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KEY PO INT S

l Targeting 1% to 3%
and 8% to 12% FVIII
troughs was
efficacious, with fewer
bleeds in the latter
arm and acceptable
safety across arms.

l Rurioctocog alfa pegol
consumption varied
widely in each arm
with overlapping
ranges, emphasizing
the need for
personalized
treatment.

Rurioctocog alfa pegol prophylaxis targeting factor VIII (FVIII) troughs ‡1% has shown to
be efficacious with an acceptable safety profile in people with hemophilia A (PwHA). The
PROPEL trial compared safety and efficacy of 2 target FVIII troughs in PwHA aged 12 to
65 years, with severe disease, annualized bleeding rate ‡2, and previous FVIII treatment.
PwHAwere randomized to 12months’ pharmacokinetic (PK)-guided rurioctocog alfa pegol
prophylaxis targeting FVIII troughs of 1% to 3% (reference arm) or 8% to 12% (elevated
arm); first 6 months was treatment-adjustment period. The primary endpoint was absence
of bleeds during the second 6months, analyzed usingmultiple imputations (full analysis set
[FAS]). In the 1% to 3% and 8% to 12% arms, respectively, point estimates (95% confidence
interval) of proportions of PwHA with zero total bleeds were 42% (29% to 55%) and 62%
(49% to 75%) in FAS (N 5 115; P 5 .055) and 40% (27% to 55%) and 67% (52% to 81%) in
per-protocol analysis set (N 5 95; P 5 .015). Dosing frequency and consumption varied in
each arm. Adverse events (AEs) occurred in 70/115 (60.9%) PwHA; serious AEs in 7/115
(6%) PwHA, including 1 treatment-related in 8% to 12% arm (transient anti–FVIII inhibitor).
There were no deaths, serious thrombotic events, or AE-related discontinuations. PK-

guided prophylaxis was achievable and efficacious in both arms. No new safety signals were observed in the 8% to 12%
arm. These results demonstrate elevated FVIII troughs can increase the proportion of PwHA with zero bleeds and
emphasize the importance of personalized treatment. This trial was registered at www.clinicaltrials.gov as
#NCT02585960. (Blood. 2021;137(13):1818-1827)

Introduction
Standard factor VIII (FVIII) prophylaxis for treatment of hemo-
philia A is based on patient weight, severity of FVIII deficiency,
and bleeding patterns (eg, location/extent of breakthrough
bleeding, joint status), with treatment dose and frequency ad-
justed according to a patient’s clinical response.1 The FVIII
concentrate dose required to achieve a desired plasma FVIII level
varies among individuals owing to differences in the pharmaco-
kinetic (PK) profile of FVIII coagulant activity.2-4 An individualized
approach to prophylaxis, which can optimize treatment and im-
prove outcomes, takes into consideration a patient’s PK profile,
phenotypic bleeding pattern, and other factors, such as perceived
risk of injury-related bleeds.1,5,6 Evidence suggests that targeting a
1% FVIII trough level may not prevent bleeding episodes in all
people with hemophilia A (PwHA).2 In addition, annual number of
joint bleeds has been shown to approach zero in PwHA with
baseline FVIII levels$10%,7 and bleeding rates in those receiving

prophylaxis fall as FVIII levels increase.8 A PK-guided regimen
where FVIII troughs were sustained above the ;10% threshold
was therefore investigated.

This phase 3, randomized study investigated the efficacy and
safety of PK-guided prophylaxis with rurioctocog alfa pegol (TAK-
660, SHP660, BAX 855; ADYNOVATE [US]/ADYNOVI[Europe];
BaxaltaUS Inc, a Takeda company, Lexington,MA)9-13 targetingFVIII
trough levels of 1% to 3%and 8% to 12%. The aimwas to determine
the impact of targeting elevated FVIII troughs and related increased
exposure to total FVIII over time on clinical outcomes in PwHA.

Methods
Trial summary
PROPEL, a phase 3, prospective, randomized, open-label,
multicenter clinical study compared safety and efficacy of
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rurioctocog alfa pegol following PK-guided prophylaxis tar-
geting 2 FVIII troughs in patients with severe hemophilia A
(clinicaltrials.gov #NCT02585960; EudraCT 2014-005477-37). It
was conducted at 62 study sites in 19 countries from November
2015 to August 2018. The protocol was approved by the in-
dependent review board at each participating site, and the study
was conducted in compliance with the Declaration of Helsinki
and Good Clinical Practice Guidelines of the International
Conference on Harmonization.

Patients
The study enrolled PwHA 12 to 65 years of age with severe
hemophilia A (FVIII level,1%), and an annualized bleeding rate
(ABR) $2 during the 12 months before study entry. Enrolled
PwHA had either completed a previous rurioctocog alfa pegol
study11-14 or were naive to rurioctocog alfa pegol and had re-
ceived prophylaxis or on-demand treatment (for breakthrough
bleeds) with plasma-derived or recombinant FVIII for $150
documented exposure days. Exclusion criteria included con-
firmed FVIII inhibitory antibodies $0.6 Bethesda units (BU)15

before or at screening, and any inherited or acquired hemostatic
defect other than hemophilia A. All PwHA provided written
informed consent. Full eligibility criteria are presented in the
supplemental methods, available on the Blood Web site.

Patient data collected at screening included presence of $4
spontaneous bleeds into a single joint within the previous 6-month
period. Also, central laboratory assessments included viral serol-
ogy for HIV-1/2 antibody and hepatitis C virus (HCV) antibody.
Patients positive for HCV antibody underwent polymerase chain
reaction testing to confirm no active infection was present.

Study design and treatment
Upon confirmation of eligibility, PwHA underwent a 72- to 96-
hour washout period followed by initial PK parameter evaluation.
Blood samples were taken within 30 minutes before a single IV
infusion of 60 6 5 IU/kg rurioctocog alfa pegol and at 7 time
points up to 96 6 4 hours postinfusion.

PwHA were subsequently randomly assigned (1:1) to 12 months
of PK-guided prophylaxis with rurioctocog alfa pegol targeting
FVIII troughs of either 1% to 3% (reference arm) or ;10% (8% to
12%; elevated arm; Figure 1). Randomization was stratified
according to prestudy treatment regimen and ABR (prophylaxis
with ABR,5 vs prophylaxis with ABR$5 vs on-demand) and was
independent of the patient’s PK profile.

For PK-guided prophylaxis, rurioctocog alfa pegol dose and
infusion frequency were based on the patient’s PK profile (in-
cremental recovery [IR], plasma half-life [t1/2]), actual body
weight, and target FVIII trough level. Body weight at screening
was used in dose calculations, and a 610% change prompted
dose recalculation. The investigator and patient chose the
dosing interval, and dose was selected from the sponsor’s dosing
recommendation table. During the first 6 months, regimen dose
and frequency could be adjusted based on the FVIII trough de-
termined at each study visit. Samples for FVIII trough de-
termination were drawn immediately before the next scheduled
prophylactic infusion. FVIII activity level at the planned infusion
interval was calculated from the observed FVIII activity, deviation
of the sample drawn from the planned infusion interval, and t1/2. If
the FVIII trough level was outside the expected range (1% to 3%or

8% to 12%), another blood sample was drawn within 2 weeks of
receiving FVIII activity results at an additional study visit. If both
predicted FVIII troughs at the planned infusion interval were too
low or too high, a revised dosing recommendation table was
provided to the site showing adjusted doses for infusion intervals
with doses #80 IU/kg and FVIII peak level that did not exceed
200%. The patient and investigator could select an infusion in-
terval or switch between different infusion intervals from the table
provided. Approximately 2 weeks after dose adjustment, a repeat
FVIII trough determination was performed, and dose adjustment
procedure was repeated, if needed. During the second 6 months,
a wider window was used for acceptable FVIII troughs (1% to 5%,
6% to 14%). If FVIII levels were ,1% in the 1% to 3% arm and
hence undetectable, dose could be increased by;30%. For FVIII
levels .3% in the 1% to 3% arm, or ,8% or .12% in the 8% to
12% arm, the adjusted dose was calculated as:

Doseadj ¼
�
TLtarget

�
TLpredicted

�
pDosecurrent

where TLtarget is target trough level (1.7% or 10%) and TLpredicted
is TL predicted under the current dose. TLpredicted was calculated
as:

TLpredicted

¼ 0:5p
�
TLmeasured;t1p2ðt12 tÞ=HL 1TLmeasured;t2p2ðt22 tÞ=HL

�

where TLmeasured,t1 and TLmeasured,t2 are trough levels measured
t1 and t2 hours postinfusion, t is infusion interval, and HL is
terminal t1/2. Study guidelines for treatment of breakthrough
bleeding and planned surgery/dental procedures are discussed
in the supplemental methods.

Each patient was provided with a diary in electronic/paper
format to record details of their infusions, bleeds and response
to treatment, physical activity, unexpected events, and patient-
reported outcomes. Definition of a bleeding event is provided in
the supplemental methods. Adherence to the individualized
prophylaxis regimen over the 12-month study period (adherence
to schedule for$75%of prophylactic infusions and adherence to
required dose [610%] for $75% of prophylactic infusions) was
determined based on patient-reported records from study di-
aries. Unexpected events recorded in the diary were reported as
adverse events (AEs) at the investigator’s discretion.

Outcome measures
The primary efficacy outcomemeasure was presence or absence
of any bleeds in the second 6-month study period. These results
are reported as proportion of PwHAwith zero total bleeds, which
represents all spontaneous and injury-related bleeds that were
treated or not treated (ie, all bleeds).

Secondary efficacy outcome measures included proportions of
PwHA who achieved zero spontaneous bleeds and zero spon-
taneous joint bleeds during the second 6 months. In addition,
total ABR, spontaneous ABR, spontaneous joint ABR, joint ABR,
ABR in joints with $4 spontaneous bleeds in 6 consecutive
months, and injury-related ABR were calculated. Total ABR
during the 12-month study period was compared with historical
ABR during the 12 months before enrollment. Physical activity
was assessed based on the change in number of days with
.15 minutes of physical activity (mild, moderate, strenuous)
participation. Weight-adjusted consumption of rurioctocog alfa
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pegol and frequency of prophylactic infusions during the second
6 months were evaluated.

Safety was assessed by reporting of AEs during the randomized
period (excluding surgery periods) and changes in vital signs and
clinical laboratory parameters. AEs were categorized according
to the Medical Dictionary for Regulatory Activities (MedDRA,
version 21.0). Immunogenicity of rurioctocog alfa pegol was
measured pre- and postinfusion and when clinically indicated.
Inhibitory antibodies to FVIII were measured at a central labo-
ratory.15 Binding antibodies to FVIII, rurioctocog alfa pegol,
polyethylene glycol (PEG), and anti–Chinese hamster ovary
protein were measured with enzyme-linked immunosorbent
assay in compliance with regulatory guidelines16,17 and following
principles described by Whelan et al.18

PK parameters for rurioctocog alfa pegol based on FVIII activity
included plasma t1/2 (hours) and IR (IU/dL / IU/kg), and average
FVIII activity (IU/dL) over time according to 1-stage clotting
assay. Testing was performed at a central laboratory (assays and
instruments used are reported in the supplemental methods).

