
O R I G I N A L  R E S E A R C H

Final Results of the Prospective ADVATE® 

Immune Tolerance Induction Registry (PAIR) 
Study with Plasma- and Albumin-Free 
Recombinant Factor VIII

Amy D Shapiro 1 

Alejandro Fernandez2 

Jerome Teitel 3 

Jaco Botha2 

Kate Khair 4

1Indiana Hemophilia & Thrombosis 
Center, Indianapolis, IN, USA; 2Takeda 
Pharmaceutical International AG, Zürich, 
Switzerland; 3St. Michael’s Hospital, 
University of Toronto, Toronto, ON, 
Canada; 4Centre for Outcomes and 
Experience Research in Children’s Health 
Illness and Disability (ORCHID), Great 
Ormond Street Hospital, London, UK 

Introduction: Neutralizing antibodies to coagulation factor VIII (FVIII) remain a major 
complication associated with FVIII replacement therapy.
Aim: To assess safety and efficacy of immune tolerance induction (ITI) therapy with 
ADVATE® (antihemophilic factor [recombinant] [rAHF]) in patients who participated in 
the Prospective ADVATE Immune Tolerance Induction Registry (PAIR) study.
Methods: The PAIR study was an international, multicenter, open-label, prospective, 
observational study in patients with hemophilia A and inhibitors, prescribed rAHF ITI 
therapy in clinical practice. The primary endpoint was adverse event (AE) reporting; the 
secondary endpoints included incidence of central venous access device-related complica
tions and success rates of ITI therapy. Maintenance of immune tolerance was monitored for 
12 months post-ITI therapy.
Results: Of 44 patients, 36 completed ITI therapy, including 31 completing the 12-month 
follow-up. Most patients received rAHF 90–130 IU/kg/day (59.1%) and a mean of 6.0 doses/ 
week; the median duration of rAHF ITI therapy during the PAIR study was 600 days. Overall, 
284 AEs were reported; 56 AEs were serious, of which none were considered rAHF-related. 
Of 228 nonserious AEs, 14 (in six patients) were deemed rAHF-related: increase of FVIII 
inhibitors titer due to anamnestic response, nausea, catheter site pain, pyrexia, urticaria, upper 
respiratory tract infection, arthralgia, and hemarthrosis. None were severe or led to ITI 
discontinuation. Eighteen patients experienced ≥1 central venous access device-related com
plication, and 21 of 36 completers achieved a negative inhibitor titer. The Kaplan–Meier 
estimate of success for achievement of first negative titer at 18 months of ITI therapy was 
68.3% (95% confidence interval 51.8–83.6%) among completers. Of patients with partial or 
complete success post-ITI, 87% (20/23) maintained immune tolerance at 12-month follow-up.
Conclusion: Data suggest that rAHF ITI therapy in the PAIR study was effective, with no 
unexpected safety signals reported.
Keywords: hemophilia A, immune tolerance, post-marketing product surveillance, 
therapeutics, adverse effects

Introduction
Development of neutralizing inhibitory antibodies (inhibitors) remains a major risk 
associated with coagulation factor VIII (FVIII) replacement therapy. Estimates sug
gest that 8–44% of patients with severe hemophilia A and 3–13% of patients with 
mild or moderate hemophilia A develop inhibitory antibodies,1–4 with occurrence 
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dependent on genetic- and patient-related factors, such as 
mutations, severity of hemophilia, ethnicity, age at first 
treatment, and family history of hemophilia.1,5–8 In the 
absence of intervention, inhibitors compromise the effec
tiveness of FVIII therapy and lead to increased morbidity 
and mortality due to poor bleed control.9,10

