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Purpose: To assess the efficacy and FVIII consumption of BAY 94-9027 versus N8-GP in 
prophylaxis in adolescent and adult patients with severe hemophilia A (HA).
Patients and Methods: A systematic literature review was conducted to identify studies on 
the efficacy of BAY-94-9027 and N8-GP for prophylaxis in patients with HA aged ≥12 years 
without a history of inhibitors. Eight studies met systematic literature review inclusion 
criteria, but only data from PROTECT VIII on BAY 94-9027 and PATHFINDER 2 on N8- 
GP could be used for an indirect comparison. Matching-adjusted indirect comparison 
(MAIC) and simulated treatment comparison were performed.
Results: No significant differences (unadjusted and adjusted) were observed in the mean 
annualized bleeding rate (ABR) for any bleed and proportion of patients with zero bleeds 
when comparing BAY 94-9027 to N8-GP. The adjusted treatment difference [incidence rate 
ratio (IRR)] in terms of ABR was 1.11 (95% CI, 0.85–1.44). The odds ratio (OR) of any 
bleed, measuring the relative effect of BAY 94-9027 versus N8-GP on the proportion of 
patients with zero bleeds, was 1.03 (95% CI, 0.60–1.77). FVIII consumption was signifi-
cantly lower in BAY 94-9027 [mean adjusted difference=−1292.57 IU/kg/year (95% CI, ‒ 
2152.44 to ‒432.70)]; a 26.7% reduction in consumption of BAY-94-9027. The results of the 
sensitivity analyses were similar to the main analysis for mean ABRs, percentages of patients 
with zero bleeds, and significant reduction in rFVIII consumption. For patients on BAY 94- 
9027 every-5-days and every-7-days, no differences versus every-4-days N8-GP were 
observed for the mean ABR for any bleed [IRR=0.90 (95% CI, 0.68‒1.20)] and proportion 
of patients with zero bleeds [OR=1.06 (95% CI, 0.56‒2.02)].
Conclusion: BAY 94-9027 prophylaxis demonstrated 26.7% lower annual consumption when 
compared to N8-GP with similar efficacy in terms of ABR and percentage of patients with zero 
bleeds.
Keywords: BAY 94-9027, N8-GP, prophylaxis, bleed, coagulation factor VIII, adults, factor 
VIII consumption

Introduction
The current standard of care in patients with hemophilia (HA) is a regular replacement of 
or prophylactic treatment with coagulation factor VIII using either recombinant (rFVIII) 
or plasma-derived (pdFVIII) clotting factor concentrates intended to prevent recurrent 
bleeds and subsequent joint damage.1,2 Patients on prophylaxis have been shown to 
require fewer hospital admissions and surgical interventions, less frequent unscheduled 
visits for breakthrough bleeds, and report better quality of life and less time off school/ 
work.1

Correspondence: Renata Majewska  
Creativ-Ceutical, ul. Przemysłowa 12, 
Kraków, 30-701, Poland  
Tel +33176704790  
Email renata.majewska@creativ-ceutical. 
com

Journal of Blood Medicine 2021:12 935–943                                                                   935
© 2021 Vashi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Blood Medicine                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 21 May 2021
Accepted: 4 October 2021
Published: 1 November 2021

http://orcid.org/0000-0003-4194-8183
http://orcid.org/0000-0002-3376-7908
http://orcid.org/0000-0002-3600-8536
mailto:renata.majewska@creativ-ceutical.com
mailto:renata.majewska@creativ-ceutical.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Although hemophilia is a rare disease, it is associated 
with high aggregate costs and imposes a high financial 
burden on individuals, healthcare systems, and society in 
general. Hemophilia is a chronic condition that requires 
lifelong treatment, with individual costs varying based on 
disease severity, complications, and treatment regimen.3 

Medications to treat hemophilia cost more than $270,000 
annually per patient on average in the US.4 If complica-
tions occur, the annualized cost can exceed $1 million.5

