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ABSTRACT

Introduction: Given the relatively small num-
ber of patients with haemophilia A, head-to-
head comparisons between recombinant FVIII
(rFVIII) products are difficult to conduct. This
study compared the efficacy and consumption
of rVIII-SingleChain (lonoctocog alfa,
AFSTYLA�) with rAHF-PFM (octocog alfa,
Advate�) and rFVIIIFc (efmoroctocog alfa,
Elocta�), for the prophylaxis and treatment of

bleeding episodes in previously treated adoles-
cents/adults with severe haemophilia A,
through a matching-adjusted indirect compar-
ison (MAIC).
Methods: A systematic literature review identi-
fied published clinical trials for rAHF-PFM and
rFVIIIFc. Individual patient data for rVIII-Sin-
gleChain were used to match baseline patient
characteristics to those from published trials,
using an approach similar to propensity score
weighting. After matching, annualized bleeding
rates (ABR), percentage of patients with zero
bleeds, and rFVIII consumption were compared
across trial populations.
Results: Published data were identified from
two rAHF-PFM trials and one rFVIIIFc trial.
rVIII-SingleChain had similar ABR (risk ratio
[RR]: 0.74 [0.16; 3.48]; RR: 1.18 [0.85; 1.65]) and
percentage of patients with zero bleeds (odds
ratio [OR]: 1.34 [0.56; 3.22]; OR: 0.78 [0.47;
1.31]) versus rAHF-PFM and rFVIIIFc, respec-
tively. Annual rVIII-SingleChain consumption
was significantly lower than rAHF-PFM (mean
difference: - 1507.66 IU/kg/year [- 2011.71;
- 1003.61]) and equivalent to rFVIIIFc (RR: 0.96
[0.62; 1.49]).
Conclusion: Although limited to published
information for comparator trials, these results
suggest that with an annualized rFVIII con-
sumption comparable to rFVIIIFc, but signifi-
cantly lower than rAHF-PFM, routine
prophylaxis with rVIII-SingleChain is able to
maintain a similar ABR and percentage of
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patients with zero bleeds, attesting to the long-
acting nature of rVIII-SingleChain.

PLAIN LANGUAGE SUMMARY

It is difficult to directly compare different
recombinant FVIII products in head-to-head
studies because there are few patients with
haemophilia A. This study aimed to indirectly
compare the efficacy and consumption of dif-
ferent recombinant FVIII products in the pro-
phylactic treatment of haemophilia A using
published clinical data. A proven method for
performing indirect comparisons of products is
referred to as a matching-adjusted indirect
comparison. Using this approach, we were able
to compare rVIII-SingleChain with two other
recombinant FVIII products (rAHF-PFM and
rFVIIIFc). Our results suggest that annual FVIII
consumption with rVIII-SingleChain is compa-
rable to rFVIIIFc, but is significantly lower than
rAHF-PFM, while maintaining a similar bleed-
ing rate. These results highlight the long-acting
nature of the product.

Keywords: Annualized bleeding rate;
Efmoroctocog alfa; FVIII consumption;
Haemophilia A; Lonoctocog alfa; Matching-
adjusted indirect comparison; MAIC; Octocog
alfa; rVIII-SingleChain

Key Summary Points

Why carry out the study?

Prophylaxis with recombinant factor VIII
(rFVIII) replacement therapy is the
recommended and most widely accepted
treatment strategy to reduce bleeding risks
in patients with severe haemophilia A.

Standard-acting rFVIII products like rAHF-
PFM have a short half-life leading to the
need for injection intervals of 2–3 days to
maintain sufficiently high factor activity
levels to reduce the risk of bleeding.

Long-acting rFVIII products, such as rVIII-
SingleChain and rFVIIIFc, have been
designed with improved pharmacokinetic
properties to enable longer intervals
between injections; these long-acting
rFVIII products allow patients to
maintain, or even decrease, their bleeding
rates, whilst reducing the injection
burden.

This study used matching-adjusted
indirect comparison (MAIC) to compare
the efficacy and consumption of rVIII-
SingleChain versus rAHF-PFM and
rFVIIIFc.

What was learned from the study?

Prophylactic treatment with rVIII-
SingleChain has comparable efficacy to
rAHF-PFM but significantly lower
consumption. Comparable efficacy and
consumption were established when rVIII-
SingleChain was compared to rFVIIIFc.

