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Summary. A Post-Authorization Safety Study (PASS)
global program was designed to assess safety and
effectiveness of rAHF-PFM (ADVATE) use in
haemophilia patients in routine clinical settings. The
main aim of this project was to estimate the rate of
inhibitors and other adverse events across ADVATE-
PASS studies by meta-analysing individual patient data
(IPD). Eligible Studies: PASS studies conducted in
different countries, between 2003 and 2013, for which
IPD were provided. Eligible patients: haemophilia A
patients with baseline FVIIL:C < 5%, with a known
number of prior exposure days (EDs). Primary
outcome: de mnovo inhibitors in severe, previously
treated patients (PTPs) with > 150 EDs. Secondary
outcomes: de mnovo inhibitors according to prior
exposure and disease severity; other adverse events;
annualized bleeding rate (ABR). Amnalysis: random-
effects logistic regression. Five of seven registered

ADVATE-PASS (Australia, Europe, Japan, Italy and
USA) and 1188 patients were included (median follow-
up 384 days). Among severe PTPs with > 150 EDs, 1/
669 developed de novo inhibitors (1.5 per 10005 95%
confidence interval [CI] 0.2, 10.6 per 1000). Among all
patients included in the PASS studies, 21 developed any
type of inhibitors (2.0%, 95% CI: 0.8%, 4.7%). Less
than 1% of patients presented with other serious
adverse events possibly related to ADVATE. The overall
median ABR was 3.83 bleeds/year (first, third quartiles:
0.60, 12.90); 1.66 (0, 4.78) in the 557 patients
continuously on prophylaxis > twice/week. Meta-
analysing PASS data from different countries confirmed
the overall favourable safety and effectiveness profile of
ADVATE in routine clinical settings.

Keywords: bleeding rate, factor VIII, factor VIII inhibi-
tors, hemophilia A, post-marketing, surveillance

Introduction

The development of alloantibodies inhibiting FVIII is
the main obstacle to effective and safe management of
bleeding in patients with congenital haemophilia A.
Consequently, the scientific community has focused on
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identifying the possible effects of different treatment
modalities on inhibitor risk [1-4]. In particular, the
occurrence of product-specific clusters of inhibitor cases
and the reports on a potentially different immunogenic-
ity of recombinant (rFVIII) and plasma-derived
(pdFVIII) concentrates, and of molecules with different
structures and lengths, allow someone hypothesize that
the inhibitor risk may differ between products [5-8].
Recently, regulatory authorities, i.e. USA Food and
Drug Administration (FDA) and European Medicine
Agency (EMA), issued consensus requirements to
assess and monitor the immunogenicity of new prod-
ucts [9-11]. This standardization addresses the limita-
tions of comparing the safety of different concentrates
using inadequate and inconsistent clinical study
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designs [11,12]. However, preauthorization studies
do not typically have sufficient statistical power to
comprehensively capture the drug-related adverse
events, especially when rare, due to their small sample
size, highly selected population and short follow-up.
In addition, different outcomes can occur when the
drug is used in controlled interventional settings rather
than in the routine clinical practice [9,10]. Indeed, a
specific FVIII concentrate has been withdrawn from
the market, due to a higher than expected inhibitor
incidence noted during clinical practice [5]. In this
scenario, well-designed and rigorously conducted
postmarketing surveillance studies are advocated to
monitor the safety (in particular the immunogenicity)
of any product [9,10,13].

FDA and EMA recommend assessing product-related
immunogenicity in previously treated patients (PTPs)
with at least 150 exposure days (EDs), as the most
appropriate population [9,10]. Indeed, PTPs represent
an immune tolerant population, with a rate of inhibitors
of 2-3 per 1000 patients per year [7] (about 1% of the
rate in previously untreated patients [PUPs] [6]), where
a cluster of inhibitor cases would be easily recognized as
an immunogenicity signal. Also, PTPs represent the
most common typology of haemophilia patients encoun-
tered in clinical practice in Western countries [14].

