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Matching-adjusted indirect treatment comparison of onasemnogene
abeparvovec and nusinersen for the treatment of symptomatic patients with
spinal muscular atrophy type 1

Matthias Bischofa, Maria Lorenzib, Jennifer Leec, Eric Druytsd, Chakrapani Balijepallid and Omar Dabbouse

aNovartis Gene Therapies, Z€urich, Switzerland; bPrecision HEOR, Oakland, CA, United States; cDecision Resources Group, Manchester, United
Kingdom; dPharmalytics Group, Vancouver, British Columbia, Canada; eGlobal Geneconomics and Outcomes Research, Novartis Gene
Therapies, Inc, Bannockburn, IL, USA

ABSTRACT
Objective: Onasemnogene abeparvovec, a one-time intravenous gene replacement therapy, and
nusinersen, an antisense oligonucleotide that requires ongoing intrathecal administration, have been
evaluated as treatments for spinal muscular atrophy (SMA) type 1 in separate Phase III trials, but no
head-to-head comparison studies have been conducted. Onasemnogene abeparvovec was compared
with nusinersen using a matching-adjusted indirect comparison (MAIC) to estimate the treatment
effect of onasemnogene abeparvovec relative to nusinersen for the treatment of symptomatic patients
with SMA type 1 for up to 24 months of follow-up.
Methods: In the absence of studies for both onasemnogene abeparvovec and nusinersen with a com-
mon comparator, a Bayesian naïve indirect treatment comparison (ITC) and MAIC between onasemno-
gene abeparvovec and nusinersen were conducted to compare efficacy and safety of onasemnogene
abeparvovec with nusinersen. Outcomes of interest were event-free survival (EFS), overall survival (OS),
and motor milestone achievements (independent sitting and independent walking). Relative treatment
effects were expressed as relative risk (RR) and risk difference.
Results: Pooled and weighted patient-level data illustrated a favorable effect toward onasemnogene
abeparvovec, suggesting longer EFS for patients compared with nusinersen (HR of onasemnogene
abeparvovec vs. nusinersen: 0.19 [95% CI: 0.07–0.54; 99% CI: 0.05–0.74]). At 24 months of follow-up,
patients receiving onasemnogene abeparvovec were statistically significantly more likely to achieve
the motor milestone of sitting independently compared with patients treated with nusinersen.
Although statistically significant differences were not observed at 6 to 18 months between treatment
options, the likelihood of sitting independently at 12 and 18 months numerically favored onasemno-
gene abeparvovec. A numerically greater likelihood of walking by 18 and 24 months was also
observed for patients treated with onasemnogene abeparvovec compared with nusinersen.
Onasemnogene abeparvovec therapy was also associated with a favorable (but statistically nonsignifi-
cant) outcome for OS and may be associated with prolonged survival compared with nusinersen (HR
of onasemnogene abeparvovec vs. nusinersen: 0.35 [95% CI: 0.09–1.32; 99% CI: 0.06–2.01]). Bayesian
naïve ITC results were similar to the MAIC analysis for EFS, OS, and motor milestone achievements.
Small sample size limited covariate matching to baseline CHOP INTEND and nutritional support
requirement, leading to wider CIs and statistically inconclusive outcomes for some of the results.
Conclusions: Despite limitations of the current MAIC analysis (mainly a small sample size for statistical
testing, even for the pooled onasemnogene abeparvovec trials, and potential differences in prognostic
and predictive factors between studies), the relative treatment effects in EFS, OS, and motor milestone
achievement indicate that onasemnogene abeparvovec may offer continued benefit compared with
nusinersen through 24 months of follow-up.
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Introduction

Spinal muscular atrophy (SMA) is a debilitating hereditary
neuromuscular disease, primarily affecting spinal motor neu-
rons and leading to progressive muscle weakness of skeletal
and respiratory muscles, muscle atrophy, and disability [1–4].

The incidence of SMA is one in 11,000 live births [5], with a
spectrum of severity ranging from the most severe (SMA type 0
with prenatal onset) to severe cases with onset during the first 6
months of life (SMA type 1) to later onset during childhood or
adolescence associated with milder disease (SMA types 2 to 4)
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[3,6–8]. SMA type 1 is the most common phenotype, accounting
for 45% to 60% of all SMA cases [5,9,10]. If left untreated, SMA
type 1 is associated with a high rate of infant mortality and func-
tional impairments, with patients dying or requiring permanent
ventilation by 2 years of age [8,11–13].

SMA is a monogenic disorder caused by biallelic muta-
tions of the survival motor neuron 1 (SMN1) gene and insuffi-
cient production of functional SMN protein [4]. For humans,
there is a second, almost homologous, gene called SMN2,
which differs from SMN1 by only five nucleotides [14,15]. The
number of SMN2 copies varies between individuals and is
the main predictor for disease severity [2]. The low amount
(approximately 10%) of full-length functional SMN protein
produced by the SMN2 gene only partially compensates for
the lack of SMN1 gene [15]. Greater SMN2 gene copy number
is associated with milder phenotypes [16].

The approvals of three disease-modifying treatments dur-
ing the last 5 years have significantly changed the course of
SMA [17–23]. Treatment options designed to either restore a
fully functional copy of the human SMN gene or to increase
the expression of SMN2 gene to compensate for the lack of
SMN protein [24–28] are available. Onasemnogene abeparvo-
vec (Zolgensmai), a one-time intravenous infusion gene
replacement therapy, received United States Food and Drug
Administration (US FDA) approval in May 2019 for the treat-
ment of patients with SMA aged <2 years [19]. In March 2020,
the European Medicines Agency (EMA) granted conditional
marketing authorization for the treatment of patients with 5q
SMA with a biallelic mutation in the SMN1 gene and a clinical
diagnosis of SMA type 1; or for patients with 5q SMA with a
biallelic mutation in the SMN1 gene and up to three copies of
the SMN2 gene [20]. Nusinersen (Spinrazaii) was approved by
the US FDA in 2016 and the EMA in 2017 for the treatment of
patients with SMA [21,22]. Nusinersen attenuates the underly-
ing genetic disorder by increasing production of the SMN pro-
tein; treatment is administered as four loading doses on days
0, 14, 27, and 63, with maintenance doses every 4 months via
an intrathecal injection [29]. Risdiplam (Evrysdiiii) is a daily,
orally administered SMN2-directed RNA splicing modifier
approved by the US FDA in 2020 and the EMA in 2021 for the
treatment of patients with SMA aged !2 months [23,30,31].

