
original article

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;18 nejm.org november 3, 20111684

Anti-Inhibitor Coagulant Complex 
Prophylaxis in Hemophilia with Inhibitors

Cindy Leissinger, M.D., Alessandro Gringeri, M.D., Bülent Antmen, M.D.,  
Erik Berntorp, M.D., Chiara Biasoli, M.D., Shannon Carpenter, M.D.,  

Paolo Cortesi, M.Sc., Hyejin Jo, M.S., Kaan Kavakli, M.D., Riitta Lassila, M.D., 
Massimo Morfini, M.D., Claude Négrier, M.D., Angiola Rocino, M.D.,  

Wolfgang Schramm, M.D., Margit Serban, M.D., Marusia Valentina Uscatescu, M.D., 
Jerzy Windyga, M.D., Bülent Zülfikar, M.D., and Lorenzo Mantovani, D.Sc.

From the Louisiana Center for Bleeding and 
Clotting Disorders, Tulane University, New 
Orleans (C.L.); Department of Medicine and 
Medical Specialties, Fonda zione IRCCS Cà 
Granda, Ospedale Maggiore Policlinico and 
Università degli Studi di Milano, Milan 
(A.G.), Hemophilia Center, Bufalini Hospi
tal, Cesena (C.B.), Research Center on Public 
Health, University of Milan–Bicocca, Monza 
(P.C., L.M.), Azienda University Hospital Ca
reggi, Florence (M.M.); and Hemophilia and 
Thrombosis Center, San Giovanni Bosco 
Hospital (A.R.), and CIRFF/Center of Phar
macoeconomics, Federico II University of 
Naples (L.M.), Naples — all in Italy; Çu
kurova University, Adana (B.A.), University 
of Ege, Children’s Hospital, Izmir (K.K.), and 
Istanbul University, Istanbul (B.Z.) — all in 
Turkey; Lund University, Malmö University 
Hospital, Malmö Center for Thrombosis and 
Hemostasis, Malmö, Sweden (E.B.); Univer
sity of Missouri–Kansas City School of Med
icine, Kansas City (S.C.); Quintiles, Rockville, 
MD (H.J.); Division of Coagulation Disor
ders, Helsinki University Central Hospital, 
Helsinki, Finland (R.L.); Hemophilia Treat
ment Center, Edouard Herriot Hospital, Uni
versity Claude Bernard, Lyon, France (C.N.); 
LudwigMaximilians University, Munich, 
Germany (W.S.); Emergency Clinic for Chil
dren, Timisoara (M.S.), and Fundeni Clinical 
Institute Center of Hematology and Bone 
Marrow Transplantation, Bucharest (M.V.U.) 
— both in Romania; and Institute of He
matology and Transfusion Medicine, War
saw, Poland (J.W.). Address reprint requests 
to Dr. Leissinger at Tulane University School 
of Medicine, 1430 Tulane Ave., New Orleans, 
LA 70112, or at cleissi@tulane.edu.

Drs. Leissinger and Gringeri contributed 
equally to this article.

N Engl J Med 2011;365:168492.
Copyright © 2011 Massachusetts Medical Society.

A BS TR AC T

Background

Patients with severe hemophilia A and factor VIII inhibitors are at increased risk for 
serious bleeding complications and progression to end-stage joint disease. Effective 
strategies to prevent bleeding in such patients have not yet been established.

Methods

We enrolled patients with hemophilia A who were older than 2 years of age, had 
high-titer inhibitors, and used concentrates known as bypassing agents for bleeding 
in a prospective, randomized, crossover study comparing 6 months of anti-inhibitor 
coagulant complex (AICC), infused prophylactically at a target dose of 85 U per kilo-
gram of body weight (±15%) on 3 nonconsecutive days per week, with 6 months of 
on-demand therapy (AICC at a target dose of 85 U per kilogram [±15%] used for 
bleeding episodes). The two treatment periods were separated by a 3-month washout 
period, during which patients received on-demand therapy for bleeding. The primary 
outcome was the number of bleeding episodes during each 6-month treatment period.

