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Abstract
Background  Nonacog beta pegol (N9-GP, Refixia®, Rebinyn®) is a human recombinant coagulation factor IX (rFIX) con-
jugated to a 40-kDa polyethylene glycol (PEG) moiety. PEGylation significantly prolongs the circulation half-life compared 
with conventional FIX replacement treatments, resulting in higher FIX levels. Although there is extensive clinical experience 
with PEGylated molecules, the potential for abnormal and/or indefinite PEG accumulation during long-term treatment and 
the hypothetical impact on long-term safety is still under discussion.
Aim  The aim of this study was to examine plasma PEG concentrations in children, adolescents and adults undergoing once-
weekly intravenous prophylactic treatment with N9-GP for up to 6.5 years.
Methods  Plasma samples were collected as part of the PARADIGM clinical development programme (PARADIGM 2/4 
[NCT01333111 and NCT01395810] and PARADIGM 5 [NCT01467427]). Proton nuclear magnetic resonance (1H-NMR) 
was used to measure plasma PEG concentrations.
Results  Steady-state plasma PEG concentrations were reached approximately 6 months after initiation of weekly prophylactic 
treatment with 40 IU/kg N9-GP. Mean steady-state plasma PEG concentrations were 5.6 μg/mL in children ≤ 12 years old at 
enrolment (PARADIGM 5) and 5.3 μg/mL in adolescents/adults > 12 years old (PARADIGM 2/4). Plasma PEG concentra-
tions tended to be lower in younger children < 7 years old (mean 4.6 μg/mL). There was a correlation between plasma PEG 
and FIX activity levels in all age groups.
Conclusion  PEG steady-state plasma levels were maintained for up to 6.5 years during continuous prophylactic treatment 
and PEG levels correlated with FIX activity. Apart from the initial increase to steady state, no further systemic PEG accu-
mulation was observed.
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1  Introduction

Haemophilia B is a rare, recessive bleeding disorder char-
acterised by a deficiency in functional coagulation factor IX  
(FIX). Patients with severe haemophilia B exhibit FIX clot-
ting activity at < 1% of normal levels [1]. Nonacog beta pegol 
(N9-GP; Refixia®; Rebinyn®) is a recombinant coagulation 
FIX (rFIX) with a branched 40-kDa polyethylene glycol 
(PEG) moiety that is conjugated to the activation peptide via 
site-directed glycoPEGylation. During the coagulation pro-
cess, the activation peptide and the attached PEG molecule 
are released from N9-GP, leaving native activated FIX.

PEGylation of rFIX significantly prolongs the circulation 
half-life in humans approximately fivefold compared with 
standard rFIX, maintaining elevated FIX activity for longer 
[2, 3]. This allows for less frequent dosing compared with 
conventional rFIX or plasma-derived FIX (pdFIX) products 
[2, 4, 5]. Weekly prophylaxis with N9-GP 40 IU/kg maintains 
trough FIX activity levels beyond the current treatment goal 
(> 1% of normal levels) to more recently suggested goals of 
12–15% and above [6]. Phase III clinical trials have confirmed 
the efficacy, tolerability and safety of N9-GP for the preven-
tion and on-demand treatment of bleeding episodes in pae-
diatric, adolescent and adult patients with haemophilia B [2, 
7, 8]. Patients on weekly prophylaxis with N9-GP 40 IU/kg 
achieved mean FIX activity trough levels of 17% in children 
and 27% in adolescents and adults, resulting in low annualised 
bleeding rates and resolution of target joints [2, 7, 9].
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Key Points 

Plasma polyethylene glycol (PEG) concentrations were 
examined in children, adolescents and adults undergo-
ing once-weekly intravenous prophylactic treatment with 
nonacog beta pegol (N9-GP) (Refixia®, Rebinyn®), a 
PEGylated coagulation factor IX product.

PEG levels reached steady state in plasma around 
6 months after N9-GP treatment initiation and no further 
accumulation was detected during continuous prophylac-
tic treatment lasting up to 6.5 years.

