhibitor patient described above) and 
one of the patients with transient N9-GP–binding antibodies (de-
scribed above), though the latter was not positive for anti–CHO-
HCP antibodies at the same time as for N9-GP–binding antibodies. 
The remaining three patients with transient anti–CHO-HCP anti-
bodies did not develop inhibitory anti-FIX antibodies or anti–N9-GP 
antibodies (Table 2).

3.3.2 | Adverse events

Overall, 36 (97.3%) patients reported a total of 380 AEs (Table 3). 
Most were mild (n = 331 events) in severity. Most AEs (n = 367) were 
judged as unlikely to be related to N9-GP.

Fourteen patients reported 24 SAEs (rate, 0.37 SAEs per pa-
tient-year of exposure). The majority (13 SAEs in nine patients) were 
classified as “infections and infestations” (Table 3), consistent with 
the AE pattern expected at this age.

Seven patients had 13 AEs, including three SAEs, that were 
considered possibly/probably related to N9-GP by the investigator 
(rate, 0.20 events per patient year; Table 3). Four of these, includ-
ing the three SAEs, occurred in the two inhibitor patients who were 
withdrawn from the trial (FIX inhibition [x2], drug hypersensitivity 

TA B L E  1   Patient demographics and characteristics

Total 
(N = 37)

Age, y

Median 1.0

Min, max 0, 4

Race, n (%)a 

White 18 (48.6)

Asian 11 (29.7)

Black or African American 5 (13.5)

Other 3 (8.1)

Mutation, nb,c 

Missense 21

Nonsense 6

Splice site 4

Small deletion 1

Small duplication 1

Small insertion 1

No mutation identifiedb  2

Known family history

Hemophilia, n (%) 15 (40.5)

Inhibitor, n 1

Note: Patients who switched from preprophylaxis to prophylaxis are 
included in all columns.
aPatients were enrolled from centers in Australia (n = 2), Austria (n = 2), 
Canada (n = 1), Israel (n = 2), Malaysia (n = 4), Spain (n = 3), Taiwan 
(n = 3), Thailand (n = 4), the United Kingdom (n = 3), and the United 
States (n = 13). 
bAt the time of data cutoff. 
cData analyzed in 36 patients so far. 

TA B L E  2   Immunogenicity outcomes

Preexisting
(n = 37)

Developed
(n = 37)

Total
(N = 37)

Immunogenicity

N9-GP–binding 
antibodies

2a  3b  5

Anti-FIX inhibitory 
antibodies c 

0 2 2

Anti–CHO-HCP 
antibodies

1a  4d  5

Anti-PEG antibodiese  0 0 0

Abbreviations: CHO, Chinese hamster ovary; FIX, coagulation factor 
IX; HCP, host cell protein; n, number of patients; N9-GP, nonacog beta 
pegol; PEG, plasma polyethylene glycol, rFIX, recombinant coagulation 
factor IX.
aOne of which was transient and reported no further positive tests 
thereafter. 
bTwo of which were transient. 
cThe two reported anti-FIX inhibitory antibodies were from the 
preprophylaxis group. 
dAll of which were transient. 
eAnti-PEG antibodies were not directly measured but were considered 
possible in the event of N9-GP–binding antibodies that did not cross-
react against rFIX. 
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Number of patients
(N = 37)a 

Number of AEs
(E/R)

Total years in trialb  65.6

Exposure

Total number of exposure days per patient, median 
(range)

59.0 (1-197) …

Number of prophylaxis doses per patient, median (range) 78.5 (1-196) …

AEs, n (%) 36 (97.3) 380 (5.79)

AEs according to severity

Mild 35 (94.6) 331 (5.04)

Moderate 19 (51.4) 38 (0.58)

Severe 9 (24.3) 11 (0.17)

Most common AEs, n (%)

Pyrexia 19 (51.4) 51 (0.78)

Upper respiratory tract infection 17 (45.9) 24 (0.37)

Nasopharyngitis 15 (40.5) 31 (0.47)

