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Highlights

e Matching-Adjusted Indirect Comparisons (MAIC) is a method which is increasing in
popularity in evidence synthesis. A number of simulation studies have been carried out
to assess its suitability as a method. However, simulation studies alone cannot assess
bias for MAIC given the subjective nature of how or if at all MAIC is performed.

e We analyse real world MAICs to ascertain if they tend to favour the treatment for which
individual patient data is available, relative to the results of the standard anchored
indirect treatment comparisons (ITCs).

e This work provides an insight into how effect estimates compare when MAIC results
are reported or not reported. This can be useful for analysts to consider when appraising
results arising from MAIC, or when evaluating the absence of a reported MAIC.



Abstract

Objectives: We present an empirical comparison of relative-efficacy estimate(s) from
Matching-Adjusted Indirect Comparisons (MAICs) with estimates from corresponding
standard anchored indirect treatment comparisons (ITCs).

Methods: A total of 80 comparisons were identified from 17 publications through a
systematic rapid review. A standardised metric that used reported relative treatment efficacy
estimates and their associated uncertainty was used to compare the methods across different
treatment indications and outcome measures.

Results: On aggregate, MAICs presented for connected networks tended to report a more
favourable relative-efficacy estimate for the treatment for which individual-level patient data
(IPD) were available, relative to the reported ITC estimate.

Conclusions: Although we recognise the importance of MAIC and other population
adjustment methods in certain situations, we recommend that results from these analyses are
interpreted with caution. Researchers and analysts should carefully consider if MAICs are
appropriate where presented and whether MAICs would have added value where omitted.

Introduction

Comparative-effectiveness research (sometimes called relative-effectiveness research) is
routinely performed in research and development of pharmaceutical interventions. While
several competing treatments may exist for a given disease state, there may be no multi-arm
study available to directly compare all relevant treatments. In the absence of direct evidence,
investigators can perform indirect treatment comparisons (ITC) using estimates from clinical
trials L.

Where a common comparator exists, a standard anchored ITC (also known as a special case
of Network Meta-Analysis (NMA)) may be performed, as introduced by Bucher et al 2. A
standard anchored ITC compares the relative effects of two treatments, versus a common
comparator, to obtain an estimate for the comparison of interest. This method has been
widely adopted within comparative-effectiveness research and is recognised within
reimbursement bodies 3®.

All ITC evidence may be subject to bias. Lunny et al ” have identified 22 sources of bias
specific to ITC. Using indirect evidence to estimate relative treatment effects often requires
strong assumptions regarding the exchangeability of evidence. There can also be different
modelling options. Whenever multiple modelling options exist the analyst must consider the
impact of choosing one approach over another. It may be difficult to judge which approach is
most appropriate. For example, an analyst will need to judge whether a standard anchored
ITC is more appropriate than more complex population adjustment methods.

We compare the evidence-synthesis outputs of published MAICs (identified via rapid review)
with the outputs of the corresponding standard anchored ITC. We investigate whether more
favourable relative efficacy estimates (for the intervention under consideration versus the
comparator(s)) tend to be produced for one method. For this work, a corresponding standard



anchored ITC is one that is informed by the same clinical trials as the MAIC under
consideration, but without patient-level adjustment. We do not aim to guide analysts on the
appropriateness of performing a particular MAIC. However, we provide our observations of
MAIC, as applied in the literature, which may be useful for HTA analysts and appraisers to
consider, as well as other researchers.

MAIC & has been introduced to perform the comparison within the same two-study scenario
as a standard anchored ITC. This is referred to as an anchored MAIC. In situations where no
common comparator exists, the unanchored MAIC has been proposed. However, we focus on
the anchored scenario in which the analyst can choose to perform both an MAIC and a
standard anchored ITC. Thus, we can compare the evidence synthesis outputs for both
methods.

