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1 Introduction

Risdiplam (RG7916) is a product under investigation for spinal muscular atrophy (SMA).
Three trials (JEWELFISH, FIREFISH and SUNFISH) of Risdiplam are currently ongoing amongst
SMA Type 1 and Type 2/3 patients.

A systematic review of clinical trials in SMA was performed to identify available evidence for
comparators of interest and assess the feasibility of Indirect Treatment Comparison (ITC) /
Network meta-analyses (NMA) for SMA Type 1 and SMA Type 2/3 using data from FIRE-
FISH/SUNFISH trials and results of a systematic review. The ITC/NMA will compare Risdiplam
to relevant comparators. The output of the analyses will support the interpretation of the
results for Risdiplam and inform market access strategy.

This SAP describes the analysis to be undertaken in Type 1 patients using individual patient-
level data from FIREFISH.

2 Data

2.1 Clinical studies

FIREFISH is a two-part seamless, open-label, multi-center study to investigate the safety, tol-
erability, pharmacokinetics, pharmacodynamics and efficacy of Risdiplam in infants with
type 1 spinal muscular atrophy. The first part of the study has enrolled 21 infants to evaluate
the safety, tolerability, pharmacokinetics, and pharmacodynamics of Risdiplam and to select
the dose for Part 2. Part 2 was designed to assess the efficacy of Risdiplam measured as the
proportion of infants sitting without support after 12 months of treatment, as assessed in
the Gross Motor Scale of the Bayley Scales of Infant and Toddler development — Third Edi-
tion (BSID-111) (defined as sitting without support for 5 seconds). The same efficacy parame-
ters are assessed in Part 1 and Part 2.

The data from the pooled population that received the final dose will be included in the indi-
rect treatment comparison. This includes all part 2 patients as well as the subset of patients
who received final dose in the part 1.

A systematic literature review and feasibility assessment of all published and ongoing trials
in SMA types 1, 2 and 3 was performed to identify available evidence for comparators of in-
terest (searches run on 31t January 2018).

Based on the results of the literature review, the following disconnected network was
formed (Figure 1). The final analyses will be conducted following availability of the FIREFISH
part 2 data (January 2020).
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Figure 1: SMA Type 1 evidence network using FIREFISH
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Sham procedure

The network above is disconnected, hence a network meta-analysis based on a comparison of
relative treatment effects is not possible. A naive or unanchored indirect comparison of Risdip-
lam with Nusinersen (Finkel RS 2017) or AVXS-101 (Mendell JR 2017) may be confounded by
systematic variation in prognostic factors. Therefore, a matching adjusted indirect comparison
(MAIC) will be attempted. Sample size is a limitation in MAIC analyses, limited numbers of
patients may limit the ability to adjust for potential confounding factors due to reductions in
the effective sample size. This is expected to be the case for the comparison against AVXS-101
and in this case Simulated Treatment Comparison (STC) will be attempted.

MAIC is an indirect comparison method which adjusts for between-trial population imbal-
ances. Unlike network meta-analysis which are based only on aggregate data, MAIC incorpo-
rates individual patient data (IPD) from one trial (e.g. FIREFISH) and reweights outcomes based
on published aggregate data from other trials (e.g. ENDEAR and Mendell 2017). The broadly
defined steps to perform MAIC are as follows:

Assess cross-trial similarities and differences

2. Match average baseline characteristics from ENDEAR and Mendell 2017 separately by
applying “propensity score” based weights to individual patients in FIREFISH

3. Compare outcomes across balanced trial populations

Step 1 is discussed below, steps 2 and 3 are discussed in Section 3.1.

STC is also a population average method and as opposed to using weighting methods is an
outcome regression method, which estimates the effect of covariates on outcomes and
makes use of these to estimate the effect of an intervention in a population with a different
profile. STC is discussed in section 3.2.
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A challenge of population matching is that these techniques can only be used to compare
with one trial at time. Hence, separate matching exercises and analyses will have to be con-
ducted for comparisons to nusinersen and AVXS-101. Matching versus AVXS-101 will be per-
formed using the Mendell 2017 study and matching versus nusinersen will be conducted us-
ing the nusinersen arm from the ENDEAR trial. Mendell 2017 was chosen for matching as the
only study reporting AVXS-101 whilst ENDEAR was preferred as the largest study reporting
Nusinersen. Finkel 2016 reported only 20 patients compared to 80 in ENDEAR.