Because of the broad clinical spectrum and rarity of SMA,
pivotal trials for these drugs assess patients across a limited
spectrum of age and disease severity [25]. Multiple clinical
studies with varying numbers of included patients and differ-
ing durations evaluating the efficacy and safety of onasem-
nogene abeparvovec and nusinersen have consistently
demonstrated improvement in motor function, event-free
survival (EFS), and overall survival (OS) [12,18,32–41]. Four
Phase II trials assessing safety and efficacy of risdiplam in dif-
ferent SMA types (1, 2, and 3) also reported positive results,
including improvement in motor function [42]. More clinical
research is needed to further assess and compare the short-
and long-term efficacy and safety of risdiplam, nusinersen,
and onasemnogene abeparvovec for SMA patients [43].

No direct evidence for the clinical efficacy of onasemno-
gene abeparvovec versus active comparators exists, and
indirect treatment comparisons (ITCs) are necessary to

explore the relative efficacy of treatment options for patients
with SMA type 1. Matching-adjusted indirect comparisons
(MAICs) use individual-level patient data (IPD) to derive
weights such that the weighted covariate distribution of the
index trial matches that of a comparator trial for which only
summary data are available. The reweighted IPD is then used
to derive predicted outcomes in a study population mirror-
ing the comparator trial [44–48]. In the absence of random-
ized-controlled trials (RCTs) and head-to-head trials with
common comparators, MAICs that leverage IPD to reweigh
patients in similarly designed trials provide potentially crucial
comparative evidence [49]. MAICs have been acknowledged
by health technology assessment agencies as a robust ana-
lytical method and are becoming commonly used in technol-
ogy assessments [44,46,50,51]. For the present study, the
relative treatment effects of onasemnogene abeparvovec
and nusinersen were compared using IPD from onasemno-
gene abeparvovec clinical trials evaluating safety and efficacy
for a target population of patients with SMA type 1 and with
two copies of the SMN2 gene.

Methods

Systematic literature review

Identification and selection of relevant studies for this analysis
were based on a systematic literature review (SLR) of RCTs and
clinical trials that described clinical efficacy and safety outcomes
of treatment for patients with SMA type 1. The SLR followed
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [52] to identify eligible RCTs and
other clinical studies, including searches of MEDLINE, EMBASE,
and the Cochrane Central Register of Controlled Trials by using
a predefined search strategy. Criteria used to select studies for
the ITC and MAIC included population (symptomatic SMA type
1), treatment interventions of interest (onasemnogene abepar-
vovec and nusinersen), comparators (no restrictions), outcomes
(OS, EFS, motor milestones [sitting independently, walking inde-
pendently]), treatment-related adverse events), and study
design (RCTs, single-arm, or non-RCTs). The SLR for the review of
clinical efficacy and safety, conducted on 3 March 2020, identi-
fied four eligible studies—two of onasemnogene abeparvovec
(START [CL-101] [NCT02122952] and STR1VE-US [CL-303]
[NCT03306277]) and two of nusinersen (ENDEAR [NCT02193074]
and SHINE [NCT02594124]) [18,33,37, 39,40,53]. During the
period the SLR was conducted, onasemnogene abeparvovec
and nusinersen were the only approved treatments for SMA
type 1, and studies completed/published after 3 March 2020
were not included in this analysis. Therefore, our MAIC did not
include a comparison with risdiplam.

Matching-adjusted indirect comparison

In the absence of randomized controlled trials with a com-
mon comparator, a MAIC can be used to reweight patients
in an index trial to match that of a competitor trial. This
approach has advantages over other population-adjusted
methods, such as simulated treatment comparisons, when
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considering time-to-event outcomes and is generally easier
to interpret [49]. With MAIC, a propensity score weight is
used to adjust for differences between the population in the
index trial and the population in the external aggregate data
trial. Our MAIC was conducted using methods outlined by
NICE [46]. In addition to MAICs, a naïve Bayesian ITC, which
simply calculates relative effect measures with no adjustment
for potential confounders (see Supplemental Appendix pp.
1–2), was also conducted.

Outcomes

Event-free survival, OS, sitting independently, and walking
independently at 6, 12, 18, and 24 months of follow-up were
the outcomes included in this analysis. The definition of EFS
was similar across the trials. In START [18] and STR1VE-US
[33], EFS was defined as the avoidance of the combined end-
point of death or permanent ventilation (defined as tracheos-
tomy or requirement of !16 h of daily noninvasive
ventilatory support for !14 consecutive days in the absence
of acute reversible illness or perioperative ventilation). In the
ENDEAR [39] and SHINE trials [37,40,53] of nusinersen, EFS
was defined as the time to death or use of permanent venti-
lation, defined by tracheostomy or ventilatory support for
!16 h per day for !21 continuous days in the absence of an
acute reversible event. Independent sitting was measured in
all clinical trials using various assessment tools. The START
[18] and STR1VE-US [33] trials used the Bayley Scales Gross
Motor Subtest with two different time thresholds to define
independent sitting (sits alone for !5 s in START [18] and
!30 s in STR1VE-US [33]). Therefore, two scenarios were used
to define independent sitting from the onasemnogene abe-
parvovec trials: Scenario A used the !30 s threshold for both
STR1VE-US [33] and START [18]; Scenario B used the !30 s
threshold for STR1VE-US [33] and the !5 s threshold for
START [18]. In ENDEAR [39] and SHINE [37,40,53] trials, inde-
pendent sitting was defined as stable sitting and pivoting as
per the Hammersmith Infant Neurological Examination
Section 2 (HINE-2). Independent walking was also assessed in
the studies; START [18] and STR1VE-US [33] used walking
alone as per the Bayley Scales Gross Motor Subtest, and
ENDEAR [39] and SHINE [37,40,53] used walking as stable
without assistance per the HINE-2 score scale as assessments.

STR1VE-US [33] observed patients to 18 months of age,
whereas START [18] followed patients to 24 months post-
dose. Therefore, the 18-month age results from STR1VE-US
[33] were imputed as an estimate of the number of patients
in that trial who achieved motor milestones at 24 months of
follow-up.

Selection of baseline variables for matching

In keeping with the goal of the current MAIC methodology
approach, differences between the trials were adjusted by
matching the baseline characteristics of the study popula-
tions using IPD from the trial(s) of one treatment and aggre-
gate data for trial(s) of the other treatment. In this analysis,
IPD from START [18] and STR1VE-US [33] were matched with

the aggregate data from the SHINE [37,40,53] trial. IPD from
the onasemnogene abeparvovec trials were weighted to
match the mean and variance of baseline characteristics
reported in the nusinersen trials.