Results from standard anchored ITCs may be biased when certain patient characteristics,
known as effect modifiers, are imbalanced between two trials °. For effect modifiers, a
change in the patient characteristics can lead to differing changes in treatment efficacy among
treatments. Thus, bias may be introduced in the standard anchored ITC result. In this case,
one of the fundamental assumptions of ITC may not hold, i.e. that trials are not exchangeable
or the patient population is not sufficiently homogenous. However, if individual patient data
(IPD) is available, then matching methods such as MAIC, or related methods such as
propensity scoring can be useful in adjusting for these effect modifiers. The patient
populations then compared are likely to have improved homogeneity for these effect
modifiers, thus reducing this bias.

MAIC requires access to IPD for one of the trials comparing an intervention. In theory, this
strengthens the comparison by accounting for some of the difference in relative effects
induced by differences in the trial populations. However, IPD is generally only provided to
the analyst at the discretion of the pharmaceutical company. We refer to the intervention for
which IPD are available as the “IPD treatment”. The competing intervention, for which
aggregate data only is available, is referred to as the “AgD treatment” and the common
comparator forming the indirect comparison is referred to as the “anchor treatment”. This
schematic is outlined in Figure 1. MAIC is based on propensity scoring methodology.
However, a limitation of MAIC is that IPD is only available from one of the trials.

Many simulation studies have assessed the performance of MAIC. However, many of these
studies yielded differing results. Some differing results are due to the exact nature of the
question being posed when undertaking an MAIC and in which population of interest.
Phillipo et al 1° suggested that MAICs may increase bias compared with standard 1TCs.
However, these results have been challenged 11, as they point out that MAIC targets a
marginal or population-average treatment effect rather than a conditional treatment effect.
Additionally, theoretical results by Cheng et al *? 3 suggest that MAIC may be more bias-
robust than STC. However, STC, when adapted to target a marginal effect, as demonstrated
in Remiro Azocar et al *°, can produce more precise and accurate estimates than MAIC, but
relies on correct specification of the outcome model. . Another simulation study by Leahy et
al 16 found that MAICs may often be of limited benefit in anchored comparisons, but can be
useful as a sensitivity analysis. However, this finding only applies when the population to
which the IPD is being reweighted is representative of a target population of interest. To date,



current conclusions are based on simulation studies and no empirical analysis of MAIC
methods has been performed. Due to the subjective nature of decisions in patient
characteristic selection in MAIC, and even whether to perform or publish an MAIC, we
undertake a comparison of the evidence-synthesis outputs of published MAICs with the
outputs of the corresponding standard anchored ITC. This work will be useful to inform HTA
analysts and assessors in selecting methods or combinations of methods based on their
operating characteristics, and the particular data and research questions at hand.

Methods
Identification of MAICs and corresponding, standard anchored ITCs.

Due to the documented resource burden of systematic reviews, we utilised an accelerated
systematic review process (a rapid review) to identify published anchored MAIC studies 7. A
rapid review is a type of knowledge synthesis in which components of the traditional
systematic review process are simplified or omitted to produce evidence in a more efficient
manner "8, Rapid reviews are therefore an effective tool which incorporates transparent,
scientific, and reproducible methodology *°. On the 25 February 2019 searches were
undertaken using three databases: Embase, Medline (via OVID), and the Cochrane Library.
Grey literature was also searched using Grey Matters Light tool. Citation mining (backwards
and forwards) was also undertaken for all journal articles included in the final analysis. For
this review, the screening and data-extraction stages of a traditional systematic literature
review were simplified. Both title and abstract screening and full text screening were
undertaken by a single reviewer. Data extraction was also undertaken by a single reviewer
and validated by a second member of the review team.

For each identified MAIC, corresponding standard anchored ITCs were identified. In certain
instances, both an MAIC and a corresponding standard anchored ITC were reported within
the same publication. Where a corresponding standard anchored ITC was not reported in the
same publication, published corresponding ITCs were identified via targeted literature
searches.

In some cases, multiple publications referred to the same primary studies. In other cases,
multiple outcomes were reported within a publication. To accurately account for this a strict
protocol for the analysis was established.

Protocol

The number of distinct treatment comparisons is determined from the set of screened records.
Multiple outcomes within a record are referred to as subrecords. Therefore, each individual
citation corresponds to one record, whereas a subrecord is one of many evidence synthesis
outcomes within one citation. Where multiple records refer to the same treatment
comparison, the procedure detailed in Table 1 was applied.