This indirect treatment comparison
suggests that with an annualized rFVIII
consumption comparable to rFVIIIFc, but
significantly lower than rAHF-PFM,
routine prophylaxis with
rVIII-SingleChain is able to maintain a
similar annualized bleeding rate and
percentage of patients with zero bleeds,
attesting to the long-acting nature of
rVIII-SingleChain.

INTRODUCTION

Prophylaxis with plasma-derived or recombi-
nant factor VIII (FVIII) replacement therapy is
the recommended and most widely accepted
treatment strategy to reduce the risk of bleeding
and chronic arthropathy in adult patients with
severe haemophilia A [1–3]. Although the
World Federation of Hemophilia does not
express a preference for recombinant over
plasma-derived replacement therapies, over the
last three decades, in many European countries,
recombinant FVIII (rFVIII) replacement

Adv Ther (2021) 38:4872–4884 4873



therapies have become the main FVIII products
used for treatment [3–5].

A broadly used and established rFVIII pro-
duct, with over 15 years of real-world treatment
experience and proven clinical performance, is
the plasma and albumin-free anti-haemophilic
factor rAHF-PFM (octocog alfa, Advate�, Shire).
It was the first third-generation recombinant
rFVIII product to receive marketing authoriza-
tion by the European Medicines Agency (EMA)
for the prophylaxis of bleeding episodes in
haemophilia A [6, 7]. In adult patients with
haemophilia A, despite intra- and interindivid-
ual variations, on average, standard-acting
rFVIII products like rAHF-PFM have a plasma
half-life of approximately 12 h [8]. This leads to
the need for intravenous rFVIII injections at
intervals of 2–3 days to maintain factor activity
levels sufficiently high to reduce the risk of
bleeding. Intense treatment regimens like these
pose a non-negligible burden to all patients,
especially those with poor venous access,
potentially reducing long-term therapeutic
compliance and adherence. Lack of compliance
and adherence to FVIII prophylaxis have long
been recognized as key determinants of
increased bleeding [9, 10].

With the aim of reducing the burden of fre-
quent intravenous rFVIII injections for pro-
phylactic treatment regimens, several rFVIII
products have been designed with improved
pharmacokinetic (PK) properties to allow for
longer intervals between injections. These long-
acting rFVIII products allow patients to main-
tain, or even decrease, their bleeding rates,
whilst reducing the injection burden [11].

The first long-acting third-generation rFVIII
product to receive marketing authorization by
the EMA for the prophylaxis of bleeding epi-
sodes in haemophilia A, and enter the Euro-
pean market in 2015, was the recombinant
human FVIII Fc fusion protein, rFVIIIFc (ef-
moroctocog alfa, Elocta�, Sobi) [12, 13]. In
adult patients with severe haemophilia A, the
half-life of rFVIIIFc was estimated to be about
50% longer than that of standard-acting rFVIII
products, allowing the intravenous rFVIII
injection frequency to be extended to every
3–5 days [14].

A more recent long-acting third-generation
rFVIII product licenced in Europe by the EMA
for the prophylaxis of bleeding episodes in
haemophilia A is rVIII-SingleChain (lonoctocog
alfa, AFSTYLA�, CSL Behring), developed using
single-chain technology to improve the PK
profile of rFVIII [11]. rVIII-SingleChain was
extensively studied in the AFFINITY clinical
program, comprising phase I/III studies inves-
tigating the PK, safety and efficacy in the
treatment of bleeding episodes, routine pro-
phylaxis, and surgical prophylaxis of previ-
ously treated patients with severe
haemophilia A [15–18]. rVIII-SingleChain has
demonstrated a modest increase in half-life as
compared to standard-acting rFVIII products
[15]. It has been shown to have a strong
affinity to von Willebrand factor (VWF) [19],
resulting in a lower clearance rate than stan-
dard-acting rFVIII and leading to a substantial
increase in the area under the curve (AUC)
[15]. The resulting greater drug exposure allows
for longer dosing intervals than indicated by
the half-life of rVIII-SingleChain alone, sug-
gesting that it qualifies as a long-acting pro-
duct; these features demonstrate that care
should be taken when comparing rFVIII prod-
ucts by single PK parameters [11, 20]. Even
when multiple PK parameters are considered
simultaneously for treatment decisions, they
are still surrogate markers for the actual clinical
outcomes of interest. Besides budgetary con-
siderations related to rFVIII product consump-
tion, the key clinical consideration should be
the treatment effect on bleeding rates, ideally
targeting a rate of zero bleeds [3, 21].

