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Abstract
Background: N8-GP (turoctocog alfa pegol; Esperoct®, Novo Nordisk A/S, Bagsvaerd, 
Denmark) is a glycoPEGylated human recombinant factor VIII with a half-life of ~1.6-
fold of standard FVIII products. pathfinder2 (NCT01480180) was a multi-national, 
open-label trial of N8-GP in previously treated adolescent and adult patients with 
severe hemophilia A.
Objective: We report end-of-trial efficacy and safety of N8-GP from pathfinder2.
Methods: pathfinder2 main phase and extension phase part 1 results have been pre-
viously reported. During extension phase part 2, patients could switch from N8-GP 
prophylaxis 50  IU/kg every fourth day (Q4D) or 75  IU/kg once weekly (Q7D), de-
pending on bleeding status. Extension phase part 2 collected long-term safety and 
efficacy data for all regimens until trial end (first patient in main phase, 30 January 
2012; trial end, 10 December 2018).
Results: Overall, 186 patients were exposed to N8-GP for up to 6.6 years (median 
5.4 years). The estimated annualized bleeding rate (ABR) was 2.14 (median 0.84) for 
the Q4D prophylaxis arm and 1.31 (median 1.67) for the Q7D prophylaxis arm. Nearly 
30% of patients experienced zero bleeds throughout the entire duration of the trial, 
the hemostatic response was 83.2% across all treatment arms, and patient-reported 
outcomes were maintained or slightly improved. No safety concerns were detected.
Conclusion: Data from the completed pathfinder2 trial, one of the largest and long-
est-running clinical trials to investigate treatment of severe hemophilia A, demon-
strate the efficacy and safety of N8-GP in previously treated adolescent and adult 
patients.
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1  | BACKGROUND

Patients with severe hemophilia A typically experience recurrent 
and spontaneous bleeding in joints, muscles, and soft tissues, which 
may lead to chronic arthropathy, muscular atrophy, and other dis-
abilities. To prevent bleeding, the current standard of care is factor 
VIII (FVIII) replacement therapy.1-3 While FVIII replacement therapy 
is generally effective, standard replacement products have short 
half-lives in adults (~12 hours4), and patients require regular intrave-
nous injections.5 In order to reduce the injection burden for patients, 
manufacturers have developed extended half-life (EHL) coagulation 
factors.6

N8-GP (turoctocog alfa pegol; Esperoct®; Novo Nordisk A/S) 
is a glycoPEGylated human recombinant (r)FVIII. An additional 40-
kDa polyethylene glycol (PEG) moiety on the truncated B-domain of 
turoctocog alfa (NovoEight®; Novo Nordisk A/S) extends the half-
life of FVIII (1.6-fold in adults4 and 1.9-fold in children7). Thrombin 
cleaves the B-domain of N8-GP (with the attached PEG moiety) to 
activate the molecule, leaving the native structure of activated FVIII 
intact.

The safety and efficacy of N8-GP has been demonstrated in both 
adults4,8,9 and children7 during an extensive clinical trials program in-
volving more than 270 patients, some for >5 years,10,11 and N8-GP 
has been approved for the clinical management of patients with he-
mophilia A. The pathfinder2 trial, a phase III, multi-national, open-la-
bel trial in previously treated adults and adolescents with hemophilia 
A, was a key element of the clinical trials program and consisted of 
a main phase followed by two extension phases. The main phase of 
pathfinder2 followed patients for up to 19 months8 and investigated 
the efficacy, safety, and pharmacokinetics of N8-GP dosed at 50 IU/
kg every 4 days (Q4D).8 After the main phase, a subset of patients 
with low bleeding status were randomized into 50  IU/kg Q4D or 
75 IU/kg once-weekly (Q7D) dosing during extension phase part 1.9 
Non-randomized patients continued on the 50 IU/kg Q4D regimen. 
After 24 weeks, patients from extension phase part 1 continued into 
the non-randomized extension part 2 until the end of trial at which 
point patients could switch from Q4D to Q7D regimen and vice 
versa depending on bleeding status. Here, we report end-of-trial ef-
ficacy and safety of N8-GP from the completed pathfinder2, includ-
ing combined data from the main phase and both extension phases.

2  | METHODS

2.1 | Patients and trial design

pathfinder2 (ClinicalTrials.gov identifier: NCT01480180) was a 
multi-national, open-label, phase III trial evaluating the safety, ef-
ficacy, and pharmacokinetics of N8-GP treatment in previously 
treated patients ≥12 years of age with severe hemophilia A.

pathfinder2 comprised a non-randomized main phase, a ran-
domized extension phase part 1 performed in a subset of patients 
with low bleeding status, and a non-randomized extension phase 

part 2 (first patient in main phase, 30 January 2012; trial end, 10 
December 2018). The full details of the main phase8 and extension 
phase part 19 inclusion/exclusion criteria, trial objectives, and end-
points have been described previously. Briefly, this trial included 
previously treated patients with ≥150 exposure days (EDs) to any 
FVIII-containing product. Patients with any history of significant 
thromboembolic events, FVIII inhibitors, or a current FVIII inhibitor 
>0.6 Bethesda units (BU) at screening were excluded.

