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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

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.
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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 trials 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, 5].
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 progressivemuscle
atrophy and weakness in which key baseline
characteristics (such as disease duration ormotor
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 II and III)
SMA, basedonageat symptomonset and severity
of symptoms [9]. Three therapies are currently
approved by the US Food and Drug Administra-
tion and the EuropeanMedicines 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 SMA, 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 recordswerefirst
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 andoneposterpublicationof
three separate MAIC analyses [20–22]. Table 1
summarizes the MAICs including the treatments
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compared, trials included, whether an anchored/
unanchored MAIC was used, and outcomes
assessed in the MAIC. Table 2 summarizes the
clinical trials compared in theMAICswith respect
to their study design, treatment groups, sample
size, and key inclusion/exclusion criteria. In a
MAIC among the infantile-onset SMApopulation
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 IPDwere 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

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

treatment

(trial with

IPD)

Nusinersen

(ENDEAR/SHINE)

Onasemnogene

abeparvovec (STR1VE-

US/START)

Risdiplam (FIREFISH) Risdiplam

(SUNFISH Part 2)

Comparator

treatment

(trial with

aggregate

data)

Onasemnogene

abeparvovec

(STR1VE-US)

Nusinersen (ENDEAR/

SHINE)

Nusinersen (ENDEAR) Nusinersen

(CHERISH)

Type of

MAIC

Unanchored Unanchored Unanchored Anchored

Outcomes

assessed in

MAIC

Event-free survival (no

death or permanent

ventilation), overall

survival, and

permanent

ventilation

Event-free survival (no

death or permanent

ventilation), overall

survival, and

achievement of motor

milestones (i.e.,

independent sitting

and walking)

Event-free survival (no

death or permanent

ventilation), overall

survival, achievement

of motor milestones,

motor function,

serious adverse events

Motor function and

serious adverse

events

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

• 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.

• 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

Adv Ther (2023) 40:2985–3005 2991



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.

• 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.

• 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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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.

Table 3 Baseline characteristics used for weighting in MAIC analyses in SMA

Infantile-onset Later-onset
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

Age at first dose
Age at symptom onset See footnotea

Age at screeningb

Disease duration at baseline See footnotea

Sex
Weight
Length

CHOP INTEND score
Ventilatory supportc

Nutritional supportc

HFMSE or RULM scored

SMN2 copy numbere

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
aDisease duration at baseline was used in lieu of age at symptom onset
bAge at screening is not needed if age at first dose/age at symptom onset are included in MAIC weights
cSee Table S4 Supplementary Material for how these variables were defined differently across trials
dBaseline HFMSE or RULM score is only relevant for analyses of patients with later-onset SMA
eAll analyses for infantile-onset included patients with 2 SMN2 copies
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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 uses 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.

• 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
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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.

• 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 0 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
MAICs 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).

• 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

STR1VE-US [20]

Bischof et al.

STR1VE-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

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

were available

4 Provided rationale for anchored MAIC;

combination of IPD and aggregate data

were available

The included trials with

respect to study

population and design

are comparable

4 Addressed some

differences in study design;

key inclusion/exclusion

criteria were noted

7 Differences in study design were

noted but not addressed

7 Differences in

inclusion/exclusion

criteria with regards to

pulmonary function

were not noted

4 Addressed some differences in inclusion/

exclusion criteria by creating SUNFISH

Part 2 subset

All known confounders

and effect modifiers are

identified a priori and

accounted for in the

analysis

4 Six baseline variables used

for weighting; all baseline

characteristics with similar

definitions included in

analysis

7 Only two baseline variables were

used for weighting; important

variables such as age and disease

duration were not included

7 Only three baseline

variables were

considered for

weighting; notably did

not include body

weight

7 Only three baseline variables were

considered for weighting; notably did not

include age at symptom onset or disease

duration

Outcomes should be

similar in definition

and assessment

4 Motor function outcomes

that were different were

not included for analysis

7 Outcomes definitions and timing

of assessments differed between

the trials for included motor

endpoints

7 Schedule of assessments

differed between the

trials for included

motor endpoints

4 Outcomes similar though the primary

outcome in SUNFISH Part 2 was not

assessed in CHERISH

7 Schedule of assessments differed between

the trials for included motor endpoints

Baseline characteristics

before and after

adjustment are

reported, along with

weights

4 Baseline characteristics

before and after weighting

presented; balance was

achieved on all six

weighting factors

7 Not all baseline characteristics

were presented before and after

weighting to demonstrate

balance (e.g., age at symptom

onset, HINE-2)

7 Imbalance in baseline

variables post

weighting was present

(e.g., sex, age at

symptom onset)

7 Imbalance in baseline variables post

weighting was present

7 Assumptions of anchored MAIC were

violated; placebo arm HFMSE outcomes

in the weighted SUNFISH subset were

different from sham control HFMSE

outcomes in CHERISH

Key details of a MAIC are

reported

4 Variables available in each

study were listed along

with their distributions

and covariate overlap

4 Evidence for effect

modifier status was given

7 Distribution of weights was

not presented

4 Measures of uncertainty

were presented alongside

estimates

7 Explanation of how

95% CIs were calculated

was not provided

4 Unadjusted and adjusted

results were presented

alongside one another

4 Variables available in each study

were listed along with their

distributions and covariate

overlap

4 Evidence for effect modifier

status was given

7 Distribution of weights was not

presented

4 Measures of uncertainty were

presented alongside estimates

7 Explanation of how 95% CIs

were calculated was not provided

7 Only adjusted results are

presented

4 Variables available in each study were listed along with their

distributions and covariate overlap

4 Evidence for effect modifier status was given

4 Distribution of weights was presented

4 Measures of uncertainty were presented alongside estimates

4 Provided explanation of how 95% CIs were calculated

4 Unadjusted and adjusted results were presented alongside one another

4 meets best practices 7 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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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 baseline 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] (Table S5 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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32. Haute Authorité de Santé. Commission de la
Transparence: onasemnogene abeparvovec 2020.
https://www.has-sante.fr/upload/docs/evamed/CT-
18743_ZOLGENSMA_PIC_INS_AvisDef_CT18743.
pdf. Accessed 4 Nov 2022.

33. Scottish Medicines Consortium. risdiplam 0.75mg/
mL powder for oral solution (Evrysdi) 2021. https://
www.scottishmedicines.org.uk/media/6669/
risdiplam-evrysdi-final-jan-2022-amended-270122-
for-website.pdf. Accessed 4 Nov 2022.

3004 Adv Ther (2023) 40:2985–3005

https://www.fda.gov/media/126109/download
https://www.fda.gov/media/126109/download
https://www.ema.europa.eu/en/medicines/human/EPAR/zolgensma
https://www.ema.europa.eu/en/medicines/human/EPAR/zolgensma
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/213535s003s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/213535s003s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/213535s003s005lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/evrysdi
https://www.ema.europa.eu/en/medicines/human/EPAR/evrysdi
https://www.valueinhealthjournal.com/article/S1098-3015(20)34101-2/pdf
https://www.valueinhealthjournal.com/article/S1098-3015(20)34101-2/pdf
https://www.valueinhealthjournal.com/article/S1098-3015(20)34101-2/pdf
https://doi.org/10.51731/cjht.2021.185
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Inscription_medicaments/Avis_au_ministre/Juillet_2021/Evrysdi_2021_06.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Inscription_medicaments/Avis_au_ministre/Juillet_2021/Evrysdi_2021_06.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Inscription_medicaments/Avis_au_ministre/Juillet_2021/Evrysdi_2021_06.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Inscription_medicaments/Avis_au_ministre/Janvier_2021/Zolgensma_2020_12.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Inscription_medicaments/Avis_au_ministre/Janvier_2021/Zolgensma_2020_12.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Inscription_medicaments/Avis_au_ministre/Janvier_2021/Zolgensma_2020_12.pdf
https://www.has-sante.fr/upload/docs/evamed/CT-19266_EVRYSDI_PIC_AVIS%20DEF_CT19266.pdf
https://www.has-sante.fr/upload/docs/evamed/CT-19266_EVRYSDI_PIC_AVIS%20DEF_CT19266.pdf
https://www.has-sante.fr/upload/docs/evamed/CT-19266_EVRYSDI_PIC_AVIS%20DEF_CT19266.pdf
https://www.has-sante.fr/upload/docs/evamed/CT-18743_ZOLGENSMA_PIC_INS_AvisDef_CT18743.pdf
https://www.has-sante.fr/upload/docs/evamed/CT-18743_ZOLGENSMA_PIC_INS_AvisDef_CT18743.pdf
https://www.has-sante.fr/upload/docs/evamed/CT-18743_ZOLGENSMA_PIC_INS_AvisDef_CT18743.pdf
https://www.scottishmedicines.org.uk/media/6669/risdiplam-evrysdi-final-jan-2022-amended-270122-for-website.pdf
https://www.scottishmedicines.org.uk/media/6669/risdiplam-evrysdi-final-jan-2022-amended-270122-for-website.pdf
https://www.scottishmedicines.org.uk/media/6669/risdiplam-evrysdi-final-jan-2022-amended-270122-for-website.pdf
https://www.scottishmedicines.org.uk/media/6669/risdiplam-evrysdi-final-jan-2022-amended-270122-for-website.pdf