The MAIC covariates were chosen a priori and are listed
from highest to lowest importance (Table 1). The covariates
were selected and ranked using clinical expert input from
two pediatric neurologists (Novartis Gene Therapies, Inc.,
therapeutic head and an external US clinical investigator
involved with the trial program) and reflect their extensive
experience working with patients with SMA. The covariates
were ordered prior to analysis to avoid selection bias based
on the results of the analysis (Table 1). Considered by a team
of clinical experts to be most relevant and a critical marker
of baseline function, the Children’s Hospital of Philadelphia
Infant Test of Neurologic Disorders (CHOP INTEND) score is a
validated motor outcome measure specifically developed for
infants with SMA type 1 and includes 16 items on a 0- to 64-
point total score scale; greater scores indicate better motor
function [54]. CHOP INTEND has been used to reliably quan-
tify the rapid natural decline of motor function for infants
with SMA type 1 who do not receive a disease-modifying
therapy [54]. Nutritional support also is a critical indicator of
disease progression [55] and was ranked as the second most
important covariate in the MAIC. Bulbar dysfunction is uni-
versal for patients with severe SMA [56,57]. The development
of tongue and swallowing weakness increases feeding and
swallowing difficulty over time and leads to weight loss, pul-
monary aspiration, and the need for mechanical feeding [57].

The algorithm was run on the full model and covariates
were removed until convergence was achieved. The algo-
rithm converged for the two greatest ranked covariates
(CHOP INTEND score at baseline and nutritional support at
baseline), and these covariates were matched between the
onasemnogene abeparvovec IPD and nusinersen aggre-
gate data.

Matching and effective sample size

Pooled IPD from the START [18] and STR1VE-US [33] trials for
the onasemnogene abeparvovec treatment arm were com-
pared with aggregate data from the nusinersen arm of the
SHINE [37,40,53] trial. Propensity score weighting was used
to match the distributions between the pooled STR1VE-US
[33] and START [18] data and the population in the external
aggregate data from the comparator trial (SHINE [37,40,53]).
Joint distribution of covariates was not available in the
SHINE [37,40,53] trial. Therefore, the method of moments

Table 1. Treatment effect covariates identified A Priori.

1. Mean CHOP INTEND score at baseline
2. Percentage with nutritional support at baseline
3. Percentage with ventilator support at baseline
4. Age at symptom onset
5. Age at study start (first dose)
6. Baseline weight
7. SMN2 copy number
8. Sex

Expert consensus identified this list of treatment effect covariates for adjust-
ment. All covariates were used and tested in the model.
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approach outlined in Signorovitch and colleagues [45] was
used to balance the mean covariate values across popula-
tions [46]. Weights were obtained by minimizingPN

i¼1 expð aT1X iÞ, which estimates weights from a logistic
regression model: for each patient i, with covariates Xi, in the
index set.

Because the algorithm used to estimate weights did not
converge using the full set of covariates, the included varia-
bles were removed in a stepwise fashion until convergence
was achieved. For the pooled START and STR1VE-US [18,33]
data, convergence was reached using both CHOP INTEND
score at baseline and presence of nutritional support
at baseline.

Analysis

For time to event data, reconstructed IPD and digitized
Kaplan-Meier (KM) curves were used in the estimation of
relative treatment effects. A weighted Cox proportional haz-
ards (PH) model was used to estimate a hazard ratio (HR) of
onasemnogene abeparvovec versus nusinersen. For binary
outcomes (such as achieving a motor milestone), logistic
regression models were used to model response as a func-
tion of treatment. Relative risks and risk differences between
onasemnogene abeparvovec and nusinersen were presented
as the measure of treatment effect, along with 95% and 99%
confidence intervals (CIs). Because the MAIC is frequentist,
the results are CIs; the naïve Bayesian ITC results are credible
intervals (CrIs). Both 95% and 99% CIs and CrIs are pre-
sented; for relative risks, 95% CIs and CrIs and 99% CIs and
CrIs that do not include one can be interpreted as corre-
sponding to p-values of less than 0.05 and 0.01, respectively.

Results

Study and patient characteristics

Study characteristics and eligibility criteria of the included
studies are presented in Table 2. The eligibility criteria with
regard to age of the patient and body weight differed
slightly between onasemnogene abeparvovec and the nusi-
nersen trials. The SHINE [37,40,53] trial included 81 patients,
while the pooled STR1VE-US [33] and START [18] trials
included 34 patients. The MAIC effective sample size after
weighting was 24.6 compared with a total patient population
of 34. Mean age at study start (first dose) was greater for
nusinersen patients compared with pooled onasemnogene
abeparvovec patients (164.3 d vs. 108.6 d, respectively); mean
age at onset of symptoms was similar (48.7 d vs. 52.5 d,
respectively) (Table 3). Onasemnogene abeparvovec-treated
patients had a slightly greater mean baseline CHOP INTEND
score (30.8) compared with nusinersen patients (26.7).
Nutritional support was required by 15% of patients (n¼ 5/
34) treated with onasemnogene abeparvovec compared with
9% of patients (n¼ 7/80) treated with nusinersen. Ventilatory
support was required by 6% of patients (n¼ 2/34) treated
with onasemnogene abeparvovec compared with 26% of the
patients (n¼ 21/80) treated with nusinersen. Baseline

characteristics used for matching before and after weighting
are presented in Table 4.

Event-free survival and overall survival

For EFS, the pooled and weighted patient-level data from
START [18] and STR1VE-US [33] demonstrated a longer EFS
for patients who received onasemnogene abeparvovec com-
pared with nusinersen (HR of onasemnogene abeparvovec
vs. nusinersen: 0.19 [95% CI: 0.07–0.54; 99% CI: 0.05–0.74])
(Table 5). Although not statistically significant, onasemno-
gene abeparvovec therapy indicated a favorable numerical
outcome for OS and may be associated with prolonged sur-
vival compared with nusinersen (HR of onasemnogene abe-
parvovec vs. nusinersen: 0.35 [95% CI: 0.09–1.32; 99% CI:
0.06–2.01]) (see Table 5). Figure 1 illustrates the reweighted
KM curve for onasemnogene abeparvovec and the recon-
structed published KM curve from SHINE [37,40,53] for EFS
(Figure 1(A)) and OS (Figure 1(B)).

Motor milestones

Sitting independently
For the analysis using the definition of sitting unassisted for
!30 s (Scenario A), at 24 months of follow-up, patients
receiving onasemnogene abeparvovec were statistically more
likely to achieve the motor milestone of sitting independ-
ently compared with patients treated with nusinersen at the
95% level (not statistically meaningful at the 99% level) (RR:
2.60; 95% CI: 1.05%6.49; 99% CI: 0.78–8.64]) (Table 6). A stat-
istically significant difference was not observed for the likeli-
hood of sitting independently at 6 to 18 months between
treatment options.

