
Haemophilia. 2019;25:773–781.	 � wileyonlinelibrary.com/journal/hae  |  773

 

Received: 7 September 2018  |  Revised: 3 January 2019  |  Accepted: 24 May 2019
DOI: 10.1111/hae.13807  

O R I G I N A L  A R T I C L E

Clinical haemophilia

Perioperative haemostasis with full‐length, PEGylated, 
recombinant factor VIII with extended half‐life (rurioctocog 
alfa pegol) in patients with haemophilia A: Final results of a 
multicentre, single‐arm phase III trial

Ralph Gruppo1  |   Maria‐Fernanda López‐Fernández2 |   Tung T. Wynn3 |   Werner Engl4 |   
Marlies Sharkhawy4 |   Srilatha Tangada5

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2019 The Authors. Haemophilia Published by John Wiley & Sons Ltd

The full results of this study have been presented, in part, as an abstract and poster (#LB 09) at the International Society on Thrombosis and Haemostasis, 8‐13 July 2017, Berlin, Germany. 

1Cincinnati Children’s Hospital Medical 
Center, Cincinnati, Ohio
2Complejo Hospitalario Universitario A 
Coruña, Coruña, Spain
3College of Medicine, University of Florida, 
Gainesville, Florida
4Baxalta Innovations GmbH, a Takeda 
company, Vienna, Austria
5Baxalta US Inc., a Takeda company, 
Cambridge, Massachusetts, USA

Correspondence
Srilatha Tangada, Shire, a Takeda 
company, 650 East Kendall Street, 
Cambridge, MA 02142.
Email: srilatha.tangada@takeda.com

Funding information
This study was funded by Baxalta US Inc., 
a Takeda company, Lexington, MA, USA.

Abstract
Introduction: Rurioctocog alfa pegol (BAX 855, TAK‐660) is a PEGylated, full‐length, 
recombinant factor VIII (rFVIII) with extended half‐life developed from unmodified 
rFVIII (antihaemophilic factor [recombinant]).
Aim: To determine the perioperative haemostatic efficacy and safety of rurioctocog 
alfa pegol in male previously treated patients (PTPs) with severe haemophilia A.
Methods: This multicentre, single‐arm, phase III study included PTPs who were to 
undergo major or minor elective or minor emergency surgical, dental or other in‐
vasive procedures. Rurioctocog alfa pegol dose and frequency were individualized 
based on patients’ pharmacokinetic profiles for major surgeries and by rurioctocog 
alfa pegol incremental recovery for minor surgeries. Haemostatic efficacy was as‐
sessed using the Global Haemostatic Efficacy Assessment score.
Results: Twenty‐one patients aged 16‐61 years underwent 21 major and five minor sur‐
geries. For all 24 evaluable surgeries, overall haemostatic efficacy was rated as excellent 
and blood loss comparable to that expected in non‐haemophilic patients. No blood trans‐
fusions were required intraoperatively but were administered postoperatively for four 
surgeries in three patients. Five injury‐related postoperative bleeding episodes occurred 
in five patients, of which two required additional rurioctocog alfa pegol treatment. Two 
non‐serious adverse events of mild severity (increased ALT level and headache) were 
considered possibly related to rurioctocog alfa pegol. There were no deaths or treatment‐
related serious adverse events. No patients developed inhibitory antibodies to FVIII or 
persistent IgG‐ or IgM‐binding antibodies to FVIII, PEG‐FVIII or PEG.
Conclusion: Rurioctocog alfa pegol was well tolerated and effective for perioperative 
use in patients with haemophilia A and showed no signs of immunogenicity.
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1  | INTRODUC TION