Post hoc analyses included evaluation of ABRs in the per-
protocol analysis set (PPAS) during the second 6 months
according to preenrollment regimen (on-demand treatment or
prophylaxis). Also, clinical course of spontaneous bleeds into the
same joint of treated PwHA with $6 months of observation was
evaluated (presence of $4 vs ,4 spontaneous bleeds into the
same joint; PPAS).

Statistical analysis
For calculation of sample size, rates of bleed-free PwHA in
6 months were assumed to be 40% and 70% for target FVIII
troughs of 1% to 3% and 8% to 12%, respectively, based on
modeling results from the pivotal rurioctocog alfa pegol trial.11

Based on these assumptions, an estimated 48 PwHA per

treatment arm were needed to reject the null hypothesis of no
difference between arms against a 2-sided alternative at the 5%
level of statistical significance with 80% power. Assuming a
dropout rate of ;10% and noncompliance rate of 10% to 15%,
116 PwHA were required to meet statistical power.

The full analysis set (FAS) comprised all randomized PwHA who
received prophylaxis for any time period. The PPAS comprised
all PwHA in the FAS who completed the full 364-day study
period of prophylaxis and had no significant protocol deviations.
The safety analysis set (SAS) comprised all enrolled PwHA with
$1 rurioctocog alfa pegol infusion. The PK analysis set com-
prised all PwHA in the SAS with $1 quantifiable postdose FVIII
activity level without significant protocol deviations or events
with potential to affect PK analysis.

For the primary efficacy outcomemeasure, proportions of PwHA
with zero total bleeds during the second 6 months in the 2
treatment arms were compared using a x2 test with continuity
correction at a 2-sided 5% level of significance. Data analyses for
the primary efficacy outcome followed the intent-to-treat prin-
ciple, and missing bleed data were imputed for PwHA without
364 days of observation using amultiple imputation technique.19

ABR for secondary efficacy outcomes did not include imputed
bleeds and was calculated as: ABR 5 (observed number of
bleeds)/(period under consideration in years).

For all other outcomemeasures, descriptive statistics were used to
analyze the 2 treatment arms. Point estimates (means, medians)
and their standard deviations (SDs) and quartiles were calculated
for weight-adjusted consumption of rurioctocog alfa pegol and
number of rurioctocog alfa pegol infusions for treatment of a
bleed. PK parameters by prophylactic regimen are summarized
descriptively. All analyses were performed using SAS (SAS In-
stitute Inc, Cary, NC), version 9.4.

Target enrollment: N = 116

Main eligibility criteria

•  FVIII <1%
•  Age 12-65 years
•  ABR ≥2
•  No presence or history of
    FVIII inhibitor titer ≥0.6 BU*
•  Previously treated patients

Assessment of PK
parameters after single
infusion of rurioctocog

alfa pegol (60 ± 5 IU/kg)

Randomization†

1:1

6 months 6 months

Run-in/treatment
adjustment

Evaluation of
primary endpoint

Targeting FVIII trough
level 1-3% (reference arm)‡

Targeting FVIII trough
level ~10% (8-12%; elevated arm)‡

Figure 1. PROPEL study design.Design of this phase 3, prospective, randomized, open-label, multicenter clinical study (#NCT02585960); initiated November 2015, completed
August 2018. *In the Nijmegen modification of the Bethesda assay. †Randomization occurred after the PK assessment and was stratified according to patients’ prestudy
treatment regimen and ABR (prophylaxis with ABR,5 vs prophylaxis with ABR$5 vs on-demand) independent of their individual characteristics (ie, PK profile, activity level, or
bleeding activity). ‡Prophylactic dose and dosing frequency with rurioctocog alfa pegol were based on the patient’s individual PK assessment and could be adjusted to maintain
the target FVIII trough level on the basis of FVIII assessments at each study visit during the first 6-month study period.
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Results
Study population
Overall, 135 PwHA were enrolled, and 120 received a single PK
dose of 60 6 5 IU/kg rurioctocog alfa pegol (Figure 2). Fifteen
PwHA did not receive the initial PK dose because of screen
failures (n 5 7) and discontinuations (n 5 8), and 5 PwHA dis-
continued after the initial PK dose and before the first pro-
phylactic dose; thus, 115 PwHA were randomized to the target
1% to 3% FVIII trough (n5 57) or 8% to 12% FVIII trough (n5 58)
and received $1 prophylactic dose (FAS). A total of 8 PwHA
discontinued from the 8% to 12% arm (5 during the first 6months
and 3 during the second 6months) vs 1 personwho discontinued
from the 1% to 3% arm during the second 6 months. The
documented reason for the 1 discontinuation in the 1% to 3%

arm was withdrawal by patient (reason not provided). In the 8%
to 12% arm, documented reasons for discontinuation were
withdrawal by physician (n51; patient did not record in the eDiary
daily), withdrawal by patient (n5 3), withdrawal by sponsor (n5 1),
noncompliance to study procedures (n 5 2), and use of another
FVIII because of temperature excursion of study drug (n5 1). The
3 withdrawals by patients in the 8% to 12% armwere documented
as poor IV access and required daily infusion (n 5 1), refusal to
agree to informed consent (n 5 1), and noncompliance to study
protocol (n5 1). A total 5/57 PwHA in the 1% to 3% arm and 15/58
PwHA in the 8% to 12% arm of the FAS were excluded from
the PPAS. The PPAS comprised 95 PwHA (n5 52, 1% to 3% arm;
n 5 43, 8% to 12% arm). Reasons for exclusion from the PPAS
were failure to complete the full 364-day study period of pro-
phylaxis (n 5 5; n 5 10) and significant protocol deviations