The latest advances in product development aim to extend 
the half-life of FVIII using fusion to protein conjugates (Fc 
part of IgG1 or albumin), chemical modification (PEGylation), 
and protein sequence modification.6 Extended half-life rFVIII 
products, such as damoctocog alfa pegol (BAY 94-9027, Jivi, 
Bayer AG, Berkeley, USA), have decreased the frequency of 
infusions from about three to one to two per week.7,8 BAY 94- 
9027 effectively prevented and treated bleeds with individu-
ally tailored dose regimens at intervals up to every 7 days.8 

Little is known about the comparative efficacy of different 
extended half-life (EHL) rFVIII products. There are no head- 
to-head efficacy trials, and the comparison is even more diffi-
cult because of lack of randomized trials with a common 
comparator arm. A comparison of BAY 94-9027 versus two 
EHL rFVIII agents (efmoroctocog alfa (rFVIIIFc), Elocta 
from Sobi, Orphan Biovitrum AB, Stockholm, Sweden and 
rurioctocog alfa pegol (BAX 855), Adynovate/ Adynovi, 
Takeda, Lexington, MA, USA) for prophylaxis in patients 
with severe HA was previously performed using the method 
of matching-adjusted indirect comparison (MAIC).9 The 
results showed that a mean FVIII consumption was over 
20% lower with BAY 94-9027 than with rFVIIIFc and median 
consumption tended to be lower with BAY 94-9027 than with 
BAX 855. Furthermore, mean annualized bleeding rates 
(ABRs) and percentages of patients with zero bleeds were 
similar between BAY 94-9027 and comparators. Prophylaxis 
with BAY-94-9027 and turoctocog alfa pegol (N8-GP, 
Esperoct, Novo Nordisk, Bagsvaerd, Denmark) has not been 
compared yet as N8-GP was not yet available (FDA approval 
received Feb 201910). Therefore, we conducted this analysis to 
assess the efficacy and FVIII consumption of those agents in 
adolescent and adult patients with severe HA based on existing 
clinical trial data using the same methodology as earlier.

Materials and Methods
Data Sources and Feasibility Analysis
A systematic literature review was conducted to identify 
relevant sources of data. The objective of the systematic 

literature review was to identify all clinical evidence in 
patients with HA aged ≥12 years regarding the efficacy of 
BAY-94-9027 and N8-GP for prophylaxis in patients with-
out a history of inhibitor. Searches in key databases 
(MEDLINE and MEDLINE In-Process, EMBASE and 
Cochrane Library) were performed on December 3, 2019 
and November 18, 2019. Additionally, a hand search of 
ClinicalTrials.gov was performed to identify other relevant 
data. The search was restricted to full-text articles.

After screening titles and abstracts of 76 publications, 7 
were included in the full-text review. A total of 5 studies (6 
records) met the final inclusion criteria and were included in 
the systematic literature review. Three studies assessed BAY 
94-9027: the PROTECT VIII study8 was partially rando-
mized, an extension of the PROTECT VIII11 study was an 
open-label study, and Phase I trial12 was nonrandomized. 
Three studies assessed N8-GP (the PATHFINDER 2 
study13 was partially randomized, but the two follow-ups 
on some patients who completed the PATHFINDER 2 
study14 were nonrandomized). As the baseline characteristics 
of patients continuing in the extension phase of 
PATHFINDER-2 were not available, extension studies were 
excluded. It was not possible to adjust for differences in 
characteristics of patients between extension studies. 
Additionally, outcomes were reported in the PATHFINDER 
2 extension publication by regimen, with patients contribut-
ing to several regimens if they switched. Therefore, if we 
used data by regimen, there would be an additional problem 
of comparability due to lack of data on periods of time for 
which patients were observed on different regimens. If we 
used pooled data from different regimens, then some patients 
would be double counted. The phase I trial was excluded as 
well.