34. Scottish Medicines Consortium. onasemnogene
abeparvoved 2 9 10(13) vector genomes/mL solu-
tion for infusion (Zolgensma) 2021. https://www.
scottishmedicines.org.uk/media/5813/
onasemnogene-abeparvovec-zolgensma-final-feb-
2021-amended-010321docx-for-website.pdf. Acces-
sed 4 Nov 2022.

35. ClinicalTrials.gov. A study to assess the efficacy and
safety of nusinersen (ISIS 396443) in infants with
spinal muscular atrophy (ENDEAR). Identifier:
NCT02193074. https://clinicaltrials.gov/ct2/show/
NCT02193074. Accessed 23 Mar 2022.

36. ClinicalTrials.gov. A study for participants with
spinal muscular atrophy (SMA) who previously
participated in nusinersen (ISIS 396443) investiga-
tional studies (SHINE). Identifier: NCT02594124.
https://clinicaltrials.gov/ct2/show/NCT02594124.
Accessed 23 Mar 2022.

37. ClinicalTrials.gov. Gene replacement therapy clin-
ical trial for participants with spinal muscular
atrophy Type 1 (STR1VE). Identifier: NCT03306277.
https://clinicaltrials.gov/ct2/show/NCT03306277.
Accessed 23 Mar 2022.

38. ClinicalTrials.gov. Gene transfer clinical trial for
spinal muscular atrophy Type 1. Identifier:
NCT02122952. https://clinicaltrials.gov/ct2/show/
NCT02122952. Accessed 23 Mar 2022.

39. ClinicalTrials.gov. Investigate safety, tolerability,
PK, PD and efficacy of risdiplam (RO7034067) in
infants with Type 1 spinal muscular atrophy
(FIREFISH). Identifier: NCT02913482. https://
clinicaltrials.gov/ct2/show/NCT02913482?id=
NCT02913482&draw=2&rank=1&load=cart. Acces-
sed 23 Mar 2022.

40. ClinicalTrials.gov. A study to assess the efficacy and
safety of nusinersen (ISIS 396443) in participants
with later-onset spinal muscular atrophy (SMA)
(CHERISH). Identifier: NCT02292537. https://
clinicaltrials.gov/ct2/show/NCT02292537. Acces-
sed 23 Mar 2022.

41. ClinicalTrials.gov. A study to investigate the safety,
tolerability, pharmacokinetics, pharmacodynamics
and efficacy of risdiplam (RO7034067) in Type 2
and 3 spinal muscular atrophy (SMA) participants
(SUNFISH). Identifier: NCT02908685. https://

clinicaltrials.gov/ct2/show/NCT02908685. Acces-
sed 23 Mar 2022.

42. Mercuri E, Deconinck N, Mazzone ES, et al. Safety
and efficacy of once-daily risdiplam in type 2 and
non-ambulant type 3 spinal muscular atrophy
(SUNFISH part 2): a phase 3, double-blind, ran-
domised, placebo-controlled trial. Lancet Neurol.
2022;21(1):42–52.