For patients with hemophilia A and inhibitors, induction 
of FVIII immune tolerance aims to restore FVIII pharmaco
kinetics (PK) and responsiveness to FVIII therapy, which is 
the standard of care.11,12 The success rate of immune toler
ance induction (ITI) using various dosing regimens has been 
reported to range between 60 and 80% in patients with severe 
hemophilia A and inhibitors to FVIII.13–15 In a “good-risk” 
subgroup of ITI patients (inhibitor titer <10 Bethesda units 
(BU)/mL and historic peak titer of <200 BU/mL) and severe 
hemophilia A, data from a randomized, prospective study 
indicate that success rates were similar between low-dose (50 
IU/kg FVIII, three times a week) and high-dose (200 IU/kg 
FVIII, daily) regimens; however, patients receiving low-dose 
ITI therapy took longer to achieve tolerance and had higher 
bleed rates compared with the high-dose group.14 The opti
mal ITI treatment and dosage regimen is unknown, and 
information on factors that may predict ITI therapy success 
or failure emanates from ITI therapy studies.16–21

Previous reports in small patient cohorts suggest that 
ITI therapy with ADVATE® (antihemophilic factor 
[recombinant] [rAHF] ; Baxalta US Inc., a Takeda com
pany, Lexington, MA, USA) is effective and confirm an 
overall established record of safety.22,23 The international 
Prospective ADVATE Immune Tolerance Induction 
Registry (PAIR) study was designed to characterize the 
safety and tolerability of rAHF as a primary FVIII ther
apeutic agent in ITI therapy in patients with hemophilia 
A and inhibitors in clinical practices. The main objectives 
of the study were to assess the incidence of serious and 
nonserious adverse events (AEs) related to rAHF, inci
dence of central venous access device (CVAD)–related 
infections, and the success rates in patients with hemophi
lia A and inhibitors receiving ITI therapy with rAHF.

Here, we report the final analysis of the PAIR study, 
encompassing 7 years of prospective surveillance.

Materials and Methods
Study Design and Conduct
The PAIR study was an international, multicenter, open- 
label, prospective, observational study in patients with 
hemophilia A and inhibitors prescribed rAHF ITI therapy 

in clinical practice. The PAIR study was conducted at 27 
sites in 10 countries (Belgium, Canada, Denmark, France, 
Germany, Greece, Italy, Spain, United Kingdom, and 
United States). Recruitment began in July 2007, and the 
study was completed in July 2015.

Patients
Patients diagnosed at any age with hemophilia A of any 
severity, previously diagnosed with an inhibitor to FVIII 
(low-titer [<5 BU] and high-titer [≥5 BU]), and due to start 
rAHF ITI therapy as part of routine clinical practice were 
eligible for this study. The choice of rAHF ITI therapy was 
made before PAIR study participation. Previous failure of 
ITI therapy on rAHF and history of hypersensitivity reac
tions to FVIII were exclusion factors. The protocol for this 
study defined severe hemophilia A as a baseline level of 
FVIII ≤1% and non-severe hemophilia A as FVIII >1%, 
reflecting the classification of hemophilia severity at the 
time of the study. A FVIII baseline level of <1% has since 
been adopted for severe hemophilia A.12

Procedures
The rAHF ITI therapy dosing regimen and monitoring sche
dule were at the treating physician’s discretion, based on 
individual patient’s requirements. ITI therapy regimens 
described in the peer-reviewed literature14,16,19–21,24,25 or 
similar to those described in the International ITI Protocol26 

were recommended.
The observation period for each patient was from the 

time ITI therapy was initiated through 33 months of ITI 
therapy, with an additional 12-month post-observation fol
low-up after ITI therapy was considered successful or 
partially successful. If ITI therapy (partial) success was 
not achieved within 33 months of ITI therapy initiation, 
participation in the study ended.

Study-specific patient diaries were used to record the 
following variables: AEs, ITI infusion administration 
details, treatment and cause of new bleeding episodes, 
response to bleed treatment, and concomitant medications 
taken (including vaccinations). Diary data were recorded 
by investigators on case report forms (CRFs).

Investigators monitored their patients for the occur
rence of any AE. All AEs associated with rAHF during 
bleed management (not including bleed events during ITI 
therapy) were reported on the AE CRF. If an AE was 
serious, the event was recorded using separate serious 
AE (SAE) forms.
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Laboratory testing for the quantitation of FVIII, FVIII 
inhibitor, and FVIII recovery and PK was performed at 
baseline, during ITI therapy, at the end of ITI therapy, and 
at a post-observation 12-month follow-up. All testing was 
conducted at the local laboratory of the participating site 
according to locally established procedures and methods. 
Laboratory tests were not mandated by the protocol, but 
investigators could utilize the procedure in the 
International Immune Tolerance Study14 to determine the 
disappearance of the inhibitor.