We obtained the point estimates and confidence/credible interval (CI/Crl) of relative efficacy
from all the identified MAICs and the corresponding standard anchored ITCs.



Data extraction and Analysis

As many different outcomes were included, the absolute value of the raw difference between
the MAIC and the ITC results varied considerably between subrecords. For example, in
numerical terms, a clinically meaningful difference in blood pressure might be very different
to a clinically meaningful difference in hemoglobin A1C. We first performed a paired-sample
Wilcoxon test on the complete data set. For further metrics, we needed to scale the results to
accurately compare outcomes which are measured on different scales, to avoid extreme
values. This was achieved using the 95% CI/Crl of the point estimate that had been derived
from the standard anchored ITC. The difference between the MAIC and ITC estimates was
divided by the absolute value of the difference in the upper or lower limit of the CI/Crl and
the ITC point estimate. We refer to this as the standardised difference in relative-efficacy
estimates (SDIRE). For outcomes which used a ratio such as odds ratio or hazard ratio, the
values were first transformed to the natural log scale.

In this analysis, the numerator has already accounted for the superiority definition in the
treatment estimate. A positive value indicates that the MAIC relative-efficacy estimate for the
IPD treatment was more favourable than the respective standard anchored ITC relative-
efficacy estimate for the IPD treatment. Conversely, a negative value indicates that the MAIC
relative-efficacy estimate for the AgD treatment was more favourable than the respective
standard anchored ITC relative-efficacy estimate for the AgD treatment. Thus, the SDIRE is
given by:

If an outcome is favourable (e.g. median overall survival time or rate of remission):

MAICestimate - ITCestimate .
|ITCestimate \ ITClowerl '

MAICestimate ~ ITCeStimate
|ITCupper 4 ITCestimate |

O; where MAICeStimate = ITCestimate

where MAIC .stimate < IT Costimate

; Where MAICogtimate > IT Costimate

If an outcome is unfavourable (e.g. hazard ratio for progression or rate of stroke):

IT Cestimate = MAICestimate
; where MAIC,g; < ITC...:
|ITCeStimate —_ ITClOWeT'l wnere estimate estimate

ITCostimate — MAICostimate
|ITCupper - ITCestimatel

0; where MAICogtimate = IT Costimate

; where MAICogtimate > IT Costimate

where ITC,gtimate denotes the point estimate derived from the standard anchored ITC,
MAIC .stimate denotes the point estimate derived from the MAIC, ITC,,,,., denotes the
lower bound of the 95% CI/Crl for the ITC, and IT C,,,,, denotes the upper bound of the
95% CI/CrI for the ITC.

Results less than zero favour the AgD treatment, while results greater than zero favour the
IPD treatment. Values outside the range [—1,1] indicates that the MAIC estimate lies outside



the 95% CI/Crl for the ITC, which indicates that the adjustment has had quite a sizable
impact on the original analysis. Because of the need to standardise comparisons on different
scales using the 95% ITC CI/Crl, subrecords that did not report a 95% CI/Crl were excluded.
A second analysis included the same formula above but scaled by the 95% CI of the MAIC
estimate.

Results

We identified 168 subrecords where both the standard anchored ITC and MAIC estimates
were available from 30 records 2°-4°, The final PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) diagram is shown in Error! Reference source not
found.. Note that the PRISMA only provides details on the number of citations/records and
does not provide a breakdown of subrecords. The results of these 168 subrecords are
available in tabular format in Table S1 in the supplementary material. Note that the unique
record numbering of the original systematic review has been maintained. Out of the total 168
subrecords, 109 subrecords favoured the treatment for which IPD was available, while 53
subrecords favoured the treatment with only AgD available. There were 6 subrecords where
the estimate from the MAIC matched the estimate from the IPD. Using a paired-sample
Wilcoxon test on all 168 records we found that there was a statistically significant difference
at the 5% level in favour of the IPD treatment after the MAIC adjustment (p<0.001).