For the MAIC regarding achievement of unassisted sitting
for !30 s in STR1VE-US [33] and !5 s in START [18] (Scenario
B), the relative treatment effects (expressed as relative risk
and risk difference) were similar to Scenario A in which
unassisted sitting !30 s defined milestone achievement (see
Table 6). At the 24-month assessment, patients receiving
onasemnogene abeparvovec were statistically more likely to
sit independently at the 95% level (not statistically meaning-
ful at the 99% level) (RR: 2.79; 95% CI: 1.13–6.89; 99% CI:
0.85–9.15). Although there was no statistically significant dif-
ference between onasemnogene abeparvovec and nusi-
nersen in the likelihood of sitting at 6 to 18 months, the
results at 12 and 18 months numerically favored onasemno-
gene abeparvovec.

Walking independently
Although not statistically meaningful, patients receiving ona-
semnogene abeparvovec had a numerically greater likelihood
of walking by 18 and 24 months compared with patients
receiving nusinersen (18-month RR: 1.40; 95% CI: 0.04–54.50;
99% CI: 0.01–172.35; 24-month RR: 2.08; 95% CI: 0.06–76.33;
99% CI 0.02–236.73) (Table 7). These results should be
regarded as inconclusive as the true denominator of patients
on treatment for SHINE [37,40,53] was overestimated
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because of a lack of reported information. Calculations were
not performed for time points in which neither study
reported an event. A continuity correction was applied for
the 18-month analyses as zero events were reported in
SHINE [37,40,53]. Because SHINE [37,40,53] was subject to
loss of patients to follow-up, the number of observed
patients diminished with increasing time on study. By 18
months, only 31 of 81 patients had follow-up data.

Discussion

Clinical trials assessing the efficacy of onasemnogene abepar-
vovec and nusinersen in SMA type 1 patients have independ-
ently shown significant improvement in OS, EFS, and motor
function (ability to sit unassisted for !5, !10, and !30 s;
head control; roll over; crawl; pull to stand; stand independ-
ently; walk independently) compared with historic cohorts or
control patients with SMA type 1 [18,33,35,37,38,45]. In the
absence of RCTs and head-to-head studies, we employed
robust MAIC methodology to compare the relative treatment
effects of onasemnogene abeparvovec and nusinersen for
the treatment of SMA type 1. Treatment with onasemnogene
abeparvovec provided statistically significantly greater EFS
compared with nusinersen. Patients treated with onasemno-
gene abeparvovec had numerically longer OS compared with
nusinersen, although this result was not statistically signifi-
cant. Analysis of motor milestones (independent sitting and
independent walking) generally indicated favorable effects
for onasemnogene abeparvovec when compared with nusi-
nersen. The likelihood of sitting independently or walking
independently at 6 to 18 months for patients treated with
onasemnogene abeparvovec was not significantly different
compared with patients treated with nusinersen. However,
patients treated with onasemnogene abeparvovec were stat-
istically significantly more likely to have been able to sit
independently at 24 months of follow-up than patients
treated with nusinersen.

Although not statistically meaningful, patients receiving
onasemnogene abeparvovec had a numerically greater likeli-
hood of walking by 18 and 24 months compared with
patients receiving nusinersen. However, the results were
noted as inconclusive because of the lack of reported infor-
mation. The motor milestone of independent walking was
assessed in the studies using scales that are not comparable,
with START [18] and STR1VE-US [33] using walking alone as
per the Bayley Scales Gross Motor Subtest and ENDEAR [39]
and SHINE [37,40,53] using walking as stable without assist-
ance per the HINE-2 scale.

STR1VE-US [33] followed patients up to 18 months of age,
while START [18] observed patients up to 24 months post-
dose. Therefore, the age of 18 months results from STR1VE-
US [33] were imputed as an estimate of the number of
patients in that trial who achieved motor milestones at 24
months of follow-up. This approach is considered conserva-
tive, because evidence supports that using an 18-month age
time point as the basis for estimating maximum motor mile-
stone attainment would result in an underestimation of the
potential benefit from onasemnogene abeparvovec.Ta
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A previous ITC conducted to estimate the treatment
effects of onasemnogene abeparvovec versus nusinersen for
the treatment of symptomatic infants with SMA type 1 sug-
gested a possible efficacy advantage for onasemnogene abe-
parvovec compared with nusinersen for OS, independence
from permanent assisted ventilation, motor function, and
motor milestones [60]. The ITC assessed treatment results for
12 patients from START [18] and 80 patients from ENDEAR
[39]. A total of 149 infants were screened, and 122 under-
went randomization (81 were assigned to the nusinersen
group, and 41 were assigned to the control group)
[18,33,37,39,53]. One infant randomized to receive nusinersen
in ENDEAR [39] was withdrawn from the trial before treat-
ment; and 121 infants underwent the assigned procedure
[18,33,37,39]. The current MAIC provides robust evidence on
the relative efficacy of onasemnogene abeparvovec versus
nusinersen because of the methodologic advantages of a
large, robust evidence base, with a larger sample size using
pooled data from two clinical trials of onasemnogene abe-
parvovec. In addition, the current MAIC analysis adjusted for
the two highest ranked covariates as defined by clinical
experts, including CHOP INTEND score at baseline and nutri-
tional support, which have been clinically validated to be
important prognostic factors in the natural history of the dis-
ease, and potential effect modifiers.

The treatment arms for the onasemnogene abeparvovec
and nusinersen clinical trials differed in baseline characteris-
tics such as age, sex, weight, CHOP INTEND score, and the
percentages of patients requiring nutritional and ventilatory
support. The present MAIC addressed differences in CHOP

INTEND score and nutritional support at baseline. Although
this approach has methodologic advantages to other ITCs,
some limitations remain. Because of the small sample size in
the combined START/STR1VE-US [18,33] populations, match-
ing was only possible on baseline CHOP INTEND scores and
requirement of nutritional support. The matching algorithm
did not converge when considering additional prognostic
factors; this must be regarded as a limitation of the MAIC. In
addition, the patients treated with gene therapy in the stud-
ies improved from a neuromotor perspective, which may
have been an important predictive factor. The reduced
effective sample size (24.6 vs. a total population of 34
patients for START [18] and STR1VE-US [33]) led to wider CIs
and statistically inconclusive outcomes for some of the
results. In addition, START [18] was a Phase I clinical trial
with IPD that included two patients identified by screening,
who were the only ambulant patients. While the current
MAIC study confers favorable results toward onasemnogene
abeparvovec, interpretation should follow the context of dif-
ferences in the characteristics of the individual studies that
may offer favorable prognosis for patients who received ona-
semnogene abeparvovec.