Treatment regimens and trial design are described in Figure 1. 
The main phase examined the efficacy and safety of N8-GP 50 IU/
kg Q4D prophylaxis. Twice-weekly dosing was permitted at the 
discretion of the investigator. Patients were offered the option of 
on-demand treatment. Extension phase part 1 aimed to assess the 
safety and efficacy of Q7D N8-GP prophylaxis. A subset of patients 
was randomized 2:1 to Q7D (75 IU/kg) or Q4D (50 IU/kg) treatment. 
Eligibility for randomization required ≤2 bleeding episodes on Q4D 
prophylaxis during the 6  months prior to entering the extension 
phase. Extension phase part 1 comprised 24  weeks of treatment, 
after which patients transferred to extension phase part 2. The aim 
of extension phase part 2 was to collect long-term safety and effi-
cacy data up to the trial end. During this phase, patients on N8-GP 
prophylaxis with ≤2 bleeding episodes within the last 6 months on 
Q4D regimen could switch to Q7D dosing. If a patient on Q7D treat-
ment experienced ≥2 spontaneous bleeding episodes or one severe 
bleeding episode requiring hospitalization over an 8-week period, 
they were switched back to Q4D treatment. Bleeding episodes were 
treated with 20-75 IU/kg N8-GP.

The pathfinder2 trial was approved according to local regu-
lations by the appropriate ethics committees or institutional re-
view boards and conducted in accordance with the Declaration 
of Helsinki and International Conference on Harmonisation Good 
Clinical Practice. Written informed consent was obtained from all 
participants (or from the patient's legal guardian) prior to any tri-
al-related activities.

2.2 | Objectives, endpoints, and assessments

Detailed methods for efficacy and safety assessments have been 
described previously.8,9 Briefly, the two co-primary endpoints of 

ESSENTIALS

•	 Previously treated adolescent and adult patients with 
hemophilia A were treated with N8-GP.

•	 Overall, 186 patients were exposed to N8-GP for a me-
dian of 5.4 years (6.6 years max).

•	 ~30% of patients on every fourth day prophylaxis expe-
rienced zero bleeds during the duration of the trial.

•	 Median annualized bleeding rate for Q4D prophylaxis 
was 0.84 for the completed trial.
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pathfinder2 were the annualized bleeding rate (ABR) of patients 
receiving prophylaxis and the incidence of FVIII-inhibitors ≥0.6 
BU. To detect FVIII inhibitors, a Nijmegen-modified Bethesda assay 
with heat inactivation of residual FVIII activity was used,12,13 with a 
positive inhibitor test result defined as ≥0.6 BU in two consecutive 
samples.8

The key secondary objectives of extension phase part 2 and the 
end-of-trial analysis were to assess long-term efficacy and safety of 
N8-GP prophylaxis. Efficacy endpoints included ABR, the hemo-
static effect of N8-GP when used to treat a bleeding episode, and 
patient-reported outcomes (PROs). The hemostatic effect of N8-GP 
was assessed using a previously described 4-point scale,8 compris-
ing the following ratings: “excellent,” “good,” “moderate,” and “none.” 
Excellent and good responses were considered successes, while 
moderate, none, and missing responses were considered failures.

Detailed methods and PRO results for the main phase have been 
previously reported.14 PROs for this end-of-trial analysis were as-
sessed as change in total patient scores in both prophylaxis arms 
using the HAEM-A-QOL, Hemo-Sat,14 the EQ-5D-VAS, and the 
ED-5D over time from visit 1 (baseline) to predefined treatment du-
rations (1 to <2 years, 2 to <3 years, 3 to <4 years, 4 to <5 years 5 
to <6 years, and 6 to <7 years). PROs were assessed in this analy-
sis only for patients who participated in extension phase part 2 and 
completed a questionnaire in the given year.

FVIII activity measurements were performed pre-dose and post-
dose throughout all phases of the trial using a Coasys® Plus C an-
alyzer (Roche Diagnostics) and a chromogenic assay (Chromogenix 
Coamatic® Factor VIII [diaPharma]) with a N8-GP product-specific 
standard for calibration.

Secondary safety endpoints included the incidence of adverse 
events (AEs); serious adverse events (SAE); and medical events of 
special interest (MESI), which included medication errors, inhibitor 
formation against FVIII, allergic reaction, thromboembolic events, 

and suspected transmission of an infectious agent via the trial 
product.

Exploratory endpoints included the incidence of N8-GP binding 
and anti-PEG antibodies. Detailed methods for antibody analysis in 
pathfinder2 have been previously published.8

2.3 | Statistical analyses

The safety analysis set and the full analysis set comprised all patients 
exposed to N8-GP. Methods for statistical analyses in pathfinder2, 
including calculations of power and sample size, have been previ-
ously described in detail.8,9

The rate of inhibitors was reported and a 1-sided 97.5% upper 
confidence limit provided based on an exact calculation for a bino-
mial distribution. For the calculation of the inhibitor rate, all patients 
with inhibitors were divided by all patients with a minimum of 50 
EDs plus any patients with <50 EDs but with inhibitors. Adequate 
safety with regard to inhibitors could be concluded if the upper one-
sided 97.5% confidence limit was below 6.8%.