Plasma PEG concentrations were shown to correlate 
with factor IX activity levels in patients of all ages.

exposure, with the assumption that PEG elimination path-
ways in humans and rats are similar.

Here, we present PEG plasma exposure data from patients 
treated prophylactically with once-weekly intravenous 
administration of N9-GP for a period of up to 6.5 years. 
The main aim of this analysis was to examine whether 
plasma 40-kDa PEG concentrations in patients receiv-
ing N9-GP reach steady-state levels. A secondary objec-
tive was to assess the relationship between the PEG levels 
and FIX activity levels in plasma. Proton nuclear magnetic 
resonance (1H-NMR), a method that has been previously 
shown to reliably measure total PEG (conjugated and free) 
in plasma [18, 19], was used to analyse samples collected as 
part of the Novo Nordisk PARADIGM clinical development 
programme.

2 � Materials and Methods

2.1 � Trial Design, Patients and Sample Collection

PARADIGM  2 (Cl in ica lTr ia ls .gov ident i f ier : 
NCT01333111) [2], PARADIGM 4 (NCT01395810) [9] 
and PARADIGM 5 (NCT01467427) [7] were multinational, 
open-label clinical trials designed to investigate the safety, 
efficacy and pharmacokinetics of N9-GP in paediatric, ado-
lescent and adult male patients with haemophilia B. PARA-
DIGM 5 (paediatric patients ≤ 12 years old at enrolment; FIX 
activity ≤ 2%; N = 25) comprised a main phase of 52 weeks, 
followed by an ongoing extension phase. Patients were 
treated prophylactically with N9-GP 40 IU/kg once weekly. 
Bleeding episodes were treated with a single 40-IU/kg   
N9-GP dose or with 80 IU/kg for a severe bleeding episode. 
Although some patients became adolescents over the course 
of PARADIGM 5, we refer to this study as the paediatric 
trial throughout the manuscript. In the PARADIGM 2 trial 
(patients > 12–70 years old; FIX activity ≤ 2%; N = 74), the 
patient and treating physician chose an on-demand or pro-
phylactic treatment regimen. Patients selecting prophylactic 
treatment were randomised 1:1 to receive 10 or 40 IU/kg 
once-weekly N9-GP over 52 weeks. The duration of on-
demand treatment was 28 weeks. Only patients receiving 
weekly prophylactic N9-GP 40 IU/kg were included in the 
analysis presented here. Bleeding episodes were treated with 
a single N9-GP dose of 40 or 80 IU/kg, depending on sever-
ity. PARADIGM 4 was an extension of PARADIGM 2 [9].

According to the PARADIGM 5 trial protocol, biospeci-
men samples could be used for exploratory studies. Informed 
consent was obtained for analysis of samples collected 
for antibody analysis. As part of the PARADIGM 5 trial, 
pre-dose (trough) plasma samples were collected from 19 

PEGylation remains the most commonly used method 
with which to extend the half-life of biopharmaceuticals 
[10]. Several PEGylated drugs have received approval 
from the European Medicines Agency (EMA) and/or the 
US Food and Drug Administration (FDA) since the early 
1990s [11–14]. Despite extensive clinical experience with 
marketed PEGylated products in adults [15, 16], some 
authorities have highlighted that PEG could potentially 
accumulate beyond expected steady-state levels in plasma 
and tissues during long-term treatment, raising hypo-
thetical concerns regarding safety [14, 16]. However, it is 
important to note here that no safety concerns attributable 
to PEG accumulation have been reported for any marketed 
PEGylated drug.

To date, there are very few patient data published that 
describe the relationship between chronic administration of 
PEGylated peptide/protein products and PEG steady-state 
levels in plasma and tissues. Steady-state PEG levels are 
expected when the input rate (dose and dose frequency) is 
in equilibrium with the output rate (elimination rate from 
tissues and plasma) [15, 16]. While the time to reach steady 
state is generally governed by the terminal half-life of the 
compound, steady-state levels are determined by dose, dose 
frequency and clearance of the drug.