To report the SDIRE we included only studies where the CI/Crl of the ITC estimate was
available. A second analysis used the CI of the MAIC estimate to include more trials. For the
analysis using the CI/Crl of the ITC estimate there were 80 subrecords where both the
standard anchored ITC and MAIC estimates were available, together with the ITC 95%
CI/Crl. These 80 subrecords came from 17 records. These subrecords are shaded in dark grey
in Table S1. Two records (% and *°) fell into category 5 in our protocol in that they presented
differing MAIC results of the same NMA.. Due to the relatively small number of total
records, it was decided to also include the earlier records in our final results.

For the analysis of standardising by the CI of the MAIC estimate an additional 20 subrecords
were available from five records. These additional subrecords are shaded in light grey in
Table S1. One of these records* contained two separate MAICs; one MAIC compared
etanercept to adalimumab, while the other MAIC compared etanercept to certolizumab pegol.

Error! Reference source not found. shows the results and sensitivity analyses of our
analysis when scaling by the CI/Crl of the ITC estimate. (Error! Reference source not
found.A) shows all 80 subrecords. Subrecords are ordered in terms of most favourable
differences reported following adjustment. If MAIC analyses were being reported in a
systematic basis across the literature, so that favourable and unfavourable comparisons
relative to the results of the standard anchored ITCs were equally likely to appear, then we



might reasonably expect this graph to have a broadly symmetric appearance around zero.
This is not the case.

The median SDIRE of the subrecords (indicated by the maroon line) was 0.24. The mean

SDIRE of the subrecords (indicated by the blue line) was 0.34. None of the 80 subrecords
returned a result less than -1; indicating that no MAIC point estimate lay beyond the ITC

95% CI/Crl favouring an AgD treatment. There were six subrecords where the result was

greater than 1; indicating that the MAIC point estimate for each of these comparisons was
extreme enough to fall outside the ITC 95% CI/Crl, in favour of the IPD treatment.

In a secondary analysis we use a single representative subrecord for each publication. This
provides a more balanced representation of MAIC use across all identified publications. To
represent each record faithfully we used the median subrecord result (in terms of difference
between ITC and MAIC efficacy estimate) from each record. Results of this analysis are
shown in Error! Reference source not found.B. A similar pattern is clearly present. The
median SDIRE of this analysis was 0.16. The mean SDIRE was 0.23.

Further sensitivity analyses, which used the least and most favourable subrecords for each
publication, are shown in Error! Reference source not found.C and Error! Reference
source not found.D. Median differences in these cases were -0.01 and 0.30 respectively,
while the mean differences were 0.09 and 0.52 respectively.

The same analysis standardising by the MAIC ClI is shown in Error! Reference source not
found.. Error! Reference source not found.A shows all 100 subrecords. The median
difference was 0.21 and the mean difference was 0.31. Error! Reference source not
found.B uses the median (in terms of difference between ITC and MAIC efficacy estimate)
subrecord result from each record. In this case the median difference was 0.16 and the mean
difference was 0.18. Error! Reference source not found.C and Error! Reference source
not found.D use the least and most favourable subrecords for each record. Median
differences in these cases were 0.07 and 0.27 respectively, while the mean differences were -
0.09 and 0.52 respectively. There were nine subrecords where the result was greater than 1;
indicating that the ITC point estimate for each of these comparisons was extreme enough to
fall outside the MAIC 95% ClI, in favour of the IPD treatment. There was one subrecords
where the result was less than -1; indicating that the ITC point estimate for each of these
comparisons was extreme enough to fall outside the MAIC 95% ClI, in favour of the AgD
treatment.

The mean and median SDIRE from Error! Reference source not found. and Error!
Reference source not found. are summarised in Table 2.