For the post-hoc analysis of the proportion of patients who ex-
perienced no bleeding episodes in a given year, only patients who 
completed the study were included. As patients could switch treat-
ment regimens, only the initial and first consecutive prophylaxis 
regimen was used for calculations. Thus, for patients who switched 
from Q4D treatment to Q7D treatment and back to Q4D treatment, 
only the first two treatment periods were used for analysis.

Observed ABRs were used for analysis. For calculation of Poisson 
estimate, see Giangrande et al8 for full details. Briefly, a prophylac-
tic effect of N8-GP could be concluded if the ABR was significantly 
below 8.5, analyzed using a Poisson regression model on number 
of bleeds per patient allowing for over-dispersion (using Pearson's 
Chi-square divided by the degrees of freedom) and log planned 

F I G U R E  1   Trial design, treatment regimen, and disposition of patients throughout pathfinder2 *215 patients were screened, 186 (161 
adults, 25 adolescents) were treated with N8-GP during pathfinder2. **patients with ≤2 bleeding episodes within the last 6 months on the 
Q4D regimen could switch to Q7D dosing. Patients on Q7D treatment who experienced ≥2 spontaneous bleeds or 1 severe bleed requiring 
hospitalization over an 8-week period were switched back to Q4D treatment. Q4D, every fourth day treatment; Q7D, weekly treatment; R, 
randomization

Withdrawn
n = 20

Withdrawn
n = 1

Prophylaxis Q4D 50 IU/kg 
n = 175

On-demand 20–75 IU/kg 
n = 12

Left trial
n = 12

Left trial
n = 3

Extension 1 Extension 2

Completed trial
n = 3

pathfinder2
N = 186*

n = 2

Completed trial
n = 110

On-demand 20–75 IU/kg 
n = 7

n = 9

Withdrawn
n = 1

Withdrawn
n = 9

Prophylaxis Q7D 75 IU/kg
n = 38

Prophylaxis Q4D 50 IU/kg 
n = 88

R
1:2

Prophylaxis Q4D 50 IU/kg 
n = 17

Withdrawn
n = 1

Prophylaxis Q4D 50 IU/kg or Q7D 75 IU/kg**  
n = 134

On-demand 20–75 IU/kg 
n = 5

Withdrawn 24
Ineffective therapy 4
Other 4
Withdrawal criteria 16

Main phase

Withdrawn 2
Other 1
Withdrawal criteria 1
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observation duration as an offset. Estimates of ABR are provided 
with 95% confidence intervals (CI).

Hemostatic effect success rate was calculated using a logistic re-
gression model (see Giangrande et al8 for full details). Efficacy based 
on hemostatic response could be concluded if the one-sided lower 
97.5% confidence limit for the success rate was above 65%.

3  | RESULTS

3.1 | Patients

A total of 215 patients were screened in pathfinder2, and 186 (161 
adults, 25 adolescents) were treated with N8-GP during the main 
phase of the trial, of whom 175 received N8-GP prophylaxis and 
12 on-demand treatment. One patient switched from on-demand 
treatment to prophylaxis during the main phase, and two patients 
switched from on-demand to prophylaxis after the main phase. 
These patients are counted in both treatment arms.

In total, 165 patients completed the main phase of the trial, 150 
of whom continued into the extension phase part 1 and 139 con-
tinued into part 2 (Figure 1). After treatment-arm transfers at entry 
to extension phase part 2, there were 94 patients receiving Q4D 
prophylaxis, 40 receiving Q7D prophylaxis, and 5 receiving on-de-
mand treatment. During this final phase, there were 15 occurrences 
of a patient transferring from Q4D to Q7D prophylaxis and 25 oc-
currences of a patient transferring from Q7D to Q4D prophylaxis. 
The reasons for transfer to Q4D during extension part 2 included 
≥2 spontaneous bleeding episodes over 8 weeks on Q7D (n = 14), 
increased physical activity (n = 3), increased bleeding (n = 3), “other 
reason” (n = 3; one reason was “pain in both ankles”), investigator's 
discretion (n = 1), and AEs (n = 1).

Overall, at some point during extension part 2, 110 patients 
received Q4D and 52 patients received Q7D prophylaxis; 5 pa-
tients received on-demand treatment. In total, 113 patients com-
pleted the trial, with 87 patients on 50 IU/kg Q4D, 23 patients on 
75  IU/kg Q7D, and 3 patients on 20-75  IU/kg on-demand treat-
ment. A total of 58 patients withdrew from the trial, 21 during 
the main phase (19 of which were reported in Giangrande et al8), 
11 during extension phase part 1, and 26 during extension phase 
part 2 (Figure 1).

