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ABSTRACT

In the absence of head-to-head trials, indirect
treatment comparisons (ITCs) are often used to
compare the efficacy of different therapies to
support decision-making. Matching-adjusted
indirect comparison (MAIC), a type of ITC, is
increasingly used to compare treatment efficacy
when individual patient data are available from
one trial and only aggregate data are available
from the other trial. This paper examines the
conduct and reporting of MAICs to compare
treatments for spinal muscular atrophy (SMA), a
rare neuromuscular disease. A literature search
identified three studies comparing approved
treatments for SMA including nusinersen, ris-
diplam, and onasemnogene abeparvovec. The
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quality of the MAICs was assessed on the basis
of the following principles consolidated from
published MAIC best practices: (1) justification
for the use of MAIC is clearly stated, (2) the
included trials with respect to study population
and design are comparable, (3) all known con-
founders and effect modifiers are identified a
priori and accounted for in the analysis, (4)
outcomes should be similar in definition and
assessment, (5) baseline characteristics are
reported before and after adjustment, along
with weights, and (6) key details of a MAIC are
reported. In the three MAIC publications in
SMA to date, the quality of analysis and
reporting varied greatly. Various sources of bias
in the MAICs were identified, including lack of
control for key confounders and effect modi-
fiers, inconsistency in outcome definitions
across trials, imbalances in important baseline
characteristics after weighting, and lack of
reporting key elements. These findings high-
light the importance of evaluating MAICs
according to best practices when assessing the
conduct and reporting of MAICs.

Keywords: Best practices; Comparative
effectiveness;  Critical appraisal; Indirect
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Key Summary Points

A matching-adjusted indirect comparison
(MAIC), a type of indirect treatment
comparison method, may be used to
compare the efficacy of different therapies
when direct head-to-head comparisons do
not exist.

The quality of MAICs should be carefully
evaluated according to best practices,
various sources of bias should be
identified, and the results of a MAIC
should be interpreted in the context of
potential biases present.

The quality of the conduct and reporting
varied greatly in the three identified MAIC
publications in spinal muscular atrophy
(SMA).

Findings from a MAIC can be misleading
because of cross-trial differences in
inclusion/exclusion criteria, baseline
characteristics, definitions and assessment
schedules of outcomes, and key baseline
confounders not balanced after
weighting, especially in the context of
SMA.

INTRODUCTION

In the absence of randomized head-to-head tri-
als directly comparing treatments, indirect
treatment comparisons (ITCs) are increasingly
used to understand the comparative efficacy of
different treatments evaluated in separate trials
[1, 2]. Comparing treatments originally evalu-
ated in separate ftrials can be challenging
because of differences in study design, charac-
teristics of the trial populations, and outcome
definitions and assessments.

ITC methods may be used when individual
patient data (IPD) are available from one trial
but only aggregate data (i.e., summary-level
data such as means and proportions) are

available from another trial. Some commonly
used ITC methods include matching-adjusted
indirect comparison (MAIC) [1-3] and simu-
lated treatment comparison (STC) [4, 3].
Although there are advantages and disadvan-
tages associated with each method [6], MAIC
may be preferred over STC when working with
time-to-event or other non-linear outcomes
because of the bias incurred with STC when
using non-linear regression models [7].

MAICs are a statistical method that attempts
to account for cross-trial differences by applying
a form of propensity score weighting to balance
baseline covariate distributions across trial
populations in an ITC [1, 3]. In brief, this
method involves applying the inclusion/exclu-
sion criteria and outcome definitions used in
the comparator trial with aggregate data to the
other trial with IPD. Individuals in the IPD
population are then given a weight that reflects
how likely they were to appear in the trial with
aggregate data. The goal is that the weighted
mean baseline characteristics of patients in the
trial with IPD match the baseline characteristics
reported for the trial with aggregate data. These
steps can be implemented in either an anchored
or unanchored MAIC. An anchored MAIC is an
indirect comparison of treatments from two
trials that have a connected network (i.e., share
a common comparator such as a placebo arm)
whereas an unanchored MAIC is one in which
there is a lack of a connected network (i.e., no
common comparator such as in single-arm
studies). An anchored MAIC is preferred because
it respects randomization within studies to
remove confounding bias and enables
researchers to detect cross-trial differences
between the common control arms that indi-
cate residual bias after MAIC weighting [6].

Given the increasing popularity of MAIC for
comparative efficacy research, it is crucial to
identify best practices and understand limita-
tions of this methodology in practice. The qual-
ity of a MAIC analysis and reporting can be
variable, especially in the context of rare disease
with small patient populations, high levels of
patient heterogeneity across trials, and frequent
use of single-arm designs. MAIC has recently
been used to compare the efficacy of disease-
modifying treatments in spinal muscular
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atrophy (SMA), a rare degenerative neuromus-
cular disease characterized by progressive muscle
atrophy and weakness in which key baseline
characteristics (such as disease duration or motor
function status) can be highly predictive of
treatment response [8]. SMA is a clinically
heterogeneous disease, often classified as infan-
tile-onset (type I) and later-onset (type 1I and III)
SMA, based on age at symptom onset and severity
of symptoms [9]. Three therapies are currently
approved by the US Food and Drug Administra-
tion and the European Medicines Agency for the
treatment of SMA: nusinersen (intrathecally
administered antisense oligonucleotide for chil-
dren and adults) [10, 11], onasemnogene
abeparvovec (intravenously administered gene
therapy for pediatric patients) [12, 13], and ris-
diplam (orally administered survival of motor
neuron 2 (SMN2) splicing modifier for children
and adults) [14, 15].