135 patients enrolled and assessed for eligibility*

7 screen failures

8 discontinued before
PK dose†

5 not randomized
(discontinued before

1st prophylactic dose)

5 discontinued during 1st
6-month study period

3 discontinued during 2nd
6-month study period

15 excluded from PPAS
(10 failed to complete 364-day

study period and 5 had
significant protocol deviations)

56 completed the study 50 completed the study

57 analyzed in the FAS
52 analyzed in the PPAS

58 analyzed in the FAS
43 analyzed in the PPAS

5 excluded from PPAS
(5 failed to complete
364-day study period)

1 patient withdrew during
2nd 6-month study period

57 assigned to target
FVIII trough level

1-3%

58 assigned to target
FVIII trough level
~10% (8-12%)  

120 received initial PK dose†

(single infusion of 60 ± 5 IU/kg rurioctocog alfa pegol) 

115 randomized
(received ≥1 prophylactic dose)

30 received on-demand and 85 prophylactic FVIII
treatment before enrollment

Figure 2. Patient disposition.A total of 135 patients enrolled in the study: 120 patients received the initial PK dose of rurioctocog alfa pegol and 115 patients received at least 1
prophylactic dose of rurioctocog alfa pegol. *Patients either completed a previous rurioctocog alfa pegol study (#NCT01599819,11 #NCT01736475,11 #NCT02210091,13

#NCT02615691, #NCT01913405,12 or #NCT0194559314) or were naive to rurioctocog alfa pegol. †One patient in the screen failure category erroneously received the PK infusion
and, although not included in the flowchart, is included in the safety analysis and PK analysis sets.
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(n5 0; n5 5; Figure 2). In the 8% to 12% arm, significant protocol
deviations were patient did not administer rurioctocog alfa pegol
for 50 days (n5 1), patient did not follow dose adjustments (n5 1),
patients were not compliant with rurioctocog alfa pegol (n52), and
patient administered ,75% of planned total dose (n 5 1).

All PwHA were male, and the median (range) age of the overall
population was 29.0 (12 to 61) years (FAS and PPAS). At baseline,
there was a similar distribution of PwHA who had 1 to 3 joints with
$4 spontaneous bleeds each within 6 months before screening
across both treatment arms. However, there was a higher per-
centage of PwHA in the 8% to 12% vs 1% to 3% arm who had$4
joints with$4 spontaneous bleeds each and a higher percentage
of PwHA with hemophilic arthropathy. In the FAS, prophylactic
FVIII replacement therapy was previously used by 75.4% (43/57)
and 72.4% (42/58) of PwHA in the 1% to 3% and 8% to 12% arms,
respectively (Table 1); similar results were observed in the PPAS.

Prophylactic dosing intervals used by study completion ranged
from every 24 to 96 hours. In the 1% to 3% and 8% to 12% arms,
respectively, 0% and 12.1% (7/58) of PwHA administered doses
every 24 hours, 19.3% (11/57) and 60.3% (35/58) every 48 hours,
19.3% (11/57) and 12.1% (7/58) every 72 hours, 40.4% (23/57)
and 0% every 84 hours, 14.0% (8/57) and 1.7% (1/58) every
96 hours, and 7.0% (4/47) and 0% alternated between 72 and
96 hours (FAS; supplemental Table 1). Of 7 patients in the 8% to
12% arm who received daily infusions, 6 completed the study.

There was no difference in physical activity from baseline to
study completion in each study arm or between study arms
(supplemental Table 2).

Efficacy
In the FAS, point estimates (95% confidence interval [CI]) of the
proportions of PwHA with zero total, spontaneous, and spon-
taneous joint bleeds in the 1% to 3% vs 8% to 12% arms, re-
spectively, were 42% (29% to 55%) vs 62% (49% to 75%;
P5 .055), 60% (47% to 72%) vs 76% (65% to 88%; P5 .101), and
65% (53% to 77%) vs 85% (75% to 95%; P 5 .026) in the second
6 months (Table 2). Corresponding mean (SD) ABRs for total,
spontaneous, and spontaneous joint bleeds were 3.6 (7.5) vs
1.6 (3.4), 2.5 (6.6) vs 0.7 (1.7), and 2.0 (6.4) vs 0.5 (1.7), respectively
(Table 3). Prophylaxis with rurioctocog alfa pegol reduced total ABR
during the 12-month study period in both treatment arms vs his-
torical total ABR of PwHA in the 12 months before enrollment
(supplemental Table 3). The primary outcome analysis in the FAS
used multiple imputations for missing information on bleeding
events in PwHAwhodid not have 364days of observation (5/57 and
10/58 PwHA in the 1% to 3% and 8% to 12% arms, respectively). Of
the cumulative planned observation time in each arm, 94/20748
(0.5%) days in the 1% to 3% arm and 1611/21112 (7.6%) days in the
8% to 12% arm did not have any available data because of early
patient termination. In the PPAS, point estimates (95% CI) of the
proportions of PwHA with zero total, spontaneous, and sponta-
neous joint bleeds in the 1% to 3% vs 8% to 12% arms, respectively,
were 40% (27% to 55%) vs 67% (52% to 81%; P5 .015), 60% (45%
to 73%) vs 81% (67% to 92%; P 5 .038), and 65% (51% to 78%) vs
91% (78% to 97%; P 5 .008) in the second 6 months (Table 2).
Corresponding mean (SD) ABRs for total, spontaneous, and
spontaneous joint bleeds were lower in the 8% to 12% vs 1% to 3%
arm (Table 3). Additional secondary efficacy outcomes are shown in
Table 3 (joint ABR, ABR for joints with$4 spontaneous bleeds in 6