Published methodology recommends comparing the inclusion criteria, study design, baseline
characteristics and study procedures across the trials included in the MAIC (Signorovitch JE
2010, D. Phillippo, et al. 2016, D. M. Phillippo, et al. 2018).

Table 1 compares the inclusion criteria and study design between the included studies. All
studies are in infants with SMA type 1, defined by the homozygous deletion or compound
heterozygosity deletion or mutation of the SMN1 gene and two copies of the SMN2 gene.
The inclusion criteria for age of SMA onset and age of enrollment differ between the studies.
FIREFISH and Mendell 2017 are both open label studies with two cohorts of patients, treated
with different doses whereas ENDEAR is a randomized, double-blind, sham-controlled study.
Study designs cannot be adjusted for in the analysis. The implications of these differing study
designs can be highlighted in any write-up of the analysis.

An important difference in study inclusion criteria is that the CL-101 study (Mendell 2017)
did include only children who received their treatment before 6 months of age. This is an im-
portant difference that needs to be taken into consideration in the indirect treatment com-
parision against AVXS-101.
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Table 1 Inclusion criteria and study design

Inclusion Study design
Risdiplam e Diagnosis of 5g- SMA e Open label
(FIREFISH) 0 Genetic confirmation of homozy- e Single arm, two co-
gous deletion or compound heter- horts: Part 1) dose
ozygosity predictive of loss on finding, Part 2) Dose
function of the SMN1 gene confirming

0 Clinical history, signs or symptoms
attributable to Type 1 SMA (i.e.
hypotonia)

0 Two SMN2 gene copies

e  Gestational age of 37-42 weeks
e  Onset of SMA after 28 days but prior to 3
months
e Aged between 28 days and 210 days at en-
rollment
e Receiving adequate nutrition and hydra-
tion support
e  Measuring to at least the third percentile
in body weight
Nusinersen e  Genetic diagnosis of 5g-SMA
(ENDEAR) 0 Homozygous gene deletion or
compound heterozygote dele-
tion/mutation of SMN1

0 Two SMN2 gene copies

e  Gestational age of 37-42 weeks

e  Younger than 180 days at SMA onset

e  Younger than 210 days at screening

e  Receiving adequate nutrition and hydra-
tion support

e Measuring to at least the third percentile
in body weight

Randomised
Double-blind
e Sham-controlled

AVXS-101 e  Genetically confirmed diagnosis of SMA 1 e Open label

(Mendell 0 Homozygous SMN1 exon 7 e Single arm, two

2017), deletions doses: High dose
0 Two copies of SMN2 and Low dose

e  Children up to the age of 6 months
e Hypotonia and muscle weakness
e Homozygous SMN1 exon 7 deletions

Table 2 compares the baseline characteristics between the included studies. FIREFISH and
ENDEAR baseline characteristics are relatively similar. There are clear imbalances between
FIREFISH and Mendell 2017 which may limit the feasibility of the matching, such as age at in-
itiation of treatment (D. Phillippo, et al. 2016).
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Table 2 Baseline characteristics

Baseline charac- Risdiplam (FIRE- [Risdiplam (FIRE- Nusinersen AVXS-101 (Men-
teristic FISH), (part 1 co- [FISH), (all, n=62) (ENDEAR), dell 2017), (high
hort, n=21) (nusinersen arm, | dose arm only,
n=80) n=12)
Female gender 71% 60% 54% 58%
White race 81% 63% NR 92%
Mean weight 6.7kg 6.8kg NR 5.7kg
(sd, [range]) (1, [5.2-8.9] 1.1, [4.1-10.6]) (-,[3.6-8.4])
Mean age at first | 178 days 166 days 163 days ~103 days (3.4
dose (sd, [range]) | (42, [102-213]) 44, [68; 213]) (-,[52-242]) mts)
(-, [27-240])
Mean age at 8.1 weeks 7.5 weeks 7.9 weeks ~6.1 weeks (1.4
symptom onset (3.2,[4-13.1]) 3.1, [4-13.1]) (-,[2-18]) mts)
(sd, [range]) (-,[0-13])
Duration of 104 days 03 days ~92 days (13.2 NR
symptoms at (38, [37-163] 41, [7-163]) wks) (-,[0-181])
screening (sd,
[range])
Patients with 24% 9% 26% 17%
clinical support:
Ventilatory
Patients with nu- | 0% 3% 9% NR
tritional support:
Gastrointestinal
tube feeding
Mean total CHOP | 24 02 27 28
INTEND score (6, [10—34]) 7, [8-37]) (8, [-]) (-, [212-50])
(sd, [range])
HINE-2 score 1.00 0.95 1.29 NR
(sd, [range]) (0.7, [0-3]) 0.97, [0-5]) (1.07, [-])

NR=Not Reported

Table 3 compares the dosing and delivery for the three treatments. All three treatments are

delivered differently and at different frequencies: Risdiplam is an oral treatment delivered

daily, Nusinersen is delivered through injection into the spinal canal with six treatments over

the course of around 10 months, and AVXS-101 is a one-off administration through an intra-

venous catheter inserted into the peripheral vein.