There is a clear need to better understand
the efficacy and factor consumption of rVIII-
SingleChain as routine prophylaxis in previ-
ously treated adolescents/adults with severe
haemophilia A, as compared to other estab-
lished and/or emerging rFVIII products. In the
absence of head-to-head randomized con-
trolled trials (RCT), an indirect treatment
comparison of the annualized bleeding rate
(ABR), percentage of patients with zero bleeds
and annualized rFVIII consumption of rVIII-
SingleChain versus rAHF-PFM and rFVIIIFc was
performed.
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METHODS

Data Sources and Sample Selection

Individual patient-level data (IPD) from previ-
ously treated adolescents/adults enrolled in the
pivotal, prospective, open-label, non-random-
ized, multicentre phase I/III clinical trial of
rVIII-SingleChain as part of the AFFINITY clin-
ical program [16] were provided by the trial
sponsor.

To identify published clinical trials of rAHF-
PFM and rFVIIIFc for the prophylaxis of bleed-
ing episodes among previously treated patients
with severe haemophilia A, a systematic litera-
ture review was conducted using three elec-
tronic databases (Medline, Cochrane CENTRAL
and Web of Science). Screening was performed
by three independent researchers using five
selection levels: duplicate removal, title reading,
abstract reading, full-text reading (qualitative
analysis) and eligibility for matching-adjusted
indirect comparison (MAIC) (quantitative anal-
ysis). The screening criteria for the systematic
literature review are detailed in Supplementary
Material Table S1.

The treatment arms from the different stud-
ies that presented a prophylaxis regimen
aligned with the regimen of routine prophylaxis
recommended in the European Summary of
Product Characteristics of rVIII-SingleChain
(20–50 IU/kg, two to three times weekly), rAHF-
PFM (20–40 IU/kg, at intervals of 2–3 days) and
rFVIIIFc (25–65 IU/kg, every 3–5 days) were
selected for comparison [8, 12, 22].

For the included studies, information on
study design and data on all available baseline
characteristics and outcomes of interest were
extracted from the selected treatment arms.
Outcomes of interest were the ABR, percentage
of patients with zero bleeds, and annualized
rFVIII consumption (IU/kg/year).

The phase I/III clinical trial of rVIII-Sin-
gleChain was conducted in accordance with the
International Conference on Harmonization
Guidelines for Good Clinical Practice and the
ethical principles outlined in the Declaration of
Helsinki 2008. Ethics approval, individual
informed consent, and approval by the relevant

national authorities were obtained prior to
enrolment. Informed consent was not required
for this analysis given the deidentified nature of
the AFFINITY individualized patient-level data
and the use of anonymized, previously pub-
lished data for rAHF-PFM and rFVIIIFc studies.

Statistical Methods

To perform the indirect comparisons of rVIII-
SingleChain versus rAHF-PFM and rFVIIIFc, in
the absence of head-to-head RCT and common
control arms, a MAIC approach was used. MAIC
is a validated population-adjustment method
that ensures comparisons are conducted
between more balanced patient populations
than would be the case with naı̈ve indirect
comparisons [23, 24].

Using IPD, the influence of patients from the
rVIII-SingleChain prophylaxis arm of the
phase I/III trial was reweighted, such that the
weighted average of their baseline characteris-
tics matched the aggregate baseline character-
istics of the selected prophylaxis arms of the
comparator trials. Individual weights were cal-
culated by a propensity score-type logistic
regression model, contemplating matching
variables selected on the basis of their avail-
ability in both the rVIII-SingleChain phase I/III
trial and comparator trials.

Using the same weights to balance the trial
populations, weighted outcomes (and corre-
sponding confidence intervals) were estimated
from the IPD of the rVIII-SingleChain phase I/
III trial. This eliminates potential confounding
due to observed trial population differences,
hence allowing for direct statistical comparison
between the reweighted outcomes and preci-
sion of the rVIII-SingleChain phase I/III trial
and the observed outcomes and precision from
the comparator trials.