Although a robust method has been utilized to select and
rank covariates for matching, the choice of effect modifiers
and prognostic factors can be difficult. Reaching the assump-
tion that there are no unmeasured effect modifiers and prog-
nostic factors that are not balanced between treatment
groups is almost impossible. Differences in choice of effect
modifiers and prognostic factors, therefore, may affect the
results of analyses. A key limitation of any MAIC is that the

Table 4. Summary of covariates matching nusinersen pooled average before and after weighting, individual and pooled onasemnogene abeparvovec trials.
Trial Scenario Treatment CHOP INTEND score

at baseline
Nutritional support

at baseline
Effective sample size

1 (START [18] and
STR1VE-US [33]
data pooled)

SHINE [37,40,53] Nusinersen 26.7 9% 24.6
STR1VE-US and START pooled

– after matching
Onasemnogene
abeparvovec

26.7 9%

STR1VE-US and START pooled
– before matching

30.6 15%

2 (START only) [18] SHINE [37,40,53] Nusinersen 26.7 Did not converge 11.8
STR1VE-US and START pooled

– after matching
Onasemnogene
abeparvovec

26.7

STR1VE-US and START pooled
– before matching

28.2

3 (STR1VE-US only) [33] SHINE [37, 40, 53] Nusinersen 26.7 Did not converge 16.4
STR1VE-US and START pooled

– after matching
Onasemnogene
abeparvovec

26.7

STR1VE-US and START pooled
– before matching

32.0

Table 5. Matching-adjusted indirect comparison of event-free survival and overall survival for onasemnogene abeparvovec (START [18] and STR1VE-US [33])
compared with nusinersen.
Trials Comparison Event-free survival

HR
(95% CI)
(99% CI)

Overall survival
HR

(95% CI)
(99% CI)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] Onasemnogene abeparvovec vs. nusinersen 0.19 0.35
(0.07–0.54)a (0.09–1.32)
(0.05–0.74)a (0.06–2.01)

Nusinersen vs. onasemnogene abeparvovec 5.13 2.87
(1.87–14.10)a (0.76–10.83)
(1.36–19.42)a (0.50–16.50)

Abbreviations. CI, confidence interval; HR, hazard ratio; MAIC, matching-adjusted indirect comparison.
aTreatment effect estimate is statistically significant.
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analysis only offers a matching of mean characteristics and
standard deviations. Moreover, distribution of baseline char-
acteristics may sometimes vary in different ways not cap-
tured by this calculation [61]. Because of the presence of
effect modification, treatment effects may vary between

patient populations and different conclusions could possibly
be reached when different effect modifiers are considered
[61]. Results of MAICs must be considered in the context of
the specific population to which they apply [61].
Furthermore, for MAICs, if the analysis were run with IPD

Figure 1. Matching-adjusted indirect comparison of event-free survival and overall survival for onasemnogene abeparvovec (START [18] and STR1VE-US [33].
Because STR1VE-US [33] only followed patients until 18 months of age, patients from this trial are censored at their last date of follow-up.) compared with nusi-
nersen. (A) Event-free survival (B) Overall survival. Dashed lines represent 95% confidence intervals. The Kaplan Meier curves for ENDEAR [39]/SHINE [37, 40, 53]
were digitized and reconstructed using the Guyot algorithm [64], which uses the published number at risk at each time point to account for censoring over the
course of the study. The Kaplan Meier curves from STR1VE-US [33] and START [18] were constructed directly from patient-level data.
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from the comparator study matched to aggregate data from
the study for the treatment of interest, findings from the
analysis may be different [61].

The current MAIC was conducted in March 2020, and
studies completed/published after that date were not
included in the analysis. Therefore, this MAIC did not include
a comparison with risdiplam. Recently published preliminary
results of an ITC of risdiplam versus nusinersen or onasemno-
gene abeparvovec based on the Part 1 results of the
FIREFISH study suggested that treatment of infantile onset

SMA with risdiplam may yield better results than treatment
with nusinersen in patients with SMA type 1 [62]. In this ITC,
matching against onasemnogene abeparvovec was not pos-
sible because of large baseline factor differences [62]. As
with the current MAIC, by matching covariates to those of
the comparator trial, we assumed that the comparator trial
was the target population, and the results of the analyses
may be biased if not all prognostic and predictive factors
were included [63]. In the absence of head-to-head trials,
results from ITCs are used by regulatory agencies, payers,

Table 6. Onasemnogene abeparvovec (START [18] and STR1VE-US [33]) compared with nusinersen: independent sitting–time on study.a

Comparisonb Time point Onasemnogene abeparvovec
n/N (%)

Nusinersen
n/N (%)

Relative riskc

(95% CI)
(99% CI)

Risk differencec

(95% CI)
(99% CI)

Scenario A (!30 s definition for STR1VE-US [33] and START[18])
START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 6 months 0.8/24.6 3/65 0.72 –0.01

(3.3%) (4.6%) (0.07–7.95) (–0.10–0.07)
(0.03–16.89) (–0.13–0.10)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 12 months 6.4/24.6 7/48 1.79 0.12
(26.2%) (14.6%) (0.69–4.66) (–0.08–0.32)

(0.51–6.28) (–0.15–0.38)
START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 18 months 13.3/24.6 9/31 1.86 0.25

(54.1%) (29%) (0.96–3.60) (–0.00–0.50)
(0.78–4.43) (–0.08–0.58)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 24 monthsd 15.1/24.6 4/17 2.60 0.38
(61.3%) (23.5%) (1.05–6.49)c (0.10–0.66)c

(0.78–8.64) (0.01–0.74)c

Scenario B (!30 s definition for STR1VE-US [33], !5 s for START [18])
START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 6 months 0.8/24.6 3/65 0.72 –0.01

(3.3%) (4.6%) (0.07–7.95) (–0.10–0.07)
(0.03–16.89) (–0.13–0.10)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 12 months 6.4/24.6 7/48 1.79 0.12
(26.2%) (14.6%) (0.69–4.66) (–0.08–0.32)

(0.51–6.28) (–0.15–0.38)
START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 18 months 13.5/24.6 9/31 1.90 0.26

(55%) (29%) (0.98–3.65) (0.01–0.51)
(0.80–4.49) (–0.07–0.59)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 24 monthsd 16.1/24.6 4/17 2.79 0.42
(65.7%) (23.5%) (1.13–6.89)c (0.15–0.70)c

(0.85–9.15) (0.06–0.78)c

Abbreviations. CI, confidence interval; n, number.
aSTART [18] and STR1VE-US [33] used the Bayley Scales Gross Motor Subtest to define independent sitting (sits alone for !5 s in START [18] and !30 s in
STR1VE-US [33]). Two scenarios were used to define independent sitting from the onasemnogene abeparvovec trials: Scenario A used the !30 s threshold for
both STR1VE-US [33] and START [18]; Scenario B used the !30 s threshold for STR1VE-US [33] and the !5 s threshold for START [18]. In ENDEAR [39] and
SHINE [37,40,53], independent sitting was defined as stable sitting and pivoting as per the Hammersmith Infant Neurological Examination Section 2.
bOdds ratios are not presented because of unstable estimates.
cRelative treatment effect estimate is statistically significant. Relative treatment effect estimates presented in bold are statistically significant.
d18-month results for STR1VE-US [33] were carried forward to the 24-month time point.