consecutive months, injury-related ABR) and supplemental Table 4
(nonjoint, major, moderate, minor ABRs).

In the post hoc analyses, change from baseline in the number of
joints with $4 spontaneous bleeds was assessed in 110 of 115
PwHA who had $6 months of observation during the 12-month
study period. The number of joints with $4 spontaneous bleeds
decreased in all but 1 patient in the 1% to 3%arm (2 remaining joints
with$4 spontaneous bleeds each) and 1 patient in the 8% to 12%
arm (1 remaining joint with$4 spontaneous bleeds) after 6 months
of rurioctocog alfa pegol prophylaxis (supplemental Table 5).

ABRs in the PPAS during the second 6 months were stratified
by patients’ FVIII replacement regimens before enrollment (on-
demand or prophylactic). A larger difference in ABRs (total, spon-
taneous, injury-related) between treatment arms was observed in
PwHAwhoonly receivedon-demand treatment before enrollment vs
those who received prior prophylaxis (supplemental Table 6).

Rurioctocog alfa pegol consumption
Weight-adjusted prophylactic consumption of rurioctocog alfa
pegol over the 12-month study period is summarized in Table 4.
In the FAS, PwHA in the 1% to 3% and 8% to 12% arms, re-
spectively, administered a median (Q1 to Q3) of 2.0 (2.0 to 2.3)
and 3.4 (3.1 to 3.6) infusions per week, 30.3 (23.3 to 40.3) and
38.4 (26.8 to 51.6) IU/kg per infusion, and 66.2 (51.3 to 96.3) and
143.6 (91.4 to 189.8) IU/kg per week, with similar results ob-
served in the PPAS.

Treatment of a breakthrough bleed in the 1% to 3% and 8% to
12% arms required a similar number of infusions and dose per
infusion in the FAS and PPAS (supplemental Table 7).

Adherence to prophylaxis
Adherence to individualized prophylaxis schedules was ob-
served in 86.0% (49/57) of PwHA in the 1% to 3% arm and 93.1%
(54/58) in the 8% to 12% arm of the FAS. Adherence to required
dose was observed in 86.0% (49/57) of PwHA in the 1% to 3%
arm and 75.9% (44/58) in the 8% to 12% arm.

Safety and immunogenicity
The SAS comprised 115 randomized PwHA who received $1
infusion of rurioctocog alfa pegol. Overall, 204AEs (nonserious and
serious) occurred in 60.9% (70/115) of PwHA (excluding surgery
periods; Table 5). All AEs are reported in supplemental Table 8. No
AEs resulted in discontinuation, and no deaths, serious thrombotic
events, or severe allergic reactions were observed. A total of 9
serious AEs were reported in 7 PwHA (Table 5). One patient in the
8% to 12%armhad a serious AE consideredby the investigator and
sponsor to be related to rurioctocog alfa pegol. This patient had a
positive FVIII inhibitor test of 0.6 BU (week 8) according to central
laboratory testing (Bethesda assay cutoff of $0.6 BU), and FVIII
inhibitors resolvedwithin 18 days and remained negative (#0.4 BU)
until study completion. The patient did not have any symptoms of
inhibitor development, and FVIII kinetics were not affected; anti-
FVIII binding antibodies were negative throughout the study.

In the 1% to 3% arm, 3 PwHA had single positive results for binding
antibodies at screening/baseline only (anti–PEG-FVIII immunoglobulin
G [IgG] andanti–PEG IgM). In the8%to12%arm,9PwHAhadbinding
antibodies at baseline thatwere alsodetectableduring the study. Eight
of these PwHA in the 8% to 12% arm had transient expression of
bindingantibodies (anti-FVIII IgG, anti–PEG-FVIII IgG,or anti–PEG-FVIII
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IgM), and 1 patient was positive for anti–PEG-FVIII IgG from
screening through study completion, including 1 negative result.
Binding antibodies that were detected could not be correlated to
impaired treatment efficacy or related AEs. In 1 patient, binding
antibodies were associated with decreased recovery during a PK
assessment vs baseline recovery (before development of binding
antibodies), although recovery remained within normal range.

PK
At the initial PK assessment in randomized PwHA in the 1% to 3%
and 8% to 12% arms, respectively, rurioctocog alfa pegol had a
mean (SD) t1/2 of 15.3 (4.2) and 14.7 (5.1) hours. Mean (SD) IR levels
at maximum plasma concentration were similar in the 1% to 3% and
8% to 12% arms, respectively (2.2 [0.5] and 2.2 [0.6] IU/dL / IU/kg).