Haemophilia A is a deficiency in clotting factor VIII (FVIII) inherited 
in an X‐linked manner, almost invariably presenting in males. It in‐
creases the risk of acute bleeding within joints leading to arthrop‐
athy1 and also increases healing time after surgery or trauma.2 
As a result of improvements in treatment, life expectancy among 
patients with haemophilia in developed countries is approaching 
that of the general population.3 This has resulted in an increase 
in age‐related conditions including requirement for surgery in this 
population.4-7 In addition, joint surgery is frequently required for 
pain or disability arising from haemophilic arthropathy.4 Intensified 
FVIII replacement therapy is required in patients with severe hae‐
mophilia A (FVIII <1%) during and after surgery until healing is com‐
plete, for up to 7 days or more following major surgery.8 Because 
of their relatively short half‐life (approximately 12 hours), standard 
FVIII formulations require administration twice or three times daily 
to maintain haemostatic FVIII levels in the postoperative period. An 
extended half‐life FVIII may offer less frequent dosing and the pos‐
sibility of earlier hospital discharge and attendant cost savings.9-11

Rurioctocog alfa pegol (BAX 855, TAK‐660; ADYNOVATE®, 
ADYNOVI™, Baxalta US Inc.,  a  Takeda company, Lexington,  MA, 
USA) is a PEGylated, full‐length, recombinant FVIII (rFVIII) with ex‐
tended half‐life, developed from unmodified rFVIII (antihaemophilic 
factor [recombinant]; ADVATE®, Baxalta US Inc., a Takeda company, 
Lexington, MA, USA).12,13 Mean half‐life of rurioctocog alfa pegol is 
1.3‐ to 1.5‐fold longer in children aged <12 years and 1.4‐ to 1.5‐fold 
longer in adolescents and adults aged ≥12 years compared with its 
non‐PEGylated parent rFVIII.12,14 Rurioctocog alfa pegol has been 
shown to be effective and well tolerated in the prevention and con‐
trol of bleeding in previously treated paediatric and adult patients 
with severe haemophilia A.12,14 The aim of our study was to deter‐
mine the perioperative haemostatic efficacy and safety of ruriocto‐
cog alfa pegol in male previously treated patients (PTPs) with severe 
haemophilia A. Interim results from a prospectively planned analysis 
have been published15; here, we report the final results of this study.

2  | MATERIAL S AND METHODS

The study was performed in accordance with Good Clinical 
Practice and ethical principles consistent with the Declaration of 
Helsinki and was registered at clini​caltr​ials.gov (NCT01913405) 
and at clini​caltr​ialsr​egist​er.eu (2013‐001359‐11). The protocol was 
approved by the independent review boards at each participating 
centre. Written informed consent was provided by each patient 
before recruitment.

2.1 | Objectives

The primary objective of the study was to determine the perio‐
perative haemostatic efficacy of rurioctocog alfa pegol in male 
PTPs (≥150 prior exposure days) with severe haemophilia A un‐
dergoing major or minor elective or minor emergency surgical, 
dental or other invasive procedures, as determined by the Global 
Haemostatic Efficacy Assessment (GHEA) score. Secondary ob‐
jectives included intra‐ and postoperative blood loss; volume 
of blood, red blood cells, platelets, and other blood products 
transfused; occurrence of bleeding episodes and additional 
need for surgical intervention; daily and total weight‐adjusted 
consumption of rurioctocog alfa pegol; and safety, as previously 
detailed.15

2.2 | Study design

This was a phase III, prospective, open‐label, single‐group, multicen‐
tre study to evaluate the efficacy and safety of rurioctocog alfa pegol 
in PTPs undergoing major or minor elective or minor emergency sur‐
gical, dental or other invasive procedures. Surgical procedures were 
prospectively defined as major or minor by the investigator/surgeon 
based on protocol guidance as previously detailed15 in accordance 
with international guidelines.8,16

Adjunct antifibrinolytic agents, for example tranexamic acid, or 
topical haemostatic agents were permitted. Mechanical thrombo‐
prophylaxis was allowed, and pharmacological thromboprophylaxis 
was permitted for certain surgical interventions at the investigator's 
discretion.

2.3 | Patients

The study included male patients with severe haemophilia A. Eligible 
patients could transition from another rurioctocog alfa pegol study 
or were newly recruited. If newly recruited, patients were to be 
≥12‐75 years of age, receiving prophylaxis or on‐demand treatment 
with FVIII at study entry, had a documented exposure to FVIII of 
≥150 days and had no detectable FVIII inhibitory antibodies (≥0.4 
Bethesda units using the Nijmegen‐modified Bethesda assay). 
Major exclusion criteria were need for major emergency surgery; 
detectable or a history of FVIII inhibitory antibodies; platelet count 
<100 × 109/L; ongoing or recent thrombotic disease; diagnosis of 
an inherited or acquired haemostatic defect other than haemo‐
philia A; recent use of another PEGylated product; and incremental 
recovery (IR) <1.5  IU/dL:IU/kg determined during participation in 
another rurioctocog alfa pegol study or after screening in this sur‐
gery study.

K E Y W O R D S

BAX 855, extended half‐life recombinant factor VIII, haemophilia A, perioperative 
haemostasis, rurioctocog alfa pegol, TAK-660, surgery
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2.4 | Pharmacokinetic assessment

Presurgical pharmacokinetics of rurioctocog alfa pegol were de‐
termined after a 60  IU/kg dose and included IR; area under the 
plasma concentration time curve from time 0 to ∞ and from time 0 
to 96 hours; mean residence time; clearance; terminal half‐life (t1/2); 
and volume of distribution at steady state. IR was also assessed fol‐
lowing the initial preoperative bolus infusion, and throughout the 
study. The pharmacokinetic parameters were determined using 
non‐compartmental methods, except for t1/2. Blood samples were 
taken for pharmacokinetic evaluation of FVIII levels and activated 
partial thromboplastin time within 30  minutes preinfusion and 
15 ± 5 minutes postinfusion. Additional blood samples were taken 
for FVIII activity levels at 3 hours ± 30 minutes, 9 hours ± 30 min‐
utes, 32 hours ± 2 hours, 56 hours ± 4 hours and 96 hours ± 4 hours.

2.5 | Treatment

Details of perioperative treatment with rurioctocog alfa pegol have 
been previously published.15 Briefly, the dose and frequency of ru‐
rioctocog alfa pegol were individualized based on patients’ phar‐
macokinetic parameters for major surgeries and the most recent IR 
value for minor surgeries. A loading dose was administered within 
60 minutes before surgery to achieve FVIII target levels of 80%‐100% 
of normal for major surgery, and FVIII target levels of 30%‐60% of 
normal for minor procedures.17 For major surgery, FVIII trough lev‐
els were required to be maintained ≥80% for the first 72 hours and 
at least 50% on postoperative days 4‐7. From day 8 until discharge, 
the FVIII levels were to remain above 30% (at the discretion of the 

investigator, depending on the postoperative course). For minor sur‐
gery, FVIII trough levels were targeted postoperatively at 30%‐60% 
for the first 24 hours (or longer if deemed necessary by the investi‐
gator). For all surgeries, FVIII levels were not to exceed supraphysi‐
ological peak FVIII levels of 180%.

2.6 | Assessment of haemostatic efficacy

The primary outcome measure used (ie the GHEA score), com‐
prised three assessments of haemostatic efficacy: intraoperative 
performed by the operating surgeon on day 0, postoperative by the 
operating surgeon on postoperative day 1 and perioperative per‐
formed by the investigator at discharge or on postoperative day 14. 
Each assessment was scored on a 4‐point scale (0 = none, 1 = fair, 
2 = good, 3 = excellent). Detailed criteria for the GHEA score have 
been previously published.15

Actual intraoperative and postoperative blood loss was com‐
pared with that estimated by the surgeon/investigator for the same 
surgical intervention in a haemostatically normal individual of the 
same sex, age and stature as the study patient. Estimates took into 
account all relevant variables, for example the use of a tourniquet, 
the placement of a postoperative drain and the use of suction.

2.7 | Safety assessment

Safety outcomes assessed included thrombotic events, severe al‐
lergic reactions, other treatment‐related adverse events (AEs), and 
clinically significant changes in vital signs and laboratory parameters. 
Samples were investigated for inhibitory antibodies to FVIII, and 

F I G U R E  1  Patient disposition. Note: The numbers outside the parentheses are counted on surgical enrolments and those inside the 
parentheses are based on unique patients. One subject underwent both orthopaedic and non‐orthopaedic major surgery, which is therefore 
counted twice in the flowchart. PK, pharmacokinetics
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development of binding antibodies to FVIII, rurioctocog alfa pegol, 
PEG and Chinese hamster ovary (CHO) proteins.

2.8 | Statistics

The target sample size of approximately 50 major and minor surger‐
ies in approximately 40 patients was based on regulatory guidance 
to evaluate a minimum of 10 major surgical procedures in at least 
five patients18 and was not based on statistical considerations. The 
results were summarized by descriptive statistics. Median values are 
reported with their range throughout.

3  | RESULTS

3.1 | Demographics and patient disposition

The study was conducted between 20 December 2013 and 23 
September 2016. Figure 1 shows the disposition of the patients and 
surgeries performed during the study. Twenty‐two patients were 
treated with rurioctocog alfa pegol and comprised the safety set. 
Patients’ demographic and clinical characteristics are summarized 
in Table 1; all were male, most were white (91%) and adult (96%), 
and had a history of haemophilic arthropathy (91%). Patients were 

recruited at 12 study sites in the United States (n = 4), Spain (n = 3), 
Bulgaria, Lithuania, Russia, Switzerland and the United Kingdom 
(each n = 1). One patient withdrew before surgery after receiving 
rurioctocog alfa pegol infusions for pharmacokinetic assessment. 
Twenty‐six surgeries (14 major orthopaedic, seven major non‐ortho‐
paedic and five minor) were performed in 21 unique patients. Seven 
of the 14 major orthopaedic surgeries were arthroplasties. Among 
these, one patient underwent surgery but discontinued before study 
completion. Of the 21 unique patients, six patients (who underwent 
four minor and four major surgeries) were transitioned from another 
rurioctocog alfa pegol study12 and 15 patients (who underwent one 
minor and 17 major surgeries) were newly recruited. Seven patients 
received pharmacologic thromboprophylaxis after nine surgeries 
(three bemiparin plus rivaroxaban, two bemiparin, one enoxaparin 
and one heparin). Four patients undergoing four oral surgeries (three 
major, one minor) received antifibrinolytic therapy during surgery; 
two with tranexamic acid and one each with aminocaproic acid, and 
etamsylate plus tranexamic acid.

3.2 | Primary efficacy outcome

Haemostatic efficacy for all 24 surgeries (21 major, three minor) with 
available GHEA scores was rated as excellent (Table 2). Intraoperative 

TA B L E  1  Baseline clinical and demographic characteristics and type of surgery

Characteristic Patients (N = 22)a  Type of Surgery Surgeries (N = 26)b 

Age at enrolment, y Major

Median (range) 33 (16‐61) Orthopaedic

<18 1 (5) Knee replacement 3 (12)

18‐75 21 (96) Arthroscopic synovectomy 3 (12)

Sex Alloplastic knee surgeryc  3 (12)

Male 22 (100) Hip replacement 1 (4)

Race Hip replacement revision 1 (4)

White 20 (91) Elbow cyst extirpation 1 (4)

Black 1 (5) Needle removed from elbow 1 (4)

Asian 1 (5) Achilles tendon reconstruction 1 (4)

FVIII gene mutation Non‐orthopaedic

Inversion intron 22 4 (18) Multiple tooth extractions 5 (19)

Frameshift 1 (5) CVAD placement 1 (12)

Deletion 1 (5) Gastric band insertion 1 (12)

Nonsense 1 (5) Minor

Point 1 (5) Dermatological 2 (8)

Not known 14 (64) Synoviorthesis 1 (12)

Arthropathy at screening Dental procedure 1 (12)

Yes 20 (91) Radiosynovectomy 1 (12)

No 2 (9)

Note: Data are given as n (%) unless otherwise stated.
Abbreviation: CVAD, central venous access device.
aSafety population (N is number of unique patients).
bFull analysis set (N is number of surgical enrolments).
cAlloplastic knee surgery refers to any procedure to repair the knee joint using exogenous material, that is less extensive than a full knee replacement.
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efficacy of rurioctocog alfa pegol assessed at the time of discharge 
from the operating room was excellent (blood loss ≤100% of that 
predicted preoperatively by the investigator for the type of proce‐
dure performed in a non‐haemophilic population) for all evaluable 
surgeries. Postoperative efficacy of rurioctocog alfa pegol assessed 
on postoperative day 1 was excellent (as defined above) for all evalu‐
able assessments except one minor surgery, which was rated as 
good (mild injury‐related bleeding episode in the gum approximately 
1  day after dental surgery). Perioperative efficacy, as assessed at 
discharge or day 14 (whichever was first), was excellent (blood loss 
≤100% of that expected for the type of procedure performed in a 

non‐haemophilic population and blood components for transfusions 
less than or similar to that expected in a non‐haemophilic popula‐
tion) for all surgeries.

3.3 | Secondary efficacy outcomes

Data for median intra‐ and postoperative blood loss are summa‐
rized in Table 3. Actual intraoperative blood loss for major ortho‐
paedic surgeries was substantially less than the average volume 
predicted by the investigators (median, 125 mL less). Actual intraop‐
erative blood loss was similar to the predicted average volumes for 

TA B L E  2   Intraoperative, postoperative, perioperative and global haemostatic efficacy assessment scores

Type of surgery N Score Intraoperative Postoperative Perioperative Global

Major, orthopaedic 14 Excellent 14 (100%) 14 (100%) 14 (100%) 14 (100%)

Major, non‐orthopaedic 7 Excellent 7 (100%) 7 (100%) 7 (100%) 7 (100%)

Minor 5 Excellent 4 (80%) 3 (60%) 5 (100%) 3 (60%)

    Good 0 1 (20%) 0 0

    Not done 1 (20%) 1 (20%) 0 2 (40%)

All surgeries 26 Excellent 25 (96%) 24 (92%) 26 (100%) 24 (92%)

    Good 0 1 (4%) 0 0

    Not done 1 (4%) 1 (4%) 0 2 (8%)

Note: Full analysis set. N is number of surgical enrolments.

TA B L E  3   Intraoperative and postoperative blood loss

Period and parameter

Major surgeries (N = 21)

Minor surgeries 
(N = 5)

All surgeries 
(N = 26)Orthopaedic (N = 14)

Non‐orthopaedic 
(N = 7)

Intraoperative        

Actual blood loss, mLa 10.0 (0‐250) 4.5 (1‐50) 5.0 (0‐50) 10.0 (0‐250)

Predicted average blood loss, mLb 150.0 (0‐500) 10.0 (2‐150) 5.0 (0‐200) 20.0 (0‐500)

Difference from predicted average 
blood loss, mL

125.0 (0‐308) 1.5 (0‐100) 0.0 (−45 to 195) 6.0 (−45 to 308)

Predicted maximum blood loss, mLb 300.0 (0‐2000) 20.0 (4‐250) 5.0 (0‐200) 100.0 (0‐2000)

Difference from predicted maximum 
blood loss, mL

275.0 (0‐1750) 25.0 (0‐200) 0.0 (−45 to 195) 100.0 (−45 to 
1750)

Postoperativec        

Actual blood loss, mLa 750.0 (0‐1200) 1.0 (0‐65) 0.0 (0‐4) 10.0 (0‐1200)

Predicted average blood loss, mLb 213.5 (0‐700) 1.0 (0‐50) 0.0 (0‐200) 27.5 (0‐700)