Calculation of endpoints by different tech-
niques in the different comparator trials was
accommodated for, by applying the same tech-
niques to the IPD of the rVIII-SingleChain
phase I/III trial [14, 25, 26]. Missing precision
measures for outcomes in the comparator trials
were assumed to be equal to the ones estimated
for the corresponding outcomes in the rVIII-
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SingleChain phase I/III trial. No pooling of
information was performed.

All statistical analyses were performed using
the R statistical computing software [27], pub-
lished code from the National Institute of
Health and Care Excellence (NICE) [24] and a
5% significance level.

RESULTS

Data Sources and Sample Selection

For rVIII-SingleChain, the IPD from the routine
prophylaxis arm of the adolescent/adult patient
population of the phase I/III trial
(NCT01486927, Parts 2 and 3) [16] were selec-
ted. Routine prophylaxis was prescribed as
20–40 IU/kg rVIII-SingleChain every second day
or 20–50 IU/kg rVIII-SingleChain two to three
times per week, or at other doses/frequencies at
the investigator’s discretion [16].

Three published clinical trials were identified
from the systematic literature search for indirect
comparison through MAIC: two rAHF-PFM tri-
als (Tarantino et al. 2004 [28] and Valentino
et al. 2012 [25]) and one rFVIIIFc trial (A-LONG,
Mahlangu et al. 2014 [14]). The PRISMA flow
diagram for the systematic literature review is
detailed in Supplementary Material Fig. S1.

For the rAHF-PFM clinical trial published in
2004 (rAHF-PFM-2004), aggregate data was
considered from the patients subjected to at
least 75 exposure days of protocol-specified
prophylaxis (Part 2), consisting of 25–40 IU/kg
of rAHF-PFM administered three times per week
or every other day, or other doses at the dis-
cretion of the investigator [28].

From the 2012 published rAHF-PFM clinical
trial (rAHF-PFM-2012), aggregate data from the
standard prophylaxis arm was used, based on
common clinical practice, with every other day
administrations of rAHF-PFM at doses of
20–40 IU/kg [25].

Aggregate data for rFVIIIFc was obtained
from the individualized prophylaxis arm of the
2014 published A-LONG study, consisting of
25–65 IU/kg administered every 3–5 days, tar-
geting FVIII levels as to maintain good control
of breakthrough bleeds [14].

Patient Populations

A total of 146 patients from the rVIII-Sin-
gleChain routine prophylaxis arm of the
phase I/III trial were considered in the analysis,
with a mean efficacy evaluation period of
244 days. For the comparison of annualized
rFVIII consumption, one patient was excluded
from the analysis because of missing data on
consumption.

The rAHF-PFM-2004 trial consisted of 111
patients, 108 of which received study drug
(mean total rAHF-PFM exposure of 117 days)
and 107 were treated for at least 75 exposure
days with protocol-specified prophylaxis. Base-
line characteristics in common between the
rVIII-SingleChain and rAHF-PFM-2004 popula-
tions are summarized in Table 1. In general, the
rVIII-SingleChain population included a higher
proportion of adult patients and a lower pro-
portion of white patients (Table 1) [16, 28].

The standard prophylaxis arm of the rAHF-
PFM-2012 trial included 32 patients, with a
mean treatment period of 362 days. As com-
pared to the rAHF-PFM-2012 population, the
rVIII-SingleChain population included a lower
proportion of white patients and a slightly
higher proportion of patients aged 16 years or
above (Table 2) [16, 25].

Baseline characteristics in common between
the rVIII-SingleChain population and the
rFVIIIFc individualized prophylaxis population
of the A-LONG trial, including 118 patients
with a median duration of treatment of
225 days, were aligned, with the exception of a
higher percentage of European patients in the
rVIII-SingleChain population (Table 3) [14, 16].

Tables 1, 2 and 3 also show that after
reweighting the influence of patients from the
rVIII-SingleChain population, the summary
statistics of all matched baseline characteristics
were exactly balanced for each of the com-
parator populations.