Table 7. Onasemnogene abeparvovec (START [18] and STR1VE-US [33]) compared with nusinersen: independent walking–time on study.a

Comparisonb Time point Onasemnogene abeparvovec
n/N (%)

Nusinersen
n/N (%)

Relative risk
(95% CI)
(99% CI)

Risk difference
(95% CI)
(99% CI)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 6 months 0/24.6 0/65
(0%) (0%)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 12 months 0/24.6 0/48
(0%) (0%)

START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 18 months 0.2/24.6 0/31c 1.40 1.39
(0.7%) (0%) (0.04–54.50) (0.04–50.16)

(0.01–172.35) (0.01–154.90)
START [18] þ STR1VE-US [33] vs. SHINE [37,40,53] 24 monthsd 0.6/24.6 0/17c 2.08 2.03

(2.5%) (0%) (0.06–76.33) (0.06–67.02)
(0.02–236.73) (0.02–201.04)

Abbreviation. CI, confidence interval.
aTo assess independent walking, START [18] and STR1VE-US [33] used walking alone as per the Bayley Scales Gross Motor Subtest and ENDEAR [39] and SHINE
[37,40,53] used walking as stable without assistance per the HINE-2 score scale.
bOdds ratios are not presented because of unstable estimates.
cContinuity correction was used.
d18-month results for STR1VE-US [33] were carried forward to the 24-month time point.
Italics denote the 99% CI.
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and physicians to assess the benefits of different therapies to
support clinical decision making. Therefore, because of the
limitations associated with ITCs, a critical need exists for valid
approaches to address such limitations [63].

Conclusions

In the absence of RCTs and head-to-head comparison trials,
MAIC analyses provide important insights into comparative
treatment efficacy. With due consideration for its inherent
limitations (e.g. a relatively small sample size even for the
pooled onasemnogene abeparvovec clinical trials; potential
for differences in prognostic and predictive factors between
studies) our MAIC analysis indicates that onasemnogene abe-
parvovec may offer sustained benefits in terms of event-free
survival, overall survival, and motor milestone achievement
(sitting or walking independently) compared with nusinersen
through 24 months of follow-up. Future direct comparisons
as well as real-world studies may provide further evidence
for the comparative efficacy of onasemnogene abeparvovec
and nusinersen for patients with SMA type 1.

Notes

i. Zolgensma is a registered trademark of AveXis, Inc., Bannockburn, IL, USA.
ii. Spinraza is a registered trademark of Biogen, Inc., Cambridge, MA, USA.
iii. Evrysdi is a registered trademark of Genentech, Inc., South San Francisco,

CA, USA.

Transparency

Declaration of funding

This research was supported by Novartis Gene Therapies, Inc.

Declaration of financial/other relationships

MB and OD have disclosed that they are salaried employees of Novartis
Gene Therapies, Inc., which is the manufacturer of onasemnogene
abeparvovec.

ML was a paid employee of Precision HEOR, which was contracted
by Novartis Gene Therapies, Inc., to work on this project.

JL is a paid employee of Decision Resources Group, which was con-
tracted by Novartis Gene Therapies, Inc., to work on this project.

ED and CB are employed by Pharmalytics Group, which was con-
tracted by Novartis Gene Therapies, Inc., to work on this project.

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

Authors’ contributions

All authors and the funder of this study participated in the matching-
adjusted indirect comparison design. All authors had access to and
analyzed and interpreted the data, participated in the development and
critical review of the manuscript, approved the final version of the
manuscript submission for publication, and are accountable for the
accuracy and integrity of the work.

Acknowledgements

Writing and editing assistance, including preparation of a draft manu-
script under the direction and guidance of the authors, incorporating
author feedback, and manuscript submission, was provided by
Wynne Dillon, MS (Kay Square Scientific, Newtown Square, PA, USA) and
David Wolff, MS (Novartis Gene Therapies, Inc., Bannockburn, IL, USA).
This support was funded by Novartis Gene Therapies, Inc.

Data-sharing statement

Novartis is committed to sharing clinical trial data with external
researchers and has been doing so voluntarily since 2014. Novartis was
the third member to join ClinicalStudyDataRequest.com (CSDR), which is
the first data sharing consortium of clinical study sponsors and funders.
CSDR is a leader in the data sharing community inspired to drive scien-
tific innovation and improve medical care by facilitating access to
patient-level data from clinical studies (https://www.novartisclinicaltrials.
com/TrialConnectWeb/voluntarydataviewmore.nov).

Novartis is committed to sharing, upon requests from qualified exter-
nal researchers and subsequent approval by an independent review
panel based on scientific merit, anonymized patient-level and study-level
clinical-trial data, and redacted clinical study reports, for medicines and
indications approved in the United States and Europe after the respect-
ive study is accepted for publication. All data provided are anonymized
to respect the privacy of patients who have participated in the trial in
line with applicable laws and regulations. This trial data availability is
according to the criteria and process described on www.clinicalstudyda-
tarequest.com.

References

[1] Kolb SJ, Kissel JT. Spinal muscular atrophy. Neurol Clin. 2015;
33(4):831–846.

[2] Sheng-Yuan Z, Xiong F, Chen YJ, et al. Molecular characterization
of SMN copy number derived from carrier screening and from
core families with SMA in a Chinese population. Eur J Hum
Genet. 2010;18(9):978–984.

[3] Messina S, Sframeli M. New Treatments in spinal muscular atro-
phy: positive results and new challenges. JCM. 2020;9(7):2222.

[4] Lefebvre S, Burglen L, Reboullet S, et al. Identification and charac-
terization of a spinal muscular atrophy-determining gene. Cell.
1995;80(1):155–165.

[5] Sugarman EA, Nagan N, Zhu H, et al. Pan-ethnic carrier screening
and prenatal diagnosis for spinal muscular atrophy: clinical
laboratory analysis of >72,400 specimens. Eur J Hum Genet.
2012;20(1):27–32.

[6] Finkel RS, Mercuri E, Meyer OH, et al. Diagnosis and management
of spinal muscular atrophy: part 2: pulmonary and acute care;
medications, supplements and immunizations; other organ sys-
tems; and ethics. Neuromuscul Disord. 2018;28(3):197–207.

