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Abstract: Emicizumab is a humanized recombinant bispecific antibody, bridging together activated
factor IX (FIXa) and factor X (FX), thus mimicking the activity of FVIII in vivo. Emicizumab is
designed for long-term prophylaxis in patients with severe hemophilia A with and without inhibitors.
This approach provides constant protection, with significant reduction in bleeding rate and improved
quality of life. However, protection provided by emicizumab is not absolute, and clotting factor
concentrates (FVIII, rFVIIa, aPCC) may be necessary for post-traumatic bleeding or surgery, with
a potential thrombotic risk or difficulty in preventing bleeding. Real world evidence is still scanty,
especially for managing major surgery. In this study, 75 surgeries were managed in 28 patients
(27 major procedures in 15 patients and 48 minor procedures in 20 patients. In 17 patients without
inhibitors, 30 minor surgeries were carried out by using FVIII in 5, with only a bleeding event, which
was successfully treated with FVIII concentrate. Six major surgeries were uneventfully performed
with FVIII concentrate. Eleven PWHA and high-titer inhibitors underwent 39 surgical procedures
(18 minor and 21 major surgeries). Minor surgeries were mostly performed without prophylaxis
with rFVIIa, with only a single bleeding complication. All 21 major surgeries were covered with
a homogeneous protocol using rFVIIa. In four instances, bleeding complications occurred, treated
with rFVIIa. Of them, a single patient only failed to respond and died because of an uncontrollable
bleeding from a large ruptured retroperitoneal pseudotumor. Surgery in patients with emicizumab
can be safely carried out with the use of appropriate replacement therapy protocols.

Keywords: hemophilia A; FVIII inhibitors; FVIII concentrates; recombinant FVIla; aPCC; prophylaxis

1. Introduction

The management of surgical procedures in hemophilic patients has always represented
a major concern, being a potential cause of morbidity and mortality. In persons with severe
hemophilia A (PWSHA), an intensive treatment with factor VIII (FVIII) concentrate is
required together with a postoperative close monitoring of circulating FVIII to maintain
protective levels for bleeding, while avoiding excessive levels with inherent thrombotic
risk. Even more troublesome are surgeries in PWSHA with inhibitors (PWSHAIn), in
which the use of by-passing agents (BPAs), activated prothrombin complex concentrates
(aPCC) or recombinant activated FVII (rFVIla), is necessary, without a suitable laboratory
monitoring available [1]. The recent increasing widespread use of the bi-specific monoclonal
antibody emicizumab for long-term prophylaxis in PWSHA with and without inhibitors
has required a reassessment of antihemorrhagic perioperative treatment with BPAs and
FVIII concentrates with their potential risks.
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Emicizumab (Hemlibra, Roche Genentech, South San Francisco, CA, USA) is a hu-
manized recombinant bispecific antibody with specificity for activated factor IX (FIXa)
and factor X (FX) [2]. It acts as a bridge between FIXa and FX, mimicking the activity
of FVIII in vivo and thus enabling generation of activated FX (FXa), which is required
for the conversion of prothrombin to thrombin. Emicizumab binding affinity for FIXa
and FX is 11-fold lower than that of FVIIIa, thereby reducing the risk of non-localized
coagulation; when emicizumab is used, the thrombotic risk may increase as a function of
FIXa concentration [3].

The pivotal HAVEN 1 [4] and 2 [5] studies led to emicizumab being granted approval
for use in adults and children with severe hemophilia A and inhibitors in November 2017
by FDA and in February 2018 by EMA. These trials reported excellent safety and very
low bleeding rates in patients above and below the age of 12 years, respectively. The
subsequent HAVEN 3 [6] and 4 [7] studies showed similar results in patients without
inhibitors and approval was granted for non-inhibitor patients in October 2018 by the FDA
and January 2019 by EMA.

Emicizumab is designed for long-term prophylaxis treatment, providing a constant
protection, with significant reduction in annualized bleeding rate (ABR) and improved
quality of life (QoL). However, protection provided by emicizumab is not absolute and
association with clotting factor concentrates (FVIII, rFVIla, aPCC) may be necessary in
post-traumatic bleeding or surgery, with a potential thrombotic risk. Concomitant use of
emicizumab and FVIII concentrates has not resulted in thrombotic events, as FVIII has a
greater affinity for IXa and FX, thus displacing emicizumab. According to the Italian Asso-
ciation of Hemophilia Centers (AICE) recommendations on the dosage for the first FVIII
infusion as prophylaxis of surgical bleeding in PWSHA on emicizumab, the ranges are the
following: 50-100 IU /kg for major surgery, 30—40 IU /kg for minor surgery and 40-50 IU/kg
for high-risk endoscopic procedures, respectively [8]. On the other hand, the experience
of BPAs and emicizumab co-administration is different. Due to 5 thrombotic episodes, of
which 3 thrombotic microangiopathies (MPA) and 2 thromboembolic (TE) events, observed
in HAVEN 1 trial [4] in patients receiving aPCC at doses > 100 IU/kg/day for 24 h or
longer to treat breakthrough bleeds, the indication to avoid or significant reduction in aPCC
dosing, containing FIXa, is commonly accepted. On the contrary, no thrombotic events
have been described with the concomitant use of emicizumab and rFVIla and therefore
rFVIIa, at a dose of 100 % 20 pg/kg, represents the first-line option as replacement therapy
in PWSHA with inhibitors on emicizumab [9,10]. Across HAVEN 14 trials [4-7,11], overall,
233 surgeries were performed in 126 out of 399 enrolled patients. Among these, 18 were
major and 215 minor surgeries [12]. Most major surgeries (83.3%) were managed with
prophylactic coagulation factor and did not result in post-operative bleeds, while 65.6% of
minor surgeries/procedures were managed without prophylactic coagulation factor and
in 90.8% were not associated with treated bleeds. Early real-world data [13-16] support
clinical trial evidence, showing that surgical procedures can be performed safely in PWSHA
treated with emicizumab, regardless of the presence of inhibitors, age, and other risk factors.
However, experience in major surgery, in particular orthopedic, is still scanty and worthy
to be reported.

Here, we report our experience in management of 75 surgical procedures in PWSHA
with and without inhibitors on emicizumab prophylaxis.

1.1. Patients and Methods

Data were collected for all patients receiving emicizumab prophylaxis and undergoing
surgery between January 2018 and November 2022 at the Center for Bleeding Disorders
and Coagulation, Careggi University Hospital, Florence, Italy. All patients gave informed
consent, and the study protocol was approved by the local institutional ethics committee.

Demographic data and medical histories were collected from patients’ medical records.
Data collection included: age, severity of hemophilia, F8 genotype, FVIII inhibitor sta-
tus with historical peak and titer at surgery, participation in a multinational clinical trial
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(HAVEN 1, Stasey or HAVEN 3) of emicizumab. Data on the pre-, intra- and post-operative
management and treatment of PWSHA were collected, including type of surgical proce-
dure, planned and unplanned use of hemostatic agents for the peri-operative treatment
plan (including product, dose and number of infusions) as well as any treatment plan
modifications. For patients with inhibitors undergoing major surgeries, monitoring of
prothrombotic markers (Peripheral blood smear for schistocyte detection, platelet count,
LDH) were carried out daily.

According to Santagostino et al. [17], surgical procedures were classified as major or
minor. Major surgery was defined as an invasive operative procedure where 1 or more of
the following occurred: a body cavity was entered, a mesenchymal barrier was crossed, a
fascial plane was opened, an organ was removed and/or normal anatomy was operatively
altered. Minor surgery was defined as an invasive operative procedure in which only skin,
mucous membranes or superficial connective tissue was manipulated.

Information regarding procedure-related bleeding was also collected, including the
number of major and clinically relevant non-major bleeds and red blood cell (RBC) transfu-
sion requirements.

Major bleeds were defined according to International Society on Thrombosis and
Haemostasis (ISTH) Control of Anticoagulation Subcommittee recommendations [18].
Adverse events and hospitalizations were also recorded.

When clinically appropriate, FVIII activity levels were obtained using a bovine chro-
mogenic assay for measurement of FVIII replacement levels (Chromogenix Coamatic,
Instrumentation Laboratory, Bedford, MA, USA on ACL Top550 instrument, Instrumen-
tation Laboratory, Bedford, MA, USA) [19]. In PWSHA with inhibitors a chromogenic
Bethesda assay with bovine reagents was used to titer the antibody before surgeries.

Emicizumab concentration was checked prior to major surgeries.

All orthopedic surgeries were performed by a single surgeon.

1.2. Data Analyses

All data were retrospectively analyzed and all analyses were regarded as exploratory
and descriptive.

2. Results
2.1. Patient Characteristics and Surgery Overview

Overall, 75 surgeries were managed in 28 patients, with 27 major procedures in
15 patients and 48 minor procedures in 20 patients.

All patients had severe hemophilia A (FVIII activity <1 U/dL), 17/28 patients were
without present or past inhibitors to FVIII and the remaining 11 had inhibitors. At the
time of surgery inhibitor titer was >5 BU in 5/11 patients and >500 BU in two of them. All
patients had previous evidence of significant anamnestic response. Two patients only had
undergone ITI protocol 10 years and 5 years before, without success. F8 gene variants were
previously identified in all the patients by using Denaturing High Performance Liquid
Chromatography (DHPLC) and direct sequencing [20]. Inversion 22 (IVS-22) analysis was
performed by Long PCR, as previously described [20].

Patients’ age ranged from 2 to 65 (median 54) years.

2.2. Surgeries in PWSHA and Inhibitors

Eleven PWHA and high titer inhibitors underwent 39 surgical procedures (21 major
surgeries, 18 minor surgeries) (Figure 1).

Among the 21 major surgeries in 10 PWSHA with inhibitors, orthopedic procedures
are the predominant with 8 arthroplasties, of which 2 total knee replacements (TKR), 1 TKR
revision, 3 total hip replacements (THR), 2 THR revisions, further one muscle biopsy
of a thigh infected pseudotumor followed by 3 partial excisions of pseudotumor mass
and final amputation of the thigh, the other amputation of a thigh was due to advanced
unmanageable infected TKR and 1 iliac wing biopsy. One ureteral pig-tail position, one
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lumbear arterial embolization to treat iliopsoas hematoma and finally one retroperitoneal
vast pseudo-tumor iliopsoas hematoma toilet were performed in the same patient under-
going Iliac wing biopsy; one partial nephrectomy for neoplastic lesion, one transurethral
resection of the prostate (TURP) and one inguinal hernioplasty were performed in two
patients.