As this trial was part of a wider concurrent clinical trials program, 
patients could be transferred to and back from other trials. A total 
of 36 patients were temporarily transferred from pathfinder2 to 
the pathfinder3 surgery trial (NCT01489111),15 of whom 35 under-
went surgery; all 36 of these patients subsequently returned to the 
pathfinder2 trial. Ten patients had surgery on more than one occa-
sion, with a maximum of four occasions. Another 22 patients trans-
ferred from pathfinder2 to a pharmacokinetics trial (pathfinder7; 
NCT02920398; 21 of whom participated in the trial) and back to 
pathfinder2. Patient demographic and baseline characteristics have 
been previously reported and were representative of the severe he-
mophilia A population.7,8

3.2 | Exposure and consumption

Across the entire trial, 186 patients were exposed to N8-GP for 
66 577 EDs, with 172 patients achieving ≥50 EDs. The total median 
time on regimen in the trial across all treatment regimens was 1974 
(range 5-2397) days for a total mean of 358 (1-697) EDs per patient. 
The median time on the Q4D prophylaxis regimen during the trial 
was 1479 (5-2269) days, with a mean of 326 (range 1-697) EDs. The 
median time on the Q7D prophylaxis regimen was 798 (18-1689) 
days and 119 (4-250) EDs.

The mean annual consumption of N8-GP per patient (including 
prophylaxis, treatment of bleeds, minor surgeries, and PK doses) was 
4829  IU/kg/year in the Q4D prophylaxis arm, 4242  IU/kg/year in 
the Q7D prophylaxis arm, and 1562  IU/kg/year in the on-demand 
arm, with no apparent differences between adults and adolescents.

3.3 | Pharmacokinetics

The overall mean FVIII activity trough level in patients on Q4D 
prophylaxis was 3.1 IU/dL (95% CI: 2.7; 3.6). Of the 3012 trough val-
ues measured, 17.9% were below the lower limit of quantification. In 
patients on Q7D prophylaxis, the overall mean FVIII activity trough 
level was 0.9 IU/dL (95% CI: 0.7; 1.2). Of the 858 trough values meas-
ured, 55.8% were below the lower limit of quantification.

3.4 | Annualized bleeding rates

The estimated ABR for all patients in the Q4D prophylaxis arm was 
2.14 (95% CI: 1.73; 2.65; P <  .001) with a median ABR of 0.84 (in-
terquartile range [IQR]: 0.00; 2.41). The estimated ABR for all the 
patients in the Q7D prophylaxis arm was 1.31 (95% CI: 0.89; 1.92; 
P < .001), with a median ABR of 1.67 (IQR: 0.43; 6.41), demonstrat-
ing the prophylactic effect of both regimens (Table 1). Imputed ABRs 
are reported in Table S1 in supporting information. The estimated 
ABR for spontaneous bleeds was 1.20 in the N8-GP Q4D prophy-
laxis arm and 0.76 in the Q7D prophylaxis arm.

In adolescents, the median ABR in the Q4D prophylaxis arm, at 1.19 
(IQR: 0.40; 3.63), was slightly higher than in adults, who had a median 
ABR of 0.75 (IQR: 0.00; 2.29). A similar trend was observed in the Q7D 
prophylaxis arm, in which adolescents had a median ABR of 5.23 (IQR: 
0.50; 9.91) and adults a median ABR of 1.64 (IQR: 0.40; 3.53).

3.5 | Bleeding episodes

A total of 2758 bleeds in 152 patients (81.7%) were treated with 
N8-GP during the trial (Table 2). Almost half (46%) of all bleeding epi-
sodes were reported by patients being treated on-demand. Overall, 
28.8% of patients in the Q4D prophylaxis arm reported no bleeds 
during the entire trial. Furthermore, 38.4% of patients in the Q4D 
prophylaxis arm reported no spontaneous bleeds during the entire 
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trial. A greater proportion of the bleeds in the on-demand group 
were spontaneous (76.5%) compared with the Q4D (55.9%) or the 
Q7D (58.5%) prophylaxis arms.

An exploratory, post-hoc analysis of the patients who completed 
this entire trial (n = 110) showed that the proportion of patients with 
no bleeding episodes in a given year increased with time on regimen. 
During the first year of treatment with Q4D prophylaxis, 39.1% of 
patients experienced no bleeds compared with 56.5% and 64.4% of 
patients during the fifth and sixth years of treatment, respectively 
(Figure 2), with little change in patient numbers in years 3-6. Similar 
trends were observed for patients on Q7D treatment (Figure 2).

In total, 62.9% of all bleeds occurred in joints, with most of the 
patients with joint bleeds experiencing one or two bleeds during the 
trial. Nearly all bleeding episodes (98.5%) were classified as mild/
moderate. There were no apparent differences between adoles-
cents and adults in terms of bleeds, except for a higher frequency of 
traumatic bleeds among adolescents (51.4%) compared with adults 
(32.5%), and a longer duration of bleeds among the adolescents 
(mean 43.9  hours, standard deviation [SD] 56.7  hours) compared 
with adults (mean 23.9 hours, SD 42.2 hours).

3.6 | Hemostatic response

The success rate for the treatment of all bleeding episodes (with 
missing responses counted as failure) was 83.2% (95% CI: 79.7; 86.2; 
Table 3), confirming the hemostatic effect of N8-GP, as the lower 
limit of the 95% CI was above 65%. In total, 80.9% of bleeds were 

treated with 1 injection and 94.9% were treated with ≤2 injections. 
The success rate for the treatment of bleeds was higher in patients 
receiving on-demand treatment than those receiving prophylac-
tic treatment (Table 3), higher for adults (84.0%) than adolescents 
(77.2%), and similar for spontaneous (82.4%) and traumatic bleeds 
(84.2%).