The approach to the management of bleeding episodes 
(ie, breakthrough bleeding) was determined by the treating 
physician. Bleed events and hemostatic agents received at 
home or in the clinic were recorded on the Bleeding 
Episode Treatment Record CRF.

Study Endpoints and Outcome Measures
The primary endpoint was the incidence of AEs possibly 
related to rAHF during ITI therapy, categorized according 
to the Medical Dictionary for Regulatory Activities 
(MedDRA, version 17.0). The study comprised 
a retrospective and prospective period, defined respec
tively as the period of time during which rAHF ITI therapy 
was administered prior to, and following, PAIR study 
enrollment.

Secondary endpoints were the incidence of CVAD- 
related infections, general success rate of ITI therapy, 
and success rate in patients with severe hemophilia 
A (baseline level of FVIII ≤1%) and receiving rAHF as 
their primary ITI therapy, with no previous ITI therapy 
attempt and any titer inhibitor to FVIII.

Consensus recommendations of the 2006 International 
ITI Workshop define the response to ITI (ie, success) as 
a combination of a decrease and absence of inhibitors 
(usually less than 0.6 BU) and a normalization of the PK 
of FVIII.13 Per the study protocol, precise ITI success was 
categorized as complete, partial, failure, unassessable, and 
relapse, based on inhibitor titers and PK assessments per
formed in the International Immune Tolerance Study.14 

However, due to the observational nature of this study and 
as PK assessments were not available in all centers, success 
in this analysis was defined only on inhibitor titer. General 
success was defined as achieving a FVIII inhibitor titer <0.6 
BU or cut-off limit of inhibitor detection per local laboratory 
standard. Partial success occurred within 9–33 months of ITI 
treatment and was an inhibitor titer <5 BU (ie, conversion 
from high to low titer). Failure was ≥33 months of treatment 
with titer ≥5 BU, or 9–33 months of treatment with failure to 

achieve a >20% reduction in titer. Relapse was a positive 
inhibitor titer during the 12-month follow-up after inhibitor 
disappearance.

Statistical Analyses
Safety data, including incidence of CVAD-related infec
tions, were analyzed in the full analysis set (FAS), defined 
as all patients who enrolled and received at least one dose 
of rAHF ITI. The incidence of general success of rAHF 
ITI was analyzed using the completer analysis set (CAS), 
which comprised all patients who carried ITI therapy to 
completion, regardless of whether or not they were fol
lowed up for 12 months after completion. The nonpara
metric Kaplan–Meier product limit method was used to 
estimate time to ITI success (percentage of patients with 
inhibitor titers who achieved a negative FVIII inhibitor 
titer following ITI therapy) in the FAS, CAS, and per- 
protocol analysis set (PPS). The PPS was defined as the 
subset of patients in the CAS who completed ITI therapy 
with an assessable outcome (ie, all necessary inhibitor titer 
results were available in order to determine ITI therapy 
success or failure).

If the end date for a patient’s current/initial ITI regimen 
was not collected, the end date was assumed to be 1 day 
before the first recorded start date of a change in therapy or 
date of therapy completion, whichever came first. If there 
was a discrepancy between unique titer measurements 
reported in multiple places on the CRF, the result found in 
the patient’s titer log prevailed. To determine the end date of 
the initial ITI regimen, which was not collected on the CRF, 
if the initial ITI start date was not missing then the day 
before the start date of the current ITI regimen was used. 
If the initial ITI start date was missing, then the date of the 
end of the previous rAHF therapy was used.