[7] Mercuri E, Finkel RS, Muntoni F, et al. Diagnosis and management
of spinal muscular atrophy: part 1 recommendations for diagno-
sis, rehabilitation, orthopedic and nutritional care. Neuromuscul
Disord. 2018;28(2):103–115.

[8] Awano T, Kim JK, Monani UR. Spinal muscular atrophy: journey-
ing from bench to bedside. Neurotherapeutics. 2014;11(4):
786–795.

[9] Arnold WD, Kassar D, Kissel JT. Spinal muscular atrophy: diagnosis
and management in a new therapeutic era. Muscle Nerve. 2015;
51(2):157–167.

[10] Ogino S, Wilson RB, Gold B. New insights on the evolution of the
SMN1 and SMN2 region: simulation and meta-analysis for allele
and haplotype frequency calculations. Eur J Hum Genet. 2004;
12(12):1015–1023.

[11] Finkel RS, McDermott MP, Kaufmann P, et al. Observational study
of spinal muscular atrophy type I and implications for clinical tri-
als. Neurology. 2014;83(9):810–817.

1728 M. BISCHOF ET AL.



[12] Kolb SJ, Coffey CS, Yankey JW, et al. Natural history of infantile-
onset spinal muscular atrophy. Ann Neurol. 2017;82(6):883–891.

[13] Mercuri E, Lucibello S, Perulli M, et al. Longitudinal natural history
of type I spinal muscular atrophy: a critical review. Orphanet J
Rare Dis. 2020;15(1):84.

[14] Wirth B, Karakaya M, Jeong Kye M, et al. Twenty-five years of spi-
nal muscular atrophy research: from phenotype to genotype to
therapy, and what comes next. Annu Rev Genom Hum Genet.
2020;21(1):231–261.

[15] Lorson CL, Hahnen E, Androphy EJ, et al. A single nucleotide in
the SMN gene regulates splicing and is responsible for spinal
muscular atrophy. Proc Natl Acad Sci U S A. 1999;96(11):
6307–6311.

[16] Calucho M, Bernal S, Alias L, et al. Correlation between SMA type
and SMN2 copy number revisited: an analysis of 625 unrelated
Spanish patients and a compilation of 2834 reported cases.
Neuromuscul Disord. 2018;28(3):208–215.

[17] Monnette A, Chen E, Hong D, et al. Treatment preference among
patients with spinal muscular atrophy (SMA): a discrete choice
experiment. Orphanet J Rare Dis. 2021;16(1):36.

[18] Mendell JR, Al-Zaidy S, Shell R, et al. Single-dose gene-replace-
ment therapy for spinal muscular atrophy. N Engl J Med.
(18)2017;377:1713–1722.

[19] US Food & Drug Administration. FDA approves innovative gene
therapy to treat pediatric patients with spinal muscular atrophy,
a rare disease and leading genetic cause of infant mortality.
Available from: https://www.fda.gov/news-events/press-announce-
ments/fda-approves-innovative-gene-therapy-treat-pediatric-
patients-spinal-muscular-atrophy-rare-disease#:):text=The%20U.
S.%20Food%20and%20Drug,genetic%20cause%20of%20infant%
20mortality

[20] European Medicines Agency. Zolgensma. Available from: https://
www.ema.europa.eu/en/medicines/human/EPAR/zolgensma#au-
thorisation-details-section

[21] US Food & Drug Administration. FDA approves first drug for spi-
nal muscular atrophy. Available from: https://www.fda.gov/news-
events/press-announcements/fda-approves-first-drug-spinal-mus-
cular-atrophy#:):text=The%20U.S.%20Food%20and%20Drug,
affecting%20muscle%20strength%20and%20movement

[22] European Medicines Agency. Spinraza. Available from: https://
www.ema.europa.eu/en/medicines/human/EPAR/spinraza

[23] US Food & Drug Administration. FDA approves first oral drug
treatment for spinal muscular atrophy. Available from: https://
www.news-medical.net/news/20200807/FDA-approves-first-oral-
drug-for-treatment-of-spinal-muscular-atrophy.aspx

[24] Stavarachi M, Apostol P, Toma M, et al. Spinal muscular atrophy
disease: a literature review for therapeutic strategies. J Med Life.
2010;3(1):3–9.

[25] Schorling DC, Pechmann A, Kirschner J. Advances in treatment of
spinal muscular atrophy: new phenotypes, new challenges, new
implications for care. J Neuromuscul Dis. 2020;7(1):1–13.

[26] Hua Y, Sahashi K, Hung G, et al. Antisense correction of SMN2
splicing in the CNS rescues necrosis in a type III SMA mouse
model. Genes Dev. 2010;24(15):1634–1644.

[27] Poirier A, Weetall M, Heinig K, et al. Risdiplam distributes and
increases SMN protein in both the central nervous system and
peripheral organs. Pharmacol Res Perspect. 2018;6(6):e00447.

[28] Sivaramakrishnan M, McCarthy KD, Campagne S, et al. Binding to
SMN2 pre-mRNA-protein complex elicits specificity for small mol-
ecule splicing modifiers. Nat Commun. 2017;8(1):1476.

[29] Wurster CD, Ludolph AC. Nusinersen for spinal muscular atrophy.
Ther Adv Neurol Disord. 2018;11:1756285618754459.

[30] Evrysdi. Evrysdi prescribing information. 2021. Available from:
https://www.gene.com/download/pdf/evrysdi_prescribing.pdf

[31] European Medicines Agency. Evrysdi. Available from: https://
www.ema.europa.eu/en/medicines/human/EPAR/evrysdi

[32] Mercuri E, Darras BT, Chiriboga CA, et al. Nusinersen versus sham
control in later-onset spinal muscular atrophy. N Engl J Med.
2018;378(7):625–635.

[33] Day JD, Finkel RS, Chiriboga CA, et al. Onasemnogene abeparvo-
vec gene therapy for symptomatic infantile-onset spinal muscular
atrophy in patients with two copies of SMN2 (STR1VE): an open-
label, single-arm, multicentre, phase 3 trial. Lancet Neurol. 2021;
20(4):284–293.

[34] Lowes L, Alfano LN, Arnold WD, et al. Impact of age and motor
function in a phase 1/2A study of infants with SMA type 1 receiv-
ing single-dose gene replacement therapy. Pediatr Neurol. 2019;
19:30280–30282.

[35] Al-Zaidy SA, Kolb SJ, Lowes L, et al. AVXS-101 (onasemnogene
abeparvovec) for SMA1: comparative study with a prospective
natural history cohort. J Neuromuscul Dis. 2019;6(3):307–317.