39 surgeries

18 minor

21 major

surgeries
in 10 patients

surgeries
in 5 patients

Ureteral pig-tail Hematoma
position toilette
(n=1) (n=1)
Hemorrhoidal Endoscopic
legation (n=2) (n=1)

Figure 1. Types of surgeries in patients with hemophilia A and inhibitors. n refers to the number
of surgeries. Patients with both minor and major surgeries are counted in both categories; TURP
transurethral resection of the prostate.

The following 18 minor surgeries were performed in 5 patients: 2 tooth extractions,
2 hemorrhoidal ligations, 11 hyaluronic acid joint injections, 2 cataracts and 1 endoscopic
removal of bladder stones.

All major orthopedic surgeries were planned to be managed with rFVIIa in addition
to emicizumab prophylaxis. All patients were treated with 2-3 bolus of 90 pg/kg rFVIla
every 3 h at the beginning of surgery till wound suturing, followed by FVIla 90 ug/kg
every 4 h during the first 2 days, every 6 h on days 34, every 8 hrs on days 5-7, twice a
day on days 8-14 and daily (before the rehabilitation, when required) on days 15-20, then
rFVIla was discontinued. Shorter period was adopted for the other surgeries (5-7 days).

Adjunctive intravenous tranexamic acid (TA) 1 g every 12 h for 7 days was adminis-
tered, except for TURP and inguinal hernioplasty performed in the same surgical session,
along with also endoscopic removal of bladder stones. Thromboprophylaxis was not
prescribed (Table 1).

Minor surgeries were managed without rFVIla prophylaxis, except for the endoscopic
removal of bladder stones, performed in the same surgical session with two major surgeries,
and two tooth extractions. A bolus of rFVIla (90 ug/kg) was infused before procedure,
followed by oral TA (1 g every 8 h for 5 days) (Table 2).

Both in major and minor surgeries, bleeding was as expected depending on the type of
procedure and blood transfusions required in 4/19 high-risk major surgeries. Two patients
had hip surgery, often followed by transfusion requirement even in normal subjects, one
had a leg amputation above the knee and one had severe bleeding already ongoing at the
beginning of surgery for a large ruptured retroperitoneal hematoma which ultimately led
to the death of the patient. Following one of the two hemorrhoidal varices ligations, the
patients had a bleeding, which required a bolus of rFVIIa (90 ng/kg) and TA for 4 days.
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Table 1. Major surgeries in patients with inhibitors.

PatientN.  SurgeryN.  Agero QIR PRSI surgery (BUmD Surgery Type FVIlaUse” A Use” Episode  Requirement  tlization”
1 1 59 EX 23-26 deletion 70 2 THR Yes Yes Yes Yes (2 RBC) 12
1 2 62 - 70 1.8 TURP Yes No No No 5
1 3 62 - 70 1.8 Inguinal hernioplasty Yes No No No 5
2 4 56 dflébls 1Cng§’t7)p 7.9 2.8 Amputation of a thigh Yes Yes No No 12
2 5 57 7.9 4.4 TKR Yes Yes No No 15
3 6 49 EX 2-25 deletion 840 760 TKR revision Yes Yes No No 12
3 7 49 - 840 680 Revision THR Yes Yes Yes Yes (4 RBC) 23
4 8 61 1vSs-22 UK 2.9 Revision THR Yes Yes No No 12
5 9 62 1VS-22 UK 6.1 Pseudoﬁg;‘)sry of thigh Yes Yes No No 4
5 10,11, 12 62 - UK 6.1 Pseudotumor of thigh Yes Yes No No 15

removal
5 13 62 - UK 6.1 Amputation of a thigh Yes Yes Yes 3 32
6 14 58 EX 7-13 deletion 16,400 2.5 Iliac wing biopsy Yes Yes No No 41
6 15 58 - 16,400 25 Lumbar arterial Yes Yes No No 41
embolization
6 16 58 - 16,400 2.5 Ureteral pig-tail positioning Yes Yes No No 41
6 17 58 - 16,400 25 Retro?eri‘;ﬁig}‘:’“moma Yes Yes, for 14 days Yes Yes (5 1;‘?,%)10 FEF, 4
7 18 64 p. Argd27X 154 15 Partial nefrectomy for renal Yes Yes No No 7
cancer
8 19 42 EX 5-13 deletion 1200 15 TKR Yes Yes No No 12
9 20 49 IvSs 22 32 0.5 THR Yes Yes No No 12
10 21 56 p-Leu264GIn 41 0.5 THR Yes Yes No No 15

Legenda: INH, inhibitor; THR, total hip replacement; TKR, total knee replacement; TURP, transurethral resection of the prostate; rFVIla, recombinant activated factor VII; © (2-3 bolus of
90 pg/kg rFVIla every 3 h at the beginning of surgery till wound suturing, followed by FVIla 90 ug/kg every 4 h during the first 2 days, every 6 h on days 34, every 8 h on days 5-7,
twice a day on days 8-14 and daily, in case of rehabilitation, on days 15-20); TA, Tranexamic acid; * (1 g every 12 h for 7 days); RBC, red blood concentrate; FFP, fresh frozen plasma; PC,
platelet concentrate.
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Table 2. Minor surgeries in PWSHA and inhibitors.