A critical appraisal of publications using
MAIC to compare therapies for SMA has not
previously been done. This article aims to eval-
uate the conduct and reporting of previously
published studies using MAIC to compare treat-
ments in SMA based on published best practices
using a newly developed, consolidated checklist.

METHODS

To identify published guidelines on MAIC best
practices, a literature search was conducted in
both PubMed and Embase from inception until
April 8, 2022, using a combination of the fol-
lowing search terms: indirect treatment com-
parison, matching-adjusted indirect treatment
comparison, best practices, educating, consen-
sus, guidelines, or standards (see Table S1 Sup-
plementary Material). Given the rarity of SM4, it
was assumed that a search of these two databases
was sufficient to ensure that all relevant studies
were captured. Results were limited to English
publications only. A total of 138 records were first
identified followed by 22 records after title and
abstract review. Following full-text review, a total
of nine publications were retained.

Case studies of MAICs in SMA were identified
through a second literature search using the
search terms of indirect treatment comparison

and spinal muscular atrophy in PubMed and
Embase from inception until April 8, 2022 (see
Table S2 Supplementary Material). All types of
SMA were included in the literature search for
completeness. When both a full publication and
conference abstract based on the same analysis
were identified, only the full publication was
retained. Results were limited to English publi-
cations only. We identified 268 records of
which 265 were not relevant to the topic or, in
cases of conference proceedings, the full text
publication was available. A total of three
records remained after review.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Literature Searches

The literature search of guidelines in MAIC
identified a total of nine full-text publications,
covering both standards of analysis and report-
ing, and included recommendations from the
International Society of Pharmacoeconomics
and Outcomes Research (ISPOR) and the
National Institute for Health and Care Excel-
lence (NICE) [1-4, 6, 16-19]. We identified
themes repeated across these nine publications
that were highlighted as critical for the proper
implementation and reporting of MAICs
(Table S3 Supplementary Material). These were
then consolidated into a checklist to inform our
critiques on the conduct and reporting of
MAICs in SMA: (1) justification for use of MAIC
is clearly stated, (2) the included trials with
respect to study population and design are
comparable, (3) all known confounders and
potential effect modifiers are adjusted for, (4)
outcomes should be similar in definition and
assessment, (5) baseline characteristics before
and after adjustment are reported, along with
weights, and (6) key details are reported.

The second search to identify MAICs in SMA
yielded two full-text and one poster publication of
three separate MAIC analyses [20-22]. Table 1
summarizes the MAICs including the treatments
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Table 1 Summary of MAICs identified in SMA

Infantile-onset SMA

Later-onset SMA

Liao et al. [20]

Bischof et al. [21]

Ribero et al. [22]

Ribero et al. [22]

Index Nusinersen Onasemnogene
treatment (ENDEAR/SHINE) abeparvovec (STR1VE-
(trial with US/START)

IPD)

Comparator  Onasemnogene Nusinersen (ENDEAR/

treatment abeparvovec SHINE)

(trial with

(STRIVE-US)

aggregate
data)
Type of Unanchored Unanchored
MAIC
Outcomes Event-free survival (no  Event-free survival (no

assessed in

MAIC

death or permanent
ventilation), overall

survival, and

death or permanent
ventilation), overall
survival, and

achievement of motor

Risdiplam (FIREFISH)

Nusinersen (ENDEAR)

Unanchored

Event-free survival (no
death or permanent
ventilation), overall

survival, achievement

Risdiplam
(SUNFISH Part 2)

Nusinersen

(CHERISH)

Anchored

Motor function and
serious adverse

cvents

permanent

ventilation milestones (i.e.,

independent sitting

and walking)

of motor milestones,
motor function,

serious adverse events

IPD individual patient data, MAIC matching-adjusted indirect comparison, SMA spinal muscular atrophy

compared, trials included, whether an anchored/
unanchored MAIC was used, and outcomes
assessed in the MAIC. Table 2 summarizes the
clinical trials compared in the MAICs with respect
to their study design, treatment groups, sample
size, and key inclusion/exclusion criteria. In a
MAIC among the infantile-onset SMA population
by Liao et al., IPD were from the randomized,
sham-procedure controlled ENDEAR/SHINE trial
(nusinersen) and aggregated data were from the
single-arm STR1VE-US trial (onasemnogene
abeparvovec) [20]. In a separate MAIC analysis
among the infantile-onset population by Bischof
et al., pooled IPD were taken from the STR1VE-US
and START trials (onasemnogene abeparvovec)
and aggregated data were taken from ENDEAR/
SHINE (nusinersen) [21]. The third publication by
Ribero et al. included both patient populations
with infantile-onset and later-onset SMA [22]. For

the infantile-onset SMA population, IPD from
FIREFISH (risdiplam) were compared to aggregate
data from ENDEAR (nusinersen); in the later-on-
set SMA population, IPD from SUNFISH Part 2
(risdiplam) were compared to aggregate data from
CHERISH (nusinersen). Given that STR1VE-US,
START, and FIREFISH did not have a comparator
group, all MAICs for infantile-onset SMA were
unanchored. For later-onset SMA, Ribero et al.
were able to conduct an anchored MAIC because
there was a common comparator group in SUN-
FISH Part 2 (placebo) and CHERISH (sham-proce-
dure) [22].