The mean N8-GP dose administered from start to stop of a bleed 
was 55.3  IU/kg; 68.1  IU/kg in the Q4D prophylaxis arm, 88.7  IU/
kg in the Q7D prophylaxis arm, and 37.5  IU/kg in the on-demand 
arm. The mean N8-GP dose used from start to stop of a bleed was 
90.2 IU/kg in adolescents and 52.9 IU/kg in adults.

3.7 | Safety

Among 186 patients exposed to N8-GP for a total of 785.4  years, 
one adolescent patient developed a FVIII inhibitor (≥0.6 BU) during 
the main phase of the trial. Following withdrawal from the trial, the 
patient returned to his previous FVIII product (see Giangrande et al8 
for full details). Transient N8-GP-binding antibodies were detected at 
a single visit (visit 5) in one patient during the main phase of the trial 
(see Giangrande et al8 for full details). A further three patients had pre-
existing non-neutralizing anti-N8-GP antibodies at baseline in the main 
phase and continued in the trial (see Giangrande et al8 for full details).

A total of 23 patients tested positive for anti-PEG antibodies at 
some point during the trial, with the highest reported anti-PEG an-
tibody titer being 4. Twelve (6.5%) patients had anti-PEG antibodies 
prior to N8-GP exposure; five of these were still positive at the last 

N8-GP prophylaxis
50 IU/kg Q4D

N8-GP prophylaxis
75 IU/kg Q7D

N8-GP on-demand
20-75 IU/kg

Patientsa , N 177 61 12

Mean treatment 
period,b  years

3.73 4.17 3.53

ABR, observed

Poisson estimate 
(95% CI)

2.14 (1.73; 2.65) 1.31 (0.89; 1.92) —

Median (IQR) 0.84 (0.00; 2.41) 1.67 (0.43; 6.41) 30.98 (22.72; 39.82)

Spontaneous ABR, observed

Poisson estimate 
(95% CI)

1.20 (0.93; 1.54) 0.76 (0.44; 1.34) —

Median (IQR) 0.35 (0.00; 1.29) 0.71 (0.00; 3.84) 19.55 (13.76; 24.62)

Traumatic ABR, observed

Poisson estimate 
(95% CI)

0.93 (0.72; 1.21) 0.53 (0.35; 0.78) —

Median (IQR) 0.19 (0.00; 0.95) 0.00 (0.00; 1.15) 3.96 (1.26; 9.32)

Abbreviations: ABR, annualized bleeding rate; CI, confidence interval; IQR, interquartile range; 
Q4D, every fourth day treatment; Q7D, weekly treatment.
aSeveral patients changed treatment regimen during the trial; therefore, a patient may be included 
in more than one treatment arm, but only counted once in the total. 
bFor patients withdrawing prematurely, the planned treatment duration was used; for completers, 
the actual treatment duration was used. 

TA B L E  1   Cumulative annualized 
bleeding rates during the pathfinder2 
completed trial
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visit and the other seven became negative during the course of this 
trial. Overall, 174 (93.5%) patients had negative measurements for 
anti-PEG antibodies at baseline, and of these 163 (87.6%) patients 
had negative measurements throughout the trial. Of the 11 patients 
who developed anti-PEG antibodies during the trial, 8 were negative 
at the last visit. There was no discernable pattern to the incidence, 
which occurred at isolated visits. No cases of anti-PEG antibodies 
were associated with AEs.

A total of 1827 AEs were reported in 170 patients (91.4%), re-
sulting in a rate of 2.33 AEs per patient-year of exposure (Table 4). 
There were no apparent differences in the safety profiles between 
adolescents and adults or between the different N8-GP treatment 
regimens.

Most AEs were of mild or moderate severity. AEs classified as 
severe were reported in 19.4% of patients. The most common AEs 
were nasopharyngitis (incidence 32.3%), headache (23.1%), upper 
respiratory tract infections (22.6%), arthralgia (22.6%), and diarrhea 
(13.4%).

In total, 77 AEs in 30 patients (16.1%) were evaluated by the in-
vestigator to be possibly or probably related to trial product (0.10 
events per patient-year of exposure), the most common being 

“investigations” (such as aberrant laboratory values; 36 AEs in 14 
patients). Only three of these events were classified as severe: one 
event of intervertebral discitis, one event of gastritis, and one event 
of muscle hemorrhage.

A total of 63 SAEs were reported in 33 patients (17.7%). Two 
of these events in two patients (FVIII inhibitor and intervertebral 
discitis, reported in the main phase8) were evaluated by the inves-
tigator as possibly or probably related to trial product. Six patients 
were withdrawn from the trial due to SAEs. The one event of FVIII 
inhibitors in main phase (see Giangrande et al8 for full details) was 
considered related to the trial product. The other five SAEs were 
considered unlikely to be related to N8-GP treatment (fatal pan-
creatic metastatic carcinoma in a 67-year-old patient, hepatocel-
lular carcinoma, duodenal ulcer, road traffic accident, and ankle 
fracture).