With respect to N9-GP, evidence from a non-clinical ani-
mal model suggests that PEG levels reach a steady state in 
plasma and tissues during chronic treatment. Single-dose 
distribution and excretion studies in N9-GP-treated rats 
showed that 40-kDa PEG was widely distributed, cleared 
from plasma and tissues over time and excreted in urine and 
faeces [17]. The fact that PEG is removed from plasma and 
tissues further indicates that steady-state levels would be 
expected after repeated dosing. Because an assessment of 
PEG tissue levels in clinical trials is not feasible, plasma 
measurements may be used as a surrogate marker for tissue 
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paediatric patients (aged 1–11 years old at trial initiation) 
over a period of up to 6.5 years starting from trial initiation. 
Approval from ethical committees was obtained for analy-
sis of plasma samples from the PARADIGM 2 and PARA-
DIGM 4 trials; pre-dose (trough) samples for 11 patients 
(aged 13–65 years old) were collected over the course of 
2.7 years starting from trial initiation. Cut-off dates for data 
analysis are as follows: PARADIGM 2, 19 Mar 2013; PAR-
ADIGM 4, 21 Mar 2014; PARADIGM 5, 01 Oct 2018. A 
1H-NMR-based assay was used to investigate total PEG con-
centrations in these pre-dose plasma samples, as described 
below. FIX activity was determined in PARADIGM 2, 4 and 5  
using a one-stage activated partial thromboplastin time-
based clotting assay (SynthAFax®, Instrumentation Labora-
tory, Holliston, MA, USA) and a product-specific reference 
standard [9].

2.2 � Analysis of PEG Concentration Using 1H‑NMR

Patient plasma samples (165 μL) were mixed with 90 μL 
NMR buffer (0.56 M sodium phosphate and 0.3% sodium 
azide in deuterated water, pH 7.4) in Eppendorf tubes. 
Eppendorf tubes were then vortexed and samples transferred 
to 3 mm NMR tubes. Samples in NMR tubes were kept 
refrigerated until analysis. Single samples were analysed 
using a Bruker Avance IIIHD (Bruker, Germany) instrument 
equipped with a 5-mm broadband observe (BBO) cryoprobe 
operating at 400 MHz. NMR spectra were recorded at a sam-
ple temperature of 27 °C with a 40-mm sample filling height. 
The stebpgp1s191d pulse program (Bruker pulse program 
library) was applied to acquire diffusion-filtered 1H-spectra 
in Topspin (version 3.5pl6) (Bruker, Germany). Total PEG 
in plasma (conjugated and free) was determined through the 
identification of repetitive ethyleneoxy groups comprising 
PEG chains, which provide a unique and strong resonance 
signal at a chemical shift of approximately 3.6 ppm that 
increases with increasing PEG concentration.

The general analytical setup was as follows: an aqueous 
N9-GP solution (provided by Novo Nordisk) diluted in FIX-
deficient haemophilia B plasma served as the reference com-
pound. Standard curve samples had PEG concentrations of 
0, 0.75, 1, 3, 5, 7, 9, and 15 μg/mL and control samples had 
PEG concentrations of 1, 3, and 9 μg/mL. Standards were 
prepared as a single solution and then aliquoted in repli-
cate or triplicate, depending on the number of samples to 
be analysed. Standards were analysed 2–6 times and con-
trols analysed randomly between samples in order to assess 
analytical stability over the measurement period. The lower 
limit of quantification (LLOQ) for PEG in human plasma 
was 0.75 μg/mL.

2.3 � Data Analysis

Data analysis was performed and plots generated using  
R studio (Rstudio Inc, version 1.1.456) and GraphPad Prism 
(GraphPad Software Inc, version 7.04).

Visual inspection of the individual and mean trough 
concentrations determined whether steady state had been 
reached. Steady state was deemed to have been reached 
when trough concentrations did not change meaningfully 
between time points, reaching a plateau.