With this background, Adverse Events Reporting
Systems, comprehensive multinational programs of
pharmacovigilance and product-specific post-authori-
zation surveillance have been implemented to improve
safety signal detection [13,15-18]. The ADVATE
Post-Authorization Safety Study (ADVATE-PASS) pro-
gram [19] consists of studies conducted in various
countries to monitor real-world safety, immunogenic-
ity and effectiveness of ADVATE [antihaemophilic
factor (recombinant), plasma/albumin-free method,
(rAHF-PFM)]. This rFVIII product was approved by
both the FDA (July 2003) and EMA (March 2004)
based on interventional Phase I-III studies demonstrat-
ing a good tolerance, efficacy and acceptable prelimin-
ary safety profile [20-26].

We present here a meta-analysis of the ADVATE-
PASS studies based on original individual patient data
(IPD), with the primary objective of synthesizing the
results on the immunogenicity of ADVATE in moder-
ate and severe PTPs treated for more than 150 EDs.
As a secondary objective, data on safety in other
patient groups and on effectiveness were analysed.

Materials and methods

Eligible studies

All PASS studies conducted in different countries (Aus-
tralia, Europe [Austria, Belgium, Denmark, France,
Germany, Greece, The Netherlands, Spain, Sweden,
Switzerland and the United Kingdom] [27], Japan [28-
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30], Korea, PISA-Italy [31], Taiwan [32], United States
[27]), between the date of ADVATE approval by FDA
(25 July 2003), and July 26, 2013, were considered
potentially eligible. PASS studies were multicentre
(with the exception of Taiwan-PASS, which was con-
ducted in a single centre), prospective, observational
studies on patients prescribed with ADVATE in a rou-
tine clinical setting by their treating physician, and
enrolled without any binding stipulation with regard to
the modalities of their management. Each PASS study
had an independent protocol, based on country-specific
regulatory guidance. All PASS protocols were approved
by the relevant Ethical Review Boards. Only those PASS
studies providing sufficient data to classify patients
according to the number of prior EDs were included in
the analyses.

Eligible patients

According to the original PASS protocols, all patients
with moderate and severe haemophilia A (i.e. baseline
FVIIL:C < 5%), of any age, prescribed with ADVATE
by their treating physicians, and with valid informed
consent, were considered eligible for enrollment. In
addition, patients with a known intolerance or allergic
reaction to any of the constituents in the drug formula-
tion or to mouse or hamster proteins were ineligible.
Patients with mild haemophilia were formally considered
ineligible in all PASS protocols with the exception of
Korea- and Japan-PASS. Patients with a positive inhibi-
tor titre at baseline were excluded only from USA-PASS.

Main analysis

Outcomes. Primary outcome of the current meta-
analysis was the development of inhibitors. We
adopted the cut-offs specified in the original PASS pro-
tocols: 1.0 Bethesda Unit (BU) for USA-, EU- and Aus-
tralia-PASS; and 0.6 BU for Japan-, Italy- and
Taiwan-PASS (studies adopting the Nijmegen modifi-
cation) [33]. Only inhibitors detected after the base-
line were considered as a valid outcome; patients with
inhibitors detected at baseline but never found positive
later on were not counted as outcome, but included in
the population at risk. The outcome of our primary
interest was represented by de movo inhibitors, i.e.
inhibitors developed in patients with a negative his-
tory of inhibitors and a negative titre at enrollment.
Inhibitors reaching a peak titre > 5.0 BU during the
study were classified as high responding (HR).

Secondary outcomes were a) adverse events (AEs)
different from inhibitors, classified according to the
seriousness and relatedness to the product, as adjudi-
cated by the treating physicians participating in the
PASS study; b) the annualized bleeding rate (ABR) in
all patients and by treatment regimen, as a measure of
product effectiveness.
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Population. The primary population of interest for
the current meta-analysis was represented by patients
with severe disease (FVIL:C < 1%), > 150 prior EDs
(PTPs), a negative history of inhibitor and a negative
titre at enrollment.