In summary, the analysis was based on the main phases of 
two clinical trials: PROTECT VIII on BAY 94-9027 and 
PATHFINDER 2 on N8-GP. The PROTECT VIII study is an 
open-label Phase II/III trial of parallel design with one on- 
demand and three prophylaxis arms (different schedules and 
doses) and nonrandomized allocation between on-demand and 
prophylaxis arms. The PATHFINDER 2 trial on N8-GP is an 
open-label, nonrandomized Phase III trial of parallel design 
with one on-demand and one prophylaxis arm. Both studies 
had similar inclusion criteria (indication, age range, length of 
previous treatment), but there were differences in characteris-
tics of included populations. The reported outcomes were 
defined similarly in the PROTECT VIII and PATHFINDER 
2 studies: annualized medians and means of any treated bleeds 
and medians of spontaneous bleeds and rates of patients with 
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no bleeds during the study. Moreover, both studies reported 
a mean annualized consumption in consistent units (IU/kg). 
The length of the main phase observation period was 36 weeks 
in the PROTECT VIII trial and approximately 1 year in the 
PATHFINDER 2 trial. Individual patient data (IPD) for 
the PROTECT VIII trial were provided by Bayer. For the 
PATHFINDER 2 trial, only aggregate study-level information 
was available.

Study Outcomes
The primary outcomes of interest were ABRs (any bleeds) 
and annualized consumption of factor VIII (IU/kg/y). Due 
to different observation periods between compared studies, 
the proportion of patients with zero bleeds was considered 
as a secondary outcome only.

Statistical Analyses
Although both PROTECT VIII and PATHFINDER 2 trials 
had control arms (on-demand arms), methods for unanchored 
(without a common comparator) trials were applied, ie, the 
data from on-demand arms were not considered. Patients 
were not randomly allocated to on-demand arms; therefore, 
the outcomes observed in prophylaxis and on-demand arms 
were not comparable. MAIC and regression methods [simu-
lated treatment comparison (STC)] – both recommended by 
the National Institute for Health and Care Excellence 
Decision Support Unit for indirect treatment comparison 
(ITC) of nonrandomized trials – were applied.15 MAIC was 
chosen as the primary scenario as it uses fewer assumptions 
regarding the type of relationship between adjustment vari-
ables and outcomes. The purpose of a MAIC is to reduce bias 
caused by differences in the characteristics of the populations 
(eg, baseline demographic characteristic, disease severity, or 
prior treatments) of included trials.

In this analysis, MAIC was implemented in the follow-
ing steps. First, a weight was assigned to each participant 
of the PROTECT VIII study such that the weighted study- 
level baseline characteristics of PROTECT VIII reflected 
the baseline characteristics of the PATHFINDER 2 study. 
Second, the parameters measuring the effect of BAY 94- 
9027 (as mean of ABR) were estimated using the assigned 
weights such that the greater a weight assigned to 
a patient, the higher the impact on the estimated treatment 
effect. In each of these two steps IPD of PROTECT VIII 
was used. Finally, a relative effect of BAY 94-9027 com-
pared to N8-GP was estimated using the weighted effect of 
BAY 94-9027, as estimated in the previous steps of the 
MAIC, and the effect of N8-GP as reported in publications 

of the PATHFINDER 2 study. This process is illustrated in 
Appendix Figure 1.

Outcomes of interest were compared between trials in 
planned prophylaxis treatment groups [intention-to 
treat (ITT)].

Primary analyses focused on a comparison of ABR 
and consumption using pooled prophylaxis arms in the 
PROTECT VIII study. Prophylaxis arms [twice weekly 
(n=24), every 5 days (n=43), and every 7 days (n=43)] 
were assumed comparable and pooled into one prophy-
laxis group, as there were no significant differences in 
outcomes of interest between groups. Prophylaxis pri-
mary efficacy outcome (ABR) as well as a mean annual-
ized total FVIII consumption (IU/kg/year) were based on 
data from weeks 11 to 36 (end of run-in/randomization 
to end of the main phase). The same rule was applied to 
the percentage of patients with zero bleeds, a secondary 
efficacy outcome. Patients in the prophylaxis arm were 
initially treated with 25 IU/kg BAY 94-9027 twice 
weekly during a 10-week run-in period, which was 
used to identify patients who experienced more frequent 
bleed and therefore were not expected to benefit from 
less frequent infusions and were therefore not 
randomized.8

To assess the mean ABR for any bleed, a Poisson 
regression model on the number of bleeds per patient, 
allowing for overdispersion using imputed ABR for miss-
ing data was used in the PATHFINDER 2 study.13 The 
same methodology was applied to the patient-level ABR 
data from the PROTECT VIII study. The following cov-
ariates available in both trials were considered for popula-
tion adjustment and weight calculations: age (years); race 
(white/Asian/other), weight (kg), prior prophylaxis treat-
ment (yes/no), prior number of bleeds >2 in prior prophy-
laxis treatment, and prior number of bleeds >19 in prior 
on-demand treatment.