Results

Thirty-four patients underwent randomization; 26 patients completed both treatment 
periods and could be evaluated per protocol for the efficacy analysis. As compared 
with on-demand therapy, prophylaxis was associated with a 62% reduction in all 
bleeding episodes (P<0.001), a 61% reduction in hemarthroses (P<0.001), and a 72% 
reduction in target-joint bleeding (≥3 hemarthroses in a single joint during a 
6-month treatment period) (P<0.001). Thirty-three randomly assigned patients re-
ceived at least one infusion of the study drug and were evaluated for safety. One 
patient had an allergic reaction to the study drug.

Conclusions

AICC prophylaxis at the dosage evaluated significantly and safely decreased the 
frequency of joint and other bleeding events in patients with severe hemophilia A and 
factor VIII inhibitors. (Funded by Baxter BioScience; Pro-FEIBA ClinicalTrials.gov 
number, NCT00221195.)
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After exposure to factor VIII, allo-
antibodies (inhibitors) that neutralize fac-
tor VIII clotting function develop in approx-

imately 30% of patients with severe hemophilia A.1 
The development of high-titer factor VIII inhibitors 
(>5 Bethesda units [BU]) complicates treatment be-
cause bleeding no longer responds to standard fac-
tor VIII replacement.2,3 Alternative forms of clotting-
factor concentrates, known as bypassing agents, 
are used to treat bleeding in these patients.3

Two bypassing agents are currently available: 
anti-inhibitor coagulant complex (AICC) and re-
combinant activated factor VII (rFVIIa). Both agents 
control approximately 80% of bleeding episodes 
in patients with hemophilia and inhibitors.4 None-
theless, their hemostatic efficacy is difficult to 
predict and does not result in the success rates 
obtained with factor VIII replacement in patients 
who have hemophilia without inhibitors.5 Conse-
quently, patients with inhibitors are at increased 
risk for bleeding that is difficult to control.6 Poorly 
controlled hemarthroses result in the early onset of 
chronic joint disease and physical disability, which 
can substantially impair the quality of life.7

Prophylaxis, the routine scheduled replacement 
of factor VIII, is standard care for patients who 
have severe hemophilia A without inhibitors, be-
cause of its ability to prevent bleeding.8-12 How-
ever, for patients with inhibitors who have re-
fractory bleeding with serious consequences and 
who could derive an even greater benefit from 
prevention of bleeding, factor VIII prophylaxis is 
ineffective.

Although anecdotal reports13-16 have suggested 
that regular administration of AICC may prevent 
bleeding in patients with hemophilia A and fac-
tor VIII inhibitors, the efficacy of this therapeu-
tic regimen has been unproved. The Prophylaxis 
with Factor Eight Inhibitor Bypassing Activity 
(Pro-FEIBA) study was designed to compare the 
efficacy and safety of AICC prophylaxis with on-
demand therapy in this patient population.

Me thods

Study Design and Oversight

We conducted an investigator-initiated, prospec-
tive, randomized, crossover study at 16 hemophilia 
treatment centers in Europe and the United States. 
For ethical and practical reasons, patients were 
aware of the study assignments. We randomly 

assigned patients to either 6 months of on-demand 
therapy with AICC (Feiba, Baxter) or 6 months of 
AICC prophylaxis (Fig. 1). After the initial 6-month 
treatment period and a 3-month washout period, 
patients crossed over to the alternative treatment 
period. During the on-demand period, bleeding 
was treated with AICC at a target dose of 85 U per 
kilogram of body weight (±15%) (range, 72 to 98). 
For bleeding episodes that did not respond to the 
specified therapy, alternative treatment, includ-
ing additional doses of AICC, rFVIIa, or factor 
VIII, was allowed at the discretion of the treating 
physician. During the prophylaxis period, AICC 
was administered at a target dose of 85 U per 
kilogram (±15%) (range, 72 to 98) on 3 noncon-
secutive days weekly. Bleeding episodes during 
the prophylaxis period and the washout period 
were managed with the use of the on-demand 
treatment protocol. Throughout the 15-month 
study, bleeding events were self-reported and 
documented by each patient in a study log de-
scribing the time of onset and site of bleeding 
and treatment.