Descriptive statistics were used to summarize continuous 
variables; frequencies were used for categorical variables. 
All data were analyzed with SAS® software package, ver
sion 9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Results
The results reported in in the main text of this article are 
based on the protocol definitions of severe hemophilia 
A (baseline level of FVIII ≤1%) and non-severe hemophilia 
A (baseline FVIII >1%). Results based on the updated defini
tion of severe hemophilia (baseline level of FVIII <1%)12 are 
provided in the supplementary materials where appropriate.
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Patients
As of July 2015, all patients had completed study partici
pation. Of the 44 patients who enrolled and were exposed 
to rAHF, 36 (81.8%) completed ITI therapy and 31 
(70.5%) completed the 12-month follow-up (Figure 1).

The median age at enrollment was 23.5 months (Table 1). 
Most patients (86.4%, 38/44) had severe hemophilia 
A (baseline FVIII level ≤1%); 13.6% (6/44) had non-severe 
hemophilia A (baseline FVIII level >1%). At initiation of ITI 
therapy (ie, baseline), high-titer inhibitors were present in 15 
of 44 patients (≥10 BU in seven patients), low titers were 
present in 23 of 44 patients, and titers were unreported in six 
patients with any hemophilia severity. The most common 
type of FVIII mutation was an intron 22 inversion (43.2%, 
19/44). Most of the remaining patients reported either 
unknown (27.3%, 12/44) or other (22.7%, 10/44) mutations; 
missense and nonsense mutations were reported in 4.5% of 
patients (2/44) and 2.3% of patients (1/44), respectively.

Use of rAHF as ITI Therapy
The median duration of rAHF ITI therapy administration 
before PAIR study enrollment was 122 days (n = 34), and 
during the PAIR study it was 600 days (n = 44).

The most frequently initiated rAHF dose range (59.1%, 26/ 
44 patients) was 90–130 IU/kg/day (Table 2), which was 
initiated in patients from Germany (n = 1), Denmark (n = 1), 
Spain (n = 1), Greece (n = 1), France (n = 3/5), Italy (n = 3/5), 
the United Kingdom (n = 6/9), and United States (n = 9/17). In 
Belgium, one patient was initiated on 90–130 IU/kg/day and 
one patient on ≥200 IU/kg/day rAHF. In Canada, two of two 
patients were initiated on <90 IU/kg/day rAHF. The mean (SD) 
dose per infusion of rAHF ITI therapy was 113.4 (66.6) IU/kg; 
patients with severe hemophilia A had a higher mean (SD) 
dose per infusion than those with non-severe hemophilia 
A (119.3 [69.4] versus 77.3 [26.9] IU/kg, respectively). 
Results using the current classification of severe hemophilia 
are provided in Supplementary Table 2. The total mean (med
ian, range) number of rAHF doses per week was 6.0 (5.2, 
0.6–14.0).

Following the initial dose, 47.7% of all patients (21/ 
44) and 47.4% of patients with severe hemophilia (18/ 
38) experienced at least one dose increase during the 
study. Overall, the percentage of patients receiving dose 
increases during the study was similar for those with 
low- (<5 BU, 53.3%) and high-inhibitor titers (≥5 BU, 
44.8%) at baseline. Information on whether inhibitors 

Eligible patients
N=44 (FAS)

Completed ITI therapy
n=36 (CAS)

Completed 12-month
follow-up

n=31

Discontinued ITI therapy
n=8

Withdrawal by subject: n=2
Physician decision: n=1
Lost to follow-up: n=4
Persistent inhibitor: n=1

Discontinued before completing
12-month follow-up

n=5

ITI success not anticipated*: n=3
Successful therapy†: n=1
Received 33 months’ treatment: n=1

Figure 1 Flow of patients through the PAIR study. *Within 33 months of treatment. †As defined by the protocol. 
Abbreviations: CAS, completer analysis set; FAS, full analysis set; ITI, immune tolerance induction; PAIR, Prospective ADVATE Immune Tolerance Induction Registry.
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were low- or high-responding was not available in this 
study.