Indirect Comparisons

Different endpoints were calculated by different
techniques in the comparator trials (e.g. square
root transformation of ABR in the rAHF-PFM-
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2012 study; annualized rFVIII consumption as
the total rFVIIIFc IU/kg received during the
efficacy period divided by the number of days in
the efficacy period times 365.25 in the A-LONG
study) [14, 25, 26]. This was accommodated for
by applying the same techniques to the IPD of
the rVIII-SingleChain phase I/III trial. The
resulting models and relative treatment effect
measures for each outcome and each compara-
tor trial can be found in Supplementary Mate-
rial Table S5.

rVIII-SingleChain Versus rAHF-PFM-2004

Before matching, the mean ABR of rVIII-Sin-
gleChain was lower (3.43 vs 6.30) and the per-
centage of patients with zero bleeds higher
(41.1% vs 29.9%) than those observed for rAHF-
PFM-2004. After matching, although less pro-
nounced, the mean ABR of rVIII-SingleChain
was still lower (4.64 vs 6.30) and the percentage
of patients with zero bleeds still higher (36.6%
vs 29.9%) than those of rAHF-PFM-2004.

Table 1 Baseline characteristics before and after matching for the rVIII-SingleChain (phase I/III IPD) and
rAHF-PFM-2004 prophylactic treatment populations [16, 28]

Before matching After matching

rVIII-SingleChain rAHF-PFM-2004 rVIII-SingleChain� rAHF-PFM-2004

Number of subjects 146� 111 146� 111

Age[ 18 years, % 84.2 44.1 44.1 44.1

Race, % white 69.9 92.8 92.8 92.8

Weight (kg), mean 74.0 65.8 65.8 65.8

Height (cm), mean 174.4 169.3 169.3 169.3

IPD individual patient data, rFVIII recombinant factor VIII
� One patient was excluded in the comparison of the annualized rFVIII consumption because of missing data on this
outcome. Baseline characteristics for these 145 patients can be found in Supplementary Material Table S2
� The effective sample size of rVIII-SingleChain after balancing with the rAHF-PFM-2004 population was 25.1

Table 2 Baseline characteristics before and after matching for the rVIII-SingleChain (phase I/III IPD) and
rAHF-PFM-2012 prophylactic treatment population [16, 25]

Before matching After matching

rVIII-SingleChain rAHF-PFM-2012 rVIII-SingleChain§ rAHF-PFM-2012

Number of subjects 146� 32� 146� 32�

Age C 16 years, % 96.6 87.5 87.5 87.5

Race, % white 69.9 93.8 93.8 93.8

IPD individual patient data, rFVIII recombinant factor VIII
� One patient was excluded in the comparison of the annualized rFVIII consumption because of missing data on this
outcome. Baseline characteristics for these 145 patients can be found in Supplementary Material Table S3
� Standard prophylaxis arm
§ The effective sample size of rVIII-SingleChain after balancing with the rAHF-PFM-2012 population was 79.0
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Statistical significance was not reached in any of
the comparisons (Fig. 1).

No data was available for rAHF-PFM-2004
that would allow for the comparison of annu-
alized rFVIII consumption.

rVIII-SingleChain Versus rAHF-PFM-2012

The mean square root transformed ABR of rVIII-
SingleChain and rAHF-PFM-2012 were similar
before and after matching (before, 1.67 vs 1.60;

Table 3 Baseline characteristics before and after matching for the rVIII-SingleChain (phase I/III IPD) and rFVIIIFc
prophylactic treatment population [14, 16]

Before matching After matching

rVIII-SingleChain rFVIIIFc rVIII-SingleChain# rFVIIIFc

Number of subjects 146� 118� 146� 118�

Age (years), mean 29.7 29.0§ 29.0 29.0§

Race, % white 69.9 66.9 66.9 66.9

Region, % European 47.3 28.8 28.8 28.8

Weight (kg), mean 74.0 74.0} 74.0 74.0}

IPD individual patient data, rFVIII recombinant factor VIII
� One patient was excluded in the comparison of the annualized rFVIII consumption because of missing data on this
outcome. Baseline characteristics for these 145 patients can be found in Supplementary Material Table S4
� Individualized prophylaxis arm
§ Mean age was estimated by the assumption that age follows a normal distribution
} Mean weight was estimated by the assumption that weight follows a lognormal distribution (reported median 71.65 kg)
# The effective sample size of rVIII-SingleChain after balancing with the rFVIIIFc population was 123.6

Fig. 1 Indirect comparison of rVIII-SingleChain versus
rAHF-PFM-2004 for a mean ABR and b percentage of
patients with zero bleeds, before and after matching. P
values for comparisons after matching were 0.70 for ABR

and 0.51 for percentage of patients with zero bleeds.
ABR annualized bleeding rate, CI confidence interval
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after, 1.61 vs 1.60), as was the percentage of
patients with zero bleeds (before, 41.1% vs
40.6%; after, 41.8% vs 40.6%) and median
annualized rFVIII consumption (before, 4298 vs
5768 IU/kg/year; after, 4261 vs 5768 IU/kg/
year).

