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Abstract Background Activated prothrombin complex concentrate (aPCC) is indicated for
bleed treatment and prevention in patients with hemophilia with inhibitors. The safety
and tolerability of intravenous aPCC at a reduced volume and faster infusion rates were
evaluated.
Methods This multicenter, open-label trial (NCT02764489) enrolled adults with
hemophilia A with inhibitors. In part 1, patients were randomized to receive three
infusions of aPCC (85�15 U/kg) at 2 U/kg/min (the approved standard rate at the time
of the study), in a regular or 50% reduced volume, and were then crossed over to
receive three infusions in the alternative volume. In part 2, patients received three
sequential infusions of aPCC in a 50% reduced volume at 4 U/kg/min and then at
10 U/kg/min. Primary outcome measures included the incidence of adverse events
(AEs), allergic-type hypersensitivity reactions (AHRs), infusion-site reactions (ISRs), and
thromboembolic events.
Results Of the 45 patients enrolled, 33 received aPCC in part 1 and 30 in part 2. In
part 1, 24.2 and 23.3% of patients with regular and reduced volumes experienced AEs,
respectively; 11 AEs in eight patients were treatment related. AHRs and ISRs occurred in
four (12.1%) and two (6.1%) patients, respectively. In part 2, 3.3 and 14.3% of patients
with infusion rates of 4 and 10 U/kg/min experienced AEs, respectively; only one AE in
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Introduction

Congenital hemophilia is a rare, X-linked bleeding disorder
characterized by a deficiency in coagulation factor VIII (FVIII;
hemophilia A) or factor IX (hemophilia B).1 The partial or
total absence of these factors results in spontaneous bleeding
episodes, which occur primarily in joints, muscles, and, less
commonly, soft tissues, as well as excessive bleeding follow-
ing trauma or surgery.1

Patients with hemophilia A can be treated with clotting
factor concentrates or nonfactor therapies.1 Approximately
30% of patients with severe hemophilia A treated with
clotting factor concentrates develop antibodies, also referred
to as inhibitors, against these products, which results in their
neutralization and loss of function.1,2 The development of
inhibitors remains the most serious complication associated
with hemophilia treatment.3,4 Resistance to factor replace-
ment therapy predisposes patients to increased morbidity
and mortality, including an increased need for orthopedic
surgery and a reduced health-related quality of life, com-
pared with patients without inhibitors.1,5,6

Bypassing agents (BPAs), such as activated prothrombin
complex concentrate (aPCC) and recombinant activated fac-
tor VII (rFVIIa), can be used for the management of acute
bleeds or surgeries in patients with hemophilia with inhib-
itors.1,7Both aPCC and rFVIIa can also be used for prophylaxis
to prevent bleeding complications in these patients, al-
though at the time of writing, only aPCC is U.S. Food and
Drug Administration-approved for this indication.8–12 The
nonfactor therapy emicizumab is also approved for bleed
prevention in patients with hemophilia A with or without
inhibitors, but not for the treatment of acute bleeds.1

aPCC is indicated for controlling and preventing bleeding
episodes, perioperative management, and routine prophy-
laxis to prevent or reduce the frequency of bleeding episodes
in patientswith congenital hemophiliawith inhibitors.12 The
approved dosage for routine prophylaxis is 85 U/kg every
other day (dose strength [regular volume of sterile water]:
500U [10mL], 1,000U [20mL], or 2,500U [50mL]¼50U/mL)
at the standard infusion rate, which was 2 U/kg/min at the
time of this study.12,13 Despite this, a study of real-world
aPCC use in patients with congenital hemophilia with inhib-
itors found that, in routine clinical practice, patients received
aPCC at a faster mean infusion rate of 3.8 U/kg/min.13 When
considered together with the time-consuming nature of
frequent intravenous infusions,1 these real-world findings
highlight the need for an optimized approach to administer-
ing aPCC in patients with hemophilia with inhibitors.

In this trial, we evaluated the tolerability and safety of
intravenously administered aPCC in a 50% reduced volume at

an infusionrateof2U/kg/minandat increased infusionratesof
4 and10U/kg/min inpatientswithhemophiliawith inhibitors.

Methods

Study Design and Procedures
This was a two-part, phase 3b/4, prospective, multicenter,
open-label, randomized, crossover trial in adults with
hemophilia with inhibitors (ClinicalTrials.gov identifier:
NCT02764489; EudraCT identifier: 2015-005781-39). The
study was conducted at 18 study centers in eight countries
inAfrica, Asia, andEurope, andpatientswere enrolled for up to
11 weeks. An independent ethics committee reviewed and
approved thefinal protocol and four amendments. All patients
providedwritten informed consent to participate in the study,
at which point they were considered enrolled. The study was
conducted in accordance with the Declaration of Helsinki.