43. Haataja L, Mercuri E, Regev R, et al. Optimality
score for the neurologic examination of the infant
at 12 and 18 months of age. J Pediatr. 1999;135(2 Pt
1):153–61.

44. Bishop KM, Montes J, Finkel RS. Motor milestone
assessment of infants with spinal muscular atrophy
using the Hammersmith infant neurological exam-
part 2: experience from a nusinersen clinical study.
Muscle Nerve. 2018;57(1):142–6.

45. Glanzman AM, Mazzone E, Main M, et al. The
Children’s Hospital of Philadelphia infant test of
neuromuscular disorders (CHOP INTEND): test
development and reliability. Neuromuscul Disord.
2010;20(3):155–61.

46. Armstrong KH, Agazzi HC. Chapter 2—The Bayley-
III cognitive scale. In: Weiss LG, Oakland T, Ayl-
ward GP, editors. Bayley-III clinical use and inter-
pretation. San Diego: Academic; 2010. p. 29–45.

47. O’Hagen JM, Glanzman AM, McDermott MP, et al.
An expanded version of the Hammersmith Func-
tional Motor Scale for SMA II and III patients.
Neuromuscul Disord. 2007;17(9–10):693–7.

48. Swoboda KJ, Scott CB, Crawford TO, et al. SMA
CARNI-VAL trial part I: double-blind, randomized,
placebo-controlled trial of L-carnitine and valproic
acid in spinal muscular atrophy. PLoS ONE.
2010;5(8): e12140.

49. Mazzone ES, Mayhew A, Montes J, et al. Revised
upper limb module for spinal muscular atrophy:
development of a new module. Muscle Nerve.
2017;55(6):869–74.

50. Mercuri E, Darras BT, Chiriboga CA, et al. Nusin-
ersen versus sham control in later-onset spinal
muscular atrophy. N Engl J Med. 2018;378(7):
625–35.

Adv Ther (2023) 40:2985–3005 3005

https://www.scottishmedicines.org.uk/media/5813/onasemnogene-abeparvovec-zolgensma-final-feb-2021-amended-010321docx-for-website.pdf
https://www.scottishmedicines.org.uk/media/5813/onasemnogene-abeparvovec-zolgensma-final-feb-2021-amended-010321docx-for-website.pdf
https://www.scottishmedicines.org.uk/media/5813/onasemnogene-abeparvovec-zolgensma-final-feb-2021-amended-010321docx-for-website.pdf
https://www.scottishmedicines.org.uk/media/5813/onasemnogene-abeparvovec-zolgensma-final-feb-2021-amended-010321docx-for-website.pdf
https://clinicaltrials.gov/ct2/show/NCT02193074
https://clinicaltrials.gov/ct2/show/NCT02193074
https://clinicaltrials.gov/ct2/show/NCT02594124
https://clinicaltrials.gov/ct2/show/NCT03306277
https://clinicaltrials.gov/ct2/show/NCT02122952
https://clinicaltrials.gov/ct2/show/NCT02122952
https://clinicaltrials.gov/ct2/show/NCT02913482?id=NCT02913482&draw=2&rank=1&load=cart
https://clinicaltrials.gov/ct2/show/NCT02913482?id=NCT02913482&draw=2&rank=1&load=cart
https://clinicaltrials.gov/ct2/show/NCT02913482?id=NCT02913482&draw=2&rank=1&load=cart
https://clinicaltrials.gov/ct2/show/NCT02292537
https://clinicaltrials.gov/ct2/show/NCT02292537
https://clinicaltrials.gov/ct2/show/NCT02908685
https://clinicaltrials.gov/ct2/show/NCT02908685

	A Critical Appraisal of Matching-Adjusted Indirect Comparisons in Spinal Muscular Atrophy
	Abstract
	Introduction 
	Methods 
	Results 
	Literature Searches
	Review of MAICs in SMA
	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 Should Be Reported


	Discussion
	Acknowledgements
	References