Safety issues were reviewed by an indepen-
dent safety monitor. The study was funded by a 
grant from Baxter BioScience, which also do-
nated the AICC. The investigators designed and 
conducted the trial, analyzed the data, and made 
the decision to submit the manuscript for publi-
cation. The study protocol, which is available 
with the full text of this article at NEJM.org, and 
the informed-consent form were approved by the 
institutional review board of each participating 
institution. Written informed consent was obtained 
from each patient. The principal investigators, who 
had unrestricted access to the data, prepared the 
manuscript with the assistance of a medical writer 
who was paid from the funds provided to the prin-
cipal investigators by Baxter BioScience for the 
performance of the study. The manuscript was 
subsequently revised by all the authors, who vouch 
for the accuracy and completeness of the reported 
data and for the fidelity of the report to the study 
protocol.

Study Participants

Patients were eligible for inclusion in the study if 
they had severe hemophilia A and a history of a 
factor VIII inhibitor titer exceeding 5 BU, were 
older than 2 years of age, were being treated with 
bypassing therapy, and had six or more episodes 

The New England Journal of Medicine 
Downloaded from nejm.org at CILEA BIBLIOSAN on November 2, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;18 nejm.org november 3, 20111686

of bleeding requiring bypassing treatment in the 
6-month period before study enrollment.

Patients were excluded from the study if they 
were receiving immune tolerance therapy or regu-
lar prophylaxis with any hemostatic agent, had 
symptomatic liver disease, had a platelet count 
of less than 100,000 per cubic millimeter, planned 
to undergo elective surgery within 12 months, 
used an investigational product within 1 month 
before study enrollment, or planned to begin treat-
ment with interferon or a protease inhibitor.

Outcome Measures

The primary efficacy measure was a significant 
reduction in bleeding events during the prophy-
laxis period as compared with the on-demand 
period in patients who completed both treatment 
periods (the per-protocol group). Secondary out-

come measures in the per-protocol group were 
reductions in episodes of joint bleeding and tar-
get-joint bleeding (defined as ≥3 hemarthroses in 
a single joint during a 6-month treatment period). 
To ensure that the per-protocol group did not 
 reflect a favorable selection bias, monthly hem-
orrhage rates were determined for all patients 
who received at least one dose of study drug (the 
intention-to-treat group), and the prophylaxis 
and on-demand periods were compared. Safety 
was assessed in all patients who received at least 
one dose of the study drug.

Statistical Analysis

The Wilcoxon signed-rank test was used to com-
pare the frequency of bleeding events between the 
prophylaxis and on-demand treatment periods. 
The Mann–Whitney U test was used to determine 

34 Patients underwent randomization

 1 Withdrew before start of study

17 Were assigned to prophylaxis
(mo 1–6)

17 Were assigned to on-demand therapy
(mo 1–6)

1 Withdrew at 2 mo
1 Was lost to follow-up at 3 mo

1 Withdrew at 4 mo
1 Withdrew at 6 mo

1 Died at 8 mo

1 Withdrew because of aller-
gic reaction at 10 mo

1 Died at 13 mo

14 Could be evaluated per protocol 12 Could be evaluated per protocol

14 Were assigned to on-demand therapy
(mo 10–15) 

14 Were assigned to prophylaxis
(mo 10–15) 

Washout (mo 7–9)

Figure 1. Randomization and Follow-up of the Study Participants.
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the effect of treatment sequence (prophylaxis first 
vs. on-demand therapy first) on the frequency of 
bleeding episodes. A carryover effect was defined 
as a statistically significant difference in the 
prophylactic effect between the two treatment-
sequence cohorts. In cases in which the sample size 
was insufficient for the statistical test, an exact test 
from the Mann–Whitney U test was used. A two-
sided alpha level (type I error rate) of less than 0.05 
was considered to indicate statistical significance.

R esult s

Patients

Study enrollment began in November 2003 and 
closed in September 2008. Thirty-four patients un-
derwent randomization (median age, 28.7 years; 
range, 2.8 to 67.9). One patient withdrew consent 
before receiving study medication. The intention-
to-treat group comprised 33 patients, of whom 7 
did not complete the study: 1 withdrew because of 
an allergic reaction, 2 died, 1 was lost to follow-up 
after Hurricane Katrina, and 3 withdrew consent 
(2 during the on-demand period and 1 during the 
prophylaxis period) (Fig. 1). The median time from 
the development of factor VIII inhibitors to study 
enrollment was 11.2 years (range, 0.2 to 31.7).