In part 1, patients were centrally randomized (1:1) to
receive either three infusions of aPCC (85�15 U/kg) recon-
stituted in a regular volumeof sterilewater followedby three
infusions of aPCC in a 50% reduced volume (sequence A), or
three infusions of aPCC (85�15 U/kg) reconstituted in a 50%
reduced volume followed by three infusions of aPCC in a
regular volume (sequence B; ►Fig. 1). All infusions in part 1
were given at a rate of 2 U/kg/min. In part 2, patients who
received at least two of the three infusions in each sequence
in part 1 and who reported no safety issues received three
sequential (nonrandomized) infusions of aPCC (85�15U/kg)
in a 50% reduced volume infused at 4 U/kg/min and then
subsequently at 10 U/kg/min if no safety issues were
detected. Infusionswere administered every 48 hours during
both parts of the study using intravenous infusion pumps to
standardize the administration of aPCC. After each infusion,
patients were observed for at least 30minutes at the study
site. There was no washout period before the study started,
betweenparts 1 and 2, or between anyof the infusions. Given
that the study included changes to the infusion volume and
rate, blinding was not feasible.

Patients were considered to have completed the study
when they had completed all procedures according to the
protocol. Study completion or termination visits were per-
formed in the 7 days (but no sooner than 72hours) after the
final protocol-defined infusion for patients who completed
the study or after the last infusion for those who discon-
tinued treatment, respectively.

Patients
Patients were eligible for this study if they were aged 18
to 65 years and had hemophilia A or B of any severity,

one patient was treatment related; no AHRs or ISRs were reported. Most AEs were
mild/moderate in severity. Overall, no thromboembolic events were reported.
Conclusions aPCC was well tolerated at a reduced volume and faster infusion rates,
with safety profiles comparable to the approved regimen.
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with a documented history (�3 months) of inhibitors
(�0.6 Bethesda units) requiring the use of BPAs (aPCC or
rFVIIa) before screening (inhibitor levels were tested at
screening if no documented history was available). In addi-
tion, patients were required to have a negative hepatitis C
virus result or a positive hepatitis C result with stable liver
disease; and a negative human immunodeficiency virus
(HIV) result or a positive HIV result with stable disease
and a cluster of differentiation 4 count of at least 200
cells/mm3 at screening. Critical exclusion criteria were the
following: known hypersensitivity to aPCC or any of its
components; advanced liver disease; planned elective sur-
gery during participation in this study (excluding minor
procedures that would not need preventive bleeding treat-
ments, such as exchanges of peripherally inserted central
catheters); platelet count of less than 100,000/µL; receiving
emicizumab for bleed prevention; clinical or laboratory
evidence of disseminated intravascular coagulation; and
history or current evidence of thromboembolic events.

Concomitant medications permitted during the study
included any medication deemed necessary by the patient’s
physician to treat or prevent a medical condition. Antifibri-
nolytics were prohibited within approximately 6 to 12hours
of administration of aPCC. Concomitant use of rFVIIa was
avoided, except when used to treat breakthrough bleeding
that did not respond to aPCC. Use of emicizumab, any
immunomodulatory agent, or any investigational drug or
devicewas not permitted. Additional inclusion and exclusion
criteria are provided in ►Supplementary Material S1.

Outcome Measures
The primary outcome measures were the occurrence of any
adverse events (AEs), allergic-type hypersensitivity reactions
(AHRs), infusion-site reactions (ISRs), thromboembolic
events, AEs leading to study discontinuation, and changes
in vital signs and laboratory parameters that were consid-
ered AEs. Each AE was categorized according to treatment
(infusion volume and rate) and evaluated by the investigator
for its seriousness, severity, and causal relationship to aPCC
or study procedures. AEs could be considered related to both

aPCC administration and study procedures. AEs were coded
according to the Medical Dictionary for Regulatory Activities
version 24.1.

Exploratory outcome measures included monitoring of
pre- (�60minutes before) and postinfusion (0.5, 1, 2, 6, 8,
and 12hours after) activity of coagulation factor II (FII).
Patient treatment preferenceswere evaluated after infusions
3, 6, 9, and 12/up to study completion or the study termina-
tion visit, using the 9-item Treatment Satisfaction Question-
naire for Medication (TSQM-9)14 and a patient preference
questionnaire. The TSQM-9 is a validated instrument devel-
oped to assess patient satisfaction with medication in three
domains: effectiveness, convenience, and global satisfaction.
TSQM-9 scores for each of the domains were graded on a
scale from 1 to 100, with higher scores indicating greater
satisfaction.14 The patient preference questionnaire con-
sisted of two questions with a 7-point Likert satisfaction
scale (from “extremely satisfied” to “extremely dissatisfied”),
which assessed patient satisfaction with infusion times and
ease of fitting the treatment into their schedules. All
responses were recorded in case report forms and presented
in summary figures.

Statistical Analyses
A planned sample size of at least 24 evaluable patients was
determined by considering available patients and was not
based on statistical power calculations. Evaluable patients
were all patients who received at least two infusions per
sequence in part 1 and at least two infusions per infusion rate
in part 2. To allow for a nonevaluable rate of 25%, we aimed to
enroll at least 32 patients.