. Post-
. FVIII INH FVIII INH Pre-Operative . . . .
Patient N. Surgery N. Age (yrs) Pathog.emc Historical at Surgery Surgery Type Factor Operative TA Use Ble.edmg Hemostatic Days .Of I:IOSpl-
Mutation Factor Episode Treatment talization
Peak (BU/mL) (BU/mL) Treatment T
reatment
Intra-articular
1 1,2 59 20 70 2 administration of No No No No No 0
hyaluronic acid (N.2)
1 3,4 60 70 2 Cataract (N.2) No No No No No 0
1 5% 62 70 1.8 Endoscopic removal Yes * Yes * No No No 5%
of bladder stones
Intra-articular
2 6,7,8,9,10, 42 EX 5713 1200 15 administration of No No No No No 0
11,12,13,14 deletion h X X
yaluronic acid (N.9)
. . . FVIIa 90 pg/kg +
3 15,16 56 EX15 c_od 1727 79 44 Hemgrrh01dal varices No No No Yes, in surgery TA 1gevery 8h 0
del3bp ins22bp ligation (N.2)
for 4 days
Mouth wash with
3 17 56 52(1315 Cﬁigy 7.9 44 Dental extraction 90FVH/ak No TA 05 gevery 8h No No 0
P P 18/ X8 for 7 days
Mouth wash with
4 18 32 EX 14-27 10,200 520 Dental extraction FVIla No TA 0.5 gevery 8h No No 0
deletion 90 ng/kg for 7 days

Legenda: INH, inhibitor; * Surgery N.5 performed in a single operation with major surgeries N. 2 and N.3; rFVIla, recombinant activated factor VIL
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No TE events, TMA or significant changes of thrombophilia/microangiopathy markers
were observed. Hospitalization days remained consistent with the type of surgery and
patient complexity, ranging from 0 to 41 days. The patient, who was admitted for 41 days,
died from complications related to recurrent retroperitoneal pseudotumor bleeding.

All minor surgeries did not require hospitalization, except for the endoscopic removal
of bladder stones, which was performed in a single operation with TURP and inguinal
hernioplasty.

Compared to the historical use of rFVIIa for similar surgeries, a 40% reduction in its
use was observed.

2.3. Surgeries in PWSHA without Inhibitors

Seventeen PWHA without inhibitors underwent 36 surgical procedures (6 major
surgeries, 30 minor surgeries) (Figure 2). The following six major surgeries were performed
in five of them: one TKR with forced extension on post-operative day 9, one muscle biopsy
of a large thigh pseudotumor and subsequent excision of the entire pseudotumor mass, one
splenectomy, one cleft palate correction (second operation) and one turbinate reduction.

30 minor
surgeries
in 15 patients

6 major
surgeries
in 5 patients

Pseudotumor S
treatment (n=1)
| =2

Turbinate

Cleft

palate ¥ Dental Endoscopic
correction reduction (n=19) (n=4)

(n=1) (n=1)

Figure 2. Types of surgeries in patients with severe hemophilia A without inhibitors. n refers to the
number of surgeries. Patients with both minor and major surgeries are counted in both categories;
CVAD, central venous access device.

Among the 30 minor surgeries in 15 PWSHA, dental procedures are the most prevalent
(19/30 in 10 patients), including 2 extractions and 4 dental extractions and implants;
further 2 portal removals in two children, 4 endoscopic procedures including 2 gastro-
duodenal endoscopies with biopsy, 1 colonoscopy and 1 cystoscopy in 2 PWSHA, 2 elbow
synoviorthesis with rifampicin in 2, and finally, 1 circumcision for phimosis, 1 skin biopsy
and 1 cataract. All major surgeries were managed under FVIII coverage, with factor activity
levels of at least 50 IU/dL maintained for 7-14 days. Adjunctive intravenous TA 1 g every
12 h for 7 days was administered. Thromboprophylaxis was not prescribed. Depending
on the type of surgery, different treatment schemes with FVIII concentrate have been
prescribed, as shown in Table 3.

Minor surgeries were managed with a FVIII preoperative bolus (25-60 IU/kg), except
for tooth extractions, dental procedures, and cataract, performed without FVIII coverage.
In dental surgeries TA has been used as mouthwash (Table 4).
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Table 3. Major surgeries in PWSHA without inhibitors.