Twenty-six patients completed both study peri-
ods and were evaluated per protocol for the pri-
mary efficacy analysis. In this group, the median 
age was 28.7 years (range, 2.8 to 62.8). Six patients 
were younger than 12 years, 4 were between 12 and 
21 years, and 16 were older than 21 years. There 
were 24 white patients and 2 black patients. Of the 
26 patients who could be evaluated per protocol, 
14 were randomly assigned to the prophylaxis 
period first, and 12 were randomly assigned to 
the on-demand period first.

Efficacy Outcomes

Primary Outcome
During the prophylaxis period, the mean (±SD) 
number of bleeding events was 5.0±5.0, as com-
pared with 13.1±7.1 bleeding events during the 
on-demand period (P<0.001), representing a 62% 
reduction in total bleeding events (Fig. 2A). No 
significant difference was observed in the pri-
mary outcome on the basis of treatment sequence 
(P = 0.19). Thus, no carryover effect was detected 
when the prophylaxis period preceded the on-
demand period (Fig. 2B).

Sixteen of 26 patients (62%) had a reduction of 
50% or more in overall bleeding events during the 
prophylaxis period; this reduction was the target 
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Figure 2. Bleeding Episodes during the Two Treatment Periods.

Panel A shows the mean number of total patientreported bleeding events, according to the treatment period. A mean of 13.1 bleeding 
events were reported during the 6month ondemand period, and 5.0 bleeding events were reported during the 6month prophylaxis 
 period. Episodes of joint bleeding accounted for approximately 80% of total bleeding episodes. Bleeding was also noted at other sites, 
including the muscles, other soft tissues, and body cavity. Intracranial and surgical bleeding also occurred. As shown in Panel B, no 
 difference was noted in the treatment (prophylactic) effect on the basis of the order in which patients were randomly assigned to treat
ment. Panel C shows the mean number of hemarthroses according to the treatment period. A mean of 10.8 jointbleeding episodes were 
reported during the ondemand period, and 4.2 jointbleeding episodes were reported during the prophylaxis period. I bars indicate 
standard errors.
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for success as defined in the protocol (Fig. 3A). In 
this group of patients with a good response, the 
overall reduction in the bleeding rate was 84%, and 
6 of the 16 patients who had a good response 
(38%) had no bleeding events during the prophy-
laxis period. Ten of 26 patients (38%) had less than 
a 50% reduction in bleeding events during the 
prophylaxis period (Fig. 3B). Even in this group, 
bleeding was reduced by 28% (P<0.02). Only 2 pa-
tients had an increase in bleeding in the prophy-
laxis period. Both had very few bleeding events 
overall and received prophylaxis before crossing 
over to the on-demand period. Among patients 
with frequent bleeding events (>18 events over the 

6-month on-demand treatment period), the mean 
number of events decreased from 22.8 to 6.6.

Secondary Outcomes
The mean number of hemarthroses was 4.2±4.3 
during the prophylaxis period versus 10.8±7.6 dur-
ing the on-demand treatment period (P<0.001); 
this difference constituted a 61% reduction in joint 
bleeding (Fig. 2C). Target-joint bleeding events were 
reduced by 72% during the prophylaxis period as 
compared with the on-demand period (P<0.001), 
and the number of patients with bleeding in tar-
get joints decreased from 18 to 11 (Table 1).

In the intention-to-treat group, the mean num-
ber of monthly bleeding events was 2.0±1.2 among 
the 30 patients with data from the on-demand 
period, as compared with 0.9±0.8 events among 
the 31 patients with data from the prophylaxis 
period, representing a reduction of 55% (P<0.001). 
Similarly, the mean rates of joint hemorrhages per 
month were reduced by 56%, from 1.6±1.3 events 
during the on-demand period to 0.7±0.7 events dur-
ing the prophylaxis period (P<0.001). Target-joint 
bleeding could not be fully assessed because some 
patients did not complete the 6-month treatment 
periods. These results are similar to the results of 
the per-protocol analysis, suggesting that selec-
tion bias was unlikely in the per-protocol group.