Review of MAICs in SMA

A critical review of the identified MAICs in SMA
was performed on the basis of six key items for
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assessing the conduct and reporting of MAICs
that were consolidated from nine publications
providing recommendations on best practices
in indirect treatment comparisons such as
MAIC.

Justification for Use of MAIC is Clearly Stated
Prior to conducting any analysis, the rationale
for using MAIC, versus other methods of indi-
rect comparison, should be provided. MAIC
may be the optimal approach when there is a
disjointed network, a single comparator group
with many outcomes to be compared, and a
non-linear outcome. In instances where a MAIC
is chosen because IPD are available for one trial
and aggregate-level data for another, it should
be noted that this rationale alone does not
assume that the MAIC is feasible and valid. The
evaluation of MAICs should consider whether
all six items on the best practices checklist were
followed and the potential biases that may
result from deviations.

e Case study in SMA: The three identified
MAIC publications in SMA provided justifi-
cation for the choice of using MAIC
(Table 1). Unanchored MAIC methodology
was used in all MAICs for infantile-onset
SMA trials because of the lack of a connected
network.

The Included Trials with Respect to Study
Population and Design Are Comparable
When selecting trials to include in a MAIC,
assessing the comparability of trials is impor-
tant. Although there is no quantitative way of
testing for similarity between trials [18], trials
may be considered comparable if they are sim-
ilar in terms of their inclusion/exclusion crite-
ria, baseline characteristics, standard of care in
common comparator arms, background treat-
ments, temporal setting, amongst others. To
increase comparability of trials, the inclusion/
exclusion criteria of the comparator trial with
aggregate data can be applied to the trial with
IPD. This can be done by excluding patients in
the trial with IPD who could not have enrolled
in the comparator trial with aggregate data as a
result of the comparator trial’s inclusion/

exclusion criteria. For this to work, the inclu-
sion/exclusion criteria in the trial with IPD
should be equally or more inclusive than those
of the trial providing aggregate data [2]. If the
trial with IPD has more restrictive inclusion/
exclusion criteria than the comparator trial with
aggregate data, then it may not be possible to
address differences in study populations, which
may lead to biased comparisons. Further, vari-
ables available in each trial, along with their
distributions should be presented. For baseline
characteristics to be considered comparable,
there should be overlap in the minimum and
maximum values of a variable across trials. If
there is limited/no overlap in the baseline
characteristics of potential effect modifiers and
confounders in comparisons across trial popu-
lations, then a MAIC may not be feasible.

e (Case study in SMA: There are important
differences in the inclusion/exclusion crite-
ria and baseline characteristics across trials in
SMA to consider. For example, there is a lack
of comparability in the exclusion criteria
between trials regarding pulmonary events
and pulmonary function, which are key
factors influencing main outcomes of inter-
est in SMA trials (e.g., permanent ventila-
tion-free survival and overall survival in
infantile-onset SMA). These differences are
particularly notable for FIREFISH and
ENDEAR, where greater exclusions were
made in FIREFISH (e.g., excluded patients
with hospitalization for pulmonary event
within the last 2 months; with invasive
ventilation or tracheostomy; requiring non-
invasive ventilation or hypoxemia with or
without ventilator support; and history of
respiratory failure or severe pneumonia and
had not fully recovered their pulmonary
function at time of screening) than in
ENDEAR (i.e., excluded patients with hypox-
emia at screening) (Table 2). Incomparable
exclusion criteria used in FIREFISH and
ENDEAR may have enriched for a population
in FIREFISH with less pulmonary burden
compared to patients in ENDEAR that can-
not be resolved through MAIC weighting,
thus hindering a valid comparison of ris-
diplam and nusinersen, especially for the
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outcomes of permanent ventilation-free sur-
vival and overall survival [22].

All Known Confounders and Effect Modifiers
Are Identified A Priori and Accounted

for in the Analysis

In unanchored MAICs, where the evidence is
disconnected because of the lack of a common
comparator, both confounders and effect mod-
ifiers need to be accounted for in the MAIC
weights. In anchored MAICs using randomized
trials where the evidence is connected by a
common comparator, only effect modifiers
need to be accounted for in the MAIC weights
(as there is expected to be no confounding due
to randomization). Effect modifiers impact the
generalizability of the treatment effects to the
target population and therefore need to be bal-
anced across trials. All potential confounders
and effect modifiers need to be pre-specified,
clinically plausible, measured, and defined
similarly across trials [2, 6]. Evidence and
assessment for effect modifier status should be
provided. Not including key confounders and
effect modifiers in MAIC weighting precludes
the ability to fully account for cross-trial dif-
ferences and therefore increases the possibility
of residual confounding and lack of generaliz-
ability. The reporting of the analyses should
describe how potential confounders and effect
modifiers were identified a priori, and whether
these variables were available in the studies
being compared. MAICs using small trials in
rare disease may be limited by the number of
variables that can be included in the weighting
model. In this situation, it may be preferable to
prioritize including as many of the most
important confounders and effect modifiers as
possible. In the case where key variables were
not available, an assessment of the potential
biasing impact due to the lack of adjustment for
key variables should be given.