3 � Results

3.1 � Plasma Levels of 40‑kDa PEG

Steady-state plasma 40-kDa PEG levels were reached 
approximately 6 months after initiation of prophylactic 
treatment with once-weekly N9-GP 40 IU/kg in children 
(PARADIGM 5) and adolescents/adults (PARADIGM 2 
and 4) (Fig. 1a). When excluding all measurements taken 
during the first year of treatment (to ensure steady-state lev-
els had been achieved in all individuals), mean (± standard 
deviation [SD]) steady-state trough (pre-dose) plasma PEG 
concentrations over the remaining duration of the study were 
5.6 ± 1.4 μg/mL in the paediatric trial (188 samples) and 
5.3 ± 1.8 μg/mL in the adolescent/adult trial (48 samples). 
The total range for all individuals was 1.6–8.7 μg/mL in the 
paediatric trial (except for two outlier measurements, which 
are described below) and 1.7–9.0 μg/mL in the adolescent/
adult trial. As seen in Fig. 1a, following an initial increase in 
plasma PEG concentrations up to steady state, there was no 
continued accumulation and PEG concentrations remained 
at a steady state for up to 6.5 years of once-weekly treatment 
with N9-GP.

3.2 � Plasma PEG Levels in a Treatment Outlier

An elevated plasma PEG concentration (12.7 μg/mL) was 
observed in a single sample collected from one paediat-
ric PARADIGM 5 patient (age 12 years at baseline) at the 
3.5-year time point (Fig. 1b). During the first 3 years of 
treatment, this patient experienced no bleeding episodes. 
At the 2.5-year time point, the PEG plasma concentration 
was measured at 3.29 μg/mL, which was within the range 
observed for the group as a whole. At age 15 years, personal 
circumstances impacted treatment adherence and the patient 
reported a series of four bleeds over a 3-month period that 
were treated with 23 additional doses during four hospi-
talisations, leading to FIX activity levels > 200% (Table 1). 
At the 3.5-year time point, the patient’s plasma PEG con-
centration was measured at 12.7 μg/mL. After the patient 
resumed his normal prophylaxis schedule, the plasma PEG 
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Years after initiation of prophylactic treatment with nonacog beta pegol
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Fig. 1   Pre-dose PEG plasma concentrations in children and ado-
lescents/adults treated with once-weekly 40  IU/kg  N9-GP. a Mean 
trough plasma PEG concentrations measured in paediatric (PARA-
DIGM  5; grey line) and adolescent/adult patients (PARADIGM  2 
and 4; black line) over a period of up to 6.5  years of once-weekly 
prophylactic treatment with N9-GP. Nominal time points are shown. 
Bars show ± SD. b One paediatric patient in PARADIGM 5 experi-
enced several bleeding events prior to the 3.5-year measurement point 
that were treated with additional N9-GP infusions (see Table 1). This 

resulted in an increase in plasma PEG concentration. PEG concentra-
tion returned to previous levels after the normal prophylactic treat-
ment schedule was resumed. Earlier time points were not analysed for 
this patient and are not included in a. Individual PARADIGM 5 data 
points are shown in grey; the affected patient is indicated with black 
diamonds. The dashed line in panels a and b indicates the lower limit 
of quantification (0.75 μg/mL). N9-GP nonacog beta pegol, PEG pol-
yethylene glycol, SD standard deviation
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concentration had returned to 3.57 μg/mL at the 4.5-year 
time point, which was similar to the concentration meas-
ured prior to the period of intense N9-GP treatment. This 
patient did not experience any safety issues associated with 
this intense treatment period. He is considered a treatment 
outlier and was later withdrawn from the paediatric trial for 
other non-safety-related reasons. The three measurements 
for this patient formed part of an initial exploratory analysis 
of plasma PEG concentrations in paediatric patients, and 
informed consent was only obtained for these three sam-
ples. Earlier time points were therefore not analysed for this 
patient and are not included in Fig. 1a.