Safety Outcomes

There was one episode of an allergic reaction to 
the study drug (Table 2). Three patients (9%) had 
multiple events related to devices for central ve-
nous access, including infection, bleeding, and 
line placement and removal. No thromboembolic 
events occurred.

Two patients had intracranial hemorrhages 
during the study (one patient had a subdural hem-
orrhage and recovered, and the other patient had 
a cerebral hemorrhage and died). Both events oc-
curred during the washout period. A third patient 
had a history of hepatitis C and diabetes mellitus, 
was found unconscious, and was hospitalized 
with ketoacidosis and coma. He died on the sec-
ond hospital day from gastrointestinal hemor-
rhage. The death occurred during the prophylaxis 
period, although it could not be determined when 
the patient had received the last dose of AICC.

Discussion

Our study showed that all bleeding events, hemar-
throses, and target-joint bleeding events were sig-
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Figure 3. Bleeding Profiles for Individual Patients.

Panel A shows the data on bleeding for the 16 patients 
in whom bleeding episodes were reduced by 50% or more 
during prophylaxis. A mean of 13.3 bleeding events were 
reported during the ondemand period, and 2.1 bleed
ing events were reported during the prophylaxis period. 
Panel B shows the data on bleeding for the 10 patients in 
whom bleeding episodes were reduced by less than 50% 
during prophylaxis. A mean of 12.8 bleeding events were 
reported during the ondemand period, and 9.2 bleeding 
events were reported during the prophylaxis period.
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nificantly reduced during AICC prophylaxis. With 
the thrice-weekly dosing regimen, 62% of patients 
met or exceeded a predefined, clinically significant 
threshold for a good response to prophylaxis 
(≥50% reduction in bleeding events with prophy-
laxis vs. on-demand treatment), and in this group, 
38% of patients had no bleeding episodes during 
the prophylaxis period.

A major challenge in the prospective trial de-
sign was achieving statistically meaningful results 
in a relatively small patient population. The cross-
over design produced statistically and clinically 
valid results with fewer patients than would have 
been required for a parallel study design.17 The 
number of patients who completed both treat-
ment periods and thus could be evaluated pro-
vided sufficient power (80%) to reach statistical 
significance (P<0.05). The use of a crossover design 
in a small study population also helps to prevent 
overestimation of the benefit of the therapy being 
tested,18 making it likely that our results reflect 
a conservative assessment of the benefits of AICC 
prophylaxis. The 3-month washout period between 
study periods appears to have been sufficient to 
prevent a carryover effect resulting from the cross-
over design.

One previous prospective trial evaluated the 
prophylactic use of rFVIIa in patients with hemo-
philia and factor VIII inhibitors who had frequent 
bleeding.19 Konkle et al. enrolled patients in a 
3-month lead-in period, during which time each 
patient had to have 12 or more bleeding episodes 
to be eligible for randomization to one of two 
doses of rFVIIa administered daily.19 The 22 pa-
tients who met the criteria for bleeding and who 
received prophylaxis had an average of 5.5 bleeding 
events per month during the lead-in period. Pro-
phylactic rFVIIa at a dose of 90 μg per kilogram 
reduced the frequency of overall bleeding by 45% 
(to 3.0 episodes per month), and at a dose of 
270 μg per kilogram, the frequency of overall 
bleeding was reduced by 59% (to 2.2 episodes 
per month) (P<0.001).

In two previous studies of on-demand therapy 
in patients with hemophilia and inhibitors, the 
mean number of annual bleeding events was 7.2 
(among patients older than 14 years of age)6 and 
13.9 (in a study population in which most of the 
patients were younger than 14 years of age).20 Our 
study was designed to include patients who bled 
less often than those selected for the rFVIIa study 
and thus were more reflective of the general popu-
lation of patients with hemophilia and inhibitors. 