For the square root transformed ABR and the
percentage of patients with zero bleeds, none of
the comparisons reached statistical significance
(Fig. 2). The difference in median annualized
rFVIII consumption, however, reached statisti-
cal significance (P\0.0001) both before and
after matching (Fig. 2). After matching, a med-
ian difference of 1508 IU/kg/year (95% CI:
1004, 2012 IU/kg/year) was estimated in favour
of rVIII-SingleChain.

rVIII-SingleChain Versus rFVIIIFc

Before matching, rVIII-SingleChain was associ-
ated with a slightly higher estimated mean ABR
(3.30 vs 2.91) and a slightly lower percentage of
patients with zero bleeds (41.1% vs 45.3%) and
mean annualized rFVIII consumption (4549 vs
4632 IU/kg/year) than rFVIIIFc. Comparisons
after matching were similar to those before
matching: 3.44 vs 2.91 (estimated mean ABR),
39.4% vs 45.3% (percentage of patients with
zero bleeds), and 4444 vs 4632 IU/kg/year

(annualized rFVIII consumption). None of the
comparisons reached statistical significance
(Fig. 3).

DISCUSSION

Interest in rFVIII replacement therapies for the
prophylaxis of bleeding episodes in
haemophilia A has been growing over the last
decade, owing to the fact that they offer tech-
nological solutions to improve PK properties
with the aim of prolonging intravenous injec-
tion intervals [11]. In the literature, a lot of
focus has been placed on so-called extended
half-life rFVIII products, engineered to have
significantly extended plasma half-lives as
compared to well-established standard-acting
rFVIII products with plasma half-lives typically
in the order of 12 h [29]. Although the half-life
of a drug is acknowledged to be an important
property, it has long been recognized that
comparing different drugs by single PK param-
eters (like their half-lives) can be misleading, as
they may not be representative of the overall PK
profile [20]. A further issue with considering
half-life as the most important PK parameter for
rFVIII products in haemophilia A is that clear-
ance of rFVIII is regulated to a large extent by

Fig. 2 Indirect comparison of rVIII-SingleChain versus
rAHF-PFM-2012 for a mean square root transformed
ABR�, b percentage of patients with zero bleeds and c
median annualized rFVIII consumption, before and after
matching. �Transformed ABR =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ABRþ 0:5
p

. P values
for comparisons after matching were 0.99 for ABR, 0.91

for percentage of patients with zero bleeds and\ 0.0001
for annualized rFVIII consumption. ABR annualized
bleeding rate, CI confidence interval, rFVIII recombinant
factor VIII
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interaction with VWF. As such, even with
extended half-life rFVIII products, the maxi-
mum half-life achievable is currently limited by
the half-life of VWF [30].

Since rVIII-SingleChain (lonoctocog alfa,
AFSTYLA�, CSL Behring) only demonstrates a
modest increase in half-life as compared to
standard-acting rFVIII products [15], recent
reviews of third-generation rFVIII products have
suggested it does not qualify as an extended
half-life rFVIII product [29, 31]. Owing to its
high affinity for VWF, however, it achieves a
much lower clearance rate, leading to a sub-
stantial increase in AUC, a greater drug expo-
sure and the potential for longer dosing
intervals than standard-acting rFVIII products,
ultimately qualifying as a long-acting rFVIII
product [11].

Some of the patients receiving prophylaxis
with rVIII-SingleChain in the AFFINITY clinical
program, with dosing regimens determined by
the clinician on the basis of patient baseline
characteristics and clinical phenotype, did
receive a dosing regimen with injections at
intervals of 2–3 days [16, 17]. Nevertheless, a
high proportion of patients were able to extend
their dosing interval and reduce rFVIII

consumption compared with pre-study stan-
dard-acting FVIII regimens [16, 17], further tes-
tifying to the long-acting nature of rVIII-
SingleChain.