3.3 � PEG Exposure at Steady State by Age

To examine whether patient age has an impact on PEG 
plasma levels following treatment with N9-GP, individual 
PEG measurements from 19 patients in the paediatric trial 
and 11 patients in the adolescent/adult trial were split by 
the age at which the sample was collected into the follow-
ing groups: < 7, 7–12 and > 12 years old. Once again, sam-
ples collected during the first year of N9-GP exposure were 
excluded from the analysis to ensure that steady-state levels 
had been reached for all subjects. Younger patients (< 7 years 
old) had lower mean (± SD) steady-state PEG plasma con-
centrations when treated with the same 40 IU/kg treatment 
regimen as older children, adolescents and adults: < 7 years 
old, 4.6 ± 0.9 μg/mL; 7–12 years old, 5.9 ± 1.3 μg/mL;  
> 12 years old, 5.7 ± 1.8 μg/mL (Fig. 2). Because some 
patients are represented in more than one group as they 
grew older during the trials, the number of unique patients 
in each group is: < 7 years old, 9 patients; 7–12 years old, 
17 patients; > 12 years old, 18 patients.

3.4 � Correlation Between Trough Plasma PEG 
Steady‑State Levels and FIX Activity Levels

A sub-analysis was conducted specifically for the paediat-
ric trial to assess the link between FIX activity levels and 
40-kDa PEG plasma concentrations after repeated once-
weekly dosing with N9-GP. FIX and PEG levels from the 
same time point and patient were plotted for each of the 
19 paediatric patients. A clear correlation between FIX 
and PEG levels was observed in plasma (higher FIX levels 
were associated with higher PEG levels) (Fig. 3a). In addi-
tion, mean PEG concentration and FIX activity profiles for 

Table 1   Treatment regimen for an outlier patient in PARADIGM 5

A PARADIGM 5 patient, aged 15 years, reported a series of four bleeds over a 3-month period that were treated with 23 additional doses during 
a total of four hospitalisations. Plasma PEG concentrations for this patient are shown in Fig. 1b
N9-GP nonacog beta pegol, PEG polyethylene glycol

Date Type of bleed Location N9-GP dose

09–21 Oct 15 Traumatic muscle bleed Thigh 1 × 80 IU/kg
11 × 40 IU/kg  

(1–2 per day  
over 8 days)

24 Oct 15–04 Nov 15 Spontaneous allergic rhinitis-induced bleeds Mouth and nose 3 × 40 IU/kg
10–15 Nov 15 Spontaneous allergic rhinitis-induced bleeds Mouth and nose 1 × 40 IU/kg
22 Nov 15–12 Dec 15 Spontaneous muscle bleed Right iliopsoas 7 × 40 IU/kg
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Fig. 2   Pre-dose PEG plasma concentrations by age at time of sam-
pling in children and adolescents/adults treated with N9-GP. Individ-
ual PEG measurements split by age at time of sampling are shown 
for all patients from PARADIGM 2, 4 and 5 that were aged < 7 years 
(n = 56), 7–12 years (n = 97) and > 12  years (n = 82). Only meas-
urements taken after at least 12  months of N9-GP treatment were 
included to ensure PEG levels had reached a steady state for all 
patients. Bars show mean ± SD. N9-GP nonacog beta pegol, PEG 
polyethylene glycol, SD standard deviation
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patients aged 0–6 years and 7–12 years at trial initiation 
provided further evidence for a relationship between PEG 
and FIX activity levels (Fig. 3b, c).

In addition to the outlier described above, who exhibited a 
single elevated plasma PEG measurement, another paediatric 
patient (aged 10 years at baseline) had a single elevated PEG 

measurement at 5.5 years of treatment (11.7 μg/mL). This 
measurement point corresponded to an elevated FIX level 
of 88.5% (Fig. 3c). Plasma PEG concentrations observed in 
this patient before the 5.5-year time point ranged between 
1.6 and 8.7 μg/mL (N = 12 measurements), which are in line 