Entry criteria required that patients had six or 
more bleeding episodes in the previous 6 months, 
even though we recognized the potential difficulty 
of achieving a statistically meaningful reduction in 
bleeding episodes among patients who on average 
had as few bleeding episodes as one per month. In 
the cohort that completed both study periods, the 
number of bleeding episodes declined from 2.2 
per month during the on-demand period to 0.8 
per month during prophylaxis (P<0.001). Among 
the seven patients with the most frequent bleeding 
(defined as >3 bleeding episodes per month), the 
mean monthly number of bleeding episodes de-
creased from 3.8 to 1.1. Five of these patients had 
more than a 50% reduction in bleeding episodes, 
and two of the seven had no bleeding whatsoever 
during the prophylaxis period. Although these 
data are from a small number of patients, they 
suggest that patients with frequent bleeding epi-
sodes had at least as good a response to AICC 
prophylaxis as those with less-frequent bleeding. 
Moreover, the thrice-weekly dosing schedule of 
AICC prophylaxis may facilitate adherence.21

Our outcome data are encouraging because the 
study was designed for secondary prophylaxis, 
defined as prophylaxis instituted after the onset 
of joint bleeding — a situation that makes sup-
pression of bleeding more difficult. In our study, 
nearly 70% of the patients had target-joint bleed-
ing, which is a strong predictor of existing joint 
damage. Nonetheless, most patients in the study 
had an excellent response to prophylaxis, confirm-
ing anecdotal reports of a reduction in bleeding 
associated with long-term AICC prophylaxis.13-15,22 
This demonstrated efficacy raises the possibility 
that primary AICC prophylaxis in children with 
inhibitors, when started at a young age and be-
fore the development of repeated joint bleeding, 
could provide benefits similar to those in chil-
dren with severe hemophilia A who are receiving 

Table 1. Prevention of Target-Joint Bleeding.*

Period All Patients
Patients with 
Target Joints

Bleeding in 
Target Joints P Value†

no. no. (%) no. of episodes

Ondemand therapy 26 18 (69) 226

Prophylaxis 26 11 (42) 64 <0.001

* Targetjoint bleeding was defined as three or more hemarthroses in a single 
joint during the 6month study period.

† The P value, for the comparison between ondemand therapy and prophylaxis, 
is based on Fisher’s exact test.
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Table 2. Serious Adverse Events and Most Common Adverse Events, 
According to Study Period.

Event

On-Demand 
Therapy
(N = 31)

Washout
(N = 29)

Prophylaxis
(N = 31)

Total
(N = 34)

number of patients (percent)

Serious adverse events 3 (10) 4 (14) 4 (13) 9 (26)

Chest pain 0 0 1 (3) 1 (3)

Pain 1 (3) 0 0 1 (3)

Drug hypersensitivity 0 0 1 (3)* 1 (3)

Phlebitis 0 0 1 (3) 1 (3)

Hospitalization 1 (3) 0 0 1 (3)

Surgical procedure 1 (3) 0 0 1 (3)

Cathetersite hemorrhage 1 (3)† 0 1 (3)† 2 (6)

Cathetersite infection 1 (3) 0 2 (6)† 3 (9)

Staphylococcal infection 1 (3)† 0 0 1 (3)

Cerebral hemorrhage 0 1 (3)‡ 0 1 (3)

Subdural hematoma 0 1 (3) 0 1 (3)

Gastrointestinal hemorrhage 0 0 1 (3)‡ 1 (3)

Joint swelling 0 0 1 (3) 1 (3)

Muscle hemorrhage 0 2 (7) 0 2 (6)

Adverse events§ 16 (52) 19 (66) 17 (55) 21 (62)

Anemia 1 (3) 0 0 2 (6)

Headache 1 (3) 1 (3) 1 (3) 3 (9)

Pain 3 (10) 0 2 (6) 4 (12)

Pyrexia 2 (6) 1 (3) 6 (19) 6 (18)

Drug hypersensitivity 0 0 1 (3)* 1 (3)

Hypersensitivity 2 (6) 0 0 3 (9)

Ecchymosis 2 (6) 1 (3) 3 (10) 4 (12)

Cough 0 2 (7) 3 (10) 5 (15)

Influenza 1 (3) 4 (14) 1 (3) 5 (15)

Nasopharyngitis 1 (3) 2 (7) 2 (6) 3 (9)

Pharyngitis 1 (3) 0 2 (6) 2 (6)

Upper abdominal pain 0 1 (3) 1 (3) 2 (6)

Vomiting 1 (3) 1 (3) 2 (6) 4 (12)

Poor venous access 0 0 1 (3)† 1 (3)

Cathetersite hemorrhage 1 (3)† 0 2 (6)† 2 (6)

Cathetersite infection 1 (3) 0 2 (6)† 3 (9)

Staphylococcal infection 1 (3)† 0 0 1 (3)

Tongue hemorrhage 1 (3) 1 (3) 0 2 (6)

* This allergic reaction was noted while the drug was being infused, and the 
 infusion was discontinued prematurely.