. Pathogenic Pre-Operative Post-Operative Factor Adjunctive . . Transfusion Days of
Patient N. Surgery N. Age (yrs) Mutation Surgery Type Factor Treatment Treatment Antifibrinolytics Bleeding Episode Requirement Hospitalization
43 1U/kg every 12 h x 3 days;
. 43 TU/kg every 24 h x 5 days;
. . 28 Trol854Cvs TKR with forced SHL-rFVIII 431U/Kg every 12 h x 1 day; TA1giv. every No No 5
p-irp ¥ t-operative 9 d 701U/kg 28 IU/kg every 12 h x 3 days; 12 h x 7 days
postroperative 7 day 141U /kg every 12 h x 2 days;
141U /kg every 24 h x 7 days
2 2 63 Arg1689Cys + Pseudotumor of thigh SHL-rFVIII 50 U/kg every 24 h x 3 days; TA 1gi.v. every No No 0
Asp1241Glu biopsy 66 IU/kg 50 U/kg every 48 h x 4 days 12 h x 7 days
: ~ 50 IU/kg every 12 h x 1 day; .
2 3 63 Bl ys Pseudotumor of thigh SgLHrJF/XIH 30 IU/kg every 12 h x 6 days; TAlglLy. every No No 7
P v excision & 50 IU/kg every 24 h x 7 days ays
3 35IU/kg every 12 h x 2 days; .
3 4 47 VS-1 Splenectomy S%LH?XHI 231U/kg every 12 h x 4 days, TA LB LY. every No No 11
8 351U/kg every 24 h x 7 days y
. ~ 55IU/kgevery 12 h x 1 day;
. : T psnanaios Chopeton | wiUAg  GIU/Aserey2hcodus TRGRSRgRe No No :
. . EHL-rFVIII TA 1 g orally ever
5 6 39 p-Arg2323Cys Turbinate reduction 251U/kg 251U/kg every 24 h x 2 days 8 E <7 dyays ¥y No No 2
Legenda: TKR, total knee replacement; SHL-rFVIII, standard half-life recombinant factor VIII; EHL-rFVIII, extended half-life recombinant factor VIII; IU: International Unit;
TA: tranexamic acid; i.v.: intravenous.
Table 4. Minor surgeries in patients without inhibitors.
. Pathogenic Pre-Operative Factor Post-Operative . . Hemostatic Days of
Patient N. Surgery N. Age (yrs) Mutation Surgery Type Treatment Factor Treatment TA Use Bleeding Episode Treatment Hospitalization
Intra-articular
1 1 47 Ivs-1 administration of SHL-rFVIII 25 IU /kg No No No No 0
rifampicin
1 2 47 - EGDS for hematemesis SHL-rFVIIT 60 TU/kg No g orau; g:;‘;y 8 h for No No 5
1 3 47 - Dental extraction No No 05 gevery 8 h for 7 days No No 0
(mouth wash)
Intra-articular
2 4 54 p-Gly469Arg administration of SHL-rFVIII 251U /kg No No No No 0
rifampicin
B . 0.5 g every 8 h for 7 days SHL-rFVIIL
2 5 54 Dental extraction No No (mouth wash) Yes 251U/kg x 3 days 0
3 6,7,8 63 VS22 Dental extraction and SHL-rFVIII 50 IU/kg No 0.5 g every 8 h for 7 days No No 0

implant (N.3)

(mouth wash)
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Table 4. Cont.
. Pathogenic Pre-Operative Factor Post-Operative . . Hemostatic Days of
Patient N. Surgery N. Age (yrs) Mutation Surgery Type Treatment Factor Treatment TA Use Bleeding Episode Treatment Hospitalization
EX14 ins 1 bp +A Dental extraction and ~ 0.5 g every 8 h for 7 days
4 9 62 1588-1590 implant SHL-rFVIII 50 IU /kg No (mouth wash) No No 0
p-Argl689Cys +
5 10,11 63 p.Asp1241GIu Dental procedure (N.2) No No No No No 0
6 12,13 56 p-Leu308Arg Dental procedure (N.2) No No No No No 0
7 14,15 18 Ivs22 Dental procedure (N.2) No No No No No 0
8 16,17,18 42 1vS22 Dental procedure (N.3) No No No No No 0
C.4379del
9 19,20 60 p.Asn1460Ilefs*5 Dental procedure (N.2) No No No No No 0
10 21,22 57 1vS22 Dental procedure (N.2) No No No No No 0
1 23 52 Ivs22 Colonscopy SHL-rFVIII 30 IU /kg No No No No 0
s 1 g orally every
11 24 52 - EGDS with biopsy SHL-rFVIII 451U /kg No 12 h for 5 days No No 0
SHL-rFVIII
11 25 52 - Cystoscopy 451U /kg No No No No 0
Circumcision for EHL-rFVIII 25 IU/kg every 1 g orally every
12 2 ¥ p-Arg2323Cys phimosis 251U /kg 24h x 1day 8h x 5 days No No 0
13 27 65 p-Asp222_Tyr2351delins13 Cataract No No No No No 0
13 28 65 - Skin biopsy SHL-rFVIII 50 IU /kg No No No No 0
14 29 2 p-Arg2182His Port removal SHL-rFVIII 50 IU /kg No No No No 1
15 30 2 IvS22 Port removal SHL-rFVIII 50 IU /kg No No No No 1

Legenda: TA, tranexamic acid; SHL-rFVIII, standard half-life recombinant factor VIIL; EHL-rFVIII, extended half-life recombinant factor VIII; IU, International Unit; EGDS: esophagogas-
troduodenoscopy.
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Both in major and minor surgeries, bleeding was as expected depending on the type
of procedure and no transfusional support was needed. Only after one dental extraction
a bleeding occurred and required treatment with FVIII (25 UI/ kg x 3 days) in addition
to TA. No thromboembolic events occurred. Hospitalization days remained consistent
with the type of surgery, ranging from 0 to 15 days. All minor surgeries did not require
hospitalization, except for port removals, after which the two children were observed one
night, and a gastro-duodenal endoscopy performed for hematemesis from gastritis, when
the patient was admitted for 5 days.