Secondary populations for inhibitor outcomes were
as follows: patients with a negative history of inhibi-
tors and a negative titre at enrollment: (i) with severe
disease (FVII:C < 1%) and > 50 previous EDs, (ii)
with moderate-severe disease (FVIIL:C < 2%) and >
150 previous EDs, or (iii) < 50 previous EDs. In addi-
tion, the entire PASS population was used for inhibi-
tor outcomes, for other AEs and for effectiveness
outcome.

Treatment regimen. Patients qualified for the studies
if they were treated with ADVATE at enrollment,
either newly prescribed or already on ADVATE. Infor-
mation on exposure to ADVATE for the prestudy per-
iod was retrospectively collected. Patients were
classified according to the type of treatment modality
(on-demand or prophylaxis) in two different ways: (i)
according to the regimen they were prescribed at the
time they were enrolled in the study, regardless if they
changed the regimen during the study; (ii) as on con-
tinuous prophylaxis, if prophylaxis was actually
administered for at least 45 weeks per year.

Sensitivity analysis

Patients were classified with respect to inhibitor his-
tory at study enrollment and we were not aware of
any patients reclassified after an inhibitor was diag-
nosed during the PASS studies. Patients with a nega-
tive history of inhibitors and an unknown inhibitor
titre at enrollment and patients with a negative titre at
enrollment and an unknown history of inhibitors were
included in the primary population. This approach
was prespecified in the protocol to be conservative
and describe the worst case scenario (with inclusion of
patients who might have had an unknown positive
history or baseline, thus expected to be at higher risk
of inhibitor detection during the study). To demon-
strate the impact of this choice, the analysis of the
subset of patients without missing data was presented
as a sensitivity analysis.

Statistical analysis

We used a flow diagram to summarize the patients in
the ADVATE-PASS program. The baseline characteris-
tics of the patients were analysed using descriptive sta-
tistics reported as count (per cent) for categorical
variables and median [first quartile (Q1), third quar-
tile (Q3)] for continuous variables. The ABR was first
calculated for each patient by annualizing the number
of bleeding episodes he presented during the study

© 2014 The Authors. Haemophilia Published by John Wiley & Sons Ltd.

according to the time the patient spent in the study.
The distribution of the patient ABRs was described in
terms of median (Q1, Q3). The proportion of patients
developing inhibitors and the proportion of patients
presenting at least one AE were modeled using ran-
dom-effects logistic regression with country as random
effect. The results are reported as point estimates with
95% associated confidence interval (CI). All the analy-
ses were performed using STATA version 12 (Stata-
corp, College Station, TX, USA). Our report followed
the STROBE checklist (online Appendix S3).

Results

Studies and patients included in the meta-analysis

Five of the seven ADVATE-PASS studies (Australia,
EU, Japan, PISA, and USA) and 1188 patients with
moderate or severe haemophilia A met the criteria for
inclusion in the meta-analysis (Fig. 1). There were 669
severe PTPs with > 150 EDs, with a negative personal
history of inhibitors and a negative titre at enrollment
who met the criteria for inclusion in the primary pop-
ulation. The online-only Appendix S1 provides details
on the reasons for exclusion of the Taiwan and Korea
ADVATE-PASS studies and on the inhibitor detection
reported in those studies.

Table 1 describes some relevant baseline characteris-
tics of the patients. The prespecified study duration
was 1 year for all PASS studies with the exception of
Japan-PASS (2 years); the median patient follow-up
was 384 days (Q1 364, Q3 504). PTPs represented
the large majority of PASS patients (91.6%) and most
of them had been treated for > 150 lifetime EDs at
enrollment. The majority of the patients were already
on ADVATE at enrollment. Most of the patients
(62.6%) were prescribed prophylaxis at enrollment. A
lower percentage (49.4%) was prescribed prophylaxis
at enrollment and was continuously on the same regi-
men during the study, receiving at least two infusions
per week and a median dose per infusion of

27 TU kg ' (Q1 20, Q3 34).

Safety and effectiveness outcomes

Table 2 describes the findings for the primary and sec-
ondary outcomes.