† This event was deemed to be related to study participation.
‡ This event resulted in death.
§ Adverse events are listed when more than one patient had an event or when 

one patient had an event deemed to be related to study participation.

primary factor VIII prophylaxis.12 Ettingshausen 
and Kreuz recently reported a case series of six 
patients who started AICC prophylaxis during 
childhood (median age, 7.6 years).23 After a me-
dian follow-up of 6.7 years, the annual incidence 
of hemarthrosis was 1.5 episodes, and no patient 
had major joint damage while receiving prophy-
lactic AICC infusions. These results strongly argue 
for additional prospective studies of early AICC 
prophylaxis in children with hemophilia and per-
sistent inhibitors in an effort to prevent repeated 
joint bleeding and joint damage.

No major safety issues were raised during our 
study, and no thromboembolic events were detect-
ed. Among the 34 enrolled patients, 2 adults died 
from bleeding, underscoring the substantial health 
risks associated with persistent factor VIII inhibi-
tors. Two patients had intracranial hemorrhages. 
Several reports have suggested an increased in-
cidence of clinically significant intracranial hemor-
rhage and worse outcomes for patients with he-
mophilia and inhibitors.24-29 Our study was not 
powered to detect the benefit of prophylaxis for 
low-incidence, high-morbidity bleeding events such 
as intracranial hemorrhage. However, it is reason-
able to assume that patients who have a good re-
sponse to prophylaxis are also likely to have a re-
duced risk of life-threatening bleeding.

The cost of prophylaxis for patients who have 
hemophilia without inhibitors is 2.4 to 3.1 times 
as high as the cost of on-demand therapy.30 Simi-
larly, the cost of AICC prophylaxis in our study 
was 2.4 times as high as that of on-demand 
therapy ($493,633 vs. $205,549, per patient, based 
on an average cost of $1.56 per unit of AICC for 
patients in the United States and $1.13 for pa-
tients in the European Union). The cost of AICC 
was $15,691 per bleeding episode during the on-
demand period. After deducting the costs for bleed-
ing episodes avoided and bleeding episodes treated 
during the prophylaxis period, the remaining cost 
for prophylaxis was $288,081. The cost of bypass-
ing therapy per bleeding episode avoided was 
$35,565 (or $585 per kilogram of body weight for 
our somewhat older patient population with a 
mean body weight of 60.8 kg). These costs do 
not reflect the potential benefits of avoiding hos-
pitalizations and days lost from work or school 
and preventing long-term complications, such as 
worsening joint disease and disability.

One limitation of this study was its relatively 
short duration. Although joint and other bleed-
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ing episodes were reduced during the 6-month 
prophylaxis period, a longer trial is necessary to 
determine whether regular AICC infusions can 
prevent the onset of joint disease or halt the pro-
gression of arthropathy in patients with minimal 
joint damage. In addition, because of the small 
number of children and adolescents enrolled in 
our study, it is not possible to draw conclusions 
regarding relationships between age and the ben-
efits of prophylaxis. Finally, although a crossover 
design has the advantage of economy and allows 
comparisons of treatments in small patient pop-
ulations, the parallel design has the benefit of a 
more straightforward analysis over a shorter pe-
riod with lower dropout rates.17

In conclusion, bleeding in patients with hemo-
philia A and factor VIII inhibitors can be difficult 
to control, and uncontrolled bleeding has serious 
clinical consequences. AICC prophylaxis at a dose 
of 85 U per kilogram (±15%), administered on 
3 nonconsecutive days weekly, significantly de-
creased overall bleeding, hemarthroses, and target-
joint bleeding and was associated with few adverse 
effects.
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