[36] Chiriboga CA, Swoboda KJ, Darras BT, et al. Results from a phase
1 study of nusinersen (ISIS-SMN(Rx)) in children with spinal mus-
cular atrophy. Neurology. 2016;86(10):890–897.

[37] Castro D, Farrar M, Finkel R, et al. Interim report on the safety
and efficacy of longer-term treatment with nusinersen in infant-
ile-onset spinal muscular atrophy: results from the SHINE study.
Neuromuscul Disord. 2018;28(2):S79–S80.

[38] Finkel RS, Chiriboga CA, Vajsar J, et al. Treatment of infantile-
onset spinal muscular atrophy with nusinersen: a phase 2, open-
label, dose-escalation study. Lancet. 2016;388(10063):3017–3026.

[39] Finkel RS, Mercuri E, Darras BT, et al. Nusinersen versus sham
control in infantile-onset spinal muscular atrophy. N Engl J Med.
2017;377(18):1723–1732.

[40] Kirschner J, Darras B, Farrar M, et al. Interim report on the safety
and efficacy of longer-term treatment with nusinersen in later-
onset spinal muscular atrophy (SMA): results from the SHINE
study. Neuromuscul Disord. 2019;29:S184.

[41] De Vivo DC, Bertini E, Swoboda KJ, et al. Nusinersen initiated in
infants during the presymptomatic stage of spinal muscular atro-
phy: interim efficacy and safety results from the phase 2
NURTURE study. Neuromuscul Disord. 2019;29(11):842–856.

[42] Singh RN, Ottesen EW, Singh NN. The first orally deliverable small
molecule for the treatment of spinal muscular atrophy. Neurosci
Insights. 2020;15:2633105520973985.

[43] Ojala KS, Reedich EJ, DiDonato CJ, et al. In search of a cure: the
development of therapeutics to alter the progression of spinal
muscular atrophy. Brain Sci. 2021;11(2):194.

[44] Phillippo DM, Ades AE, Dias S, et al. Methods for population-
adjusted indirect comparisons in health technology appraisal.
Med Decis Making. 2018;38(2):200–211.

[45] Signorovitch JE, Sikirica V, Erder MH, et al. Matching-adjusted
indirect comparisons: a new tool for timely comparative effective-
ness research. Value Health. 2012;15(6):940–947.

[46] Phillippo DM, Ades A, Dias S, et al. NICE DSU technical support
document 18: methods for population-adjusted indirect compari-
sons in submission to NICE [Internet]. 2016 [cited 2019 Dec 11].
Available from: http://nicedsu.org.uk/wp-content/uploads/2018/
08/Population-adjustment-TSD-FINAL-ref-rerun.pdf

[47] Dias S, Sutton AJ, Ades AE, et al. Evidence synthesis for decision
making 2: a generalized linear modeling framework for pairwise
and network meta-analysis of randomized controlled trials. Med
Decis Making. 2013;33(5):607–617.

[48] Bucher HC, Guyatt GH, Griffith LE, et al. The results of direct and
indirect treatment comparisons in meta-analysis of randomized
controlled trials. J Clin Epidemiol. 1997;50(6):683–691.

[49] Ishak KJ, Proskorovsky I, Benedict A. Simulation and matching
based approaches for indirect comparisons of treatments.
Pharmacoeconomics. 2015;33(6):537–549.

[50] Thom H, Jugl SM, Palaka E, et al. Matching adjusted indirect com-
parisons to assess comparative effectiveness of therapies: usage
in scientific literature and health technology appraisals. Value
Health. 2016;19(3):A100–A101.

[51] Phillippo DM, Dias S, Elsada A, et al. Population adjustment meth-
ods for indirect comparisons: a review of National Institute for
Health and Care Excellence Technology Appraisals. Int J Technol
Assess Health Care. 2019;35(3):221–228.

CURRENT MEDICAL RESEARCH AND OPINION 1729



[52] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6(7):e1000097.

[53] Finkel R, Castro D, Farrar M, et al. Interim report on the safety
and efficacy of longer-term treatment with nusinersen in infant-
ile-onset spinal muscular atrophy (SMA): updated results from the
SHINE study. Neurology. 2019;92(15 Suppl):S25.004.

[54] Glanzman AM, McDermott MP, Montes J, et al. Validation of the
Children’s Hospital of Philadelphia Infant Test of Neuromuscular
Disorders (CHOP INTEND). Pediatr Phys Ther. 2011;23(4):322–326.

[55] Li YJ, Chen TH, Wu YZ, et al. Metabolic and nutritional issues
associated with spinal muscular atrophy. Nutrients. 2020;12(12):
3842.

[56] van der Heul AMB, Cuppen I, Wadman RI, et al. Feeding and
swallowing problems in infants with spinal muscular atrophy
type 1: an observational study. J Neuromuscul Dis. 2020;7(3):
323–330.

[57] Pane M, Palermo C, Messina S, et al. An observational study of
functional abilities in infants, children, and adults with type 1
SMA. Neurology. 2018;91(8):e696–e703.

[58] Acsadi G, Crawford TO, M€uller-Felber W, et al. Safety and efficacy
of nusinersen in spinal muscular atrophy: the EMBRACE study.
Muscle Nerve. 2021;63(5):668–677.

[59] Darras BT, Chiriboga CA, Iannaccone ST, et al. Nusinersen in later-
onset spinal muscular atrophy: long-term results from the phase
1/2 studies. Neurology. 2019;92(21):e2492–e2506.

[60] Dabbous O, Benit M, Jansen JP, et al. Survival, motor function,
and motor milestones: comparison of AVXS-101 relative to nusi-
nersen for the treatment of infants with spinal muscular atrophy.
Adv Ther. 2019;36(5):1164–1176.

[61] Welton NJ, Phillippo DM, Owen R, et al. CHTE2020 sources and
synthesis of evidence: update to evidence synthesis methods.
March 2020. Available from: CHTE-2020_final_20April2020_final.
pdf(nicedsu.org.uk)

[62] Daigl M, Kotzeva A, Gorni K, et al. How does risdiplam compare
in infantile-onset spinal muscular atrophy (SMA)? Preliminary
indirect treatment comparisons based on FIREFISH part 1 data.
Poster presented at ISPOR Europe; 2019 Nov 2–6; Copenhagen,
Denmark.

[63] Liao S, Bohn J, de Moor C, et al. PRO109 a cautionary TALE
for indirect treatment comparisons: an example from infantile-
onset spinal muscular atrophy. Value Health. 2020;23(Suppl 2):
S709.

[64] Guyot P, Ades AE, Ouwens MJ, et al. Enhanced secondary analysis
of survival data: reconstructing the data from published
Kaplan–Meier survival curves. BMC Med Res Methodol. 2012;12:9.

1730 M. BISCHOF ET AL.