Relative treatment effects, comparing BAY 94-9027 vs 
N8-GP for assessed outcomes, and associated 95% con-
fidence intervals (CI) were estimated for both weighted 
(adjusted comparison) and unweighted (naïve comparison) 
estimates from the IPD analysis of PROTECT VIII com-
pared to previously published estimates from 
PATHFINDER 2:

● Incidence rate ratio (IRR) with 95% CI was reported 
for ABR for any bleeds,

● Odds ratio (OR) with 95% CI was reported for the 
percentage of patients without bleeding events,
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● Mean differences with 95% CI were reported for 
annualized consumption.

All calculations were done using R 4.0.2.

Sensitivity Analysis
Four sensitivity analyses were conducted for primary and 
secondary outcomes to test the robustness of the results for 
the comparison between BAY-94-9027 and N8-GP used as 
prophylactic treatment in patients with severe HA. Sensitivity 
analysis 1 was an ITC analysis using STC with all pooled 
prophylaxis arms of the PROTECT VIII trial. Sensitivity 
analysis 2 was a MAIC analysis using ITC between the 
prophylaxis arm of the PATHFINDER 2 study and pooled 
every-5-days and every-7-days prophylaxis arms of the 
PROTECT VIII study. Sensitivity analysis 3 was a MAIC 
analysis using ITC between the prophylactic arm of the 
PATHFINDER 2 study and pooled biweekly and every- 
5-days prophylaxis arms of the PROTECT VIII study. In the 
last analysis, we compared all outcomes of interest including 
the run-in period; therefore, outcomes were summarized from 
week 0 to 36 for all pooled prophylaxis arms of the PROTECT 
VIII trial.

Results
Baseline Characteristics and Effective 
Sample Size
Baseline characteristics before and after matching of all 
variables simultaneously (main scenario) are presented in 
Table 1. Before matching, the mean age of patients from 
the PROTECT VIII study was higher than that of the 
PATHFINDER 2 study (P < 0.01). There were also higher 
percentages of patients of Asian race with number of 
bleeds >19 in the prior on-demand treatment group in the 
PROTECT VIII study compared to the PATHFINDER 2 
study (P > 0.05 and P < 0.05, respectively).

The post-matching characteristics in the PROTECT 
VIII study were comparable to those in the 
PATHFINDER 2 study. The effective sample size of the 
PROTECT VIII study was 61.94 (60.73% of the original 
sample of 102 patients).

ITC of BAY 94-9027 vs N8-GP
Adjusted estimates for mean ABR for any bleed were close 
to the crude mean ABR number reported in the PROTECT 
VIII trial (Figure 1). No statistically significant differences 
were observed in the mean ABR, primary efficacy outcomes 

when comparing BAY 94-9027 to N8-GP, nor in unadjusted 
or adjusted analyses. The adjusted treatment difference 
between BAY 94-9027 to N8-GP considering ABRs, ie the 
IRR of bleed, was 1.11 (95% CI, 0.85‒1.44). Statistically 
significant differences were observed in factor VIII con-
sumption, noted lower in BAY 94-9027 compared to N8- 
GP with the mean adjusted difference of ‒1292.57 IU/kg/y 
(95% CI, ‒2152.44 to ‒432.70). This difference reflects 
a 26.7% reduction in the units consumption of BAY-94- 
9027 compared to N8-GP. A lack of significant difference 
was also observed for the proportion of patients without 
bleeds when comparing BAY 94-9027 to N8-GP. The OR 
of any bleed, measuring the relative effect of BAY 94-9027 
versus N8-GP on the proportion of patients with zero bleeds 
was 1.03 (95% CI, 0.60‒1.77). Moreover, the MAIC- 
adjusted median ABR for spontaneous bleeds were the 
same between compared treatments and equaled zero.