Overall exposure to FVIII was based on average FVIII activity
levels over time. In the 1% to 3% and 8% to 12% arms,

respectively, FVIII activity was a median (Q1 to Q3) 17.3 (15.2 to
21.7) and 35.0 (29.2 to 40.9) IU/dL during the first 6 months, and
17.3 (14.5 to 22.4) and 30.9 (24.9 to 41.2) IU/dL during the
second 6 months (supplemental Table 9).

Observed FVIII activity trough levels during the second 6months
were within the intended ranges of 1% to 3% and 8% to 12%;
median FVIII troughs ranged from 2.1 to 3.0 IU/dL and 10.7 to
11.7 IU/dL, respectively. Box plots of calculated FVIII activity
trough levels over time by treatment arm from week 4 to study
completion are shown in supplemental Figure 1.

Discussion
Targeting FVIII trough levels $1% with a twice-weekly fixed-
dose regimen of 40 to 50 IU/kg rurioctocog alfa pegol in PwHA
with severe disease demonstrated comparable efficacy and

Table 1. Patient demographics and baseline characteristics

FAS (N 5 115) PPAS (N 5 95)

FVIII trough level
1% to 3% (n 5 57)

FVIII trough level
8% to 12% (n 5 58)

FVIII trough level
1% to 3% (n 5 52)

FVIII trough level
8% to 12% (n 5 43)

Age, y
Mean (SD) 31.1 (13.8) 31.2 (12.2) 31.0 (13.6) 31.6 (12.9)
Median (range) 29.0 (12-61) 30.5 (13-61) 28.5 (12-61) 31.0 (13-61)

Sex, n (%)
Male 57 (100) 58 (100) 52 (100) 43 (100)

Race, n (%)
White 40 (70.2) 36 (62.1) 36 (69.2) 25 (58.1)
Asian 14 (24.6) 18 (31.0) 13 (25.0) 15 (34.9)
Other 3 (5.3) 4 (6.9) 3 (5.8) 3 (7.0)

Previous use of FVIII replacement
therapy, n (%)
Prophylaxis 43 (75.4) 42 (72.4) 39 (75.0) 30 (69.8)
On-demand 14 (24.6) 16 (27.6) 13 (25.0) 13 (30.2)

Number of joints with ‡4 spontaneous
bleeds within 6mo before screening, n (%)
0 17 (29.8) 14 (24.1) 16 (30.8) 10 (23.3)
1 15 (26.3) 17 (29.3) 14 (26.9) 15 (34.9)
2 15 (26.3) 13 (22.4) 12 (23.1) 7 (16.3)
3 5 (8.8) 4 (6.9) 5 (9.6) 2 (4.7)
$4 5 (8.8) 10 (17.2) 5 (9.6) 9 (20.9)

Hemophilic arthropathy present at
screening, n (%)*

7 (12.3) 15 (25.9) 7 (13.5) 12 (27.9)

HCV antibody present, n (%)† 30 (52.6) 26 (44.8) 27 (51.9) 21 (48.8)

HIV-1/2 antibody present, n (%) 2 (3.5) 6 (10.3) 2 (3.8) 4 (9.3)

ABR (all bleeds) within 12 mo before
enrollment‡
Mean (SD) 13.3 (15.9) 13.3 (17.4) 11.8 (14.0) 14.3 (18.5)
Median (Q1 to Q3) 6.0 (3.0-14.0) 5.0 (2.0-16.0) 6.0 (3.0-13.0) 7.0 (2.0-20.0)

*Status based on the patient’s medical history (not a determination made by the investigator on the basis of their clinical evaluation of the patient). No other testing was done in this protocol
to establish arthropathy.

†HCV antibody-positive patients underwent polymerase chain reaction testing to confirm that no active infection was present.

‡For newly recruited PwHA, ABRs were assessed on the basis of documented and treated bleeds within 12 mo before enrollment, using patients’ medical records.
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safety profiles in previous phase 2 and 3 trials.11-13 However, data
were lacking on potential benefits of targeting higher FVIII
troughs with PK-guided prophylaxis in severe hemophilia A.
PROPEL is the only prospective randomized clinical trial to date
to compare safety and efficacy of PK-guided treatment targeting
FVIII trough levels of 1% to 3% and 8% to 12% in severe

hemophilia A. In this trial, intended FVIII troughs were reliably
achieved and maintained during the second 6-month study
period. PK-guided rurioctocog alfa pegol prophylaxis decreased
ABRs in each treatment arm vs preenrollment historical ABRs. A
higher proportion of PwHA had zero total bleeds with pro-
phylaxis targeting FVIII troughs of 8% to 12% than 1% to 3%. This

Table 2. Proportion of PwHA who had zero bleeds (second 6-mo study period; FAS and PPAS)

FAS (N 5 115) PPAS (N 5 95)

FVIII trough level
1% to 3% (n 5 57)

FVIII trough level
8% to 12% (n 5 58) P*

FVIII trough level
1% to 3% (n 5 52)

FVIII trough level
8% to 12% (n 5 43) P*

Zero total bleeds
Point estimate (95% CI)
of proportion of
PwHA, %

42 (29-55) 62 (49-75) .055 40 (27-55) 67 (52-81) .015

Zero spontaneous bleeds
Point estimate (95% CI)
of proportion of
PwHA, %

60 (47-72) 76 (65-88) .101 60 (45-73) 81 (67-92) .038

Zero spontaneous joint
bleeds
Point estimate (95% CI)

of proportion of
PwHA, %

65 (53-77) 85 (75-95) .026 65 (51-78) 91 (78-97) .008

P , .05 between treatment arms was considered statistically significant.