Discussion

Our results come from publications concerning a broad range of disease states and
interventions until 25 February 2019. These results indicate a tendency to report MAIC
results that are more favourable to the treatment for which IPD is available, relative to the
results of the standard anchored ITCs, indicating a possible publication bias towards the IPD
treatment. This may be caused by some combination of the publication of arguably
inappropriate MAIC applications resulting in favourable outcomes, and the lack of
publications when appropriate MAIC analyses did not lead to favourable outcomes. While it
is not our goal to comment on the suitability of specific MAIC implementations, nor indeed
on AgD comparisons where further adjustments were not made, this highlights that decision
makers need to be careful when considering the suitability of the adjustments that are being
made for the comparisons in question. We recommend continued observation of the usage of
MAIC.

It is important to ensure that appropriate and correctly specified MAIC analyses are
performed. Therefore, researchers, peer reviewers and HTA assessors must ensure that each
MAIC is reported in a transparent manner, such that clear conclusions regarding any risks of
bias can be drawn. Similarly, the analyst should question instances where no IPD adjustments
have been made. The current status quo is that the absence of an MAIC is not routinely
questioned, and this too can be problematic and may contribute to publication bias.

There are multiple limitations in our analysis, such as the reporting of multiple MAIC
analyses in many of the publications, which couldyield conflicting results. We attempted to
represent the information from each record faithfully by recording each outcome comparison
as a subrecord. To investigate whether our conclusion could withstand considerable bias we
undertook a sensitivity analysis where we used the subrecord result which had the most
favourable result for the AgD treatment (i.e. the most conservative subrecord possible).

A second challenge was comparing data among a range of publications covering a diverse set
of treatments and diseases, as well as the outcome types used. This is a challenge when
reviewing a method as opposed to a treatment for a specific clinical indication, as it is a
fundamentally different question. This has been attempted for questions such as the achieved
power of a randomised controlled trial in the Cochrane database of systematic reviews®!, and
for the heterogeneity of treatment effects within a meta-analysis 2. We used a method of
standardisation by the CI/Crl to assess results in an objective fashion. However, we recognise
that there may be limitations in using one metric to represent multiple different outcomes,
and limitations in capturing the nuances of individual treatment comparisons, such as the
impact that the reported magnitude in difference could have in clinical practice. Furthermore,
the SDIRE as currently implemented uses only the CI/Crl of either the MAIC or the ITC
estimate, but not both at the same time. Further research could be undertaken to identify
other metrics which may be more suitable and incorporate the uncertainty of both the MAIC
and the ITC estimates.



This study did not evaluate the presence, magnitude, or direction of actual bias, i.e., relative
to the true treatment effect. Furthermore, we did not evaluate the quality of conduct or of
reporting of the underlying published MAIC/ITC studies. Therefore, it is not possible to say
whether ITC or MAIC is closer to the truth in any given record or subrecord.

A limitation of this review is that it was performed in 2019. An updated review may improve
generalizability.

Additionally, we note that many MAICs identified were unsuitable for our final appraisal.
Many studies excluded were duplicates of later work, for example, conference presentations
that formed the basis for journal publications. Still, there were a few studies which we
excluded as they did not provide sufficient information. We cannot say for certain what effect
the exclusion of these studies had on our results. However, it is likely that the excluded
studies are of lower quality as their methods and results were not reported as clearly as the
studies which have been included in our analysis. Nevertheless, the generalisability of our
work is unknown, and any conclusions made here should be considered with caution.

We focused on MAIC only as this is routinely seen in published literature and HTA
submissions. We explored using STCs publications also. However, only 13 subrecord results
were available from three records. We note that other new methodology has also been
developed in the area of population adjusted indirect comparisons >3, We also note that
MAIC and several other methods mentioned here account for the fact that only limited IPD is
available, and will not be as useful in HTA as a full IPD NMA and network meta-regressions
% _Similarly, if IPD is available for the two trials in question, utilising all the IPD by
propensity scoring methods such as inverse probability treatment weighting is likely to yield
more robust results.

Our review classes all standard anchored ITCs together. However, different types of ITC, for
example, Bucher versus Bayesian, may differ in whether these produce less favourable results
than MAIC.

Although our review focuses on MAICs compared to a standard anchored ITC, our method of
analysis could be applied to other new and innovative methods, even outside the area of
evidence synthesis. The timeframe of this systematic review reflects a period of uncertainty
surrounding the benefits and drawbacks of MAIC, and provides a concrete example of how
similar reviews for other innovative methods may be presented to HTA agencies in future.