Safety
A total of 284 AEs were reported in 44 patients before (retro
spective period) and after (prospective period) PAIR study 
enrollment; 56 AEs (19.7%) were serious and not considered 
related to rAHF ITI therapy (Table 3). Before study enroll
ment, 31 AEs were reported in 10 of 34 patients, of which 
eight were SAEs reported in five patients. During the study, 
253 AEs were reported in 32 of 44 patients, of which 48 were 
SAEs reported in 21 patients. A total of 14 nonserious AEs 
considered related to rAHF ITI therapy occurred in six 
patients (13.6%), and none of these AEs were severe. These 

were pyrexia (n = 1), urticaria (n = 1), nausea (n = 2), catheter 
site pain (n = 1), upper respiratory tract infection (n = 1), 
arthralgia (n = 2), hemarthrosis (n = 2), and increase of FVIII 
inhibitors titer due to anamnestic response (n = 4).

Of 44 patients, 18 (40.9%) had a CVAD placed before 
rAHF ITI therapy initiation, 10 patients (22.7%) had their 
first CVAD placed during ITI, six patients (13.6%) had 
their CVAD replaced during ITI, and 18 patients (40.9%) 
had a CVAD placed due to complications during ITI 
therapy. In total, 18 patients experienced at least one 
CVAD-related complication. The most frequently reported 
CVAD complications included 18 episodes of local site 
line infection in five patients (11.0%), nine episodes of line 
insertion site bleed in three patients (6.8%), and eight 

Table 1 Baseline Characteristics of Patients in the PAIR Study

Characteristic FVIII ≤1% (n = 38) All Patients (N = 44)

Age at ITI therapy start, months, median (range) 19.0 (1.0–320.0) 23.5 (1.0–676)

Race, n (%)

White 24 (63.2) 29 (65.9)

Asian 1 (2.6) 1 (2.3)
Black 4 (10.5) 4 (9.1)

Hispanic 3 (7.9) 3 (6.8)

Other/missing 6 (15.8) 7 (15.9)

Family history of inhibitor, n (%)

Yes 10 (26.3) 11 (25.0)

No 25 (65.8) 30 (68.2)

Unknown 3 (7.9) 3 (6.8)

Titer, BU, median (mean, range)

At diagnosis 4.9 (19.1, 0.7–173.0) 4.9 (21.2, 0.5–173.0)

Peak before ITI therapya 12.5 (44.0, 0.7–225.2) 12.5 (43.0, 0.7–225.2)

Immediately before ITI therapy 4.0 (8.5, 0–60.6) 3.95 (8.0, 0–60.6)

Notes: Results by current classification of severe hemophilia (FVIII <1%) are provided in Supplementary Table 1. aIf peak titer before ITI therapy was not reported, the 
maximum of all titer measurements made before ITI therapy was used. 
Abbreviations: BU, Bethesda unit; FVIII, coagulation factor VIII; ITI, immune tolerance induction; PAIR, Prospective ADVATE Immune Tolerance Induction Registry.

Table 2 ITI Therapy Dosage Regimens Utilized in the PAIR Study

Dose in IU/kg/day, n (%) FVIII ≤1% (n = 38) All Patients (N = 44)

High Titera,b (n = 26) Low Titera,c (n = 12) High Titera,b (n = 29) Low Titera,c (n = 15)

≥200 4 (15.4) 0 4 (13.8) 0

~131–199 2 (7.7) 0 3 (10.3) 0
90–130 16 (61.5) 6 (50.0) 18 (62.1) 8 (53.3)

<90 4 (15.4) 6 (50.0) 4 (13.8) 7 (46.7)

Notes: Results by current classification of severe hemophilia (FVIII <1%) are provided in Supplementary Table 3. aIf peak titer before ITI therapy was not reported, the 
maximum of all titer measurements made before ITI therapy was used. b≥5 BU at baseline. c<5 BU at baseline. 
Abbreviations: BU, Bethesda unit; FVIII, coagulation factor VIII; ITI, immune tolerance induction; IU, international unit; PAIR, Prospective ADVATE Immune Tolerance 
Induction Registry.
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episodes of systemic/septic line infection in five patients 
(11.0%). Other CVAD-associated complications occurring 
in more than one patient were line insertions (five occur
rences in four patients) and line removal (two occurrences 
in two patients).