Table 3 Dosing and delivery

Treatment (Study)

Dosing and delivery
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Risdiplam (FIREFISH)

Delivery: oral

Dose not yet reported

Orally once daily for four weeks followed by an open-label
extension phase

Nusinersen (ENDEAR)

Delivery: intrathecal injection

Dose adjusted according to estimated columne of cere-
brospinal fluid, equivalent to 12mg-dose if age < 24
months

Delivered on days 1, 15, 29, 64 and maintenance doses on
days 183 and 302

AVXS-101 (Mendell 2017)

Delivery: intravenous catheter inserted into the periph-
eral vein

Cohort 1: 6.7 X 103vg/kg

Cohort 2: 2.0 X 10*vg/kg

One time administration: 10-12 ml/kg slowly infused over
60 minutes*

* Protocol specifies 15-20 minutes

2.2 Outcomes

The efficacy outcomes reported in each of the studies found in the SLR are shown in Table 4.

Table 4 List of efficacy outcomes amongst the published studies (from SR report)
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ENDEAR RCT; Yes* Yes* - - Yes* Yes* Yes*
Nusinersen
Finkel 2016 DC/DE; Yes* Yes* - - Yes* Yes* Yes*
Nusinersen
Mendell 2017 DC/DE; Yes* . Yes* Yes* Yes* Yes* Yes*
AVXS-101

° Event is defined as permanent ventilation

Colour coding details:

Yes*: Outcome assessed: reported in publication
CHOP-INTEND= Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders; DC/DE= Dose

comparison/ escalation trial; ; HINE-2= Hammersmith Infant Neurological Examination Module 2:RCT= random-

ised control trial: SA= Single arm trial: WHO= World Health Organisation: BSID-III= Bayley Scale of Infant and

Toddler Development

Table 5 shows possible outcomes to consider in the analysis, and which are reported in each
of the studies. For each outcome of interest, the publication must report either mean/median
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and standard deviation for continuous covariates, or the proportion of individuals with a bi-
nary/categorical trait (D. Phillippo, et al. 2016). Differences in assessment schedule have been
noted and for the analysis of the binary endpoint in order to account for differences in the
length of the follow-up of studies FIREFISH and ENDEAR (terminated at the interim analysis) a
sensitivity analysis will be conducted. For this sensitivity analysis any assessment that occurred
in the three months preceding the date of clinical cut-off will be excluded.

Table 5 Motor Milestones Outcomes for the analysis*

Outcome Type of | Risdiplam Nusinersen | AVXS-101
outcome FIREFISH* ENDEAR Mendell 2017
Motor milestone —Percentage of in- Binary Yes No Yes

fants sitting without support for >=5
seconds, as classified by item 22 of
BSID-IlI

Motor milestone —Percentage of in- | Binary Yes No Yes
fants sitting without support for >=30
seconds, as classified by item 26 of

BSID-III

Motor milestone- Percentage of in- Binary Yes No Yes
fants with head control (classified by

BSID-I11)

Motor milestone- Percentage of in- Binary Yes No Yes
fants that can roll over (classified by

BSID-III)

Full head control (classified by HINE-2) | Binary Yes Yes No
Sitting without support (classified by | Binary Yes Yes No
HINE-2)

Sitting with or without support (classi- | Binary Yes Yes** No
fied by HINE-2)

Rolling (Classified by HINE-2) Binary Yes Yes No
Standing (Classified by HINE-2) Binary Yes Yes No
Motor-milestone response according Binary Yes Yes No

to HINE-2, defined as meeting the fol-
lowing criteria: improvement in at
least one HINE-2 category and more
HINE-2 categories with improvement
than categories with worsening

* At 12 months for Mendell et al, at 12 months for Risdiplam (patients who died within 12 months
will be classified as non-responders) and latest available of 6-13 months for Finkel et al

** Only available interim efficacy dataset (n=51). