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Abstract

Introduction: Perioperative dosing recommendations vary across Nordic haemophilia

treatment centres (HTCs) for extended half-life (EHL) factor concentrates in

haemophilia A/B (HA/HB) patients.

Aim: To summarise Nordic real-world surgical experiences with EHL recombinant fac-

tor VIII/IX Fc (rFVIIIFc/rFIXFc) fusion proteins using retrospective data from clinical

records at four HTCs in Finland, Sweden andNorway.

Methods: Factor dosing and surgical outcomes were recorded from HA/HB patients

who underwent surgery and were treated with rFVIIIFc/rFIXFc. Perioperative factor

dosing regimens were clinician-determined based on local practises.

Results: Twenty five surgeries were performed on 20 patients, all covered by bolus

injections except one minor HA surgery; eight minor surgeries were in paediatric

patients. Median preoperative rFVIIIFc dose for major HA surgeries (n = 8) was

48 IU/kg (range: 35–57), with total consumption up to Day 14 of 427 IU/kg (196–

568). For the twomajor HB surgeries (in one patient), preoperative rFIXFc doses were

50 IU/kg and 20 IU/kg; total consumption up to Day 14 was 130 IU/kg and 40 IU/kg.

Median preoperative rFVIIIFc/rFIXFc bolus doses forminor HA (n= 10) andHB (n= 4)

surgeries were 50 IU/kg (24–79) and 47 IU/kg (40–71), with total consumption up to

Day 5 of 138 IU/kg (49–404) and 100 IU/kg (43–125), respectively. Intraoperative and

postoperative haemostatic responses were rated as at least good/excellent for 24/25

surgeries, with bleeding episodes reported in only three surgeries.

Conclusion: Nordic real-world experiences suggest that EHL products can be used

safely and effectively for peri-operative haemostasis. Further research is required to

develop local dosing guidelines for optimised treatment schedules.
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1 INTRODUCTION

Haemophilia A (HA) and haemophilia B (HB) are congenital clotting

disorders caused by deficiencies in factor VIII (FVIII) and factor IX

(FIX), respectively. Deficiencies in blood clotting can result in excessive

bleeding and joint damage in patients with haemophilia,1 and because

they are at risk of excessive bleeding during and after surgery, their

care requires additional planning.2,3 The standard of care for patients

with haemophilia who undergo surgery is provision of replacement

clotting factor before, during and after surgery.3,4

For major surgery, the Nordic Haemophilia Guidelines recommend

preoperative target factor levels of 70–100 IU/dl,with a suggestedpre-

operative dose of 50 IU/kg for FVIII and 60–70 IU/kg for FIX.4 Post-

operative factor replacement therapy is recommended for 7–10 days

with desired trough levels of 70 IU/dl during Days 1–3, 50 IU/dl during

Days 4–6 and 30 IU/dl during Days 7–9.

For minor surgery, the guidelines recommend target preoperative

factor levels of 50 IU/dl. This is to be followed with factor replace-

ment therapy for 1–5 days, depending on the type of surgery.4 Factor

replacement therapy can be achieved by bolus dosing or continuous

infusion. Bolus dosing requires repeated injections at regular intervals,

which must be sufficient to keep factor trough levels above these pre-

determined targets.4

Extended half-life (EHL) factor concentrates have improved phar-

macokinetic profiles that enable adequate trough levels to be main-

tained for longer in patients with haemophilia.5,6 Use of EHL products

can result in higher trough levelswith bolus dosing, and improvedbleed

protection during surgery comparedwith standard factor replacement

products. This presents the potential for reduced factor consump-

tion and injection frequency during surgery.7 EHL recombinant factor

VIII Fc (rFVIIIFc) fusion protein and recombinant factor IX Fc (rFIXFc)

fusionproteinhavebeenapproved inEurope for theprophylactic treat-

ment of patientswithHAandHB, respectively.8,9 following the demon-

stration of their safety and efficacy in patients of all ages in Phase III

clinical trials.10–13 Perioperative management of patients with HA or

HB treated with rFVIIIFc or rFIXFc has also been found to be safe and

efficacious in clinical trials.10–15

Data reporting real-world experience of rFVIIIFc and rFIXFc in

surgery have been published in several case reports and observational

studies.16–29 In all studies, rFVIIIFc and rFIXFc were used effectively

in the peri-operative management of HA and HB. However, details on

dosage and patient outcomeswere not reported consistently, and data

are reported from various regions of the world with a wide range of

treatment standards. Therefore, it is difficult to apply these learnings

to inform clinical practice with EHL products in Nordic Countries.

Norway, Sweden and Finland include EHL products for HA and HB

in their national tender or reimbursement programmes.30–33 Although

Nordic Haemophilia Guidelines recommend that the same principles

should be applied when using EHL products for surgery as when using

standard half-life products,4 there is currently a lack of alignment

between Nordic haemophilia treatment centres (HTCs) regarding dos-

ing recommendations. Characterisation of real-world use of EHL prod-

ucts during surgery can be used to generatemore data to inform treat-

ment guidelines. Here, we report data from four Nordic HTCs on fac-

tor consumption and surgical outcomes for patients with HA and HB

who were treated with EHL products during the peri-operative period

in order to summarise the realworld surgical experienceswith rFVIIIFc

and rFIXFc in the Nordic countries.

2 MATERIALS AND METHODS

2.1 Patients

This retrospective case series included surgical cases occurring

between April 1, 2017 and November 30, 2019 at four HTCs in Fin-

land, Sweden and Norway. Patients with HA or HB who had under-

gonemajor or minor surgery and were treated with rFVIIIFc (efmoroc-

tocog alfa) or rFIXFc (eftrenonacog alfa) were included. Patient char-

acteristics and surgical data were reported in patients’ clinical records

by healthcare providers during the peri-operative and postoperative

(up to Day 14 for major surgeries and Day 5 for minor surgeries) peri-

ods. Later, treating physicians used an internally developed case report

form to extract relevant data. Informed consent was obtained where

required by national guidelines with respect to each HTC, and the pro-

tocol approvedby the SwedishEthical ReviewAuthority, as requiredby

national guidelines.

Major surgery was defined as any surgical procedure that usually

involves general anaesthesia and/or respiratory assistance, in which a

major body cavity is penetrated or exposed, or for which a substan-

tial impairment of physical or physiologic function(s) is produced. All

other surgeries were consideredminor. Perioperative dosing regimens

with rFVIIIFc/rFIXFc were clinician-determined based on local prac-

tises. Target intraoperative factor levels were at least 70% for major

surgeries, and 50% for minor surgeries, in accordance with the Nordic

Haemophilia Guidelines.4

2.2 Outcomes assessed and statistical analysis

Patient characteristics for included surgical cases were assessed at

the time of surgery. Mean and standard deviation (SD) were calcu-

lated for continuous variables including age (years) and weight (kg).

Absolute counts and proportions were calculated for categorical vari-

ables including history of inhibitors (yes/no), haemophilia severity (mild

[> 5% clotting factor]/moderate [1–5%]/severe [< 1%]), surgical classi-

fication (major/minor) and type of procedure (e.g. dental, orthopaedic,

etc.).

Preoperative dosing, total factor consumption of rFVIIIFc/rFIXFc

over the peri-operative period and FVIII activity levels (preopera-

tive post-dose and postoperative pre-dose) for major HA surgeries

were reported using descriptive statistics. Total factor consumption

was reported up to Day 14 for major surgeries and up to Day 5

for minor surgeries; total consumption included any normal prophy-

laxis that may have been resumed during that period. Factor levels

for major HA surgeries were measured by one-stage clotting factor
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assay; preoperative FVIII activity levels were measured within 4 h

post loading dose. Surgical outcomes measured included: volume of

intraoperative/postoperative blood loss (ml), number of blood trans-

fusions required, number of bleeding episodes, and intraoperative and

postoperative haemostatic efficacy as rated by the surgeon/physician.

Haemostatic efficacy was defined as Excellent (intraoperative blood

loss≤averageexpectedblood loss for the typeof procedureperformed

in a patient with normal haemostasis and of the same sex, age and

stature), Good (intraoperative blood loss > average expected blood

loss but ≤ maximal expected blood loss for the type of procedure in

a patient with normal haemostasis), or Poor (haemostasis was uncon-

trolled, necessitating a change in clotting factor replacement regimen).

3 RESULTS

3.1 Patient and surgical case characteristics

A total of 25 surgical cases were included, including 15 patients who

underwent one surgery and five patients who underwent two surg-

eries. Outcomes for each major and minor surgery are reported in

Tables S1 and S2, respectively. Nineteen surgeries were performed

in patients with HA (19 severe; 0 moderate/mild) who were treated

with rFVIIIFc, of which eight were major (seven orthopaedic) and 11

were minor (one orthopaedic; four dental). Six surgeries were per-

formed in patientswithHB (twomild; threemoderate; one severe)who

were treated with rFIXFc, of which two were major (non-orthopaedic)

and four were minor (two dental). Other types of procedures included

abdominal, endoscopic and ophthalmological surgery, aswell as port-a-

cath insertion/removal. Mean age of the patients at the time of surgery

was 34.5 years (SD: 26.3) (Table 1). In total, eight surgeries (32%) were

in paediatric patients, all of which were minor. Three patients (12%;

Cases 1, 9a/9b and 10), all withHA, had a history of inhibitors. All three

patients were considered tolerised, but one (Case 10) had a shortened

FVIII half-life.

3.2 Outcomes

All surgeries were covered by factor bolus injections except one minor

HA surgery (Case 13) (Figure 1). For major surgeries in patients with

severe HA, median preoperative rFVIIIFc dose was 48 IU/kg (range:

35–57 IU/kg), with a median preoperative post-dose FVIII level of

83 IU/dl (range: 57–108 IU/dl). Median (range) pre-dose FVIII activity

levels for postoperative Day 1, 2 and 3 were 76 IU/dl (42–95 IU/dl),

82 IU/dl (47–100 IU/dl) and 85 IU/dl (57–122 IU/dl), respectively.

Median total consumption up to Day 14 for major HA surgeries was

427 IU/kg (196–568 IU/kg). One patient with mild HB underwent

two major surgeries (Cases 8a and 8b), the second of which was to a

repair a complication of the first surgery. In that patient, preoperative

doses were 50 IU/kg for the first surgery and 20 IU/kg for the second.

Reported consumption to Day 14 was 130 IU/kg and 40 IU/kg, respec-

tively, but the second surgery took place on postoperative Day 13 of

TABLE 1 Patient characteristics for each surgical case

Characteristic N= 25a

Age at the time of surgery, mean (SD)b 34.5 (26.3)

Adult/adolescent, n (%) 17 (68)

Paediatric, n (%) 8 (32)

Weight at the time of surgery, kg, mean (SD) 64.2 (33.2)

Adult 84.4 (16.0)

Paediatric 21.3 (10.3)

Haemophilia type, n (%)

A 19 (76)

B 6 (24)

History of inhibitors, n (%) 4 (16)c

Surgical classification, n (%)d

Major 10 (40)

Minor 15 (60)

Type of procedure, n (%)

Orthopaedic 8 (32)

Dental 6 (24)

Other 11 (44)

Patient characteristics are reported at the time of surgery.
aTwenty five surgical caseswere reported for 20patients (five patients each

underwent two surgeries on separate occasions).
bAdult/adolescent:≥12 years; paediatric:< 12 years.
cInhibitors present in three patients: tolerised in two patients; tolerised

with shortened half-life to FVIII in one patient.
dMajor surgery was defined as any surgical procedure that usually involves

general anaesthesia and/or respiratory assistance, in which a major body

cavity is penetrated or exposed, or for which a substantial impairment of

physical or physiologic function(s) is produced. FVIII: factor VIII; kg: kilo-

gram; SD: standard deviation.

the first surgery. Sufficient FIX activity level datawere not available for

the twomajor HB surgeries during the peri-operative period.

For minor surgeries in patients with severe HA covered by bolus

injections (n = 10), median preoperative rFVIIIFc dose was 50 IU/kg

(range: 24–79 IU/kg) and median overall consumption up to Day 5 was

138 IU/kg (49–404 IU/kg). One HA patient undergoing minor surgery

(Case 13) received a preoperative rFVIIIFc bolus injection of 41 IU/kg,

followed by continuous infusion to postoperative Day 4; continuous

infusion rate was 2.14 IU/kg/h on the day of surgery and 1.69 IU/kg/h

on postoperative Days 1–4. No additional peri-operative bolus injec-

tions were required. Total consumption over the entire postoperative

period was 176 IU/kg. Pre-dose FVIII activity levels were 69 IU/dl

(post-bolus dose andprior to continuous infusion) on thedayof surgery

and 71 IU/dl, 51 IU/dl and 65 IU/dl on postoperative Days 1, 2 and 3,

respectively.

Most (7/11)minor surgeries treatedwith rFVIIIFcwere inpaediatric

patients. Factor consumption was not particularly high (142 IU/kg) in

the patient with a shortened FVIII half-life. Four minor surgeries were

reported in patients with moderate/severe HB (one paediatric), with a

medianpreoperative doseof 47 IU/kg (range: 40–71 IU/kg) andmedian

overall consumption up to Day 5 of 100 IU/kg (43-125 IU/kg).
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F IGURE 1 Perioperative factor dosing and total factor consumption. †Includes all surgeries covered by peri-operative bolus injections;
excludes one patient who received a preoperative bolus injection, followed by continuous infusion to postoperative Day 4. Horizontal lines
indicatemedians; median was not calculated for major surgeries treated with rFIXFc, as there were only two surgeries in one patient. IU/kg:
international units per kilogram

Across all cases, median duration of hospitalisation was 5 days

(range: 1–9 days) for major surgeries and 1 day (0-6 days) for minor

surgeries. Concomitant tranexamic acid was used in 10/10 (100%)

major and 13/15 (87%) minor surgeries. Thromboprophylaxis and

blood transfusionswere not administered for any surgeries. Both intra-

operative and postoperative haemostatic response were rated as at

least good/excellent by the physician or surgeon for 24/25 (96%) surg-

eries. Bleeding episodes were only reported in three (12%) surgeries

(one major [Case 8a] and two minor [Cases 19 and 20). Three bleeding

episodes occurred in Case 20 and postoperative haemostatic efficacy

was rated as poor; however, total blood loss was estimated at < 50 ml.

All three surgical cases required additional postoperative bolus injec-

tions: Case 8a (wound rupture) and Case 19 received one additional

dose each, whilst Case 20 received repetitive bolus injections on Days

2, 4 and 6 due to postoperative bleeds.

4 DISCUSSION

Real-world data on the use of rFVIIIFc and rFIXFc in surgery are useful

to align dosage recommendations amongst Nordic treatment centres.

This case series reports realworld surgical outcomes inNordic patients

with HA and HB, demonstrating that rFVIIIFc and rFIXFc can be used

safely andeffectively for peri-operative haemostasis.Most patients did

not experience any bleeding episodes, none required thromboprophy-

laxis, and no adverse events occurred.

Preoperative doses were similar between major and minor surg-

eries, with median dose for all subgroups very close to the preopera-

tive dose recommended for major surgeries in the Nordic Haemophilia

Guidelines.4 Minor surgeries might be expected to require lower pre-

operative doses on average, whichwas not observed in this case series;

however, the majority of minor surgeries treated with rFVIIIFc were in

paediatric patients with HA, who may have been treated with greater

caution and given a greater amount of replacement factor before

surgery. Preoperative factor activity levels were available for all major

HA surgeries with most post-dose FVIII levels within the target range

(70–100 IU/dl) recommended in the Nordic Haemophilia Guidelines.4

Total factor consumption of both rFVIIIFc and rFIXFc varied consid-

erably within surgical classifications, especially for major surgeries in

patients with severe HA. This may be partially explained due to the

greater bleeding risk associated with orthopaedic surgeries of the

lower extremities (e.g. hip and knee arthroplasty) compared with the

upper extremities (e.g., elbow arthroplasty),34,35 but also highlights the

need for consensus recommendations.