Our study demonstrates that prophylactic
treatment with rVIII-SingleChain has compara-
ble efficacy to rAHF-PFM (octocog alfa, Advate�,
Shire), but with significantly lower consump-
tion. Whereas comparable efficacy and con-
sumption were established when compared to
rFVIIIFc (efmoroctocog alfa, Elocta�, Sobi).

All estimates on ABR, percentages of patients
with zero bleeds and rFVIII consumption were
obtained through MAIC, which, in the absence
of head-to-head RCT (the gold standard for
comparative evidence generation), still provides
a clear advantage over naı̈ve comparisons
[23, 24]. For example, a recent naı̈ve compar-
ison by Mannucci and colleagues stated that it
is impossible to draw conclusions on the supe-
riority of one product versus another using this
approach; additionally, different prophylaxis
regimens or patient selection can also make
comparisons challenging [32]. By using indi-
vidual patient-level data from the adolescent/
adult patient population of the rVIII-Sin-
gleChain phase I/III trial, MAIC corrected for

Fig. 3 Indirect comparison of rVIII-SingleChain versus
rFVIIIFc for a estimated mean ABR�, b percentage of
patients with zero bleeds and c mean annualized rFVIII
consumption, before and after matching. �Estimated by
negative binomial regression model. �(Total rFVIIIFc
IU/kg received during the efficacy period/number of days

in efficacy period) 9 365.25. P values for comparisons
after matching were 0.32 for ABR, 0.35 for percentage of
patients with zero bleeds and 0.85 for annualized rFVIII
consumption. ABR annualized bleeding rate, CI confi-
dence interval, rFVIII recombinant factor VIII
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potential confounding due to differences in
baseline characteristics in common between
study populations, leading to more balanced
patient populations, typically observed as a
result of randomization in RCT.

Limitations of our study are in line with
those reported in comparable studies to inform
real-world clinical decision-making on prophy-
lactic treatment with other rFVIII in severe
haemophilia A, using MAIC as the preferred
population-adjusted method to generate com-
parative evidence [33–36]. While through the
MAIC approach potential confounding due to
imbalance in published and available baseline
characteristics can be corrected for, residual
confounding might still exist in baseline char-
acteristics unavailable either for the rVIII-Sin-
gleChain prophylaxis arm and/or the
prophylaxis arms of the comparator trials (e.g.
type of previous FVIII replacement therapy).
Furthermore, certain differences in trial designs
leading to a lack of overlap in patient popula-
tions, especially concerning the older rAHF-PFM
trials, could not be corrected for either: rAHF-
PFM trials allowed patients with moderately
severe haemophilia A (rAHF-PFM-2004, 3.6%;
rAHF-PFM-2012, 6.2%) and slightly lower min-
imum age; the rAHF-PFM-2012 trial only
allowed patients with previous on-demand
treatment [25, 28]. Finally, the definitions of
potential follow-up periods, important for the
interpretation of non-annualized outcome
measures, were inconsistent across the different
clinical trials: a mean efficacy evaluation period
of 244 days for rVIII-SingleChain; a mean total
exposure of 117 days for rAHF-PFM-2004; a
mean treatment period of 362 days for rAHF-
PFM-2012; and a median duration of treatment
of 225 days for rFVIIIFc [14, 25, 28].

It is unclear how these and other factors bias
results in favour of rVIII-SingleChain or its
comparators. In the absence of head-to-head
RCT, indirect comparisons such as ours are
required. This highlights the need to better
align clinical trials for haemophilia with respect
to existing and/or new guidelines and the type
of baseline characteristics and outcome mea-
sures collected.

CONCLUSION

The indirect treatment comparisons presented
in this study contribute to the better under-
standing of the efficacy and factor consumption
of rVIII-SingleChain as routine prophylaxis in
previously treated adolescents/adults with sev-
ere haemophilia A, as compared to two other
established and/or emerging rFVIII products.
Results suggest that with an annualized rFVIII
consumption comparable to rFVIIIFc, but sig-
nificantly lower than rAHF-PFM, routine pro-
phylaxis with rVIII-SingleChain is able to
maintain a similar annualized bleeding rate and
percentage of patients with zero bleeds, attest-
ing to the long-acting nature of rVIII-
SingleChain.
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