Efficacy of ITI Therapy
Of the 36 patients who completed ITI treatment (ie, those in 
the CAS), 21 (58.3%) achieved a negative titer during the 
study, two (5.6%) converted from a high- to a low-titer 
inhibitor, and eight (22.2%) experienced treatment failure 
(Table 4). Six of 13 patients (46.2%) in the CAS with severe 
hemophilia (baseline level of FVIII ≤1%) and high titer at 
baseline achieved a negative titer. Of 23 patients with partial 
or complete success after ITI therapy, 20 (87%) maintained 
immune tolerance at 12-month follow-up.

The estimated cumulative success rate of rAHF ITI 
therapy at approximately 18 months (516 days) was 

72.4% (95% confidence interval [CI] 55.5–87.0%) in the 
PPS (n = 31) and 68.3% (95% CI 51.8–83.6%) in the CAS 
(n = 36) (Figure 2). These rates were in patients with high- 
and low-titer inhibitors (PPS patients: 20 with high-titer 
and 11 with low-titer inhibitors; CAS patients: 23 with 
high-titer and 13 with low-titer inhibitors), and success 
was defined as the percentage of patients with inhibitors 
who achieved a negative FVIII inhibitor titer following ITI 
therapy. The median times to first and second negative 
titers for all patients were 4.3 months and 5.8 months, 
respectively. For those patients with a high-titer inhibitor 
at baseline, the median times to first and second negative 
titer test were 4.8 and 6.7 months, respectively. 
Specifically in children (<18 years of age), the estimated 
cumulative success rate of rAHF ITI therapy at approxi
mately 18 months was 69.4% (95% CI 51.5–85.6%) in the 
PPS and 65.4% (95% CI 48.1–82.1%) in the CAS.

Maximum inhibitor titers ≥5 BU, ≥10 BU, and ≥100 
BU were detected in 25, 22, and 17 patients, respectively, 
during ITI therapy. Of the patients who achieved 
a negative inhibitor titer (61.5%, 16/26), three patients 
(18.8%) reported a relapse at their 12-month follow-up 
appointment. The first of these patients was 56 years of 
age at ITI therapy initiation and had a peak inhibitor titer 
before ITI therapy of 1.6 BU and an inhibitor titer of 1.1 
BU at the 12-month follow-up. The second patient was 3 
years of age at ITI therapy initiation, with a peak inhibitor 
titer before ITI therapy of 196.0 BU; although relapse was 
indicated in the report, the most recent titer at 12 months 
was 0 BU. The third patient with relapse was 4 months old 
at ITI initiation and had a peak inhibitor titer of 4.3 BU 
before ITI therapy and an inhibitor titer of 0.5 BU at 
follow-up (equal to the local laboratory cut-off for inhibi
tor detection). The first patient had been receiving 
a follow-up prophylaxis regimen of 35 IU/kg every 
other day; the second patient had continued ITI therapy 
(50 IU/kg every day). The third patient had received 71 
IU/kg twice a week and 89 IU/kg once a week.

Table 4 Outcomes in Patients Who Completed rAHF ITI Therapy (CAS)

Completers, n (%) Severe Hemophilia (FVIII ≤1%) (n = 31) Non-Severe Hemophilia (FVIII > 1%) (n = 5) Total (n = 36)

General success 18 (58.1) 3 (60.0) 21 (58.3)

Partial success 2 (6.5) 0 (0) 2 (5.6)

Failure 7 (22.6) 1 (20.0) 8 (22.2)

Note: Results by current classification of severe hemophilia (FVIII <1%) are provided in Supplementary Table 4. 
Abbreviations: CAS, completer analysis set; FVIII, coagulation factor VIII; ITI, immune tolerance induction; NA, not available; PK, pharmacokinetic; rAHF, antihemophilic 
factor (recombinant).