With regard to MESIs, one suspected thromboembolic SAE (sus-
picion of cranial micro-infarction) was reported during the trial; how-
ever, there was no definitive diagnosis and a relationship to N8-GP 
was reported as unlikely. The final diagnosis was atypical hypertro-
phic cardiomyopathy and aortic valve stenosis, with both events re-
ported as having an unlikely relationship to N8-GP. Allergic reactions 

TA B L E  2   Details of bleeding episodes for patients receiving prophylactic or on-demand treatment with N8-GP during the pathfinder2 
completed trial

Prophylaxis
50 IU/kg Q4D (N = 177)

Prophylaxis
75 IU/kg Q7D (N = 61)

On-demand
20-75 IU/kg (n = 12)

Total 
(N = 186)

Patients with bleeds, N (%) 126 (71.2) 53 (86.9) 12 (100.0) 152 (81.7)

Bleeding episodes, N 1312 176 1270 2758

Cause of bleed, N (%)

Spontaneous 733 (55.9) 103 (58.5) 971 (76.5) 1807 (65.5)

Traumatic 572 (43.6) 71 (40.3) 288 (22.7) 931 (33.8)

Minor surgery 7 (0.5) 2 (1.1) 11 (0.9) 20 (0.7)

Re-bleeda , N (%)

No 1291 (98.4) 176 (100.0) 1252 (98.6) 2719 (98.6)

Yes 21 (1.6) — 18 (1.4) 39 (1.4)

Site of bleed, N (%)

Joint 989 (75.4) 119 (67.6) 627 (49.4) 1735 (62.9)

Mucosal 47 (3.6) 7 (4.0) 58 (4.6) 112 (4.1)

Muscular 147 (11.2) 19 (10.8) 170 (13.4) 336 (12.2)

Subcutaneous 41 (3.1) 11 (6.3) 359 (28.3) 411 (14.9)

Gastrointestinal 11 (0.8) 4 (2.3) 6 (0.5) 21 (0.8)

Other 77 (5.9) 16 (9.1) 50 (3.9) 143 (5.2)

Classification of bleed, N (%)

Mild/moderate 1286 (98.0) 169 (96.0) 1262 (99.4) 2717 (98.5)

Severe 22 (1.7) 7 (4.0) 6 (0.5) 35 (1.3)

Unknownb  4 (0.3) — 2 (0.2) 6 (0.2)

Abbreviations: Q4D, every fourth day treatment; Q7D, weekly treatment.
aRe-bleed defined as a worsening of symptoms in the same location after an initial period of improvement, either on treatment or within 72 hours of 
stopping treatment. 
b“Not done,” “not known,” and “missing” were considered unknown. Several patients changed treatment regimen during the trial; therefore, a patient 
may be included in more than one treatment arm, but only counted once in the total. 
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were reported as MESIs for 14 patients. None of these events re-
quired systemic treatment. For two patients, the allergic reactions 
(rash and mild erythema) were evaluated as possibly or probably re-
lated to N8-GP treatment.

Results of laboratory parameters, vital signs, and other safety-re-
lated examinations did not indicate any clinically relevant changes as 
a result of N8-GP treatment.

3.8 | Patient-reported outcomes

Reductions in HAEM-A-QOL and Hemo-Sat score represent im-
provements in quality of life. Among patients aged ≥17 years old on 
N8-GP prophylaxis who participated in extension phase part 2 and 
completed a questionnaire in the given year of treatment, the mean 
change in HAEM-A-QOL (119 completed questionnaires) from 

F I G U R E  2   Proportion of patients in pathfinder2 who experienced no bleeds per year. Results from a post-hoc analysis of patients who 
completed the entire trial (n = 110) are shown. Only the initial treatment regimen and first consecutive regimen were included in calculations 
of the proportion of patients who experienced no yearly bleeds. Q4D, every fourth day treatment; Q7D, weekly treatment
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TA B L E  3   Hemostatic response during the pathfinder2 completed trial

Prophylaxis
50 IU/kg Q4D (N = 177)

Prophylaxis
75 IU/kg Q7D (N = 61)

On-demand
20-75 IU/kg (n = 12) Total (N = 186)

Bleeding episodes 1312 176 1270 2758

Hemostatic response, N (%)

Excellent 600 (45.7) 75 (42.6) 859 (67.6) 1534 (55.6)

Good 532 (40.5) 65 (36.9) 339 (26.7) 936 (33.9)

Moderate 153 (11.7) 29 (16.5) 71 (5.6) 253 (9.2)

None 6 (0.5) 2 (1.1) 1 (0.1) 9 (0.3)

Missing 21 (1.6) 5 (2.8) 0 (0.0) 26 (0.9)

Success ratea 

Rate, % (95% CI) 83.7 (79.8; 87.0) 80.0 (71.8; 86.3) 88.6 (81.1; 93.4) 83.2 (79.7; 86.2)

Number of injections to treat bleed, N (%)

≤2 1226 (93.4) 159 (90.3) 1232 (97.0) 2617 (94.9)

>2 86 (6.6) 17 (9.7) 38 (3.0) 141 (5.1)

Abbreviations: CI, confidence interval; Q4D, every fourth day treatment; Q7D, weekly treatment.
a“Missing” included as failure. Several patients changed treatment regimen during the trial; therefore, a patient may be included in more than one 
treatment arm, but only counted once in the total. Success rate analyzed using logistic regression accounting for repeated measures within subject 
assuming compound symmetry working correlation. 
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baseline was −3.1 (SD 11.2; 157 questionnaires) after 5–<6 years 
treatment and −3.5 (SD 9.0) after 6–<7 years treatment (22 ques-
tionnaires). Changes in Hemo-Sat scores for patients who partici-
pated in extension phase part 2 and completed a questionnaire in 
the given year of treatment suggested slight reduction of score in 
ease and convenience, efficacy, and general satisfaction with both 
prophylaxis and on-demand treatment.