Difference from predicted average 
blood loss, mL

−50.0 (−500 to 295) 4.0 (−15 to 25) 0.0 (0‐196) −7.5 (−500 to 295)

Predicted maximum blood loss, mLb 450.0 (0‐1200) 2.0 (0‐150) 0.0 (0‐200) 75.0 (0‐1200)

Difference from predicted maximum 
blood loss, mL

100.0 (−15 to 595) 34.0 (0‐85) 0.0 (0‐196) 67.5 (−15 to 595)

Note: Full analysis set. N is number of surgical enrolments. Data presented as median (range).
aActual blood loss determined by drainage volume, if applicable, and the estimated blood loss into swabs and towels during the procedure. Surgeries 
for which estimates of actual blood loss were available: intraoperative period 14 (major orthopaedic), six (major non‐orthopaedic), five (minor), 25 
(all); postoperative period nine (major orthopaedic), four (major non‐orthopaedic), three (minor), 16 (all). 
bPreoperative prediction by surgeon/investigator (data available for all surgeries). 
cFrom completion of procedure until 24 h postsurgery. 
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F I G U R E  2  A, Median daily weight‐
adjusted rurioctocog alfa pegol 
consumption (IU/kg); B, Median trough 
(30 min prior to infusion) FVIII activity 
levels (IU/dL); and C, Median peak (15 min 
postinfusion) FVIII activity levels (IU/dL); 
all according to type of surgery. N values 
appear above each bar. *Trough and peak 
FVIII activity levels are not available

(A)

(B)

(C)
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non‐orthopaedic major (median, 1.5 mL less) and minor (no differ‐
ence) surgeries. Actual postoperative blood loss was higher than the 
average volume predicted for orthopaedic major surgeries (median, 
50 mL more) but lower than the maximum volume predicted (me‐
dian, 100 mL less). Actual postoperative blood loss was similar to 
the average volume predicted for non‐orthopaedic major (median, 
4.0 mL less) and minor (no difference) surgeries.

No blood transfusions were required intraoperatively. Five 
transfusions of packed red blood cells (PRBCs) were administered 
postoperatively for four surgeries in three patients (three transfu‐
sions for three major orthopaedic surgeries [all joint surgeries] in 
two patients and two transfusions for a single major non‐orthopae‐
dic surgery [gastric band insertion]). All transfusions were indicated 
for low haemoglobin. The median volume of PRBCs transfused per 
surgery with transfusions was 430 (range, 293‐600) mL.

Five bleeding episodes were reported in five unique patients, 
which were classified as mild (n = 3), moderate (n = 1) and severe 
(n = 1). Two mild and one moderate bleeding episodes that did not 
require additional treatment with FVIII products included mild 
mucosal bleeding 1  day after minor dental surgery, mild mucosal 
bleeding ~19 hours after major non‐orthopaedic surgery with cen‐
tral venous access device placement and moderate gastrointestinal 
bleed 1 day after major abdominal surgery for gastric band inser‐
tion. The mild bleeding in the left knee approximately 1 month after 
major orthopaedic surgery with a knee replacement and the severe 
bleeding episode (bleed in the musculus iliopsoas ~1  week after 
major orthopaedic surgery for arthroscopic tarsus synovectomy) 
both required treatment with rurioctocog alfa pegol to success‐
fully control bleeding. All bleeding episodes were categorized as 
injury‐related; none were spontaneous or of unknown cause. None 
of the 26 surgical enrolments had an additional need for a surgical 
intervention.

