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Abstract: Hemophilia A is rare, which makes large, randomized, controlled, statistically driven, head-to-head comparison trials
difficult. Matching-adjusted indirect comparisons (MAICs) are validated statistical tools designed to help make the results of non-
comparative trials more comparable. The purpose of this commentary is to provide an insight into the MAIC method, in order to assist
the hemophilia community with interpretation of MAIC data. It includes a comparison of the findings from previously published
MAICs comparing recombinant factor replacement options and their methodologies. As MAICs are being used more often to compare
treatment options for patients with hemophilia A, it is paramount that robust and consistent methodologies for cross-trial comparisons
are used and that all efficacy analysis findings are linked to factor utilization.
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Hemophilia A is a rare blood clotting disorder, affecting around 1 in 5000 male births. This means study populations are often
small, which makes large, randomized, controlled, statistically driven, head-to-head comparison trials difficult.’? Matching-
adjusted indirect comparisons (MAICs) are validated statistical tools designed to help make the results of non-comparative
trials more comparable. They compare therapeutic products by combining and re-weighting known individual patient data
from one clinical trial with the published baseline summary statistics of comparator treatments as derived from reference
clinical trials.>* The value of MAICs in rare disease therapeutic areas such as hemophilia has been acknowledged by various
health assessment bodies, leading to an increase in the number of MAICs reported in the last few years.! The limitations of
MAICs and of the methodologies used in these types of analysis are less widely understood, which can negatively impact data
interpretation and application to clinical practice. The purpose of this commentary is to provide an insight into the MAIC
method, in order to assist the hemophilia community with interpretation of MAIC data. The MAIC methodology has been
published previously, and the National Institute for Health and Care Excellence (NICE) guidelines provide a reputable
overview of the approach.'*3° This method is also explained in an animation (https://doi.org/10.6084/m9.figshare.18705461)
comparing data on the extended-half-life factor VIII replacement damoctocog alfa pegol from the PROTECT VIII trial with

published aggregate data from trials of efmoroctocog alfa, rurioctocog alfa pegol, antihemophilic factor (recombinant),

plasma/albumin-free method (octocog alfa) and turoctocog alfa pegol.
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There are a number of core steps required for comparisons made between individual patient data (IPD) from trials with
aggregate data to be valid.®> As a first step, the criteria used in trial selection must be transparent and methodological. Often,
this is accomplished via a systematic literature review that clearly stipulates trial characteristics, including study designs and
patient inclusion/exclusion criteria; factors that represent key variations between trials and clarify the presence or exclusion
of certain treatment arms. There are many reasons why a trial may be selected, but data from a particular arm may not be
appropriate for inclusion in the MAIC. For example, a comparison may exclude an arm that examines a dosing regimen that
is not in the approved labelling for both therapeutic products under evaluation. Or it may exclude patients assigned to
a specific arm with a positive selection step, such as a lead-in period, during which patients have an opportunity to change
dosing or switch to another regimen that would significantly bias outcomes (self-selection for worse disease). Though
MAICs are a powerful tool for comparing studies, the methodology cannot compensate for factors such as these. As
decisions regarding the inclusion or exclusion of particular arms or patient groups are likely to be subjective, it is important
that the reasoning is clearly communicated to the readers so that they may make an informed interpretation of the findings
and their equivalence. Once the overall study design has been analyzed and decisions made regarding the comparability of
other trial designs, the baseline characteristics for the chosen patient populations, such as specific disease-related character-
istics like bleed history and joint health, as well as other prognostic variables and sources of heterogeneity, should be
analyzed. In the event that two trials have different baseline patient populations, the patients can be compared through
a process of adjusting the baseline populations and matching like with like. Even if characteristics are reported in different
formats, for example annualized versus monthly utilization data, these differences can help to clarify the differences between
the two populations. In deciding which characteristics should be compared to highlight the most important data across trials,
expert opinion (and/or overview of previously published MAICs) is relied upon. For example, were a trial to not report
anything about the treated population’s baseline hemoglobin, we could not use this characteristic in a MAIC, but it does not
mean that it is not relevant; any reader would struggle to trust the results of the comparison, because we could not safely say
that the populations were ever comparable at all. After identifying any sources of inter-trial variation, an assessment should
be performed on the availability of IPD. These data will allow cross-trial differences to be offset. The next step is to identify
and match the definitions of the outcome measures, while considering the statistics used and the clinical relevance of dosages
and utilization data. Plainly, improved clinical outcomes can be achieved with certain doses at certain frequencies, and this
should be considered as part of a comparison. The use of sensitivity analyses is required when exact matching of the
definitions of outcome measures is not possible; recalculating outcomes under alternate assumptions about the inputs can
indicate where meaningful relationships exist. Finally, the trial populations should be matched; at this step, any patient in the
IPD group who would not meet entry requirements for the comparator trial should be excluded and all remaining patients
assigned a weighted score. This weighted score matches their baseline characteristics to those reported for the comparator
trial. It should be noted that a fair comparison cannot be made when there is an inability to match inclusion/exclusion criteria
or outcome measures. Cross-trial differences that have not been accounted for and unnecessary exclusion of patients can
introduce bias. Only a randomized, controlled head-to-head trial can offer reassurance that the results are not biased by
unaccounted for differences. In addition, to enable the matching of all baseline characteristics, MAICs require there to be
more patients than the number of baseline characteristics. While common comparator arms, for example two trials each using
octocog alfa as a comparator arm, are not mandatory, the presence of a common comparator arm facilitates the validation of
matching.'” As a consequence of the matching process, a MAIC reflects potential outcomes in a population similar to the one
in the comparator trial. When interpreting the results, generalizability to different patient populations should be assessed.
Finally, and as mentioned earlier, some trials simply cannot be compared in a MAIC due to irreconcilable differences
between them.