Fig. 3   Relationship between 
plasma trough levels of FIX 
activity and 40-kDa PEG after 
once-weekly prophylactic dos-
ing of N9-GP in PARADIGM 5 
patients. a Data show individual 
patient measurements of FIX 
activity and PEG concentration 
taken at the same time point. 
The solid line represents a linear 
regression of the data. b, c Mean 
PEG concentration (μg/mL)  
and FIX activity (IU/mL) 
profiles for patients 0–6 years of 
age (b) and 7–12 years of age 
(c) at trial initiation receiving 
weekly prophylactic dosing 
of N9-GP for up to 6.5 years. 
Profiles are overlaid to reveal 
patterns between both measure-
ments. Note that different scales 
are used for each. Predose FIX 
measurements were included if 
they were collected 5–10 days 
after the last dose and at least 
14 days after the last bleeding 
episode. Bars show ± SD. FIX 
factor IX, N9-GP nonacog beta 
pegol, PEG polyethylene glycol, 
SD standard deviation
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with steady-state plasma PEG concentrations measured in 
other paediatric patients.

4 � Discussion

Results presented here show that after approximately 
6 months of once-weekly intravenous prophylactic treatment 
with N9-GP 40 IU/kg, steady-state plasma PEG levels were 
reached in children, adolescents and adults. Importantly, no 
unexpected increase was observed over a treatment period 
lasting for up to 6.5 years.

No overall difference in mean plasma PEG concentrations 
was observed between the two trials. On first glance, mean 
PEG levels might be expected to be lower in the paediatric 
trial due to higher N9-GP clearance rates in children. How-
ever, as detailed below, the fact that many of these patients 
reached adolescence during the trial period of 6.5 years 
could explain the similarity in mean PEG concentration 
values between studies.

Although the mean steady-state plasma PEG level in pae-
diatric patients appears to increase slightly over time after 
reaching initial steady-state levels, it is clear from individual 
PEG and FIX activity data that this is not related to unex-
pected PEG accumulation. Instead, this can be attributed 
to concurrently rising FIX activity levels in approximately 
half of the children in the trial (the other children showed 
flat PEG and FIX levels throughout) (individual data not 
shown). A clear correlation between plasma FIX and PEG 
levels was observed (Fig. 3).

Younger patients exhibited lower plasma PEG levels 
compared with older children, adolescents and adults. As 
mentioned above, the paediatric trial included children 
aged ≤ 12 years old at trial initiation, meaning that many 
participants became adolescents over the course of the study. 
Therefore, the slight increase in PEG over the 6.5-year dura-
tion of the trial can be explained by a gradual increase in 
FIX levels due to physiological changes and decreased 
FIX clearance (per kg body weight) as the children grew 
older. This is substantiated by the age-dependent increases 
in mean steady-state FIX trough activity levels reported 
previously (children 0–6 years: 15%; children 7–12 years: 
19%; adolescents/adults: 27%) [3, 7]. The clearance effect 
for younger patients is therefore diminished when looking 
at PARADIGM 5 patients as a whole because the children 
grew older during the study. Moreover, sporadically elevated 
FIX activity levels due to treatment of bleeds or surgical 
procedures may be associated with a temporary and parallel 
elevation in PEG plasma levels, as has been observed in the 
outlier cases described here.

With regard to PEG exposure, the treatment outlier 
described in Fig. 1b provides two important pieces of infor-
mation. Firstly, even after receiving a rather intense dosing 

regimen with N9-GP (on top of prophylaxis), plasma PEG 
trough levels did not appear to increase drastically. Secondly, 
plasma PEG levels returned to the previously observed 
steady-state level after resumption of normal prophylac-
tic N9-GP treatment, confirming that PEG is cleared from 
plasma upon treatment cessation or reduction and that PEG 
kinetics are predictable.

Although it is not feasible to measure cell/tissue PEG 
concentrations in patients using currently available analysis 
methods, single-dose distribution and excretion studies with 
N9-GP-treated rats showed that 40-kDa PEG was widely dis-
tributed [17]. While elimination rates varied, intact 40-kDa 
PEG was excreted over time from all tissues and excreted in 
urine and faeces [17]. The observed terminal half-lives in 
rat plasma and tissues ranged from 15 to 49 days, indicating 
that a steady state will be reached in all human tissues within 
1–2 years of exposure (based on allometric scaling) [20].