e Case study in SMA: Table 3 summarizes the
baseline characteristics, along with factors
known to impact treatment outcomes in
SMA [8], for each MAIC identified in the
review. Liao et al. included six confounders
and effect modifiers in MAIC weighting
while Bischof et al. used two and Ribero

et al. used three in each of their two MAICs.
While Liao et al. included the most compre-
hensive list of variables with similar defini-
tions in the analysis, ventilatory and
nutritional support were not included as
weighting factors because of different defi-
nitions between trials (see Table S4 Supple-
mentary Material) [20]. Notably, Bischof
et al. did not include age at first dose or age
at symptom onset as a weighting factor,
which are the strongest predictors of treat-
ment response in SMA [23], which may be an
important source of bias. Although Bischof
et al. weighted on nutritional support as
defined by feeding tube, there may still be
residual confounding as this may not have
captured the full extent of baseline differ-
ences in swallowing and feeding difficulties
across the trial populations (see Table S4
Supplementary Material). In the later-onset
SMA MAIC by Ribero et al., known effect
modifiers of SMA treatment such as age at
symptom onset or disease duration at base-
line were not included despite their avail-
ability in the data, which may lead to biased
comparisons.

Outcomes Should Be Similar in Definition
and Assessment

The determination of which outcomes of
interest to compare should be justified and may
be based on key primary and secondary out-
comes evaluated in the trials [19]. All included
outcomes should be comparable and measured
consistently across trials including their defini-
tion, schedule of assessment, statistical analysis
method, length of follow-up, and potential loss
to follow-up [2]. When outcome definitions and
timing of assessments are not comparable, it is
recommended not to make comparisons across
trials [6]. It is important to consider both the
direction and magnitude of the potential bias
due to differences in outcome definitions and
assessments on results.

e (Case study in SMA: Table 4 highlights key
differences in outcome definitions and
assessments across the trials included in the
MAICs. In infantile-onset SMA, overall sur-
vival was defined similarly with comparable
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Table 3 Baseline characteristics used for weighting in MAIC analyses in SMA

Infantile-onset

Later-onset

Age at first dose

Age at symptom onset

Age at screening”

Disease duration at baseline

Sex

‘Weight

Length

CHOP INTEND score

Ventilatory support®

Nutritional support¢

HFMSE or RULM score?

Liao et al. [20]

ENDEAR/SHINE
vs STR1VE-US

Bischof et al. [21]
STR1VE-US
/START vs
ENDEAR/SHINE

Ribero et al. [22]

FIREFISH vs
ENDEAR

Ribero et al. [22]

SUNFISH Part 2
vs CHERISH

SMN2 copy number®

- Not included - Included

Not reported/relevant

CHOP-INTEND Children’s Hospital of Philadelphia Infant Test of Neurological Disorders, HFMSE Hammersmith
Function Motor Scale-Expanded, MAIC matching-adjusted indirect comparison, RULM revised upper limb module, SMA
spinal muscular atrophy, SMN2 survival motor neuron 2 gene

Disease duration at baseline was used in lieu of age at symptom onset

bAgc at screening is not needed if age at first dose/age at symptom onset are included in MAIC weights

“See Table S4 Supplementary Material for how these variables were defined differently across trials
4Baseline HFMSE or RULM score is only relevant for analyses of patients with later-onset SMA
“All analyses for infantile-onset included patients with 2 SMN2 copies

assessment schedules across trials. However,

permanent ventilation was defined differ-
ently across studies with respect to duration
required (Table 4), which may also impact
the outcome of event-free survival. In addi-
tion, motor milestone outcomes assessed in
MAICs were not consistently defined or
assessed at different times across trials. For
example, START/STR1VE did not report a
24-month timepoint for walking indepen-
dently or sitting unassisted. To make a
comparison with the 24-month timepoint,
Bischof et al. carried the 18-month results of
STR1VE forward, which may be inappropri-
ate as a greater number of patients could
have achieved motor milestones if there was
longer follow-up. Although this difference in
outcome assessment between ENDEAR/
SHINE and START/STR1VE may have led to
underestimation of the proportion of
patients who achieved motor milestones in

START/STR1VE, cross-trial differences in
baseline characteristics and poor confound-
ing control in the MAIC conducted by
Bischof et al. may have potentially led to
overestimation of treatment effects. The
resulting net bias from all possible sources
of bias remains unclear. In another example,
motor milestone outcomes were assessed at
12 months in FIREFISH whereas ENDEAR
ended early with an average length of
9 months of follow-up based on a positive
benefit-risk assessment of a prespecified
interim analysis. However, Ribero et al. did
not use follow-up data from the extension
study SHINE, biasing the observed results.
Differences in the timing of assessment in
SMA can impact the validity of a MAIC
analysis as the achievement of motor mile-
stones, such as sitting unassisted, are time
dependent.
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Baseline Characteristics Before and After