Cough 10 (27.0) 15 (0.23)

Rhinorrhea 8 (21.6) 14 (0.21)

Diarrhea 7 (18.9) 8 (0.12)

SAEs,c  n (%) 14 (37.8) 24 (0.37)

AEs judged by the investigator to be related to 
treatment,d  n (%)

7 (18.9) 13 (0.20)

MESIs, n (%) 9 (24.3) 14 (0.21)

Drug hypersensitivity 2 (5.4) 3 (0.05)

Anaphylactic reactione  1 (2.7) 1 (0.02)

Hypersensitivity 1 (2.7) 1 (0.02)

Rash 1 (2.7) 4 (0.06)

Papular rash 1 (2.7) 1 (0.02)

FIX inhibitione  2 (5.4) 2 (0.03)

Accidental underdose 1 (2.7) 1 (0.02)

ASDd  1 (2.7) 1 (0.02)

AEs leading to withdrawal, n (%) 3 (8.1) 5 (0.08)

Abbreviations: AE, adverse event; ASD, autism spectrum disorder; ED, exposure day; E/R, number 
of AEs/patient-years of exposure; FIX, coagulation factor IX; MESI, medical event of special 
interest; N9-GP, nonacog beta pegol; SAE, serious adverse event; SOC, system organ class.
aIncludes all treated patients (preprophylaxis and prophylaxis). 
bIncludes follow-up period for patients with inhibitors who were off treatment and discontinued 
patients (from time of discontinuation until end of trial). 
cSAE SOCs included infections and infestations; gastrointestinal disorders; blood and lymphatic 
system disorders; investigations; immune system disorders; injury, poisoning, and procedural 
complications; skin and subcutaneous tissue disorders; and vascular disorders. 
dThe patient with ASD was among the 17 who underwent a neurological exam. Communication 
with the patient’s family was complicated, as they communicated via a translator. This patient, 
aged 4 years, had abnormal findings in the neurological exam that were described by the 
investigator as possibly related to N9-GP. He was enrolled in October 2015 at 15 months old 
with no abnormalities reported, and the first N9-GP dose was administered 9 months later. The 
patient showed increasingly aberrant behavior over time and did not react to verbal or visual cues 
appropriately or exhibit normal social interaction. In January 2018, after ~ 27 months on the trial 
(101 EDs), the patient was diagnosed with hypoacusis (drainage of the ear was performed in May 
2019). Nine months later, in October 2018, after > 130 EDs, the investigator reported that the 
patient (now aged ~ 4 years) was suspected to have ASD with the start dated to October 2017 (87 
EDs). The patient received N9-GP until June 2019 and remains in the trial for follow-up. He has 
been referred to relevant medical specialists for further assessment and support. 
eSAE that was also considered a MESI. 

TA B L E  3   Safety outcomes
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[postdose vomiting], anaphylactic reaction). A third patient, aged 
2 years, was withdrawn after developing a prolonged urticarial rash 
and generalized erythema after his tenth N9-GP exposure. He re-
ceived antihistamines and oral steroids; the rash resolved after 
14 days. Laboratory assessments of immunogenicity were negative. 
The patient returned to prophylaxis with his previous FIX product 
without further complications. The remaining eight AEs, considered 
related to N9-GP, occurred in four patients who remain on trial: ac-
cidental overdose and conjunctivitis in one patient each; hypoacusis 
and autism spectrum disorder (ASD) in another patient; and a rash 
reported as four distinct events in one patient, for which he received 
antihistamine treatment.

Overall, 14 AEs in nine patients were considered MESIs (rate, 
0.21 events per patient-year of exposure; details in Table  3). Of 
these, five were considered possibly related to N9-GP, as previously 
described (FIX inhibitors, drug hypersensitivity, anaphylaxis, ASD).

Laboratory findings

There were no significant changes in laboratory assessments. No 
renal or hepatic safety concerns and no significant changes in cre-
atinine profiles were seen. At the time of analysis, only two patients 
had PEG measurements performed at screening; both had PEG 
plasma levels below the lower limit of quantification of 0.75 µg/mL. 