Sensitivity Analysis
The results of the sensitivity analyses were similar to the 
main analysis with no statistical difference in mean ABRs 
and a statistically significant reduction in rFVIII consump-
tion. The adjusted treatment effect in terms of ABR, ie the 
IRR of bleed, was 0.88 (95% CI, 0.66‒1.16) using the STC 
method instead of MAIC, 0.90 (95% CI, 0.68–1.20) when 
pooling only patients treated with every 5 days and every 7 
days regimens, 1.09 (95% CI: 0.02–66.36) when pooling 
those treated with biweekly and every 5 days regimens for 
BAY 94-9027 and 1.11 (95% CI 0.86–1.45) when pooling all 
prophylaxis arms and including run-in period (Table 2). The 
STC-adjusted mean annualized consumption was signifi-
cantly lower in the PROTECT VIII study compared to the 
PATHFINDER 2 study with an adjusted difference of ‒ 
1336.31 IU/kg/year (95% CI, ‒2064.74 to ‒607.88). 
A similar difference in consumption was observed when 
pooling patients treated with every 5 days and every 7 days 
regimens for BAY 94-9027; (adjusted difference of −1453.26 
(95% CI, ‒2291.62 to ‒614.91) IU/kg/year and when pooled 
biweekly and every 5 days prophylaxis PROTECT VIII arms 
were used (adjusted difference of ‒1137.62 IU/kg/year (95% 
CI, −1855.45 to −419.79), see Table 2.

The results of the sensitivity analyses were also similar 
when the secondary outcome was considered. No statistically 
significant difference in the proportion of patients with zero 
bleeds between BAY 94-9027, and N8-GP was observed for 
none of the sensitivity analysis scenario (Table 2).
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Discussion
HA is a rare disease, which may explain why no head-to- 
head efficacy studies comparing active treatments were 
identified in the systematic literature review. For ethical 
reasons, existing studies are nonrandomized, and more-
over, patients with a prophylaxis history should not be 
allocated to on-demand arms. Naive, unanchored, compar-
isons of results observed in different treatments in differ-
ent studies are of low credibility due to many confounding 
factors (eg, population, outcomes, study design). Methods 
such as MAIC and STC used for this analysis may reduce 
bias related to known differences between study popula-
tions because the population of one study is adjusted to 
reflect the population of the other one.

According to the previous MAICs,9 ABR (considered 
the most clinically meaningful efficacy endpoint16) and 
percentages of patients with zero bleeds were similar 
were similar comparing BAY 94-9027 with rFVIIIFc, 
BAX 855, and rAHF-PFM. (Appendix Table 1). A recent 
MAIC with rFVIIIFc17 suggested no difference in the 
proportion of patients with zero bleeds between individua-
lized rFVIIIFc and BAY 94-9027 pooled prophylaxis 
arms, but a significantly lower mean ABR in the 
rFVIIIFc individualized prophylaxis group versus the 
BAY 94-9027 pooled prophylaxis population (mean dif-
ference [MD] − 1.9; 95% confidence interval [CI] − 3.5 to 
− 0.4). In the publication by Batt et al,9 the mean ABR 
after weighting for difference in baseline characteristics 
was similar between BAY 94-9027 and individualized 
rFVIIIFc: 4.25 vs 2.91 (P > 0.05). The difference in the 
results might be explained by different set of variables 
used in weighting of individualized data, population selec-
tion, as well as different summary measures compared. 

The publication of Hakimi et al17 has a relatively high 
effective sample size, which helps reaching statistical sig-
nificance, but this was associated with the use of fewer 
adjustment factors. There was no adjustment on prior use 
of prophylaxis. Additionally, the population was selected 
to be specific to only one of the treatment arms studied for 
rFVIIIFc compared to a pooled analysis of all treatment 
arms from the PROTECT VIII trial. Furthermore, the 
recent publication17 was based on a comparison of arith-
metic means of ABR, while that of Batt et al9 compared 
mean ABRs based on a negative binomial model. ABR 
was highly skewed in the PROTECT VIII trial, therefore 
means based on a negative binomial model would be 
a better summary here than arithmetic means. The study 
by Hakimi et al also did not consider the difference in the 
quantity of medication consumed between rFVIIIFc and 
BAY 94-9027.