The potential effect on safety of total 40-kDa PEG levels 
from N9-GP dosing during steady state was investigated in 
a chronic toxicity study in rats (dose levels up to 1200 IU/kg  
delivered every 5th day). Although no PEG measurements 
were performed in the study, steady-state 40-kDa PEG con-
centrations ~ sixfold above clinical exposure levels were 
predicted (from single-dose rat data) in all tissues [21]. No 
adverse reaction was observed in the animals and there were 
no treatment-related histopathological changes in any tissue.

With regard to the clinical safety profile of N9-GP, the 
PARADIGM trials include exposure in children < 12 years 
of age for up to 6.5 years and up to 2.7 years’ exposure in 
adolescents and adults ≥ 12 years of age [2, 7]. Analyses 
from the PARADIGM trials showed that the safety profile of 
N9-GP to date is similar to that of other non-PEGylated FIX 
products and did not identify any safety issues that could be 
related to PEG.

In this context, a recent study from Stidl et al. examined 
trends in adverse events reported in paediatric populations 
treated with a number of different PEGylated drugs, includ-
ing N9-GP, as well as coagulation factor VIII and FIX 
replacement therapies that include PEG as an excipient [22]. 
No consistent pattern of adverse events potentially attribut-
able to PEG exposure emerged for any of the PEGylated 
products.

Further, a number of other PEGylated products are 
available on the market that contain a 40-kDa PEG moi-
ety similar to that used in N9-GP, including certolizumab 
pegol (Cimzia®), pegylated interferon alfa-2a (Pegasys®) 
and pegaptanib sodium injection (Macugen®) [16]. The 
most relevant comparator to N9-GP, based on dosing regi-
men and indication for long-term use, is certolizumab pegol, 
which has been approved since 2008 for Crohn’s disease 
and other inflammatory indications, including in pregnant 
women [16]. A Cochrane review showed that certolizumab 
pegol did not significantly differ from other non-PEGylated 
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anti-TNF agents in the rate of total adverse events or the rate 
of withdrawals due to adverse events following use [23, 24].

To put the total 40-kDa steady-state plasma PEG expo-
sure after N9-GP dosing into clinical perspective, recent 
studies from Mahadevan et al. and Mariette et al. evaluated 
plasma 40-kDa PEG concentrations in pregnant women 
(> 18 years old) dosed prophylactically with certolizumab 
pegol (200 mg every 2 weeks or 400 mg every 4 weeks) 
[18, 19]. For maternal plasma samples taken on the day 
of delivery, Mariette et al. reported median PEG concen-
trations of approximately 30 μg/mL (range 10–60 μg/mL; 
N = 16), and Mahadevan et al. reported mean PEG concen-
trations of 34 μg/mL (range 11–75 μg/mL; N = 10) [18, 19]. 
These plasma levels are approximately fivefold higher than 
the mean steady-state PEG plasma concentrations meas-
ured in the PARADIGM trials. Thus, N9-GP treatment, as 
reported here, results in lower PEG steady-state levels than 
that observed with certolizumab pegol. Although the bio-
distribution of two PEG-conjugated molecules can differ 
due to the protein moiety [22], a significant fraction of the 
circulating PEG would be expected to be present as free PEG 
at steady state, with distribution and elimination of the free 
PEG expected to be similar. Thus, a comparison between 
two different 40-kDa PEG conjugates is considered relevant.

Taken together, there are no direct or indirect indications 
that steady-state exposure to 40-kDa PEG after prophylactic, 
once-weekly, N9-GP dosing causes any safety concerns or 
unexpected PEG-related adverse events.

5 � Conclusion

The data presented here show that 40-kDa PEG levels reach 
steady state in plasma within 6 months following initiation 
of once-weekly prophylactic intravenous treatment with 
N9-GP in children, adolescents and adults. This indicates 
that PEG is eliminated over time and does not continue to 
accumulate during repeated administration of N9-GP. Fur-
ther, a clear correlation exists between plasma FIX activity 
and PEG levels.
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