Development of inhibitors. Only one patient who had
severe haemophilia developed an inhibitor (low
responding). This patient was previously treated with
> 150 EDs and had a negative personal history of inhib-
itor development with a negative baseline titre. Table 3
shows the estimated frequency of inhibitor development
during the study in different PTPs populations. A sepa-
rate analysis of patients with HR inhibitors was not
performed due to the low number of events.

Haemopbhilia (2014), 20, 777-783
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Registered PASS-studies conducted after the
Advate International Birth Date:
n studies 7
(United States, Europe, Australia, PISA-Italy,
Japan, Taiwan, Korea)

n patients 1,625

Korea PASS excluded >
because of insufficient data

Taiwan PASS excluded
because IPD were not

provided

to classify patients according |

to the number of prior EDs
and the modalities of

treatment during the study

L 4

n studies 5

n patients 1,227

A 4

39 patients with mild
hemophilia A included

| in the PASS studies but

current meta-analysis

excluded from the

as per protocol

Included in the meta-analysis:

n studies 5
n patients 1,188
Table 1. ADVATE-PASS patient characteristics.
Patients
Characteristics (n=1188)
PASS studies, 7 (%)
Australia-PASS 34 (2.9)
EU-PASS 419 (35.3)
Japan-PASS 361 (30.4)
IT-PASS 281 (23.6)
USA-PASS 3(7.8)
Age (years), median (Q1, Q3) 21 6 (10.0, 35.5)
Severe, 1 (%) 883 (74.3)
Previous EDs, 1 (%)
0-50 96 (8.1)
50-150 73 (6.1)
>150 1016 (85.5)
Unknown 3(0.3)
Regimen at enrollment, 7 (%)
On demand 434 (36.5)
Prophylaxis 743 (62.6)
Unknown/Other* 1(0.9)
Continuous prophylaxis during the 587 (49.4)
study (> twice/week), 7 (%)"
History of inhibitors
Yes 131 (11.0)
No 1047 (88.1)
Unknown 10 (0.8)
Inhibitors detected at baseline
Yes 18 (1.5)
No 1070 (90.1)
Unknown 100 (8.4)

*Other stays for immune tolerant induction.

Patients switched from an on-demand regimen to prophylaxis were
excluded.

EDs, Exposure Days; 7, number of patients; Q1, first quartile; Q3, third
quartile.

Among 91 patients with < 50 EDs and negative his-
tory and baseline, five developed de novo inhibitors
(pooled percentage 5.4%, 95% confidence interval
[CI] 1.4%, 21.8%), three of whom were HR. When
analysing the entire study population (1188 patients),
21 patients were found positive for inhibitors, eight of

Haemopbhilia (2014), 20, 777-783

Fig. 1. Flow chart for study and patient selection
for inclusion in the ADVATE-PASS Individual
Patient Data meta-analysis. 7z, number; IPD, indi-
vidual patient data; EDs, exposure days.

whom were HR (pooled percentage 2%, 95% CI
0.8%, 4.7%). The results of the analyses did not sig-
nificantly change after excluding those patients with
either an unknown titre at enrollment or an unknown
history of inhibitors (Table 3).

The online Appendix S2 lists and describes all the
patients found to be positive for any inhibitor during

the PASS studies.

Other adverse events

Table 2 shows the frequency of adverse events (other
than inhibitors) according to their seriousness and prod-
uct relatedness. Overall, 83 adverse events judged as
serious (SAEs) by the treating physicians occurred in 59
patients; most of them were bleedings at different sites,
catheter-related infections and malignancy (hepatic
and lung). Five SAEs in five patients were judged as
product related; two of them were ‘hypersensitivity’
reactions (oedema and exanthema), 1 a ‘cerebral haem-
orrhage’, 1 ‘anaemia and abnormal hepatic function’,
and 1 ‘anxiety’. Two product-related AEs (‘asthenia’
and ‘decreased drug effect’) were judged by the treating
physicians as ‘significant’ but ‘non-serious’. Table 4
provides the results of the meta-analysis.