All statistical analyses for this study were descriptive.
Patients were evaluated according to the treatment (infusion
volume and rate) received. The safety analysis set included all
patients who received at least one dose of aPCC. All safety
analyses, as well as the analyses based on the TSQM-9 and
patient preference questionnaire were performed on the
safety analysis set. The full analysis set comprised all patients
whowere randomized to study treatment in part 1, received
at least one dose of aPCC, had a pre-infusion FII level

Fig. 1 Study design. Patients were required to have received at least two of the three infusions in each sequence in part 1 to be eligible for part 2.
aPCC was supplied at 85� 15 U/kg and reconstituted in sterile water for infusion. aPCC, activated prothrombin complex concentrate.
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measurement, and had at least two postinfusion results for
the same administration of infusion 1, 3, 4, 6, 9, or 12. The
analyses based on FII activity levels were performed on the
full analysis set.

Primary outcome measures were presented in summary
tables. Responses to global satisfaction and convenience
scores based on the TSQM-9 were presented in summary
figures. Owing to uncertainty around prior dosing or steady
state and the unknown clinical relevance of FII as amarker for
aPCC, FII activity levels were analyzed as a standardized
increase from the corresponding predose levels. The stan-
dardized increase was calculated using the following
formula:

where Ct¼ the FII level at time point t, Cpre¼ the correspond-
ing predose level, and dose¼ the weight-adjusted dose.

The time-averaged standardized increase (TASI) in FII
activity levels up to 48hours after infusion was calculated
based on the area under the curve (AUC) of the standardized
increase up to 48 hours as:

For calculation of AUC0–48h, the FII activity level at exactly
48 hours was log-linearly interpolated from the two nearest
sampling points from the same FII activity level profile for
calculating the standardized increase at exactly 48hours.

Inpart1of thestudy, a linearmixed-effectsmodelwasused,
modeling the sequence, infusion number, and volume as fixed
effects, and patient nested within the sequence as a random
effect, to estimate a potential impact of infusion volume
(regular and reduced) at an infusion rate of 2 U/kg/min on
the TASI in FII activity levels up to 48hours after infusion. For
part 2 of the study, a linear mixed-effects model was used,
modeling the infusion rate as a fixed effect and the patient as a
randomeffect, toestimate thepotential impactof infusion rate
(4 and 10 U/kg/min) at the 50% reduced volume on the TASI in
FII activity levels up to 48hours after infusion.

Treatment adherence regarding the infusion volume was
calculated as the number of infusions within 10% of the
required infusion volume divided by the total number of
administered infusions. Treatment compliance regarding the
infusion rate was calculated as the number of infusions that
were not interrupted and were within 10% of the planned
infusion rate, divided by the total number of administered
infusions that were not interrupted. Finally, treatment com-
pliance regarding the infusion dose was calculated as the
number of infusions within the recommended dose of
85�15 U/kg, divided by the total number of administered
infusions.

Results

Baseline Demographics and Clinical Characteristics
In total, 45 patients were screened and enrolled in the study
between February 12, 2019, and December 27, 2021. Of

these, 12 patients (26.7%) discontinued the study before
receiving the first infusion of aPCC, mainly owing to screen-
ing failure (►Supplementary Fig. S1). Of the 33 patients who
received at least one dose of aPCC, 30 (90.9%) completed
part 1 of the study, of whom 28 (93.3%) completed part 2 of
the study. Three patients discontinued the study during
part 1 owing to either an AE (n¼2; drug hypersensitivity
and severe hypersensitivity) or patient withdrawal (n¼1).
Two patients prematurely discontinued the study in part 2,
one owing to an AE of increased fibrin D-dimer and one
based on the physician’s decision (►Supplementary Fig. S1).
Mean treatment compliance across both parts of the study
regarding infusion volume, rate, and dose was generally
over 90%, except for mean treatment compliance regarding
the infusion rate of 2 U/kg/min at the regular volume
(86.5%).

Baseline demographics and clinical characteristics are pre-
sented in►Table 1. Themean (standard deviation [SD]) age of
the patients was 35.4 (11.9) years, and all the patients were
male. The mean (SD) past annualized bleed rate was 8.5 (9.6).
All thepatientshadcongenital hemophiliaAwith inhibitors; in
most cases, this was severe (87.9% [29/33]). Median FVIII
inhibitor levels were 14.4 Bethesda units. The mean (SD)
baseline FII activity level was 1.2 (0.2) IU/mL. A total of 17
patients (51.5%) had a negative result for hepatitis C and all the
patients had a negative result for HIV. Medical history data
were reported for 30 patients (90.9%). The most frequently
reported conditions (in more than two patients) were hemo-
philic arthropathy (n¼7, 21.2%), hemarthrosis (n¼5, 15.2%),
hypertension (n¼5, 15.2%), andhepatitis C (n¼4, 12.1%).Nine
patients (27.3%) had received BPAs (aPCC or rFVIIa) in the
3weeksbefore screening, and23patients (69.7%) had received
BPAs in the 12 months before screening.