The present analysis demonstrates similar findings for 
BAY 94-9027 and N8-GP in both ABR (IRR of 1.11 (95% 
CI, 0.85‒1.44; p-value 0.4490)) and number of patients 
with zero bleeds (1.03 (95% CI, 0.60‒1.77; p-value 
0.9039)). As ABR appears to be similar between products, 
other criteria need to be considered when choosing 
between products. The quantity of medications used for 
treating HA and preventing complications correlate with 
cost and are a key factor. This study showed that the use of 
medication is over 20% lower with BAY 94-9027 than 
with N8-GP, as previously shown vs rFVIIIFc, the reduc-
tion of the mean annualized consumption of FVIII was 
here 26% (3552.43 IU/kg/year vs 4845.00 IU/kg/year, 
respectively). This might be considered as an important 
advantage of BAY 94-9027.

Our main finding of reduced factor consumption while 
maintaining similar bleed rates has relevance to a clinical 

Table 1 Quality of Baseline Characteristics Matching (Main Scenario)

Variables Prematching Characteristics Postmatching Characteristics

PATHFINDER 2 PROTECT VIII (IPD) P value PROTECT VIII P value

N 175 102* 61.94 (60.73%)

Age, mean [years] (SD) 30.60 (12.50) 34.54 (12.95) 0.0021 30.60 (12.49) 1.000
Weight, mean [kg] (SD) 75.00 (14.40) 76.74 (17.15) 0.3652 75.00 (14.40) 1.000

Asian race (%) 18 26 0.1152 18 1.000

White race (%) 77 71 0.2682 77 1.000
Prior PPX (%) 85 80 0.2844 85 1.000

Prior no. of bleeds >2 in prior PPX (%) 50 57 0.3090 50 1.000

Prior no. of bleedings >19 in prior OD (%) 50 85 0.0145 50 1.000

Notes: *Eight patients had missing values for at least one variable used for matching. 
Abbreviations: IPD, individual patient data; OD, on-demand treatment; PPX, prophylaxis.
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audience, given the financial burden HA care has on health 
care budgets. It is therefore important to consider the 
underlying reasons for our findings and the implications 
for translation into clinical practice benefits under real- 
world conditions. First, differences in pharmacokinetics 
may account in part for the effects observed in our study. 
Head-to-head pharmacokinetic studies comparing BAY 
94-9027 and N8-GP are not available. Compared to the 
PEGylated rFVIII concentrate, BAX 855, BAY 94-9027 
showed significantly increased exposure (area under the 
curve (AUC) ratio 1.22 [95% confidence interval 1.11– 
1.33], P = 0.0004) due to slower clearance (ratio 0.82 
[0.75–0.90], P = 0.0004).18 Likewise, compared to 
rFVIIIFc, BAY 94-9027 showed higher exposure (AUC 
ratio 1.26 [1.14–1.38], P = 0.0001) and slower clearance 
(ratio 0.80 [0.72–0.87], P = 0.0001).19 The differences in 
FVIII clearance is thought to be linked to the structure of 
the low-density lipoprotein receptor and size of 
PEGylation extending the FVIII half-life. Also, the type 
of conjugation, eg, site-specific conjugation as used in 

BAY 94-9027, may contribute to extending the pharmaco-
kinetics and/or pharmacodynamics or change its 
dynamics.18,20 Thus, PEGylation is one of the factors 
likely explaining the similar >20% reduction in factor 
use when comparing the BAY 90-9027 clinical trials to 
it’s the other factor concentrates. Second, differences in 
study design may in part explain the reduced factor con-
sumption with BAY 94-9027 as compared with N8-GP as 
seen in our study. N8-GP was used at the same dosing 
regimen (50 IU/kg every 4 days) for all patients in the 
PATHFINDER 2 study. In contrast, the PROTECT VIII 
study had a run-in phase of 10 weeks (BAY 94-9027 dosed 
25 IU/kg twice-weekly) that stratified patients with low 
bleeding risk (0 or 1 breakthrough bleeds, later-on rando-
mized to prophylaxis every 5 or every 7 days) vs higher 
bleeding risk (≥2 breakthrough bleeds, later-on prophy-
laxis twice-weekly). This stratification resulted in spend-
ing more factor concentrate on prophylaxis in patients with 
higher bleeding risk as compared to patients with lower 
bleeding risk and finally resulted in similar ABR across all 