Annualized bleeding rates

When considering all patients regardless of the treat-
ment regimen prescribed, a median of 3.83 (Q1 0.60,
Q3 12.90) bleeds per patient per year was reported.
The median ABR (Q1, Q3) substantially differed
among the five PASS studies: AUS 1.1 (0, 4.0), EU 3.2
(0, 10.5), Japan 9.2 (2.9, 30.1), Italy 1.0 (0, 5.0) and
USA 2.7 (0, 6.8).

© 2014 The Authors. Haemophilia Published by John Wiley & Sons Ltd.
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Table 2. Outcomes during PASS studies: description.

Table 3. Development of inhibitors in previously treated patients.

Outcome and population definitions
(total number of patients included in

each analysis) Description

Primary analysis Number of patients with
inhibitors (number of patients
with HR inhibitors)

De novo inhibitors in severe PTPs 1 (0)

> 150 EDs* (669)

Secondary analyses

De novo inhibitors in severe PTPs 1 (0)
> 50 EDs* (717)

De novo inhibitors in moderate- 1*(0)
severe PTPs > 150 EDs* (799)

De novo inhibitors in patients 5(3)
< 50 EDs* (91)

All inhibitors in severe PTPs 11 (4)
>150 EDs** (774)

All inhibitors in all 21 (8)

patients (1188)**
Adverse events' Number of events (number of

patients with at least one

event)
Total AEs, any seriousness (1188) 722 (249)
Total SAEs (1188) 83 (59)
Product-related AEs, any 35 (21)
seriousness’ (1188)
Product-related SAEs* (1188) 5(5)
Annualized bleeding rate Median (Q1, Q3)
All patients (1140) 3.83 (0.60, 12.90)
Patients prescribed on demand 10.38 (2.27, 27.28)

at enrollment (421)

Patients prescribed prophylaxis at 2 (0, 6.73)
enrollment (any frequency) (710)
Patients on continuous prophylaxis 1.66 (0, 4.78)

during the study
(>twice/week) (557)

*This is the same patient reported as severe PTP > 150 EDs experiencing
de novo inhibitors.

**All inhibitors definition includes both de novo and recurrent/persistent
inhibitors.

TOnly adverse events different from inhibitors are included.

*The possible relation to the product was adjudicated by the treating phy-
sician participating to the PASS study.

#De novo inhibitors were defined as inhibitors occurring in patients with
negative history of inhibitors and with negative titre at baseline.

HR, high responding; Q1, first quartile; Q3, third quartile.

Discussion

We compiled the results on the safety and effective-
ness of ADVATE from PASS studies conducted in
Europe, USA, Australia and Japan. Our findings con-
firmed, in a routine clinical setting, the favourable
profile of ADVATE found in previous I-IV phase
studies.

The primary analysis focused on the group of
patients classically considered at low to moderate risk
of inhibitors, i.e. PTPs, and on de novo inhibitors, i.e.
developed in patients with no previous evidence of
inhibitors. In this population, we found a very low
rate of de novo inhibitors (between 1 and 2 per thou-
sand) regardless of the number of prior EDs (> 150
EDs or > 50 EDs). When we extended the analyses to
include all types of inhibitors and all patients, we
found an inhibitor rate of 2%. The upper bound of

© 2014 The Authors. Haemophilia Published by John Wiley & Sons Ltd.

Number of patients with inhibitors per

Outcome and population 1000 (95% ClI)

(number of patients in main,
number in sensitivity)

Main analysis*  Sensitivity analysis**

Primary
De novo inhibitors in severe
PTPs > 150 EDs (669, 608)
Secondary

1.5 (0.2, 10.6) 1.6 (0.2, 11.7)

De novo, inhibitors in severe 1.4 (0.2, 9.9) 1.5 (0.2, 10.9)
PTPs > 50 EDs (717, 655)
De novo, inhibitors in 1.3 (0.2, 8.9) 1.4 (0.2, 9.8)

moderate-severe PTPs >
150 EDs (799, 730)
All inhibitors in severe PTPs
> 150 EDs (774)

10.0 (2.8, 35.4) -

*Patients with negative history of inhibitors and a negative inhibitor titre
at enrollment, or with no history of inhibitors and an unknown inhibitor
titre at enrollment or with a negative inhibitor titre at enrollment and an
unknown history of inhibitors.