Primary Safety Outcomes

Summary of AEs
Overall, 33 AEs were reported in 15 patients (45.5%)
during the study; of these, 12 AEs in nine patients (27.3%)
were related to administrationofaPCC. Themaximumseverity
for all AEs was mild or moderate in most patients
(80.0%; ►Table 2). A summary of AEs by system organ class
is presented in ►Supplementary Table S1. No thromboem-
bolic events were reported in either part 1 or part 2 of the
study.

In part 1 of the study, AEs were reported in eight patients
(24.2%) receiving the regular volume at 2 U/kg/min; none of
these AEs was reported in more than one patient. A total of
seven patients (23.3%) receiving the 50% reduced volume at
2 U/kg/min in part 1 experienced AEs; the most commonly
reported AEs were arthralgia (n¼3, 10.0%) and headache
(n¼2, 6.7%). In part 2 of the study (patientswho had received
at least two of the three infusions in each sequence in part 1
and who reported no safety issues), only one patient (3.3%)
receiving the 50% reduced volume at 4U/kg/min experienced
an AE (viral infection [reported by the investigator as viral
fever]; the patient received acetaminophen as treatment).
Four patients (14.3%) receiving the 50% reduced volume at
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10 U/kg/min in part 2 experienced AEs; the most commonly
reported AE was arthralgia (n¼2, 7.1%).

AEs Leading to Study Discontinuation
Three AEs leading to study discontinuation were reported in
three patients (9.1%). Thesewere all reported during part 1 of
the study, in two patients (6.1%) receiving the regular volume
at 2 U/kg/min (moderate drug hypersensitivity, considered
possibly related to the study drug, and severe hypersensitiv-
ity, considered probably related to the study drug) and
one patient (3.3%) receiving the 50% reduced volume at
2U/kg/min (severe increased fibrin D-dimer, considered
probably related to study drug).

AEs Considered as AHRs and ISRs
Five AEs considered to be AHRs were observed in four
patients (12.1%) during the study. In part 1 of the
study, three patients (9.1%) receiving the regular volume at
2 U/kg/min experienced four events (two mild, one moder-
ate, and one severe), and one patient (3.3%) receiving the 50%
reduced volume at 2 U/kg/min experienced one mild event.
In part 2 of the study, no AEs considered to be AHRs were
reported. A total of two patients (6.1%) in the study experi-
enced three AEs considered to be ISRs. In part 1 of the
study, two patients (6.1%) receiving the regular volume at
2 U/kg/min experienced two events (moderate drug hyper-
sensitivity and mild injection-site swelling), and one patient
(3.3%) receiving the 50% reduced volume at 2 U/kg/min
experienced one event (moderate thrombophlebitis). No
AEs considered to be ISRs were reported in part 2 of the
study.

Changes in Laboratory Parameters and Vital Signs
Considered as AEs
No AEs associated with clinical chemistry or hematology
laboratory abnormalities were reported. Two patients expe-
rienced two AEs associated with changes in coagulation
parameters (increased fibrin D-dimer, considered probably
related to the study drug, and muscle hemorrhage, consid-
ered unlikely to be related to the study drug). Both AEs
occurred when patients received the regular volume at
2 U/kg/min and the 50% reduced volume at 2 U/kg/min.
The AE of increased fibrin D-dimer was observed when the
patient was due to receive their fourth dose of aPCC (after
receiving two doses andmissing the third dose of aPCC in the
regular volume at 2 U/kg/min, and before receiving their first
dose of aPCC in the 50% reduced volume at 2 U/kg/min). The
patient tested positive for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antibodies 11 days after the AE
was reported; the patient discontinued the study 2 weeks
after the positive test result. The outcome of the AE was
unknown at the last follow-up. The AE ofmuscle hemorrhage
was a psoas bleed that was observed 5 days after the patient
received their first dose of aPCC (3 days after their last doseof
aPCC); study treatment was interrupted and the patient
recovered from the bleed. In addition, a vital sign abnormality
of increased systolic pressure that was considered possibly
related to treatment by the investigator was reported in one
patient who received the 50% reduced volume at 10 U/kg/min.

Additional Safety Outcomes

Serious AEs
Overall, no deaths were reported in either part 1 or part 2 of
the study. Four serious AEs (SAEs) were reported in four
patients (12.1%) during the study (►Table 3). In part 1 of the
study, three patients (9.1%) receiving the regular volume at
2 U/kg/min experienced three events (epilepsy, drug hyper-
sensitivity, and hypersensitivity), and one patient (3.3%)
receiving the 50% reduced volume at 2U/kg/min experienced
one event (muscle hemorrhage). No SAEs were reported in
part 2 of the study. Two patients who received the regular

Table 1 Baseline demographics and clinical characteristics
(safety analysis set)

Baseline demographic or
characteristic

Total population
(n¼33)

Age, y, mean (SD) 35.4 (11.9)