Increases in the EQ-5D-VAS score indicate a positive change in 
the patients’ state of health. For prophylaxis patients participating 
in extension phase part 2 and who completed a questionnaire in the 
given year of treatment, the mean change in EQ-5D-VAS score from 
baseline was 2.2 (SD 13.2; 167 questionnaires) after 5–<6 years of 
treatment and 7.5 (SD 13.6; 23 questionnaires) after 6–<7 years of 
treatment. Mean changes in EQ-5D utility index score for prophy-
laxis patients who participated in extension phase part 2 and com-
pleted a questionnaire in the given year of treatment were small 
over the years, indicating that quality of life was maintained during 
the trial.

4  | DISCUSSION

This multi-national, multi-center trial was a key element of the path-
finder clinical development program and is one of the largest and 
most comprehensive clinical trials in hemophilia A treatment. The 
trial design involved two extension phases, following patients treated 
with N8-GP for up to approximately 6.6 years (median 5.4 years) of 
exposure. The first extension phase provided the opportunity to 
investigate the safety and efficacy of weekly (Q7D) N8-GP proph-
ylaxis by randomizing a subset of patients to either Q7D or Q4D 
treatment. The second extension phase, during which some patients 

could switch between Q4D and Q7D prophylaxis, aimed to collect 
long-term safety and efficacy data.

Overall, almost 30% of the patients on N8-GP Q4D prophylaxis 
experienced no bleeds and nearly 40% experienced no spontaneous 
bleeds over the duration of the entire pathfinder2 trial—a median 
of approximately 4.0 years on regimen. Due to the duration of this 
trial, inter-trial comparisons regarding the proportion of patients 
with no bleeds in trial are not appropriate. More specifically, the time 
per patient on Q4D prophylaxis in the present study was approxi-
mately five times longer than (and included) the main phase,8 and 
seven times longer than other studies that reported proportions of 
patients with no bleeds in trial.16 Importantly, the proportion of pa-
tients with no bleeds in a given year increased with time on regimen 
in the Q4D treatment group with relatively little change in overall 
patient numbers in groups the last 4 years of treatment.

Even though patients spent almost double the amount of time 
on the Q4D regimen, fewer Q4D patients experienced bleeding 
episodes compared with Q7D dosing (71.2% versus 86.9%, respec-
tively). Nevertheless, a proportion of the Q7D subgroup (13.1% of 
patients) experienced no bleeds over a median time of more than 
2 years on regimen. The extension phase part 2 of the pathfinder2 
trial was non-randomized, and the treatment-group size imbalances, 
as well as pre-selection of patients with a low bleeding rate for Q7D 
dosing preclude a direct comparison of the two prophylaxis regi-
mens similar to that performed in extension phase part 1.9 Despite 
this limitation, these end-of-trial results support the previous finding 
that the Q7D N8-GP prophylaxis regimen may be appropriate for 
patients who bleed at a lower rate.

As in the main phase and extension phase part 1,8,9 the prophy-
lactic effect of both Q4D and Q7D N8-GP dosing was demonstrated 
in the analysis of data from the completed trial. As expected, the 

TA B L E  4   Summary of AEs during the pathfinder2 completed trial

Prophylaxis
50 IU/kg Q4D (N = 177)

Prophylaxis
75 IU/kg Q7D (N = 61)

On-demand
20-75 IU/kg (N = 12) Total (N = 186)

Exposure days 57,723 7,255 1,599 66,577

All AEs, N (%) [E] 158 (89.3) [1,326] 53 (86.9) [369] 10 (83.3) [132] 170 (91.4) [1827]

Probably or possibly 
related

24 (13.6) [59] 6 (9.8) [7] 4 (33.3) [11] 30 (16.1) [77]

SAEs, N (%) [E] 24 (13.6) [39] 7 (11.5) [16] 3 (25.0) [8] 33 (17.7) [63]

Probably or possibly 
related

2 (1.1) [2] — — 2 (1.1) [2]

AEs by severity, N (%) [E]

Mild 147 (83.1) [1012] 50 (82.0) [279] 9 (75.0) [82] 161 (86.6) [1373]

Moderate 98 (55.4) [273] 27 (44.3) [71] 9 (75.0) [40] 115 (61.8) [384]

Severe 28 (15.8) [41] 8 (13.1) [19] 2 (16.7) [9] 36 (19.4) [69]

Not known — — 1 (8.3) [1] 1 (0.5) [1]

MESIs, N (%) [E] 16 (9.0) [20] 3 (4.9) [3] 1 (8.3) [1] 19 (10.2) [24]

Abbreviations: AE, adverse event; E, number of events; MESI, medical event of special interest; N, Number of patients with adverse event; Q4D, 
every fourth day treatment; Q7D, weekly treatment; SAE, serious AE.
Notes: Patients who switched arms are represented in multiple columns. Numbers based on the number of patients treated on each treatment arm at 
any time during the trial. Exposure days and events are based on the treatment arm at the time of each assessment.
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median ABR among patients who received on-demand N8-GP treat-
ment (30.98) was higher than among the patients treated prophylac-
tically (Q4D, 0.84; Q7D, 1.64), although, as previously noted, there 
were imbalances in treatment-group sizes and the extension phase 
part 2 of the trial was non-randomized.