Adjustment Are Reported, Along with Weights
MAIC weighting is similar to inverse propensity
score weighting and involves assigning weights
to patients in the trial with IPD that correspond
to their odds of being enrolled in the com-
parator trial with aggregate data as compared to
the trial with IPD [6]. MAIC wuses inverse
propensity score weighting to form weighted
mean estimators of the expected mean out-
comes of the treatments of interest, where the
propensity scores are found using a method of
moments [3]. After weighting on baseline con-
founders and effect modifiers, trial populations
should be balanced such that the weighted
means of the baseline characteristics in the trial
with IPD match the baseline characteristics
reported in the trial with aggregate data [2]. In
addition, after weighting, the distribution of the
weights should be reported to assess population
overlap and to identify any overly influential
individuals. When the trial populations are
similar to begin with, each patient in the IPD
trial would get a weight close to 1. Extreme
weights indicate that the two populations are
highly imbalanced across one or more baseline
characteristics [2]. Thus, population character-
istics before and after weighting, including
means as well as standard deviations and/or
ranges, should be reported to understand how
well the populations are balanced. The distri-
butions of other key prognostic factors and
effect modifiers that were not included in the
weighting model should also be reported to
understand the extent of imbalance in these
variables between the weighted trial with indi-
vidual patient data and the trial with aggregate
data. When calculating an estimate in a
weighted sample, the effective sample size (ESS)
reflects the number of independent non-
weighted individuals that would be required to
give an estimate with the same precision as the
weighted sample estimate. While assessment of
the sufficiency of an ESS is subjective, a small
ESS may indicate widely imbalanced variables
or little overlap between baseline characteris-
tics, and can lead to low statistical power to
detect differences between treatments [6].
Extreme weights, along with a small ESS, are
indicative of possible lack of population overlap

and decreased precision with corresponding
increased uncertainty in the effect estimates.

e Case study in infantile-onset SMA: Table 5
summarizes the baseline covariates before
and after weighting, as reported in the
publications of MAICs for infantile-onset
SMA. Liao et al. restricted the populations
by using a subpopulation of 48 patients from
ENDEAR/SHINE that met the key inclusion/
exclusion criteria of STR1VE US for age at
first treatment (< 6 months); these 48
patients were all included in the final
weighted population [20]. Liao et al
reported the pre- and post-weighting distri-
butions of all six variables included in the
weighting model. In addition, the distribu-
tions of important baseline variables (e.g.,
ventilatory and nutritional support) that
were not used in weighting because of
differences in their definitions across trials
were also reported to assess whether the
patient populations were likely balanced
with respect to these additional variables
after MAIC weighting. In contrast, Bischof
et al. reported the pre- and post-weighting
values of only the two covariates used to
calculate weights, thus making it difficult to
assess whether weighting achieved balanced
trial populations in other important prog-
nostic factors and effect modifiers. Despite
using an unanchored MAIC, Ribero et al.
weighted the baseline characteristics of the
pooled FIREFISH data to both arms of
ENDEAR and not just those who received
nusinersen. Notably, although the inclu-
sion/exclusion criteria of FIREFISH may have
enriched a population with less pulmonary
burden, the percentage of patients with
ventilatory support are reported to be higher
in FIREFISH than ENDEAR. This is most
likely due to the different uses/purposes of
pulmonary support at baseline across trials;
of the infants in pooled FIREFISH receiving
ventilatory or pulmonary care, over 88%
were receiving it prophylactically instead of
receiving it because of breathing problems
that necessitated ventilatory support
[24, 25]. Following weighting, the pooled
FIREFISH sample had a greater mean age at

I\ Adis



2985-3005

Adv Ther (2023) 40

2996

4QIN) ¥T°LT (IN) ¥T°LT (AN) £'9T (AN) £'9T (0TS-0°81) 0'TE (S'8%-0°LI) 0'TE (sBuer) 21098 ANH.LNI-dOHD WP

AN AN AN AN (0°0£-01S) 0'T9 (1'1£-0°SS) 0'19 (P8uer) wo urpeseq e Sudy UL

AN AN RN AN (0'8-0'%) 8'S (£'8-L%) 8'S (sBuer) Sy aySa uesy

4%SS %69 %¥HS AN %8S %SS % Orewag
vwc.mu m%ﬂ .mc:.—uu.—Um 1 UOnEINp 2SeISIp Ued

4QIN) %6 (IN) %6 N N AN AN (FBuer) sdep Buy TEInp 3seasIp UL

(IN) 9'8 SQIN) 62 LFLI-0) 0L AN (#L1-0) €8 (091-0'7) €8 (F8uer) sypom 90su0 wordwids e oFe ey

4(IN) 691 (AN) 69T (€95% - 8°09) €491 AN (9°6L1-TST) 9°TIT  (0°I81-0°TS) 9°TIT (9Buer) skep “asop 151y 3¢ 3Fe uwapy

SunySom pyy

%I %6 %6 %6 9%ST %0 %6 3% a1oddns reuontnnu Im saudne

%ST %9¢ ;%61 %97 %9 %0 %9¢ % 21oddns Lrorenuaa yim syuaneg
(a8uer) 21008

2(95°L) €%'8C H(€1'8) €9'9T (L€-8) Ly'TT »(I'8) L9T (zs—21) 8'0¢ (0°TS-0°8T) 0°CE (5'8%-0'8) 99T ANA.LNI-dOHD U\
(a8uer) wd Qurpeseq