Zero bleeds rate was based on intent-to-treat principle.

*The null hypothesis of independence was tested against a 2-sided alternative by x2 test with continuity correction.

Table 3. ABRs (second 6-mo study period; FAS and PPAS)

FAS (N 5 115) PPAS (N 5 95)

FVIII trough level
1% to 3% (n 5 57)

FVIII trough level
8% to 12% (n 5 53)*

FVIII trough level
1% to 3% (n 5 52)

FVIII trough level
8% to 12% (n 5 43)

Total ABR
Mean (SD) 3.6 (7.5) 1.6 (3.4) 2.8 (3.0) 1.2 (2.4)
Median (Q1 to Q3) 2.0 (0.0-4.0) 0.0 (0.0-2.0) 2.0 (0.0-4.0) 0.0 (0.0-2.0)

Spontaneous ABR
Mean (SD) 2.5 (6.6) 0.7 (1.7) 1.7 (2.5) 0.6 (1.5)
Median (Q1 to Q3) 0.0 (0.0-4.0) 0.0 (0.0-0.0) 0.0 (0.0-4.0) 0.0 (0.0-0.0)

Spontaneous joint ABR
Mean (SD) 2.0 (6.4) 0.5 (1.7) 1.2 (2.0) 0.4 (1.4)
Median (Q1 to Q3) 0.0 (0.0-2.0) 0.0 (0.0-0.0) 0.0 (0.0-2.0) 0.0 (0.0-0.0)

Joint ABR
Mean (SD) 2.6 (7.4) 1.1 (2.6) 1.8 (2.2) 0.8 (2.3)
Median (Q1 to Q3) 0.0 (0.0-2.0) 0.0 (0.0-0.0) 1.0 (0.0-3.0) 0.0 (0.0-0.0)

ABR of joints with ‡4 spontaneous
bleeds in 6 consecutive months
Mean (SD) 1.0 (6.8) 0.4 (1.5) 0.1 (0.6) 0.2 (1.3)
Median (Q1 to Q3) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

Injury-related ABR
Mean (SD) 1.1 (2.0) 0.9 (2.6) 1.1 (1.9) 0.7 (1.7)
Median (Q1 to Q3) 0.0 (0.0-2.0) 0.0 (0.0-0.0) 0.0 (0.0-2.0) 0.0 (0.0-0.0)

*ABR based on 53 PwHA; data not available from 5 randomized PwHA who discontinued the study before the second 6-mo period.

1824 blood® 1 APRIL 2021 | VOLUME 137, NUMBER 13 KLAMROTH et al

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/137/13/1818/1804273/bloodbld2020005673.pdf by guest on 19 M

ay 2023



difference in favor of the 8% to 12% target FVIII trough level was
considered clinically relevant but not statistically significant in
the FAS (62% vs 42%; P 5 .055; primary endpoint). In the PPAS
subgroup, consisting of PwHA who adhered to their intended
time in the study, dose, and schedule, the difference was sim-
ilarly favorable in magnitude and statistically significant (67% vs
40%; P5 .015). The higher proportion of PwHA with zero bleeds
in the 8% to 12% arm was also statistically significant for
spontaneous ABR (81% vs 60%; P5 .038) and spontaneous joint
ABR (91% vs 65%; P 5 .008) in the PPAS.

Accordingly, consistently lower bleeding rates were observed in
the 8% to 12% arm, with total ABR of ,2 in the 8% to 12% arm
and $2 in the 1% to 3% arm of the FAS. There were similar
differences in ABR between treatment arms for spontaneous,
spontaneous joint, joint, target joint,major bleeds, and injury-related
bleeds not necessarily related to hemophilia A. Evaluation of mul-
tiple bleeds into the same joint did not follow the currently accepted
definition of target joint by the International Society of Thrombosis
and Hemostasis ($3 spontaneous bleeds into a single joint within a
consecutive 6-month study period)20 because development of the
studyprotocol beganbefore the International Society of Thrombosis
and Hemostasis definition was published. Therefore, instead of
assessing target joints, this study evaluated the presence of $4
spontaneous bleeds into a single joint in any consecutive 6-month
period. The number of joints with $4 spontaneous bleeds de-
creased within the first 6 months of prophylaxis in all but 1 patient
per study arm. These findings suggest that sustaining FVIII troughs

of 1% to 3% may be sufficient to prevent frequent spontaneous
bleeds into the same joint, but 8% to 12% FVIII troughs are needed
to prevent all bleeds in a higher proportion of PwHA.

AEs reported in both treatment arms were comparable and were
consistent with previous rurioctocog alfa pegol trials.11-13 One pa-
tient exhibited transient positive FVIII inhibitory activity related to
rurioctocog alfa pegol without evidence of a binding anti-FVIII
antibody; FVIII inhibitors resolved in 18 days without specific
treatment. The investigator and sponsor concluded that develop-
ment of this putative transient inhibitor had no impact on FVIII PK, as
constant FVIII troughs were observed over the entire study period.