Figure 1 Comparison of ABR, consumption and proportion of patients with zero bleed between BAY94-0927 and N8-GP. 
Abbreviations: ABR, annualized bleeding rate; CI, confidence interval; OR, odds ratio; p, p-value; IRR, incidence rate ratio.
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dosing tiers. Therefore, not only product characteristics 
but guidance for dosing and individualized regimens 
based on response to treatment have an impact on the 
balance between resource utilization and clinical 
outcomes.

In the absence of randomized studies with an identical 
comparator, the ITC methodological guidelines allows for 
the use of the MAIC as a reasonable method for compar-
ing nonrandomized, unanchored trials with adjustments 
made for patient characteristics at baseline, thereby mini-
mizing the bias of comparing effects from trials with 

different baseline.15 By comparing studies with similar 
outcome definitions (excluding those from the observation 
period), we minimized study design. Finally, by perform-
ing sensitivity analyses around different pooled treatment 
regimens and other ITC approach (STC), we confirmed the 
results as they were in line with those obtained in the main 
analysis.

The use of MAIC or STC instead of naive (nonad-
justed) comparison carries some limitations as it reduces 
bias only if all key treatment modifiers and prognostic 
factors are included for an adjustment. In our case, 

Table 2 Indirect Treatment Comparison Between BAY-94-9027 and N8-GP in Prophylaxis Hemophilia Treatment (Sensitivity 
Analyses)

Variables PATHFINDER 2 PROTECT VIII Comparison of PROTECT-VIII vs PATHFINDER 2

Crude Estimates Adjusted 

Estimates

Crude Estimates Adjusted Estimates

ABR for any bleeds* Mean (95% CI) Mean (95% CI) Mean (95% CI) IRR (95% CI); p IRR (95% CI); p

STC – pooled all PPX arms 3.7 (2.96–4.66) 4.09 (3.72–4.48) 3.24 (2.81–3.73) 1.10 (0.85–1.43); 0.4492 0.88 (0.66–1.16); 0.3490

MAIC – pooled Q5D and Q7D PPX 

arms

3.7 (2.96–4.66) 3.81 (3.40–4.26) 3.34 (2.86–3.90) 1.03 (0.79–1.34); 0.8351 0.9 (0.68–1.20); 0.4818

MAIC – pooled BIW and Q5D PPX 

arms

3.70 (2.96–4.66) 4.01 (3.54–4.53) 4.02 (0.07–243.84) 1.08 (0.83–1.42); 0.5617 1.09 (0.02–66.36); 0.9686

MAIC – pooled all PPX arms (including 

run-in period)

3.70 (2.96–4.66) 4.10 (3.75–4.50) 4.12 (3.70–4.58) 1.11 (0.86–1.43); 0.4269 1.11 (0.86–1.45); 0.4226

Consumption (IU/kg/year) Mean (95% CI) Mean (95% CI) Mean (95% CI) Difference (95% CI); p Difference (95% CI); p

STC – pooled all PPX arms 4845.00 (4127.17– 

5562.83)

3546.90 (3536.15– 

3557.64)

3508.69 (3247.15– 

3445.14)

−1298.1 (2016.02 to −580.19); 

0.0004

−1336.3 (−2064.74 to 

−607.88); 0.0001

MAIC – pooled Q5D and Q7D PPX 

arms

4845 (4127.17– 

5562.83)

3436.50 (3343.39– 

3529.61)

3391.74 (2958.67– 

3824.81)

−1408.5 (−2132.34 to 

−684.65); 0.0001

−1453.3 (−2291.62 to 

−614.91); 0.0007

MAIC - pooled BIW and Q5D PPX 

arms

4845 (4127.17– 

5562.83)