**QOnly patients with negative history of inhibitors and a negative inhibi-
tor titre at enrollment; patients with incomplete data were excluded.

CI, Confidence Interval; IPD, Individual Patient Data; 7, number of
patients; PTPs, Previously Treated Patients.

Table 4. Other adverse events.*

Number of patients with at least
one event per 100
(95% CI)

Type of adverse events Classical IPD Meta-analysis

Total AEs 24.0 (10.5, 37.5)

Total SAEs 4.8 (1.3, 8.3)

Product-related AEs, any 2(1, 4)
seriousness '

Product-related SAEs" 0.3 (0, 0.7)

*Only adverse events different from inhibitors are included.

"The possible relation to the product was adjudicated by the treating phy-
sician participating in the PASS study.

AE, Adverse event; CI, Confidence Interval; IPD, Individual Patient Data;
SAE, Serious Adverse Event.

the confidence interval for any inhibitor in all patients
we found was 4.7%, well below the 6.8% threshold
in registrational interventional studies [9]. Finally, less
than 1% of patients enrolled in the ADVATE-PASS
studies presented with a non-inhibitor SAE, related to
the product.

Even if planned primarily for monitoring safety after
the introduction of ADVATE in clinical practice, the
ADVATE-PASS program collected also effectiveness
data. The simple descriptive statistics for the ABRs
(i.e. medians) suggested the impact of prophylaxis on
bleeding frequency measured in a routine clinical set-
ting. It is remarkable that patients on continuous pro-
phylaxis twice or more per week experienced a
median of 1.66 bleeds or less (Q1 [0], Q3 [4.78])
annually, which is consistent with the most favourable
estimates seen in other studies [24].

The large number of patients represents the main
strength of the current analysis and demonstrates that
large haemophilia studies can investigate rare treat-
ment-related AEs. Therefore, this manuscript presents
a very innovative approach to PASS data. In fact,

Haemopbhilia (2014), 20, 777-783
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PASS data are corporate-owned data and corporate
statisticians usually perform the analysis. In this case,
we asked for and obtained all IPD in their original
format and language directly from Baxter Healthcare
and regional offices. We designed and ran our own
independent analysis plan accounting for each individ-
ual patient. We are not aware of any similar experi-
ence in the haemophilia field; this study constitutes an
important step forward in the way evidence is gener-
ated in this field.

The main limitations of our meta-analysis were
encountered in the field during the evaluation of study
and patient eligibility and the creation of the pooled
IPD database. These limitations were mainly derived
from the lack of homogeneity among the different
PASS protocols and datasets. This led to forgoing a
larger sample size with the exclusion of Taiwan and
Korea PASS studies for the sake of data consistency
and quality. This decision reflects the complexity of
running a global postmarketing surveillance program.
Differences in the clinical practice and regulatory rules
among countries (and, within countries, among cen-
tres) represented a barrier to a strict adherence to a
centrally designed study protocol. Similarly, the retro-
spective assessment in a clinical practice setting lim-
ited the success rate in gathering full details about the
number of EDs until inhibitor development, which has
never been shown to be of relevance in PTPs and is
erratically available for older patients compared to
PUPs. Among the limitations of our study was the
choice not to infer on the study-specific ABRs by a
pooled estimate. Pooling would have required dealing
with a skewed distribution and heterogeneity between
countries. The safety profile of ADVATE was the
main focus of this study; therefore, we preferred to
provide only a description of the results with a plan
to tackle the methodological issues of assessing mea-
sures of effectiveness by meta-analysis in a dedicated
article where alternative approaches (i.e. frequentist
and Bayesian) will be contemplated.

Conclusions
Our meta-analysis represents the largest synthesis of
evidence on ADVATE safety and effectiveness after its
approval for use in clinical practice in different coun-
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