In the patient undergoing TKR and post-operative forced extension, the rehabilitation
was carried out without FVIII coverage, but only with emicizumab prophylaxis, without
bleeding or other complications.

3. Discussion

This study represents the largest experience of major orthopedic surgeries in PWHAIn
on emicizumab using an internal developed protocol with rFVIla. According to HAVEN1-4
trials and early real-world data [12-16,21], also in our experience surgical procedures could
be safely performed in PWSHA with and without inhibitors treated with emicizumab.

In PWSHA and inhibitors major surgery with a regimen of emicizumab and rFVIIa
co-administration has been safely and efficaciously performed. Even two major surgeries
and one minor surgery were performed in the same surgical session without complications.
The use of bolus doses of rFVIla was decided to avoid persistent circulating high FVIIa
levels with continuous infusion (which is, however, off-label in Italy), since when we
planned the protocol the potential thrombotic risk associated with continuous presence of
emicizumab and rFVIla was not completely understood, especially in major orthopedic
procedures.

Due to its effectiveness, this protocol was also used in patients with low-titer inhibitor
at time of surgery, but with history of high-titer inhibitor. In this setting, FVIII concentrate
as peri-surgical coverage could have been administered. However, all these patients had
previous history of an anamnestic response and thus we preferred to keep FVIII as a rescue
treatment for uncontrolled bleeding, which never occurred in these patients. It should
be borne in mind that these patients were recruited over a period of five years and at the
beginning knowledge of safety and efficacy of combined treatment of emicizumab and
by-passing agent was poorly available, and concerns on the use of aPCC had already been
raised. Another important aspect in the homogeneity of the described experience is that all
orthopedic surgeries were performed by a single surgeon expert in hemophilia orthopedic
surgery.

Also in our experience, minor surgeries were safely performed without prophylaxis
with rFVIla. In particular, the multiple intra-articular administrations of hyaluronic acid
were performed without complications. The management of rifampicin intra-articular
infiltrations to obtain a chemical synoviorthesis has been instead different, as a covering
with clotting factor before the procedure has been carried out in PWSHA without inhibitors.

In PWSHA major surgery with a regimen of emicizumab and rFVIII co-administration
has been safely and efficaciously performed, as minor surgeries also without prophylaxis
with rFVIIL

Our data enlarge real-world real-world experience and the results from previous
clinical trials. However, these studies reported a large prevalence of minor surgeries
and few major surgeries, especially orthopedic. In a retrospective analysis of PwHA
with/without FVIII inhibitors on emicizumab, 31 surgeries (29 minor, 2 major) were per-
formed in 25 patients [21]. As in our experience, minor surgeries were managed with
emicizumab alone or with additional FVIII or rFVIla and tranexamic acid and major
bleeding occurred in one instance only in a patient treated with tranexamic acid alone.
Post-operative FVIII was used for hip replacement in a patient without inhibitor, while an
explorative laparotomy, was managed with additional rFVIla in a patient with inhibitor.
An additional real-world experience reported 20 minor and 5 major surgeries in 22 PwHA
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with/without FVIII inhibitors [14]. All major surgeries were performed with additional
hemostatic agents, while only a minority of minor surgeries (~20%) required additional
treatment. No relevant bleeding episodes were reported, and no thrombotic complications
occurred. In an observational study, 28 minor surgeries and 2 major surgeries were re-
ported in 22 PWHA with/without FVIII inhibitors with similar results and no thrombotic
events [13]. Most of surgeries were represented by 21 CVAD removals. Even in the large
experience reported with HAVEN 14 studies [12], the number of patients undergoing
arthroplasty was lower than in the present study. In those studies, however, inclusion
criteria were stringent and planned surgery represented an exclusion criteria. In our experi-
ence major orthopedic surgery in patients with inhibitors was safely carried out, with very
few bleeding complications easily managed by using rFVIIa. No significant complications
occurred in patients without inhibitors.

The experience accumulating on surgery in patients with emicizumab spans at least
5 years and the present evidence is reassuring about the safe and effective use of replace-
ment treatment in these patients, even with rFVIIa, and the excellent outcome. This
experience supports a more confident approach to these clinical situations, in the past con-
sidered critical especially for patients with inhibitors. However, a multidisciplinary team
and strict clinical and laboratory monitoring are always recommended for the management
of surgical procedures in PWSHA with and without inhibitors treated with emicizumab.

Author Contributions: Methodology, G.C., S.L.,, M.A., M.C. and ES.; Validation, P.T. and F.D.; Formal
analysis, G.C. and S.L.; Investigation, G.C., L.P, C.C,, PP, PT, ED., R.F. and M.A.; Writing—original
draft, G.C. and S.L.; Writing—review & editing, G.C., S.L., L.P. and C.C,; Visualization, P.P. and P.T.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Not applicable.

Conflicts of Interest: G.C. received speaker fees or advisory board fees by Roche, Biomarin, CSL
Behring, SOBI, Pfizer, Novo Nordisk, Kedrion, Takeda, LFB, Grifols; S.L. received speaker or advisory
board participation fees from Roche, SOBI, CSL Behring, Novo Nordisk, Takeda; L.P. received fees for
Adpvisory Boards by Novo Nordisk, CSL Behring, Bayer, SOBI, Roche; C.C. received fees for advisory
board participation from Pfizer and Roche; E.D. received fees for participation into Advisory Board
from CSL Behring and SOBI.

References

1.

Srivastava, A.; Santagostino, E.; Dougall, A.; Kitchen, S.; Sutherland, M.; Pipe, S.W.; Carcao, M.; Mahlangu, J.; Ragni, M.V,;
Windyga, J.; et al. WFH guidelines for the management of hemophilia, 3rd edition. Haemophilia 2020, 26 (Suppl. S6), 1-158.
[CrossRef] [PubMed]

Shima, M.; Hanabusa, H.; Taki, M.; Matsushitaet, T.; Sato, T.; Fukutake, K.; Fukazawa, N.; Yoneyama, K.; Yoshida, H.; Nogami, K.
Factor VIII-mimetic function of humanized bispecific antibody in hemophilia A. N. Engl. ]. Med. 2016, 374, 2044-2053. [CrossRef]
[PubMed]

Lenting, PJ.; Denis, C.V.; Christophe, O.D. Emicizumab, a bispecific antibody recognizing coagulation factors IX and X: How
does it actually compare to factor VIII? Blood 2017, 130, 2463-2468. [CrossRef]

Oldenburg, J.; Mahlangu, J.N.; Kim, B.; Schmitt, C.; Callaghan, M.U.; Young, G.; Santagostino, E.; Kruse-Jarres, R.; Negrier, C.;
Kessler, C.; et al. Emicizumab prophylaxis in hemophilia A with Inhibitors. N. Engl. |. Med. 2017, 377, 809-818. [CrossRef]
[PubMed]

Young, G.; Liesner, R.; Chang, T.; Sidonio, R., Jr.; Oldenburg, J.; Jiménez-Yuste, V.; Mahlangu, J.; Kruse-Jarres, R.; Wang, M.; Uguen,
M.; et al. A multicenter, open-label phase 3 study of emicizumab prophylaxis in children with hemophilia A with inhibitors.
Blood 2019, 134, 2127-2138. [CrossRef]

Mahlangu, J.; Oldenburg, J.; Paz-Priel, I.; Negrier, C.; Niggli, M.; Mancuso, M.E.; Schmitt, C.; Kempton, C.; Dhalluin, C.; Callaghan,
M.U; et al. Emicizumab prophylaxis in patients who have hemophilia A without inhibitors. N. Engl. ]. Med. 2018, 379, 811-822.
[CrossRef] [PubMed]


http://doi.org/10.1111/hae.14046
http://www.ncbi.nlm.nih.gov/pubmed/32744769
http://doi.org/10.1056/NEJMoa1511769
http://www.ncbi.nlm.nih.gov/pubmed/27223146
http://doi.org/10.1182/blood-2017-08-801662
http://doi.org/10.1056/NEJMoa1703068
http://www.ncbi.nlm.nih.gov/pubmed/28691557
http://doi.org/10.1182/blood.2019001869
http://doi.org/10.1056/NEJMoa1803550
http://www.ncbi.nlm.nih.gov/pubmed/30157389

J. Clin. Med. 2023, 12, 2317 12 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pipe, S.W.; Shima, M.; Lehle, M.; Shapiro, A.; Chebon, S.; Fukutake, K.; Key, N.S.; Portron, A.; Schmitt, C.; Podolak-Dawidziak,
M.; et al. Efficacy, safety, and pharmacokinetics of emicizumab prophylaxis given every 4 weeks in people with haemophilia A
(HAVEN 4): A multicentre, open-label, non-randomised phase 3 study. Lancet Haematol. 2019, 6, €295-€305. [CrossRef]
Coppola, A.; Castaman, G.; Santoro, R.C.; Mancuso, M.E.; Franchini, M.; Marino, R.; Rivolta, G.F,; Santoro, C.; Zanon, E,;
Sciacovelli, L.; et al. Management of patients with severe haemophilia a without inhibitors on prophylaxis with emicizumab:
AICE recommendations with focus on emergency in collaboration with SIBioC, SIMEU, SIMEUP, SIPMeL and SISET. Haemophilia
2020, 26, 937-945. [CrossRef]

Levy, G.G.; Asikanius, E.; Kuebler, P.; Benchikh El Fegoun, S.; Esbjerg, S.; Seremetis, S. Safety analysis of rFVIIa with emicizumab
dosing in congenital hemophilia A with inhibitors: Experience from the HAVEN clinical program. J. Thromb. Haemost. 2019, 17,
1470-1477. [CrossRef]

Castaman, G.; Santoro, C.; Coppola, A.; Mancuso, M.E.; Santoro, R.C.; Bernardini, S.; Pugliese, ER.; Lubrano, R.; Golato, M.;
Tripodi, A.; et al. Emergency management in patients with haemophilia A and inhibitors on prophylaxis with emicizumab: AICE
practical guidance in collaboration with SIBioC, SIMEU, SIMEUP, SIPMeL and SISET. Blood Transfus. 2020, 18, 143-151.
Callaghan, M.U.; Negrier, C.; Paz-Priel, I.; Chang, T.; Chebon, S.; Lehle, M.; Mahlangu, J.; Young, G.; Kruse-Jarres, R.; Mancuso,
M.E,; et al. Long-term outcomes with emicizumab prophylaxis for hemophilia A with or without FVIII inhibitors from the
HAVEN 1-4 studies. Blood 2021, 137, 2231-2242. [CrossRef] [PubMed]

Kruse-Jarres, R.; Peyvandi, F.; Oldenburg, J.; Chang, T.; Chebon, S.; Doral, M.Y.; Croteau, S.E.; Lambert, T.; Kempton, C.L.; Pipe,
S.W.; et al. Surgical outcomes in people with hemophilia A taking emicizumab prophylaxis: Experience from the HAVEN 1-4
studies. Blood Adv. 2022, 6, 6140-6149. [CrossRef] [PubMed]

McCary, I.; Guelcher, C.; Kuhn, J.; Butler, R.; Massey, G.; Guerrera, M.E,; Ballester, L.; Raffini, L. Real-world use of emicizumab in
patients with haemophilia A: Bleeding outcomes and surgical procedures. Haemophilia 2020, 26, 631-636. [CrossRef] [PubMed]
Lewandowska, M.; Randall, N.; Bakeer, N.; Maahs, J.; Sagar, J.; Greist, A.; Shapiro, A.D. Management of people with haemophilia
a undergoing surgery while receiving emicizumab prophylaxis: Real-world experience from a large comprehensive treatment
centre in the US. Haemophilia 2021, 27, 90-99. [CrossRef]

Jiménez-Yuste, V.; Rodriguez-Merchan, E.C.; Matsushita, T.; Holme, P.A. Concomitant use of bypassing agents with emicizumab
for people with haemophilia A and inhibitors undergoing surgery. Haemophilia 2021, 27, 519-530. [CrossRef] [PubMed]

Swan, D.; Paran, S.; Nolan, B. Port removal in patients receiving emicizumab prophylaxis: A single centre experience and review
of the literature. Haemophilia 2022, 28, 42-45. [CrossRef]

Santagostino, E.; Lentz, S.R.; Misgav, M.; Brand, B.; Chowdary, P,; Savic, A,; Kilinc, Y.; Amit, Y.; Amendola, A.; Solimeno, L.P.; et al.
Safety and efficacy of turoctocog alfa (NovoEight®) during surgery in patients with haemophilia A: Results from the multinational
guardian clinical trials. Haemophilia 2015, 21, 34—40. [CrossRef]

Schulman, S.; Angeras, U.; Bergqvist, D.; Eriksson, B.; Lassen, M.R ; Fisher, W.; Subcommittee on Control of Anticoagulation of
the Scientific and Standardization Committee of the International Society on Thrombosis and Haemostasis. Definition of major
bleeding in clinical investigations of antihemostatic medicinal products in surgical patients. J. Thromb. Haemost. 2010, 8, 202-204.
[CrossRef]

Miiller, J.; Pekrul, I; Potzsch, B.; Berning, B.; Oldenburg, J.; Spannagl, M. Laboratory monitoring in emicizumab-treated persons
with hemophilia A. Thromb. Haemost. 2019, 119, 1384-1393. [CrossRef]

Frusconi, S.; Passerini, I.; Girolami, F; Masieri, M.; Linari, S.; Longo, G.; Morfini, M.; Torricelli, F. Identification of seven novel
mutations of F8C by DHPLC. Hum. Mutat. 2002, 20, 231-232. [CrossRef]

Barg, A.A.; Budnik, I.; Avishai, E.; Brutman-Barazani, T.; Bashari, D.; Misgav, M.; Lubetsky, A.; Kuperman, A.A.; Livnat, T,;
Kenet, G. Emicizumab prophylaxis: Prospective longitudinal real-world follow-up and monitoring. Haemophilia 2021, 27, 383-391.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/S2352-3026(19)30054-7
http://doi.org/10.1111/hae.14172
http://doi.org/10.1111/jth.14491
http://doi.org/10.1182/blood.2020009217
http://www.ncbi.nlm.nih.gov/pubmed/33512413
http://doi.org/10.1182/bloodadvances.2022007458
http://www.ncbi.nlm.nih.gov/pubmed/35939785
http://doi.org/10.1111/hae.14005
http://www.ncbi.nlm.nih.gov/pubmed/32311809
http://doi.org/10.1111/hae.14212
http://doi.org/10.1111/hae.14322
http://www.ncbi.nlm.nih.gov/pubmed/33988293
http://doi.org/10.1111/hae.14459
http://doi.org/10.1111/hae.12518
http://doi.org/10.1111/j.1538-7836.2009.03678.x
http://doi.org/10.1055/s-0039-1692427
http://doi.org/10.1002/humu.9052
http://doi.org/10.1111/hae.14318
http://www.ncbi.nlm.nih.gov/pubmed/33892524

	Introduction 
	Patients and Methods 
	Data Analyses 

	Results 
	Patient Characteristics and Surgery Overview 
	Surgeries in PWSHA and Inhibitors 
	Surgeries in PWSHA without Inhibitors 

	Discussion 
	References