A Comparison of the Findings from Previously Published MAICs
Comparing Recombinant Factor Replacement Options and Their

Methodologies
In 2019, Batt et al reported the results of a MAIC showing similar bleeding outcomes and a 20—40% lower factor
utilization when comparing damoctocog alfa pegol results from the Phase 2/3, partially randomized PROTECT VIII trial
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with published aggregate data for efmoroctocog alfa, rurioctocog alfa pegol and octocog alfa.! Post-match data for each
comparator trial are shown in Table 1. To ensure comparability between patient populations, key inclusion and exclusion
criteria for the comparator trials were applied to the BAY 94-9027 population. The variability in treatment frequency
across comparator treatments was accommodated using data from the three different prophylactic dosing regimens (twice
weekly, every 5 days and every 7 days) in PROTECT VIII. For efmoroctocog alfa, individualized and weekly
prophylaxis arms from the ALONG trial were pooled, along with a sensitivity analysis using only data from the
individualized efmoroctocog alfa treatment arm. Separate analyses were conducted for the data from two published
octocog alfa trials, 2004 (standard prophylaxis arm) and 2012 (pooled standard and pharmacokinetics-tailored prophy-
laxis arms), due to differences in the calculation of the annualized bleeding rates (ABR). For rurioctocog alfa pegol, the
prophylaxis arm in the PROLONG-ATE trial was used. A logistics regression model was then used to estimate individual
patient weightings, and method of moments to estimate the parameters in this model. The use of categorical-based
variables allowed for a high number of these to be matched across treatments, and all summary statistics for all baseline
characteristics were exactly balanced after matching.'

Similar results were reported by Vashi et al in 2021, where a 26% lower factor utilization was demonstrated for
damoctocog alfa pegol compared with turoctocog alfa pegol, while maintaining similar bleeding outcomes.” In this
MAIC, IPD from the prophylaxis arms in the PROTECT VIII main study were compared to aggregate data from the
prophylaxis arm of the partially randomized PATHFINDER 2 main study; the method for unanchored trials was
applied due to the non-random allocation of patients to the on-demand regimens in each trial, resulting in the outcomes
observed being non-comparable to those observed in the prophylaxis arms. Again, as many variables as possible were
matched, and both trials had similar inclusion criteria and similar outcome definitions.” The reporting of these trials is
consistent with that of Bonanad et al in 2021, where both efficacy and utilization of lonoctocog alfa were compared
with those of efmoroctocog alfa and octocog alfa.® In contrast, in 2021, Hakimi et al reported efficacy findings from
a MAIC without linking these to any utilization data.” The authors reported a superior efficacy profile for efmor-
octocog alfa in the A-LONG study compared with damoctocog alfa pegol in the PROTECT VIII study following
MAIC analysis.” The discrepancies between the reported results from different research teams may arise from the
variation in methodologies used. Batt et al excluded IPD from one patient that did not meet the inclusion criteria for
A-LONG, whereas, in the Hakimi et al study, A-LONG IPD from the weekly 65 IU/Kg efmoroctocog alfa prophylaxis
group were omitted and only the IPD from the efmoroctocog alfa prophylaxis group receiving 25-65 1U/kg every 3—5
days were included. In contrast, the aggregate data used from PROTECT VIII included patients receiving damoctocog
alfa pegol prophylaxis 30-40 IU/kg twice-weekly, 45-60 IU/kg every 5 days, and 60 IU/kg every 7 days."® This
difference likely reflects a difference in illness severity in the groups included and may make the results harder to
interpret. We hope to support the hemophilia community in gaining a better understanding of the MAIC method,
allowing them to identify differences in methodology — including the absence of measures that provide clinical
context — and to better interpret the results. The use of categorical variables allows for a greater number of variables
to be matched compared with the use of numerical variables, for example “severe hemophilia” versus proportion of
normal clotting activity, because categories have the same definitions whereas numerical values are more likely to be
different. In addition, reporting of efficacy profiles linked to utilization data gives clinical context to the comparison
data. Consistency in methodology across all MAICs is key to achieving a fair comparison. Methodological differences
can lead to selection bias, for example through omitting patient subgroups; elimination of clinical context, as a result
of excluding factor utilization; and results being invalidated when outcomes are not matched, including comparisons of
ABR, target bleeds and factor utilization.> As MAICs are being used more often to compare treatment options for
patients with hemophilia A, it is paramount that robust and consistent methodologies for cross-trial comparisons are
used and that all efficacy analysis findings are linked to factor utilization. Despite the limitations of the MAIC
methodology, such as the incomparability of some studies and the potential bias introduced by unaccounted for cross-
trial differences, MAICs may then aid the hemophilia community in making informed choices when selecting factor

replacements.
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Table | Compilation of Post-Match Bleeding Outcomes and Utilization Data from MAICs with FVIII Replacements