Minimum, maximum 18, 60

Male sex, n (%) 33 (100)

Race, n (%)

Asian 17 (51.5)

Indian 8 (47.1)

Othera 9 (52.9)

White 16 (48.5)

Ethnicity, n (%)

Hispanic or Latino 2 (6.1)

Not Hispanic or Latino 31 (93.9)

Height, cm, mean (SD) 169.1 (7.7)

Weight, kg, mean (SD) 67.5 (12.9)

BMI, kg/m2, mean (SD) 23.6 (4.3)

Past annualized bleed rate, mean (SD) 8.5 (9.6)

Congenital hemophilia A, n (%) 33 (100)

Hemophilia type and severity,b n (%)

Hemophilia A, moderate 4 (12.1)

Hemophilia A, severe 29 (87.9)

Karnofsky index score, %, mean (SD) 80.6 (9.0)

Factor II activity, IU/mL, mean (SD) 1.2 (0.2)

Hepatitis C, n (%)

Positive 15 (45.5)

Negative 17 (51.5)

Indeterminate 1 (3.0)

Platelet count, 109/L, mean (SD) 261.5 (81.4)

HIV negative, n (%) 33 (100)

Abbreviations: BMI, body mass index; HIV, human immunodeficiency
virus; n, number of patients; SD, standard deviation.
Note: Baseline is defined as the last nonmissing result before the first
administration of activated prothrombin complex concentrate.
aOther patients were of Malaysian or Thai race.
bModerate hemophilia A: factor VIII activity, 1 to 5%; severe hemophilia A:
factor VIII activity, <1%.1
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volume at 2 U/kg/min experienced two SAEs considered
either possibly or probably related to aPCC administration
(drug hypersensitivity and hypersensitivity, respectively).

AEs Related to Study Drug
In total, 12 AEs in nine patients (27.3%) were considered
related to aPCC. In part 1 of the study, aPCC-related AEs were
experienced by four patients (12.1%) receiving the regular
volume at 2 U/kg/min and by four patients (13.3%) receiving
the 50% reduced volume at 2 U/kg/min. In part 2 of the study,
no AEswere considered related to aPCCwith the 50% reduced
volume at 4 U/kg/min. One patient (3.6%) receiving the 50%
reduced volume at 10 U/kg/min had an aPCC-related AE (not
related to administration).

AEs Related to Study Procedures
Nine AEs related to study procedures were reported in six
patients (18.2%) during the study. In part 1 of the study, AEs
related to study procedures were experienced by three
patients (9.1%) receiving the regular volume at 2 U/kg/min
and by four patients (13.3%) receiving the 50% reduced
volume at 2 U/kg/min. No AEs related to study procedures
were reported in part 2 of the study.

Local and systemic AEs and those that were tem-
porally associated or potentially related are shown in
►Supplementary Table S2.

Exploratory Outcome Measures
No clinically meaningful differences were observed for the
TASI in FII activity levels up to 48 hours after infusion
between the regular volume and the 50% reduced volume
in part 1 (p¼0.908; ►Supplementary Fig. S2A) or between
the increased rates of 4 U/kg/min and 10 U/kg/min in part 2
(p¼0.411; ►Supplementary Fig. S2B).

In part 1 of the study, there were more substantial
decreases from baseline in TSQM-9 global satisfaction scores
for sequenceA than for sequence B after infusion 3 andbefore
infusion 4 (mean [SD], A: �9.18 [25.44]; B: 0.45 [19.25]) and
after infusion 6 and before infusion 7 (mean [SD], A: �3.85
[16.40]; B: 0.89 [11.33]; ►Fig. 2A). In part 2 of the study,
changes from baseline in mean TSQM-9 global satisfaction
scores were similar when aPCC was administered in a 50%
reduced volume at 4 U/kg/min and in a 50% reduced volume
at 10 U/kg/min. In addition, decreases from baseline in mean
TSQM-9 convenience scores were generally similar between
sequence A and sequence B in part 1, as well as between the
increased rates of 4 and 10 U/kg/min in part 2 (►Fig. 2B).

At least 60% of patients reported in the patient preference
questionnaire that they were “satisfied,” “very satisfied,” or
“extremely satisfied” with the time taken to infuse aPCC
throughout the study, with the highest satisfaction (82.1%)
observed during part 2 after administration of aPCC in a 50%
reduced volume at 4 U/kg/min (►Supplementary Fig. S3A).
Satisfaction levels for the ease of fitting the treatment
into the patient’s schedule were highest after administration
of aPCC in a regular volume at 2 U/kg/min (78.6%) and
after administration of aPCC in a 50% reduced volume at
4 U/kg/min (75.0%; ►Supplementary Fig. S3B).