This review highlights an important emerging issue in the reporting of MAIC analyses. We
believe it might be useful for users of MAICs, to consider these findings in the case of
anchored analysis, and carefully assess whether a standard anchored ITC, MAIC or
alternative method of population adjustment is most appropriate for the available data.

We welcome the recent developments in the field of population adjustment, which has the
potential to yield results specifically for the population under consideration. However, it is of
the utmost importance that all methods and modelling choices are reported as transparently as
possible, for a thorough assessment to be performed. There is a potential for greater work to
be done to produce “best practice” procedures in terms of reporting, covariate selection, and



sensitivity analyses. We also recommend increased sharing of IPD to allow independent
researchers to conduct more MAICs and other sensitivity analyses.

Conclusion

We have presented four analyses of SDIRE between the MAIC and the standard anchored
ITC. We analysed all subrecords which fitted our research problem, and also examined the
median subrecord, and the most and least favourable subrecord from each record. Most
analyses show a positive mean and median result for the difference between the MAIC and
standard anchored ITC estimate, indicating that, in general, published MAICs tend to be
relatively more favourable to the IPD treatment. Additionally, we found six subrecords where
the result was greater than 1 when stanardising by the CI/Crl of the ITC estimate; indicating
that the MAIC point estimate for each of these comparisons was extreme enough to fall
outside the standard anchored ITC 95% CI/Crl, in favour of the IPD treatment. No subrecord
was found for the converse, that the MAIC point estimate was extreme enough to fall outside
the ITC 95% CI/Crl in favour of the AgD treatment. When stanardising by the CI of the
MAIC estimate we found nine subrecords where the result was greater than 1; and only one
result was less than -1.

Although we recognise the importance of MAIC and other population adjustment methods,
we recommend that results from these analyses are interpreted with caution. For anchored
comparisons, we recommend:

1. The results of an MAIC are compared with the results of the standard anchored ITC to
quantify the degree of adjustment made.

2. HTA analysts should demonstrate any potential biases in the standard anchored ITC
(for example due to unbalanced effect modifiers in each arm) before performing an
MAIC.

3. If no MAIC or other population-adjusted analysis is provided, decision-makers should
carefully evaluate baseline characteristics across trials and the risks of bias in
unadjusted ITCs.

4. Due to the subjective nature in terms of patient characteristic selection, we
recommend that all MAIC analyses are reported as transparently as possible. A
number of areas which often lack information when considering MAICs in HTA have
been described previously. %
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Table 1: Protocol for record selection

1 | The set of outcomes reported in each record was identified.

2 | Records which report fewer outcomes that have already been published in an alternative
record were excluded in favour of the more comprehensive publication. However,
duplicate records were checked for data consistency and where disparities exist, these
were reported and considered for sensitivity analysis, as mentioned in point 5.

3 | Only in the case where there is an additional outcome not reported elsewhere was more
than one record per treatment comparison included in the review.

4 | Where multiple records for the same treatment comparison exist and neither record
contained any additional information with respect to outcomes, one record was selected
based on one of the following distinguishing criteria (in order):

*Publication date (latest preferred)

*Type of publication (in order of preference):
I. Journal publication
ii. Conference poster or HTA agency / EMA report
iii. Conference/published abstract

5 | Where a disparity in published results exists, later publications took precedence under
the assumption that results are more accurate. However, differing results from earlier
publications were considered for sensitivity analysis within the review.




Table 2: Mean and median SDIRE standardising by either the ITC or MAIC CI/Crl

Standardising by the ITC
CI/Crl

Standardising by the
MAIC CI

subrecord

Median All subrecords | 0.24 0.21
SDIRE Median 0.16 0.16
subrecord
Lowest -0.01 0.07
subrecord
Highest 0.3 0.27
subrecord
Mean SDIRE | All subrecords | 0.34 0.31
Median 0.23 0.18
subrecord
Lowest 0.09 -0.09
subrecord
Highest 0.52 0.52
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