AN AN AN AN AN (0°02-0°1S) 0'T9 (€°5L-0°SS) T'%9 e ydud] uedapy

AN AN (9°01-1%) 89 AN (#8-9€) 8¢ (0'8-0'%) 8'S (€°6-L%) 99 (e8uex) 8y aySrom uray

%6S %¥S %LS %%S %95 %8S %¥S % Orewaq
(a8uer) sypam Guruaards

(1°€T-0) 6°€1 (6'5T-0) T€1 (€°€2-0'1) 0°€T AN AN AN AN e UOHIEIND OSEISIP UL
(a8uer) syeam asU0

(0T-1) 96 (81-7) 6L (€1-%) TL SFL1-0) 0°L J(TL1-0) SL (#'L1-0) €8 (0°81-0°27) 6°L worduwids e 33 uespy

(292-0€) 181

(¢¥T-78) €91

(T17-89) €91

(£957-8:09) €491

(€05-TST) 9801

(9°6L1-T'ST) 91T

(0"7%T-0"2S) 0°€91

(98uex) skep “asop
1511y 1e o8¢ ueajn

SunySrom axopog

ﬁﬂ =u
(AVIANE woy
eiep 23e80135e)

—OHH—AOU Eﬁ——w

08 =u
(IVAANT woy erep
21¢35133e) uaszoursnN

wm =u
(pa1ood HSIAAAIA
woy qdr) werdipsny

Jg=u
(ANIHS/ M VAANA
woyj eyep 21eSaiiTe)
=0wu0=mw—.—z

¥ =u

(pajood
HATILS/IAVLS
woy qdI)

sas0aredoqe
susouursseu

NN =u
(SN FATYLS woy
eep 21e80135e)

s910a3edaqe suafouwaseuy

08 =1
(ANIHS/ M VAANT

woxy (dI)
F—Owuo:_w—.—z

[2¢2] ‘e 30 oxdqry

[12] T 3 yoyosig

[0z] e 3 ovry

VIA'S 19suo-auueyur Jo sOIYIAN paysiqnd ur parrodar se ‘GunySom 101je pue 210J9q $2IBLILACD JUT[aseq Jo Arewrwng ¢ d[qe],

/

A Ad

18



2997

2985-3005

Adv Ther (2023) 40

SYIUOW 9> JUIWILIN 35Ty I8 9Fe JO LLIAMD UOINPUT SN FATYLS 22 oW oym syuedpnied YyaaNF jo uonemndodqns uo paseq,

uasIaUISIU $NsI9A WedIPSLT JO $193JJ9 [EPYIUI] JO UOHEWNSIIIAO UE 01 Pa] dALY Aew SIY3 YN U SULIE JUIWILIII OMI DI UIIMIA] Awiu_:mqu_&.

DIVIA Ul pasn 30U asoya SUIpn[ouT) $ONSLINIIEILYD JUIISE] Y3 UL SDUIIJIP PIAIISGO 219 210Y3 st FUIPUNOJUOD dI0W Pazeatd sopsuadeIeyd aFeroae uo paseq Sunydox ‘SunySom 10§ pasn (013U WeEYs PUE UISIAUISU JO umﬁu><__
(rermorejy Areauswarddng % aqe ], 295) spern ssoxe parrodor A[reoymads 10u s1om sonmoyzip Surpasy pue Suimoremsy

1207 W[AN seire pue 170 N[N ofjpuereq :suonesriqnd [enprarpur ur partodar se Aeanoeidydord ar Surarasar a1am 9488 1940 ‘ores Areuownd 1o Aroreuaa Surarder HSTIMYII pajood ur syueyur oy JO,

(rerarejy Areauowspddng % aqe, 295) s[ern ssoxoe paragyip 1oddns Lroze[nusa jo uonruyd(Y,

UORTIAP prepuTlg,

aduosnuew U e3Ep UO Paseq sY2am 03 SABP WO PIAIIAUCD),

ANIHS Ul PAsop seam q YYFANH Ul PASOP 10U sea YYFNH Ul UdSIOUISIU JA2I01 01 PIZIWOPUEI JUTIUL dUQ

siskeue wimaur payadsard e jo sansax

aansod uo paseq dn-mof[oj jo syauow ¢ jo yaSuay Feraae ue Yam Ares papus YYIANT SN TATYLS Ut sautodpua [eararns yarm 23enba 19139q 03 FNJHS WOy €3ep sapnpu] YYFNT Ul udsiouisnu 03 paziwopuer siuedonreg,
Aydonye remosnw [eurds pyyg ‘voneosrqnd

oandadsar ur pajess se sonfea dypads 105 parrodar 3ou Y vostredwos vaxpur passnipe-uryprew Hrpgy ‘erep 1usned [ENPIAIPUT (7] ‘SIOPIOSI TE[NISNWOINON] JO 383 T, 3ueju] erydppperryq jo [eadsoHy s usIp[yD GNALNI-dOHD
‘uonesriqnd yoes ur parrodox de[d [ewop oY1 01 paruasard dxe sIMSNY SOV 2amdadsar ur Funyrom 10§ pasn a1om 1By $I0108] 2IOUSP P[OQ UT SHUSLINIEILYD)