Many PwHA met their target FVIII troughs using rurioctocog alfa
pegol prophylaxis at rates within or below the recommended
weekly dose (40 to 50 IU/kg, twice weekly9). Overall, weekly
consumption was variable, and overlapping ranges between
treatment arms likely reflect the heterogeneity of patients’ FVIII
t1/2. This finding emphasizes that personalized treatment should
be considered based on the patient’s PK profile and pattern of
bleeding.21 Targeting an elevated FVIII trough level may benefit
PwHA who can achieve higher troughs with a reasonable dose
consumption and reasonable injection frequency. Dosing in-
tervals used to achieve 8% to 12% FVIII troughs were mostly the
accepted standard FVIII every-other-day and extended regi-
mens. Of note, only 1 patient in the 8% to 12% arm discontinued
treatment owing to daily injections. Targeting an elevated FVIII
trough may also benefit PwHA with continued bleeds despite

Table 4. Rurioctocog alfa pegol prophylaxis consumption (12-mo study period; FAS and PPAS)

FAS (N 5 115) PPAS (N 5 95)

FVIII trough level
1% to 3%
(n 5 57)

FVIII trough level
8% to 12%
(n 5 58)

FVIII trough level
1% to 3%
(n 5 52)

FVIII trough level
8% to 12%
(n 5 43)

Number of prophylactic infusions per
week
Mean (SD) 2.3 (0.6) 3.6 (1.2) 2.3 (0.6) 3.8 (1.2)
Median (Q1 to Q3) 2.0 (2.0-2.3) 3.4 (3.1-3.6) 2.0 (2.0-2.3) 3.5 (3.3-4.3)
Range 1.5-3.5 1.6-6.8 1.5-3.5 1.6-6.8

Number of prophylactic infusions
per year
Mean (SD) 117.9 (30.3) 189.7 (61.6) 117.8 (30.0) 198.6 (64.7)
Median (Q1 to Q3) 104.4 (102.3-121.4) 179.4 (162.6-188.5) 104.4 (102.3-121.4) 181.6 (171.6-222.8)
Range 80.3-181.6 83.3-356.2 80.3-181.6 83.3-356.2

Prophylactic dose per infusion (IU/kg)
Mean (SD) 33.0 (12.6) 40.3 (14.2) 33.6 (13.0) 37.7 (13.3)
Median (Q1 to Q3) 30.3 (23.3-40.3) 38.4 (26.8-51.6) 31.7 (23.1-41.7) 34.2 (26.1-48.4)
Range 15.2-65.2 16.2-73.6 15.2-65.2 18.8-73.6

Prophylactic dose per week (IU/kg)
Mean (SD) 74.0 (31.8) 143.3 (56.2) 75.3 (32.5) 142.4 (60.0)
Median (Q1 to Q3) 66.2 (51.3-96.3) 143.6 (91.4-189.8) 67.0 (51.5-96.6) 140.2 (89.3-191.1)
Range 30.9-163.6 39.0-253.3 30.9-163.6 39.0-253.3

Prophylactic dose per year (IU/kg)
Mean (SD) 3860.8 (1658.0) 7478.2 (2934.5) 3930.0 (1695.0) 7432.6 (3127.8)
Median (Q1 to Q3) 3453.9 (2678.9-5022.4) 7490.2 (4771.6-9903.3) 3497.2 (2688.9-5039.5) 7316.2 (4659.7-9972.6)
Range 1614.3-8535.3 2036.3-13 215.5 1614.3-8535.3 2036.3-13 215.5
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ongoing standard prophylaxis, and those seeking more active
lifestyles.22 In addition, higher FVIII peak levels and area under
the FVIII-level curve were previously suggested to contribute to
bleed protection.22 In PROPEL, a higher overall exposure to FVIII
was achieved in the 8% to 12% vs 1% to 3% arm during the full
study period, potentially contributing to the observed benefit in
this population.

There are a few limitations to this study. The study population
comprised adolescents and adults with rather high historical ABR
$2, including PwHA already receiving prophylaxis; therefore,
results may only be generalizable to PwHA with a history of
moderate to high ABRs. The proportion of PwHA with $4 joints
with $4 spontaneous bleeds or arthropathy at screening was
approximately twice as great in the 8% to 12% vs 1% to 3% arm;
however, baseline demographics and other disease character-
istics were similar between treatment arms. The higher dis-
continuation rate from the 8% to 12% vs 1% to 3% arm and
greater number of PwHA excluded from the PPAS in the 8% to
12% arm were limitations of the interpretation of the data
obtained in this study. Although a relationship between these
findings and burden of targeting 8% to 12% FVIII troughs cannot
be ruled out, the primary endpoint analysis in the FAS accounted
for discontinuations, and despite higher exposure to FVIII in the
8% to 12% arm, none of the discontinuations were related to
rurioctocog alfa pegol safety. In addition, a sensitivity analysis
that assumed more bleeds than predicted from observed data
demonstrated only a small impact on the proportion of PwHA
with zero total bleeds in 6 months in the 8% to 12% arm (data not
shown). The 6 months of follow-up could be considered a lim-
itation, as 12 months of follow-up would provide more oppor-
tunity to observe the difference in bleeding rates between
treatment arms. In conclusion, PK-guided prophylaxis with
rurioctocog alfa pegol that targeted FVIII trough levels of 1% to

3% or 8% to 12% was feasible and efficacious, and targeting 8%
to 12% FVIII troughs resulted in a higher proportion of PwHA
with no bleeds than prophylaxis that targeted 1% to 3% FVIII
troughs. These results support the hypothesis that an elevated
FVIII trough can benefit PwHA without changing the safety
profile. Overall, findings from this study emphasize that per-
sonalized treatment of PwHA should be considered.
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