3681.2 (3531.25– 

3831.16)

3707.38 (3706.53– 

3708.23)

−1163.8 (−1897.12 to 

−430.47); 0.0019

−1137.6 (−1855.45 to 

−419.79); 0.0019

MAIC – pooled all PPX arms (including 

run-in period)

4845 (4127.17– 

5562.83)

3353.06 (3343.47– 

3362.65)

3341.52 (2893.12– 

3789.93)

−1491.94 (−2209.84 to 

−774.04); <0.0001

−1503.48 (−2349.85 to 

−657.10); 0.0005

Proportion of patients with zero 

bleed (%)

Proportion  

(95% CI)

Proportion  

(95% CI)

Proportion  

(95% CI)

OR (95% CI); p OR (95% CI); p

STC – pooled all PPX arms 40 (33–48) 38 (29–48) 42 (32–51) 0.93 (0.56–1.53); 0.7719 1.08 (0.66–1.77); 0.7655

MAIC – pooled Q5D and Q7D PPX 

arms

40 (33–48) 41 (30–52) 41 (28–55) 1.04 (0.61–1.80); 0.8779 1.06 (0.56–2.02); 0.8587

MAIC – pooled BIW and Q5D PPX 

arms

40 (33–48) 38 (26–49) 41 (0–1) 0.90 (0.50–1.62); 0.7261 1.05 (0.00–19×106); 0.9951

MAIC – pooled all PPX arms (including 

run-in period)

40 (33–48) 33 (24–42) 35 (25–46) 0.73 (0.44–1.21); 0.2229 0.83 (0.48–1.42); 0.4907

Notes: *Based on Poisson model. The effective sample size when pooling Q5D and Q7D PPX arms was 40.31 (51.68% of the original sample) and 33.14 (51.78% of the 
original sample) when pooling BIW and Q5D PPX arms of PROTECT VIII study. 
Abbreviations: ABR, annualized bleeding rate; BIW, twice weekly, IRR, incidence rate ratio; MAIC, matching-adjusted indirect comparison; OD, odds ratio; PPX, 
prophylaxis; Q5D, every 5 days; Q7D, every 7 days; STC, simulated treatment comparison.
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a clinically important factor of the prior number of target 
joints bleeds21,22 was not considered as this parameter was 
not reported in the PATHFINDER 2 study. It is also 
possible that there are other unknown effect modifiers 
that were not considered in the analysis. It is notable that 
MAIC adjusts for differences in patient characteristics 
only, but not for any difference in the study design or 
outcome definitions. Furthermore, the main phase of the 
PATHFINDER 2 study was twice as long as in the 
PROTECT VIII study, which could have additional impli-
cations. First, it could affect the comparison of proportions 
of patients with zero bleeds and result in a bias in favor of 
BAY 94-9027, because the longer patients are followed, 
the more likely they are to experience at least one bleed. 
This efficacy outcome was considered as secondary end-
point of interest. And second, it may also affect the com-
parison of ABR as the frequency of bleeding tends to 
decrease over time in patients treated on prophylaxis.23 

The same trend was observed in PROTECT-VIII extension 
study. Mean ABR (based on negative binomial model) 
observed at the end of main phase of PROTECT VIII 
was 4.07,9 while the one observed in extension study (5 
years of follow-up) was 3.49.11 Therefore, the ABR com-
parison may be biased against BAY 94-9027. Finally, 
considered study periods were short, and the study with 
longer data would provide more robust evidence to 
changes in ABR.

Conclusions
Prophylactic treatment with BAY 94-9027 shows similar 
efficacy in terms of ABR and percentage of patients with 
zero bleeds and is consistent with a 26.7% lower annual factor 
consumption, suggesting potential cost savings with its use.

Abbreviations
ABR, annualized bleeding rate; CI, confidence interval; 
EHL, extended half-life; Fc, fragment crystallizable; 
FVIII, factor VIII; HA, hemophilia A; Ig, immunoglobu-
lin; IRR, incidence rate ratio; ITC, indirect treatment 
comparison; IU, International units; OR, odds ratio; SD, 
standard deviation; STC, simulated treatment comparison.
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