Another 12 patients underwent PEG plasma measurements follow-
ing N9-GP exposure, with PEG levels falling in the expected steady-
state range of 3.5-6.2 µg/mL.

3.4 | Efficacy

Of the 37 patients exposed to N9-GP, 18 (48.6%) were treated with 
N9-GP for a total of 48 bleeds (33 and 15 bleeds in the preprophy-
laxis and prophylaxis groups, respectively). The majority (89.6%) 
were mild or moderate, and 5 (10.4%) were severe. Most bleeds 
(64.6%) were traumatic (Figure 2A). Two bleeds in one patient (who 
developed anti-FIX inhibitory antibodies) were treated with another 
FIX product; the first occurred after screening but before visit 1, and 
the second occurred outside the trial site’s opening hours. These 
bleeds were included in ABR calculations.

During weekly prophylaxis with N9-GP, two-thirds of patients 
(n = 19; 67.9%) were free from any bleed, and 85.7% (n = 24) were 
free from spontaneous bleeds (Figure 2B). Median overall, sponta-
neous, and traumatic ABRs were all 0.0 in the prophylaxis group 
(Table 4). Corresponding modeled mean ABRs were 0.31, 0.08, and 
0.23, respectively.

F I G U R E  2   Number of bleedsa 
according to (A) type and (B) percentage 
of patients without bleeds and 
spontaneous bleeds. N9-GP, nonacog beta 
pegol. aBleeds treated with N9-GP. Note: 
Bleed type was unknown for one bleed in 
the preprophylaxis group
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Hemostatic control was rated “excellent” or “good” for 45 of 
48 bleeds (93.8%) in the overall population and for 14 of 15 bleeds 
(93.3%) in the prophylaxis group (Figure 3). One traumatic bleed in a 

patient in the prophylaxis group was rated as a “moderate” response 
by the investigator, although not entirely consistent with the pro-
tocol definition. All 15 bleeds occurring in the prophylaxis group 

Outcome
Preprophylaxisa 
(n = 24)

Prophylaxis
(n = 28)

N9-GP exposure period

N9-GP median exposure duration, y (range) 0.64 (0.00-1.63) 1.52 (0.00-3.77)

N9-GP median total number of EDs (range) 8.5 (1-20) 78.5 (1-197)

Efficacy outcomes

Number of bleeds/number of patients with 
bleeds

33/11 15/9

Patients without bleeds, n (%) 13 (54.2) 19 (67.9)

Patients without spontaneous bleeds, n (%) 18 (75.0) 24 (85.7)

Hemostatic control of bleedingb 

Hemostatic success rate,c  N (%)

Total 31 (93.9) 14 (93.3)

Spontaneousd  12 (100.0) 4 (100.0)

Traumaticd  18 (90.0) 10 (90.9)

ABR, median (IQR)

Total ABR 0.95 (0.00-3.12) 0.00 (0.00-0.32)

ABRspontaneous 0.00 (0.00-0.43) 0.00 (0.00-0.00)

ABRtraumatic 0.00 (0.00-1.88) 0.00 (0.00-0.27)

ABRjoint 0.00 (0.00-0.00) 0.00 (0.00-0.00)

Negative binomial estimate (modeled mean) of ABR (95% CI)e 

Total ABR 2.18 (1.32-3.58) 0.31 (0.16-0.57)

ABRspontaneous 0.69 (0.31-1.56) 0.08 (0.03-0.21)

ABRtraumatic 1.44 (0.78-2.64) 0.23 (0.11-0.46)

ABRjoint 0.33 (0.14-0.78) 0.02 (0.00-0.14)

Injections required per bleed, N (%)

1 27 (81.8) 15 (100.0)

2 3 (9.1) …

3 2 (6.1) …

4 1 (3.0) …

Mean (SD) number of injections per bleed 1.3 (0.7) 1 (0.0)

N9-GP consumption, mean (SD)