121 <9¢ 18 9% w 8% azts apduwres aamdapyy
AN AN %6 %6 %0 %€ 5% 210ddns [euonmnu yum syusneg
4T %81 %9T AN %0 %6 % 910ddns L1o1emuoa qam syuoneg
ﬂm =u
(pajood
w=u qI8=v HATILS/IAVLS w=u 08 =12
(AVIANT woy 08 =1u 8s=1u (INIHS/MVIANT woyy qdI) (SN FATYLS woy  (INIHS/AVIANT
eiep 23e80135e) (IVIANT woiy viep (pa1ood HSTATIIL woyy eep 2edoi33e) san0aredaqe eep 21e8o133e) woxy qdr)
JorIu0d weyg 21¢35183e) waszaursnN wox qdr) weydipsny UISISUISTN suafouwaseu sas0axedoqe susadouwaseuy UISISUISTN
[T] Te 30 oxqry [12] e 32 Joyosig [02] "¢ 30 ovry

panunuod S dIqe],

I\ Adis



2998

Adv Ther (2023) 40:2985-3005

first dose, higher proportion of female
patients, higher mean CHOP-INTEND score,
and lower proportion of patients with ven-
tilatory support than the nusinersen arm of
ENDEAR, as reflected in the before weighting
section of Table 5. Ribero et al. presented the
distribution of the weights following balanc-
ing of the population in the supplemental
materials; these were, however, skewed
towards low values suggesting lack of trial
population overlap.

e Case study in later-onset SMA: Table 6 sum-
marizes the baseline covariates before and
after weighting, as reported in the publica-
tions of MAICs for later-onset SMA. While
Ribero et al. excluded patients who would
not have been enrolled in CHERISH when
creating the SUNFISH Part 2 subset, differ-
ences remained post-weighting in key vari-
ables, including sex, age at symptom onset,
and disease duration [22]. Post-weighting,
the placebo arm in SUNFISH had better
HFMSE outcomes than the sham arm in
CHERISH. Since the two trial populations
were not comparable, inferences on relative
efficacy on HFMSE endpoints could not be
drawn [22]. Moreover, there was limited
ability to make valid statistical inferences
given small sample sizes. For instance, the
reported 95% confidence interval (95% CI)
for the odds ratio for the relative efficacy of
risdiplam vs. nusinersen for RULM respon-
ders ranged from O to 117.94 [22]. When
comparing risdiplam with nusinersen for the
incidence of any serious adverse event, the
reported 95% CI for the odds ratio was 0.88
to 37.6 million [22]. These examples of
highly imprecise results further underscore
the fundamental challenge of conducting
MAIC:s in rare disease.

Key Details of a MAIC Should Be Reported

Finally, key details should be reported to
improve the transparency of the conduct of a
MAIC analysis. For example, key details include
how standard errors were calculated to provide
measures of uncertainty alongside effect esti-
mates, and pre- and post-weighting results to
convey the impact of adjustment on effect

estimates [6]. Of note, reporting unweighted
and weighted effect estimates alongside one
another can highlight the degree of confound-
ing present, especially in unanchored settings
(e.g., comparison of single-arm trials).

e Case study in SMA: Table 7 summarizes the
critical appraisal of published MAICs accord-
ing to the checklist and describes whether
these key details were reported in the MAICs
in SMA.

DISCUSSION

To make valid inferences regarding the com-
parative efficacy of treatments evaluated in
separate trials using MAIC methodology, it is
paramount to follow best practices. Although
MAICs can be a helpful tool to increase the
comparability of different trials, they may lead
to dubious results if conducted when key
assumptions are violated, and best practices not
followed. The current paper summarizes guide-
lines on MAIC best practices and critically
evaluates the conduct and reporting of three
MAICs in SMA using the consolidated checklist.
However, as highlighted in this paper, findings
from a MAIC can be misleading as a result of
cross-trial differences in inclusion/exclusion
criteria, baseline characteristics, definitions and
assessment schedules of outcomes, and key
baseline confounders and effect modifiers not
balanced after weighting. Results of a MAIC
should be interpreted in the context of poten-
tial biases present.

In the applied examples of the MAICs con-
ducted in SMA, we found important differences
between included trials that may decrease the
validity of existing indirect treatment compar-
isons. Across SMA trials, different inclusion/ex-
clusion criteria were used with respect to age
and pulmonary event and function, and key
baseline characteristics differed such as age at
first dose, motor function, and ventilatory and
nutritional support. Varied definitions and
assessments of key SMA outcomes were also
noted including permanent ventilation and
motor function. Two of the three identified
MAICs were unable to adequately account for
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Table 7 Critical appraisal of published MAICs in SMA according to consolidated checklist

Liao et al.
ENDEAR/SHINE vs
STRI1VE-US [20]

Bischof et al.
STRIVE-US/START vs
ENDEAR/SHINE [21]

Ribero et al.