Real-world treatment of patients undergoing surgery with rFVII-

IFc or rFIXFc in countries with similar levels of available resources as

the Nordic countries has been reported in several case reports and

studies.16–19,21–24,36 Most of these report good surgical outcomes;

however, only a few reports provide sufficient detail to compare dos-

ing strategies. In a case report from the United Kingdom in which an

adult patient with severe HA underwent a major surgery, the reported

preoperative rFVIIIFc dose of 64 IU/kg was higher than the range for

major surgery cases in HA reported in our results; total rFVIIIFc con-

sumption up to Day 14 of around 279 IU/kg was lower than all but two

of themajorHAcases reportedhere.19 Another case report fromJapan

in which an adult patient with moderate HA underwent minor surgery

reported preoperative dosing (50 IU/kg) and total factor consumption

up toDay5 (200 IU/kg)within the range forminorHAcases reported in
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our results,23 whilst an Italian case report of an adult patientwithmod-

erate HB who underwent minor surgery had a preoperative dose of

80 IU/kg,24 slightly higher than the range for minor HB cases reported

here. Whilst our case series data are generally aligned with these pub-

lisheddata, further analyses areneeded todevelop standardisedguide-

lines.

Our results can also be compared to the findings in Phase III clinical

trials of rFVIIIFc and rFIXFc; as with most of the cases presented here,

haemostatic responses were rated good or excellent in all patients

who underwent surgery whilst taking part in a clinical trial.10,11,14,15

Patients undergoing surgery in the A-LONG and B-LONG studies were

treated according to the local standard of care.14,15 In the A-LONG

study and by the first interim data cut of ASPIRE, which included

patients with HA, 23 major surgeries and 52 minor surgeries were

reported.14 The loading dose for major surgeries (by type of surgery)

was generally higher than the preoperative dose for major HA cases

reported in our results, ranging from41–102 IU/kg, but total consump-

tion up to Day 14 of around 240–620 IU/kg largely overlaps with the

range reported here.14 For minor surgeries, total dose on the day of

surgery ranged from 23 to 189 IU/kg14; this largely overlaps with the

range for total factor consumption up to Day 5 in the minor HA cases

reported in our results, but many of these cases received additional

doses after the day of surgery. In the B-LONG study, which included

patients with HB, 14 major surgeries and 15 minor surgeries were

reported. For major surgery, total peri-operative rFIXFc consumption

up toDay14 ranged from261–1349 IU/kg,15 higher than that reported

in our results. These differences may partially be explained by the type

of surgery. For minor surgery, preoperative doses ranged from of 40–

104 IU/kg,15 similar to the minor HB cases reported here. However,

most of the B-LONG surgeries were reported to have required a sin-

gle preoperative dose, whereas most of the surgeries described in our

case series required additional doses. Overall, the real world surgical

outcomes using rFVIIIFc and rFIXFc seen in this case series were com-

parable to that in clinical trials, and limited comparisons of dosing regi-

mens did not indicate excessively high factor consumption.

This case series presents real-world data from four HTCs with con-

sistent reporting of dosing strategies, allowing for a broad overview

of the Nordic experience of EHL products in surgery for patients with

both HA and HB, across a range of surgical types and classifications.

However, there are some limitations. First, since haemophilia is a rare

disease, only a relatively small number of patients per sub-category

(type of haemophilia, haemophilia severity, type of surgery, paediatric

vs. adult and presence of inhibitors) were available. Second, caseswere

collected retrospectively frommedical records so data were not avail-

able for all outcomes, including factor levels.

5 CONCLUSION

This case series presents real-world data on the peri-operative man-

agement of several patients with HA and HB treated with EHL prod-

ucts. The Nordic experience suggests that rFVIIIFc and rFIXFc can be

used safely and effectively for peri-operative haemostasis in patients

with HA and HB, but further research and follow-up discussions are

needed to develop local dosing guidelines.
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