3.4 | Rurioctocog alfa pegol dosage and 
consumption

The median (range) preoperative loading dose of rurioctocog 
alfa pegol was 64 (51‐99)  IU/kg for orthopaedic major surger‐
ies, 59 (36‐77)  IU/kg for non‐orthopaedic major surgeries and 52 
(39‐70)  IU/kg for minor surgeries. The median (range) total dose 
of rurioctocog alfa pegol per patient was 629 (464‐1457) IU/kg for 
major orthopaedic surgeries, 489 (296‐738) IU/kg for major non‐or‐
thopaedic surgeries and 120 (104‐151)  IU/kg for minor surgeries. 
Daily weight‐adjusted consumption of rurioctocog alfa pegol before 
discharge from hospital across all surgeries is displayed in Figure 2A. 
The median daily weight‐adjusted consumption of rurioctocog alfa 
pegol was generally similar for major orthopaedic and non‐ortho‐
paedic surgeries pre‐, intra‐ and postoperatively. FVIII activity levels 
30 minutes preinfusion (trough) and 15 minutes after infusion (peak) 
for all surgeries are shown in Figure 2B and 2C, and generally de‐
clined from postoperative day 1 through to day 7, in keeping with 
weight‐adjusted consumption.

3.5 | Pharmacokinetics

Presurgical pharmacokinetics were determined for the 25 surgeries 
in 20 unique patients for whom data were available, following a me‐
dian rurioctocog alfa pegol dose of 60 (range, 51‐67) IU/kg [Table 4]). 
Median IR values throughout the study (preoperatively, on postop‐
erative days 1, 2, 3, 4, 5, 6, 7 and 14, and at discharge) ranged from 
1.6 to 2.2 IU/dL:IU/kg.

3.6 | Safety

Eighteen treatment‐emergent AEs were reported for eight (36%) 
unique patients: all but two of these AEs were considered unrelated 
to rurioctocog alfa pegol by the investigators. Two non‐serious AEs 
of mild severity (one increased alanine aminotransferase [ALT] level, 
one headache) were considered possibly related to rurioctocog alfa 
pegol. There were no AEs considered to be thrombotic events or 
related AEs considered to be allergic reactions. There were no treat‐
ment‐related serious AEs (SAEs) and no deaths.

Four non‐treatment‐related SAEs, one moderate and three se‐
vere, occurred in two patients. The three severe non‐related SAEs 
(oesophageal ulcer and two events of diabetic gastroparesis) oc‐
curred in one patient who received rurioctocog alfa pegol for the 
preinterventional pharmacokinetic assessment but did not undergo 
surgery. The moderate non‐related SAE (left hip prosthetic joint 
infection) occurred in a patient who underwent revision of the 
prosthetic.

None of the 22 patients developed inhibitory antibodies to FVIII, 
persistent IgG‐ or IgM‐binding antibodies to FVIII, PEG‐FVIII or PEG, 
or binding antibodies to CHO proteins. No trends over time were 
observed for clinical chemistry and haematology parameters. There 
were no abnormal findings in vital signs that were considered to be 
related to treatment with rurioctocog alfa pegol.

TA B L E  4  Summary of presurgical rurioctocog alfa pegol 
pharmacokinetic parameters

Parameter Median (range)

AUC0‐96 h, IU·h/dL 2704 (1382‐4533)

AUC0‐∞, IU·h/dL 2725 (1383‐4654)

t1/2, h 14.2 (8.8‐22.3)

MRT, h 19.6 (10.3‐29.9)

CL, dL/kg·h 0.021 (0.013‐0.043)

VSS, dL/kg 0.428 (0.271‐0.682)

IR at 15 min postinfusion, (IU/dL)/(IU/kg)a 2.04 (1.59‐3.15)

IR at Cmax, (IU/dL)/(IU/kg) 2.05 (1.48‐3.15)

Note: Pharmacokinetic analysis set. Data were generated using the 
one‐stage clotting assay. The pharmacokinetic population for analysis 
included 25 surgeries in 20 unique patients.
Abbreviations: AUC0‐96 h, AUC from time zero to 96 h; AUC0‐∞, AUC 
from time 0 to ∞; CL, clearance; Cmax, maximum plasma concentration; 
IR, incremental recovery; MRT, mean residence time; t1/2, terminal half‐
life; VSS, volume of distribution at steady state.
aData for 23 surgeries were included when a 15‐min postinfusion blood 
draw was originally planned. 
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4  | DISCUSSION