Table 3 Summary of AEs in the PAIR Study (FAS)

AEs n (% of Total AEs)

All AEs 284 (100.0)

SAEs

Total 56 (19.7)

Considered treatment-related 0

Nonserious AEs

Total 228 (80.3)

Considered unrelated to 

treatment

214 (75.4)

Considered treatment-related 14 (4.9)

Discontinuations n (% of Total Patients) (N = 44)

Patient withdrew 2 (4.5)

Physician decision 1 (2.3)
Lost to follow-up 4 (9.1)

Other 2 (4.5)

Abbreviations: AE, adverse events; FAS, full analysis set; PAIR, Prospective 
ADVATE Immune Tolerance Induction Registry; SAE, serious adverse event.
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The median time from inhibitor diagnosis to ITI ther
apy initiation for all patients with available data (n = 42) 
was 2.5 months; the median time for patients with severe 
hemophilia (baseline FVIII level ≤1%) (n = 36) was 2.2 
months, and for patients with FVIII level >1% (n = 6) it 
was 3.7 months.

The median time from inhibitor diagnosis to ITI ther
apy initiation was 0.5 months for patients with an ITI 
therapy outcome of general success (n = 20), 34.0 months 
for patients with partial success (n = 2, high to low titer 
conversion), and 12.48 months for patients with ITI ther
apy failure (n = 7).

Treatment of Bleeding Episodes
A total of 339 bleeding episodes occurred in 33 of 36 patients 
in the CAS on rAHF during ITI therapy. Most bleeding 
episodes (n = 308) occurred in 29 of 31 patients with severe 

hemophilia (FVIII ≤ 1%), and the remaining 31 bleeding 
episodes occurred in four of five patients with non-severe 
hemophilia (FVIII >1%). The results using the current classi
fication of severe hemophilia are provided in Supplementary 
Table 5. The most frequent cause of bleeding episodes was 
trauma-related (156/339), whereas 94 of 339 bleeding epi
sodes were spontaneous. The etiologies of a further 89 bleed
ing episodes were either unknown or missing.

Most bleeding episodes that occurred during ITI 
therapy were treated exclusively with recombinant acti
vated factor VII (rFVIIa) products (n = 177), whereas 
three were exclusively treated with activated prothrom
bin complex concentrates (aPCC) and 37 with rAHF. 
For 84 bleeding episodes, treatment began with rAHF 
and alternated with rFVIIa products, and for five bleed
ing episodes, treatment began with rFVIIa products and 
alternated with rAHF.

Figure 2 Kaplan–Meier success curves for achievement of first negative titer. 
Abbreviations: CI, confidence interval; ITI, immune tolerance induction.
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Discussion
The PAIR study was an international, non-interventional 
prospective study of rAHF as ITI therapy in a real-world 
setting. The observational, non-interventional nature of the 
study enabled the assessment of safety, tolerability and 
efficacy of rAHF ITI therapy under routine conditions in 
common clinical practice. In this setting, patients had 
independently chosen to receive ITI therapy with rAHF 
and were treated by the investigators according to their 
clinical judgement and experience. The PAIR study col
lected and analyzed this real-life experience and summar
ized the most salient findings. Overall, the findings from 
the PAIR study add to previous experiences with rAHF ITI 
therapy in other clinical studies utilizing different designs 
and treatment regimens.14,22,23,27

The safety results were consistent with the known 
safety profile of rAHF, and there were no unknown or 
unexpected safety signals for treatment of bleeding epi
sodes or for ITI therapy.28–30 Most complications that 
occurred in the PAIR study related to CVAD use. These 
are known issues associated with the use of these devices, 
and education on best practices may help to mitigate them. 
Of note, there were no reports of CVAD-related throm
boses, which are a relatively common complication of 
CVAD insertion.31

The present investigation supports the efficacy conclu
sion of previous ITI therapy studies.22,23,32 rAHF was 
effective in a variety of ITI dosing regimens currently 
used in clinical practice. The estimated PPS and CAS 
cumulative success rates at 18 months were 72.4% and 
68.3%, respectively, in patients who had both high- and 
low-titer inhibitors at baseline (information on whether 
inhibitors were low- or high-responding was not avail
able). In the International Immune Tolerance Study, 
patients with severe hemophilia (defined as FVIII <1%) 
who were defined as good risk and had high-titer and high- 
responding inhibitors achieved a success rate of 69.7% (n 
= 46/66).14 This compares with 46.2% of patients with 
severe hemophilia (baseline FVIII ≤1%) and high titer in 
the present study. However, this percentage is based on 
a sample of 13 patients. In addition, the apparently lower 
success rate may be a consequence of how severe hemo
philia was defined in our study, as patients with moderate 
hemophilia generally have a lower success rate versus 
those with severe disease.