Batt et al 2019'?
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Damoctocog Efmoroctocog Damoctocog Efmoroctocog Damoctocog Rurioctocog Damoctocog Octocog Damoctocog Octocog alfa
alfa pegol® 30- | alfa® 25-65 IU/ | alfa pegol® 30— | alfa® 25-65 IU/ | alfa pegol 30~ | alfa pegol 45 | alfa pegol 30- alfa alfa pegol 30- | (2012) 20-40
40 1U/kg 2xW, kg E3-5D, 65 40 1U/kg 2xW, kg E3-5D 40 1U/kg 2xW, 15 IU/kg 40 1U/kg 2xW, (2004) 40 1U/kg 2xW, 1U/kg every
45-60 1U/kg 1U/kg weekly 45-60 1U/kg (sensitivity 45-60 1U/kg 2xW 45-60 1U/kg 25-40 45-60 1U/kg 486 h, 20-80
ESD, 60 1U/kg E5D, 60 1U/kg analysis) E5D, 60 1U/kg E5D, 60 1U/kg 1U/kg ESD, 60 1U/kg 1U/kg every
E7D E7D E7D E7D 3xW/ E7D 72+6 h
EOD
Mean ABR 3.77 3.90 4.25 291 3.95 3.70 4.28 6.30 1.87 1.80
Zero bleeds (%) 34.1 40.7 352 453 389 39.6 41.5 29.9 40.0 333
Factor utilization 66.5 82.2% 66.4 85.4%* 64.3 874 64.0 107.5 63.6 109.9
(IU/kg/W)
Factor utilization 3458.0 42744 3452.8 4440.8 3343.6 4544.8 3328.0 5590.0 3307.2 5714.8
(1U/kglY)
Vashi et al 20217
Damoctocog Turoctocog
alfa pegol® 30- | alfa pegol® 50
40 1U/kg 2xW, 1U/kg E4D
45-60 1U/kg
ESD, 60 1U/kg
E7D
Mean ABR 4.10 3.70
Zero bleeds (%) 0.41 0.40
Factor utilization 68.3 93.2
(IU/kg/W)
Factor utilization 3552.43 4845.00%+*
(IU/kglY)
Bonanad et al 2021°
Lonoctocog Efmoroctocog Lonoctocog Octocog alfa Lonoctocog Octocog alfa
alfa® 20-50 IU/ | alfa® 25-65 IU/ | alfa 20-50 IU/ | (2004)° 25-40 | alfa 20-50 IU/ | (2012) 20-40
kg 2-3xW/ kg E3-5D kg 2-3xW/ 1U/kg 3xW/ kg 2-3xW/ 1U/kg every
EOD EOD EOD EOD 486 h
Mean ABR 3.44 291 4.64 6.30 1.6l 1.60
Zero bleeds (%) 394 453 36.6 299 41.8 40.6
Factor utilization 85.5 89.1 NR NR 81.9 110.9
(IU/kg/W)
Factor utilization 4444.0 4632.0 NR NR 4261.0 5768.0*%

(IU/kglY)
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Hakimi et al 2021
Damoctocog Efmoroctocog
alfa pegol 30- | alfa 25-65 U/
40 1U/kg 2xW, kg E3-5D
45-60 1U/kg
E5D, 60 IU/kg
E7D
Mean ABR 49 3.0
Zero bleeds (%) 38.2%kkx 46.5
Factor utilization NR NR
(IU/kg/W)
Factor utilization NR NR
(IU/kglY)

Notes: *P < 0.0001; **P < 0.001; **P < 0.005; ****MD — 1.9 (95% Cl: —3.5 to —0.4). *Standard error data were unavailable for rurioctocog alfa pegol and octocog alfa. Therefore, no P-values were calculated for these comparisons.
PIndicates that reported factor utilization is mean data; all other factor utilization data are median factor utilization. “Data available were not sufficient to allow comparison of annualized factor utilization. “Weekly 65 IU/Kg efmoroctocog
alfa prophylaxis group was omitted from the analysis. 2XWV, twice weekly; ABR, annualized bleeding rate; Cl, confidence interval; E3-5D, every 3-5 days; E4D, every 4 days; E5D, every 5 days; E7D, every 7 days; EOD, every other day;
h, hour; MD, mean difference; NR, not reported; W, week; Y, year.
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Abbreviations
ABR, annualized bleeding rate; IPD, individual patient data; MAIC, matching-adjusted indirect comparison.
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