N9-GP dose, IU/kgf  41.3 (4.7) 43.3 (3.3)

N9-GP dose per bleed, IU/kg 55.0 (28.7) 48.8 (16.9)

Abbreviations: ABR, annualized bleeding rate; ABRjoint, annualized joint bleeding rate; 
ABRspontaneous, annualized spontaneous bleeding rate; ABRtraumatic, annualized traumatic bleeding 
rate; CI, confidence interval; ED, exposure day; FIX, coagulation factor IX; IQR, interquartile range; 
n, number of patients; N, number of bleeds; N9-GP, nonacog beta pegol; SD, standard deviation.
aWith respect to ABR calculations, bleeds treated with other FIX products were included; 
consequently, two additional traumatic bleeds were included in the preprophylaxis group. 
bAssessed on a 4-point hemostatic response scale. 
cDetermined as being either an “excellent” or a “good” response. 
dThe percentages relate to the number of spontaneous and traumatic bleeds and not the overall 
number of bleeds. 
eEstimated from a negative binomial regression model with number of bleeding episodes as the 
outcome variable and adjusting for exposure time. 
fN9-GP dose for preprophylaxis or prophylaxis only, not including the N9-GP doses to treat bleeds. 

TA B L E  4   Treatment outcomes



10  |     CHAN et al.

were treated with one N9-GP injection. All spontaneous bleeds and 
90.3% of traumatic bleeds were rated as successfully treated.

3.5 | N9-GP consumption

Median (range) N9-GP consumption per patient was 701.8 (67.0-
1150.4) IU/kg/year in the preprophylaxis group and 2280.8 (2062.3-
2689.0) IU/kg/year in the prophylaxis group. Median (range) number 
of prophylactic doses per patient was 78.5 (1-196), with a median 
(range) prophylactic dose of 43.7 (12.0-52.1) IU/kg.

3.6 | FIX activity

Geometric mean FIX trough activity (prophylaxis) was 0.6% at 1 ED, 
increasing to 13.4% at 5 EDs. This increased further over time, likely 
due to achieving steady state and the increasing age of patients 
(14.1% at 10 EDs, 15.5% at 15 EDs, 14.3% at 20 EDs, 14.7% at 70 
EDs, and 17.1% at 148 EDs). Estimated mean FIX trough activity in 
the prophylaxis group was 15.0% (95% CI, 14.1%-16.0%) over the 
entire trial duration (Figure  4). Mean incremental FIX recovery at 
30 minutes was similar across EDs (0.012-0.013 [IU/mL]/[IU/kg]) in 
both the preprophylaxis and prophylaxis groups.

4  | CONCLUSIONS

In this planned interim analysis of the paradigm 6 trial in PUPs and 
MTPs with hemophilia B and FIX activity ≤ 2%, we report an anti-FIX 
inhibitory antibody incidence of 6.1% (2/33 “at-risk” patients, both 
with nonsense mutations and in the preprophylaxis group). Both pa-
tients had previously received one or two doses of a different rFIX 
product before development of anti-FIX inhibitory antibodies; as a 
result, it is not possible to definitively attribute the inhibitor develop-
ment to either product. Historically, the risk of developing anti-FIX 
inhibitory antibodies in hemophilia B was considered 1.5%-5%;13,25 
however, these studies were not stratified by previous treatment 

status or disease severity. Recently, a systematic review analyzed 
seven studies (including data from European Haemophilia Safety 
Surveillance) comprising 176 PUPs with severe hemophilia B, report-
ing an overall anti-FIX inhibitory antibody rate of 10.2% (interstudy 
range, 5%-14%; one outlier study reported a rate of 37%).26,27 Further 
studies in PUPs with severe hemophilia B found anti-FIX inhibitory an-
tibody incidences of 11.8%,28 19%,29 and 10.2;30 the last of these also 
reported a 26.9% increased inhibitor risk associated with nonsense 
mutations. Therefore, the anti-FIX inhibitory antibody incidence of 
6.1% is within the expected range for this patient population.