Discussion

Management of bleeding in patients with hemophilia is
significantly more challenging in those who develop inhib-
itors than in those who do not.1 With the development of
nonfactor therapies, the treatment landscape for patients
with inhibitors is evolving; however, there is a continued
need for BPAs (aPCC and rFVIIa) for the treatment of break-
through bleeds and perioperative management.1 In this
study, we examined the safety and tolerability of adminis-
tration of aPCC in a 50% reduced volume at the indicated
infusion rate (2 U/kg/min at the time of the study)12 and at
faster infusion rates (4 and 10 U/kg/min) in patients with
hemophilia A with inhibitors. Previous studies in patients
with hemophilia with inhibitors have demonstrated that
aPCC is well tolerated at the approved infusion volume and
speed.12 We found that aPCC was also well tolerated using
the adapted dosing regimens, with safety profiles compara-
ble to the approved infusion volume and speed.

Most AEs reported were mild or moderate in severity.
Only two SAEs were considered either possibly or probably
related to aPCC administration (drug hypersensitivity
and hypersensitivity, respectively), both of which were
reported in patients who received aPCC in a regular volume
at 2 U/kg/min and led to study discontinuation. Both patients
recovered from these SAEs. No thromboembolic events were
reported during our study. This is consistent with previous
studies showing that the incidence of thromboembolic
events in patients receiving aPCC at the approved infusion
volume and speed is very low (4–8 events per 100,000
infusions).2,12,15,16 Moreover, global real-world evidence
from 71 patients with congenital hemophilia with inhibitors
demonstrated that a faster infusion rate of 3.8 U/kg/min,
which is routinely used in clinical practice, did not increase
the incidence of thromboembolic events.13 The incidence of
AHRs and ISRs observed in our studywas also similar to real-
world evidence of aPCC use.2

Administration of aPCC using a reduced volume and faster
infusion rate could help reduce the treatment burden for
patients with hemophilia A with inhibitors, which is in-
creased when compared with patients without inhibi-
tors.1,17 Treatment adherence has often represented a
challenge in patients with hemophilia with inhibitors, due
in part to the frequency of administration required for
prophylaxis and the perceived burden of intravenous infu-
sions.1 Indeed, the transition from pediatric to adult care can
exacerbate this perception, with increased infusion time
arising from increased body weight and as patients develop
the skills required for self-infusion.1 A reduced infusion time
also has clear potential benefits in acute clinical settings,
such as on-demand treatment and surgical management.13

In patients with inhibitors, even those who are receiving
nonfactor therapy require BPAs for the treatment of break-
through bleeds and the management of perioperative hemo-
stasis.1 During acute bleeding episodes in patients with
hemophilia A with inhibitors, prompt treatment is critical.1

Thus, a reduced time to administer aPCC through a reduced
infusion volume and an increased infusion rate could result
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in an improved hemostatic effect, which for hemarthroses is
associated with lower pressure in the bleeding joint, reduced
irondeposition, andadecreased riskofcartilagedestruction.18

Hemophilia is associated with substantial psychological
and economic burdens for patients and their caregivers.19 In
addition to reducing the treatment burden and improving
adherence, optimizing the administration of aPCC could also
benefit various other aspects of the lives of patients with

hemophilia A with inhibitors, including the overall health-
related quality of life of patients and caregivers.1,20,21During
our study, more than 60% of patients reported that theywere
“satisfied,” “very satisfied,” or “extremely satisfied”with the
time taken to infuse aPCC throughout the study. Patient
satisfaction was relatively similar with different infusion
volumes and rates, which may reflect the clinical trial
setting.

Fig. 2 Summary of (A) global satisfaction and (B) convenience scores on the TSQM-9 (safety analysis set). Data are shown as the mean (SD)
change from baseline in the score. Baseline is defined as the last nonmissing result before the first administration of aPCC. TSQM-9 scores
were graded on a scale from 0 to 100, with higher scores indicating greater satisfaction. In part 1, patients in sequence A received aPCC in the
regular volume first (infusions 1–3), then in the 50% reduced volume (infusions 4–6). Patients in sequence B received aPCC in the 50% reduced
volume first (infusions 1–3), then in the regular volume (infusions 4–6). aPCC, activated prothrombin complex concentrate; n, number of
patients; SD, standard deviation; TSQM-9, 9-item Treatment Satisfaction Questionnaire for Medication.
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aPCC promotes hemostasis through enhanced thrombin
generation from FII (prothrombin).22,23 Monitoring of pre-
and postinfusion FII activity levels as amarker of coagulation
was an exploratory objective of this study. No notable differ-
ences in the change in FII activity levels were observed
between the different aPCC dosing regimens.

The limitations of this study include the short duration
and lack of blinding to treatment. However, blinding was not
practical owing to the inherent nature of the crossover study
design and the need to infuse aPCC accurately at specific
volumes and rates. It is also worth noting that patients who
progressed to part 2 of the study were from a select group of
patients who had received at least two of the three infusions
in each sequence in part 1 and had reported no safety issues.
In addition, this study considered only the global satisfaction
and convenience domains of the TSQM-9 questionnaire.
These domainswere selected because they include questions
that capture patients’ unpleasant experiences with a medi-
cation and because the convenience domain has the stron-
gest association with treatment adherence.14 Although
hematologic laboratory tests were performed to determine
parameters such as fibrin D-dimer levels in our study,
thrombin generation assays were not conducted.