Separate retrospective analyses from two US centers 
suggested that an interval of <1 month from inhibitor 
detection to ITI therapy start was associated with 

improved outcome.15 In the present study, although the 
numbers were small, 20 patients with general success 
had an inhibitor-diagnosis-to-ITI-therapy-initiation inter
val of 0.48 months versus 12.48 months for patients with 
ITI therapy failure (n = 7) and 33.95 months for patients 
with high to low titer conversion (n = 2). The overall rate 
of relapse in the present study (13%) is in line with that 
reported by previous ITI therapy studies (2.3% to 
29.7%).33–35

The PAIR study was conducted in eight European 
countries, as well as the United States and Canada, without 
the limitation of eligibility criteria used in interventional 
clinical trials. The number of patients enrolled in all sites 
and followed up was adequate for a reliable assessment of 
ITI therapy across multiple geographies, though country- 
specific comparisons were not possible. The PAIR study 
provides important information on the administered doses 
of rAHF for ITI therapy in real-world conditions and may 
indicate patterns of dosing based on the state of disease. 
Due to the non-interventional design of the study, it is 
possible that not all data available were entered into the 
database. Of note, more than half of the patients had 
missing bleeding episode data. In addition, the subgroup 
data may have been skewed by the different sample sizes 
of patients with severe or moderately severe hemophilia 
and the fact that the patient age range was wide. Another 
potential limitation is that the study used the protocol 
definition of ≤1% for severe hemophilia, which differs 
from the current definition of <1%.12 However, the results 
using both definitions are similar and do not change the 
conclusions in this report. Finally, the number of patients 
in the study was too low for conclusions about differences 
between countries.

Conclusions
The observational PAIR study provides important real- 
world data on a widely used recombinant factor VIII 
concentrate. The results of the PAIR study are consistent 
with rAHF as an effective therapy for ITI in patients with 
hemophilia A and inhibitors. No SAEs related to treatment 
were reported. Future prospective studies may further 
define factors associated with ITI therapy success and 
failure in patients with hemophilia A.

Abbreviations
AE, adverse event; BU, Bethesda unit; CAS, completer 
analysis set; CRF, case report form; CVAD, central venous 
access device; FAS, full analysis set; FVIII, coagulation 
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factor VIII; ITI, immune tolerance induction; IU, interna
tional unit; PAIR, Prospective ADVATE Immune 
Tolerance Induction Registry; PK, pharmacokinetic; PPS, 
per-protocol analysis set; rAHF, antihemophilic factor 
(recombinant); SAE, serious adverse event.

Study Registration
The PASS-INT-004 registry study titled “Prospective 
ADVATE immune tolerance induction registry (PAIR)” 
was a non-interventional post-authorization study initiated 
in 2007. At the time of initiation, there was no legal 
requirement to register such types of studies in the clin
icaltrials.gov, EudraCT, and EUPAS registers.

Data Sharing Statement
The datasets, including the redacted study protocol, 
redacted statistical analysis plan, and individual participant 
data supporting the results reported in this article, will be 
made available within 3 months from initial request, to 
researchers who provide a methodologically sound propo
sal. The data will be provided after their de-identification, 
in compliance with applicable privacy laws, data protec
tion, and requirements for consent and anonymization. 
Data requests should follow the process outlined in the 
Data Sharing section on:

www.takeda.com/what-we-do/research-and- 
development/takeda-clinical-trial-transparency/.

Ethics Approval and Informed 
Consent
The PAIR study conforms to the Declaration of Helsinki 
aspects of ethical considerations (ethics committee/institu
tional review board approval and participants’ informed 
consent). Before enrollment, the study protocol and 
informed consent form were reviewed and approved by 
the independent ethics committees/institutional review 
boards of all participating sites in accordance with local 
requirements (see Supplementary Table 6). Written con
sent before enrollment was obtained from all adult patients 
and caregivers of patients <18 years of age.
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