N9-GP was generally well tolerated, with 13 of 380 AEs judged 
possibly/probably related to treatment. Three were classified as 
SAEs, occurring in two patients: two of anti-FIX inhibitory antibody 
development and one of anaphylactic reaction. Anaphylaxis is typi-
cally coincident with development of anti-FIX inhibitory antibodies, 
occurring in up to 60% of patients with hemophilia B and anti-FIX 
inhibitory antibodies.31,32

One patient in this trial was diagnosed with ASD and further as-
sessments are ongoing. In 2014, the prevalence of ASD in the United 
States was estimated at 16.8 cases per 1000 children aged 8 years.33 
Additionally, ASD may be more common in boys with hemophilia, 
with a recent UK study showing a prevalence of 50.6 cases per 1000 
boys with hemophilia diagnosed aged < 8 years; this is higher than 
the general population (11.6 cases/1000) and unaffected boys aged 
8 years (3.9 cases/1000).34

Despite extensive clinical experience with marketed PEGylated 
products in adults,35,36 some uncertainty remains regarding their 
safety in children with hemophilia due to potentially lifelong PEG 
exposure.37,38 However, analysis of plasma samples from previous 
studies in the paradigm program showed that in adults and chil-
dren treated with N9-GP prophylaxis for up to 6.5 years, follow-
ing the initial increase in plasma-PEG levels to steady state, no 
further systemic PEG accumulation was observed.39 PEG plasma 
measurements in paradigm 6 were within this previously reported 
range. Furthermore, in a study examining trends in AEs reported 
in pediatric populations treated with multiple different PEGylated 
therapies, no consistent pattern of AEs attributable to PEG was 
found.40

F I G U R E  3   Hemostatic response of all 
48 bleeds during the analysis period.a N9-
GP, nonacog beta pegol. aBleeds treated 
with N9-GP. Note: Bleeds in the “Overall” 
column add up to 100.1% due to decimal 
point rounding
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FIX activity trough levels in the current paradigm 6 trial increased 
slightly over time, as expected with the increasing age of children.

During the prophylaxis phase, most patients (67.9%) were free 
from any bleed; notably, 85.7% experienced no spontaneous bleeds. 
In the overall patient population, 93.8% of bleeds were successfully 
controlled. Similar outcomes were found in the first interim analysis 
of paradigm 5 (performed after ≥ 52 weeks), with 92.9% of bleeds 
successfully controlled with 40 IU/kg N9-GP.18

Most bleeds (42/48 [87.5%]) required only one N9-GP injec-
tion (27/33 [81.8%] in the pre-prophylaxis group and all 15 bleeds 
[100.0%] in the prophylaxis group). This is in accordance with the 
hemostatic efficacy observed in other trials of prophylactic N9-GP 
(40 IU/kg once weekly).16-18

Also consistent with previous N9-GP studies, median overall, 
spontaneous, and traumatic ABRs were very low in the prophylaxis 
group (0.0 for all).16 These results show comparable or lower re-
ported ABRs compared with the two other approved EHL FIX prod-
ucts, rFIX-albumin fusion protein (rFIX-FP) and rFIX-Fc fusion protein 
(rFIXFc). In previously treated pediatric patients (aged  <  6  years), 
the ABRs of patients receiving weekly rFIX-FP (47 IU/kg) or rFIXFc 
(65 IU/kg) were 2.64 and 1.04,41,42 respectively. However, these tri-
als cannot be directly compared due to differences in study design 
and patient populations.

The main limitation of this analysis is the small sample size, which 
can impact the estimation of anti-FIX inhibitory antibody incidence. 
However, this interim analysis was in line with regulatory guidelines. 
The final analysis will include a larger sample size.

In conclusion, the observed anti-FIX inhibitory antibody inci-
dence rate of 6.1% was within the expected range for PUPs with 
hemophilia B and FIX activity  ≤  2%, providing evidence for the 
safety of N9-GP in this vulnerable population. N9-GP was also gen-
erally well tolerated and provided effective hemostatic coverage.
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