FIREFISH Parts 1 and 2
pooled vs ENDEAR
[22]

Ribero et al.
SUNFISH Part 2 vs CHERISH [22]

Justification for use of
MAIC is clearly stated

The included trials with
respect to study
population and design

are comparable

All known confounders
and effect modifiers are
identified a priori and
accounted for in the

analysis

Outcomes should be
similar in definition

and assessment

Baseline characteristics
before and after
adjustment are

reported, along with

weights

Key details of a MAIC are

reported

v Lack of connected network for unanchored MAIC; combination of IPD and aggregate data

were available

v/ Addressed some

differences in study design;

key inclusion/exclusion

criteria were noted

v Six baseline variables used
for weighting; all bascline

characteristics with similar

definitions included in

analysis

v/ Motor function outcomes

that were different were

not included for analysis

v Baseline characteristics

before and after weighting

presented; balance was
achieved on all six

weighting factors

v/ Variables available in each

study were listed along
with their distributions

and covariate overlap

v Evidence for effect

modifier status was given

X Distribution of weights was

not presented

v/ Measures of uncertainty
were presented alongside

estimates

X Explanation of how
95% Cls were calculated

was not provided

v Unadjusted and adjusted
results were presented

alongside one another

X Differences in study design were

noted but not addressed

X Only two baseline variables were
used for weighting; important
variables such as age and discase

duration were not included

X Outcomes definitions and timing
of assessments differed between
the trials for included motor

endpoints

X Not all baseline characteristics
were presented before and after
weighting to demonstrate
balance (e.g, age at symptom
onset, HINE-2)

v/ Variables available in each study
were listed along with their
distributions and covariate

overlap

v Evidence for effect modifier

status was given

X Distribution of weights was not

presented

v Measures of uncertainty were

presented alongside estimates

X Explanation of how 95% Cls

were calculated was not provided

X Only adjusted results are

presented

X Differences in
inclusion/exclusion
criteria with regards to
pulmonary function

were not noted

X Only three baseline
variables were
considered for
weighting; notably did
not include body
weight

X Schedule of assessments
differed between the
trials for included

motor endpoints

X Imbalance in baseline
variables post
weighting was present
(e.g. sex, age at

symptom onset)

v/ Provided rationale for anchored MAIC;
combination of IPD and aggregate data

were available

v/ Addressed some differences in inclusion/
exclusion criteria by creating SUNFISH
Part 2 subset

X Only three baseline variables were
considered for weighting; notably did not
include age at symptom onset or discase

duration

v Outcomes similar though the primary
outcome in SUNFISH Part 2 was not
assessed in CHERISH

X Schedule of assessments differed between

the trials for included motor endpoints

X Imbalance in baseline variables post

weighting was present

X Assumptions of anchored MAIC were
violated; placebo arm HFMSE outcomes
in the weighted SUNFISH subset were
different from sham control HFMSE
outcomes in CHERISH

v/ Variables available in cach study were listed along with their

distributions and covariate overlap

v Evidence for effect modifier status was given

v Distribution of weights was presented

v Measures of uncertainty were presented alongside estimates

v Provided explanation of how 95% Cls were calculated

v Unadjusted and adjusted results were presented alongside one another

v/ meets best practices X does not meet best practices
CI confidence interval, HFMSE Hammersmith Functional Motor Scale-Expanded, HINE-2 Hammersmith Infant Neurological Examination Section 2, IPD individual patient
data, MAIC matching-adjusted indirect comparison, SMA spinal muscular atrophy
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STR1VE US vs.
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0.20 (0.05-0.88) p=0.02

1.47 (0.24-8.89) p=045

Fig. 1 Example of reporting weighted and unweighted
analyses [20]. Weighted analysis considered the factors
highlighted in Table 3. Unweighted analysis was con-
ducted in a subpopulation of ENDEAR/SHINE created
on the basis of an age restriction to match the inclusion
criteria used in STR1VE. "HR < 1.00 indicates a lower
risk of an event in the STRIVE US cohort than in the
ENDEAR/SHINE cohort. HR > 1.00 indicates a higher
risk of an event in the STRIVE US cohort than in the
ENDEAR/SHINE cohort. Shading denotes 95% Cls

differences in baseline covariates, and included
only two or three variables in the weights, thus
leaving open a large possibility of residual con-
founding. This is problematic because differ-
ences in Dbaseline characteristics, even if
seemingly small, such as age at treatment initi-
ation [23], disease duration and baseline venti-
latory support [26], can have important effects
on key SMA outcomes. As observed in Fig. 1,
weighting on a more comprehensive set of
variables (as per Liao et al., Table 3) versus an
unweighted analysis (which was based on a
subpopulation restricted on age only to match
the inclusion/exclusion criteria of the com-
parator trial) resulted in a large difference in the
probability of event-free survival, moving the
hazard ratio from < 1 to > 1.

Additionally, the considerations noted in
this critical appraisal are aligned with those of
multiple external and independently conducted

health technology assessments, where the
uncertainties regarding the observed treatment
effects, as reported in Bischof et al. [21] and
Ribero et al. [22], were noteworthy because of
methodological issues including potential con-
founding due to differences in baseline charac-
teristics that could not be adjusted for through
MAIC. These assessments include, but are not
limited to, the reimbursement reviews in
Canada [27-30], France [31, 32], and Scotland
[33, 34] (TableSS Supplementary Material).
Taken together, there are many potential sour-
ces of bias that should be considered when
interpreting the results of existing MAICs, and it
can be challenging to predict the direction and
magnitude of the net bias when considering the
totality of the issues. This underscores the
importance of careful examination of the con-
duct and reporting of a MAIC to support evi-
dence generation for decision-makers such as
patients, clinicians, and regulatory and reim-
bursement agencies. MAICs may reduce
observed cross-trial differences and provide
decision-makers with comparative evidence
when following and adhering to best practices.
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