The strengths of our study include the robust crossover
design, which enabled four different combinations of infu-
sion volumes and rates to be assessed; the prospective,
multicenter nature of the study; use of the approved infusion
volume and rate as a benchmark for safety profile data12; and
use of the TSQM-9 (an instrument that has previously been
validated in patients with hemophilia A) to assess patient
satisfaction.24 Moreover, the time taken to infuse aPCC was
shortened up to fivefold when administered at the infusion
rate of 10 U/kg/min. Finally, our study addressed a key
challenge in hemophilia A—the optimized treatment of
patients with inhibitors—and has potential implications for
improving treatment efficiency and satisfaction in clinical
practice.

Conclusions

In this study, aPCCwaswell toleratedwhen administered in a
50% reduced volume and at faster infusion rates (4 and
10 U/kg/min), with safety profiles similar to the approved
infusion volume and rate.12 Overall, these data provide
support for the adaptation of aPCC administration, with
the potential to reduce the treatment burden for patients
with hemophilia Awith inhibitors, as well as their caregivers
and physicians.
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Funding
This study was funded by Baxalta US, Inc., and Baxalta
Innovations GmbH (a Shire company), both nowmembers
of the Takeda group of companies.

Conflict of Interest
B.Z. has received research funding from Pfizer and Sobi;
and honoraria for advisory boards from Genveon, Novo
Nordisk, Pfizer, Roche, Sobi, and Takeda. J.M. has received
research funding from BioMarin, CSL Behring, Novo Nor-
disk, Roche, Sobi, and Unique Pharma; is a scientific
advisory committee member for Baxalta, Catalyst Bio-
sciences, CSL Behring, Novo Nordisk, Roche, and Spark
Therapeutics; and has received speaker and travel support
from the International Society on Thrombosis and Hae-
mostasis, Inc., Novo Nordisk, Pfizer, Roche, Shire, Sobi, and
the World Federation of Hemophilia. S.M.N. has received
honoraria and consultancy fees from LFB, Novo Nordisk,
Pfizer, Roche, and Takeda. C.R. and N.U. have nothing to
disclose. J.W. has received honoraria and research funding
from Alnylam Pharmaceuticals, Amgen, AstraZeneca,
Bayer, CSL Behring, LFB, Novartis, Novo Nordisk, Octa-
pharma, Pfizer, Roche, Sanofi, Shire/Takeda, Siemens,
Sobi, and Swixx BioPharma. C.E.E. has received consultan-
cy fees, honoraria, and research funding from
Baxalta/Shire, nowpart of the Takeda group of companies,
Bayer Healthcare, BioMarin, Biotest, CSL Behring, Grifols,
LFB, Novo Nordisk, Octapharma, Pfizer, Roche/Chugai, and
Sobi. B.P. is an employee of Baxalta Innovations GmbH, a
Takeda company; and is a stockholder of Takeda Pharma-
ceutical Company Limited. A.L. is an employee of Takeda
Pharmaceuticals International AG; and is a stockholder of
Takeda Pharmaceutical Company Limited. H.T.G. is an
employee of Takeda Development Center Americas, Inc.,
and is a stockholder of Takeda Pharmaceutical Company
Limited.

Acknowledgments
Medicalwriting support was provided by JoshuaDow, PhD,
of PharmaGenesis London, London, United Kingdom, and
was funded by Takeda Pharmaceuticals International AG.

References
1 Srivastava A, Santagostino E, Dougall A, et al; WFH Guidelines for

the Management of Hemophilia panelists and co-authors. WFH
guidelines for the management of hemophilia, 3rd edition. Hae-
mophilia 2020;26(Suppl 6):1–158

2 Perry D, Berntorp E, Tait C, et al. FEIBA prophylaxis in haemophilia
patients: a clinical update and treatment recommendations.
Haemophilia 2010;16(01):80–89

3 Leissinger CA. Prevention of bleeds in hemophilia patients with
inhibitors: emerging data and clinical direction. Am J Hematol
2004;77(02):187–193

4 Kempton CL, Meeks SL. Toward optimal therapy for inhibitors in
hemophilia. Hematology Am Soc Hematol Educ Program 2014;
2014(01):364–371

TH Open Vol. 8 No. 3/2024 © 2024. The Author(s).