This first study of the perioperative use of rurioctocog alfa pegol 
demonstrated efficacy in most surgeries with no treatment‐re‐
lated SAEs or development of inhibitory or persistent binding an‐
tibodies. This paper describes the final analysis of 26 surgeries 
in 22 subjects; a planned interim analysis of 15 surgeries in 15 
patients was published in 2016.15 For all 24 surgeries evaluable 
for the primary outcome measure, overall haemostatic efficacy 
based on the GHEA score of assessments across intraoperative, 
postoperative and perioperative periods was rated excellent. 
GHEA scores were always classified as excellent except for one 
minor surgery classified as good postoperatively (mild injury‐re‐
lated bleeding episode in the gum approximately 1 day after den‐
tal surgery). These results are similar to those observed in a study 
of unmodified, non‐PEGylated rFVIII in 58 patients undergoing 65 
surgical procedures (including 22 major surgeries); haemostatic 
efficacy was rated good or excellent in all surgeries intraopera‐
tively and at discharge.19

The median preoperative loading dose of rurioctocog alfa 
pegol was similar across the types of surgery performed (median 
52‐64  IU/kg) while the median (range) total dose of rurioctocog 
alfa pegol per patient was 629 (464‐1457) IU/kg for major ortho‐
paedic surgeries, 489 (296‐738) IU/kg for major non‐orthopaedic 
surgeries and 120 (104‐151)  IU/kg for minor surgeries. For com‐
parison, the median total consumption in the previous study of 
unmodified rFVIII for major (mostly orthopaedic) surgeries was 
910  IU/kg (range 228‐1825) (bolus infusions only).19 There was a 
high variability in trough FVIII levels; however, medians were in 
the desired range and patients’ haemostatic efficacy ratings were 
excellent.

With respect to safety, there were no deaths, treatment‐related 
SAEs or thrombotic events. Two mild AEs (increased ALT level and 
headache) were considered possibly related to rurioctocog alfa 
pegol. No patients developed inhibitory antibodies to FVIII or per‐
sistent IgG‐ or IgM‐binding antibodies to FVIII, PEG‐FVIII, PEG or 
CHO proteins. The safety profile also appeared comparable to the 
parent unmodified rFVIII for perioperative haemostasis, where no 
treatment‐related SAEs occurred, only eight of 149 non‐serious AEs 
were thought possibly or probably related to study treatment, and 
no FVIII inhibitors were detected.19

One patient experienced a moderate SAE of left hip prosthetic 
joint infection following revision of the prosthesis, which was not 
considered related to treatment. Significantly lower postoperative 
infection rates have been observed in patients with haemophilia 
when postoperative FVIII activity levels are maintained at higher lev‐
els (≥80% over the first 2 postoperative weeks) than currently rec‐
ommended by guidelines (120% at surgery down to 50% at 2 weeks 
postsurgery).20 Trough FVIII activity levels in this patient were as 
low as 40% 5 days after surgery, raising the theoretical possibility 
of an association with the infection. Thus, physicians may wish to 
consider maintaining higher‐than‐recommended FVIII activity levels 
following such surgeries.

With regard to sample size, regulatory guidance recommends 
that a minimum of 10 major surgical procedures in at least five pa‐
tients are evaluated,18 and this requirement was surpassed in the 
current study with the enrolment of only 21 unique patients. Thus, 
further enrolment was unnecessary, and the target sample size was 
not reached.

In conclusion, rurioctocog alfa pegol was considered well toler‐
ated and effective for perioperative use in PTPs with severe haemo‐
philia A. The efficacy and safety results of rurioctocog alfa pegol in 
this study in the operative setting confirm those found in studies of 
rurioctocog alfa pegol in prophylactic and on‐demand settings12,14 
and were consistent with those for unmodified, non‐PEGylated 
rFVIII19 (from which rurioctocog alfa pegol was derived) in the 
perioperative setting.
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