The observed ABRs (Q4D, 2.14; Q7D, 1.31) in the completed 
study comprising all phases were comparable to those reported in the 
24-week randomized extension phase part 1 (Q4D, 1.66; Q7D, 1.65),9 
and complete trial ABRs for Q4D prophylaxis were lower than those 
reported for the main phase (3.04).8 Other studies of FVIII replace-
ment products often only report median observed ABRs.17-19 Thus, 
the median observed ABR is the most reliable value for inter-trial com-
parison. The Q4D prophylaxis arm in the completed study showed a 
slightly lower median observed ABR compared with similar regimens 
reported for other EHL FVIII replacement products.17-19

In total, 80.9% of bleeds were treated with 1 injection of N8-GP 
and 94.9% were treated with ≤2 injections, a rate similar to the main 
phase results8 and to that reported for another EHL FVIII product.17 
The incidence of severe bleeds in the completed study was just 1.3% 
on any regimen, and the success rate for treatment of all bleeds 
(83.2% [95% CI: 79.7; 86.2]) demonstrated the hemostatic effect of 
N8-GP according to the predefined criteria and was consistent with 
that reported for other commercially available FVIII products.17,20-24

A greater proportion of patients in the on-demand group expe-
rienced spontaneous bleeds than in the prophylaxis groups. This 
observation may involve multiple contributing factors. Patients 
receiving prophylactic treatment may exhibit fewer spontaneous 
bleeds due to better treatment coverage and a possible improvement 
in joint status due to fewer bleeds with greater time on regimen. 
Furthermore, patients may feel more protected with prophylaxis and 
have more active lifestyles, thus leading to a shift in the proportions 
of spontaneous and traumatic bleeds.

Trends possibly attributable to lifestyle choices might also be 
reflected in the results obtained for the adolescent and adult sub-
groups. Adolescents, who may typically have more active and high-
er-risk lifestyles, had slightly higher ABRs than adults in both the 
Q4D and Q7D prophylaxis arms. Adolescents also reported a higher 
frequency of traumatic bleeds (51.4%) compared with adults (32.5%) 
and had a longer duration of bleeds.

Overall, for patients on Q4D prophylaxis, the mean FVIII trough 
level across all patients was 3.1 IU/dL, with only 17.8% of 3012 mea-
surements being below the lower level of quantitation, meaning that 
most of the patients were in the range of moderate/mild hemophilia 
A most of the time on this regimen. Furthermore, incremental recov-
ery was stable during extension phase part 2, with mean values be-
tween 2.0 and 3.0 (IU/dL)/(IU/kg), indicating sustained efficacy. This, 
combined with the efficacy results of the Q4D prophylaxis regimen, 
indicates that a simple, fixed-dose N8-GP regimen without the need 
for FVIII activity monitoring is possible for the management of most 
patients with hemophilia A.

PROs, quality of life, and treatment satisfaction scores showed 
minor changes with long-term N8-GP treatment. For adults on 

prophylaxis, there were small improvements in HAEM-A-QOL, 
Hemo-Sat, and EQ-5D-VAS scores. The EQ-5D utility index score 
was maintained over the course of the trial.

Overall, in the pathfinder2 trial, 186 patients were exposed 
to N8-GP for a total of 785.4  years. No safety concerns were 
detected from the assessment of antibodies, AEs, vital signs, 
physical examinations, or clinical laboratory parameters. As 
previously reported, a single patient developed a FVIII inhibitor 
(≥0.6 BU) after 93 exposure days. As this incidence was below 
the pre-specified limit of 6.8%, this primary test demonstrated 
adequate safety with regard to inhibitor development.8 Of the 
23 patients who tested positive for anti-PEG antibodies, only 11 
patients developed anti-PEG antibodies during the trial, and there 
was no discernable pattern to the incidence, which occurred at 
isolated visits, while none of these antibodies were associated 
with a clinical effect.

In conclusion, with 186 patients exposed to N8-GP for a median 
time on regimen of approximately 5.4  years, pathfinder2 was one 
of the largest and longest-running clinical trials on the treatment of 
severe hemophilia A. N8-GP allowed for effective, well-tolerated, 
fixed-dose, prophylactic treatment every 4 days without the need 
to monitor FVIII activity levels for dose adjustment. Data from the 
complete pathfinder2 trial confirm the long-term efficacy and safety 
of N8-GP treatment among previously treated adolescent and adult 
patients with severe hemophilia A.
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