Reduced Volume and Faster Infusion Rate of aPCC Zülfikar et al. e281



5 Ljung R, Auerswald G, Benson G, et al. Inhibitors in haemophilia A
and B: management of bleeds, inhibitor eradication and strategies
for difficult-to-treat patients. Eur J Haematol 2019;102(02):
111–122

6 DeKoven M, Karkare S, Lee WC, et al. Impact of haemophilia with
inhibitors on caregiver burden in the United States. Haemophilia
2014;20(06):822–830

7 Schultz NH, Lundblad R, Holme PA. Activated prothrombin com-
plex concentrate to reverse the factor Xa inhibitor (apixaban)
effect before emergency surgery: a case series. J Med Case Rep
2018;12(01):138

8 Novo Nordisk, Inc. Summary of product characteristics, NovoS-
even. European Medicines Agency 2006. Accessed October 24,
2023 at: https://www.ema.europa.eu/en/documents/product-in-
formation/novoseven-epar-product-information_en.pdf

9 Novo Nordisk, Inc. NOVOSEVEN® RT Coagulation Factor VIIa
(Recombinant). Prescribing information 2020. Accessed Octo-
ber 24, 2023 at: https://www.novo-pi.com/novosevenrt.pdf

10 Laboratoire Français du Fractionnement et des Biotechnologies
S.A. SEVENFACT® [coagulation factor VIIa (recombinant)-jncw].
Prescribing information 2022. Accessed October 24, 2023 at:
https://www.fda.gov/media/136610/download

11 Laboratoire Français du Fractionnement et des Biotechnologies
S.A. Summary of product characteristics, CEVENFACTA. European
Medicines Agency 2022. Accessed October 24, 2023 at: https://
www.ema.europa.eu/en/documents/product-information/
cevenfacta-epar-product-information_en.pdf

12 Baxalta US, Inc., a Takeda company. FEIBA® (anti-inhibitor coagu-
lant complex). Prescribing information 2020. Accessed August 04,
2023 at: https://www.shirecontent.com/PI/PDFs/FEIBA_USA_ENG.
pdf

13 Negrier C, Voisin S, Baghaei F, et al; FEIBA PASS Study group.
Global Post-Authorization Safety Surveillance Study: real-world
data on prophylaxis and on-demand treatment using FEIBA (an
activated prothrombin complex concentrate). Blood Coagul Fibri-
nolysis 2016;27(05):551–556

14 Bharmal M, Payne K, Atkinson MJ, Desrosiers MP, Morisky DE,
Gemmen E. Validation of an abbreviated Treatment Satisfaction
Questionnaire for Medication (TSQM-9) among patients on
antihypertensive medications. Health Qual Life Outcomes
2009;7:36

15 Ehrlich HJ, Henzl MJ, Gomperts ED. Safety of factor VIII inhibitor
bypass activity (FEIBA): 10-year compilation of thrombotic ad-
verse events. Haemophilia 2002;8(02):83–90

16 Antunes SV, Tangada S, Stasyshyn O, et al. Randomized compari-
son of prophylaxis and on-demand regimenswith FEIBANF in the
treatment of haemophilia A and B with inhibitors. Haemophilia
2014;20(01):65–72

17 Oladapo AO, Lu M, Walsh S, O’Hara J, Kauf TL. Inhibitor clinical
burden of disease: a comparative analysis of the CHESS data.
Orphanet J Rare Dis 2018;13(01):198

18 Astermark J, Donfield SM, DiMichele DM, et al; FENOC Study
Group. A randomized comparison of bypassing agents in hemo-
philia complicated by an inhibitor: the FEIBA NovoSeven Com-
parative (FENOC) Study. Blood 2007;109(02):546–551

19 O’Hara J, Hughes D, Camp C, Burke T, Carroll L, Diego DG. The cost
of severe haemophilia in Europe: the CHESS study. Orphanet J
Rare Dis 2017;12(01):106

20 Thornburg CD, Duncan NA. Treatment adherence in hemophilia.
Patient Prefer Adherence 2017;11:1677–1686

21 D’Angiolella LS, Cortesi PA, Rocino A, et al. The socioeconomic
burden of patients affected by hemophilia with inhibitors. Eur J
Haematol 2018;101(04):435–456

22 Turecek PL, Varadi K, Gritsch H, et al. Factor Xa and prothrombin:
mechanism of action of FEIBA. Vox Sang 1999;77(Suppl 1):
72–79

23 Turecek PL, Váradi K, Gritsch H, Schwarz HP. FEIBA: mode of
action. Haemophilia 2004;10(Suppl 2):3–9

24 Sun HL, Yang M, Poon MC, et al. The impact of extended half-life
factor concentrates on patient reported health outcomemeasures
in personswith hemophilia A andhemophilia B. Res Pract Thromb
Haemost 2021;5(07):e12601

TH Open Vol. 8 No. 3/2024 © 2024. The Author(s).

Reduced Volume and Faster Infusion Rate of aPCC Zülfikar et al.e282

https://www.ema.europa.eu/en/documents/product-information/novoseven-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/novoseven-epar-product-information_en.pdf
https://www.novo-pi.com/novosevenrt.pdf
https://www.fda.gov/media/136610/download
https://www.ema.europa.eu/en/documents/product-information/cevenfacta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/cevenfacta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/cevenfacta-epar-product-information_en.pdf
https://www.shirecontent.com/PI/PDFs/FEIBA_USA_ENG.pdf
https://www.shirecontent.com/PI/PDFs/FEIBA_USA_ENG.pdf

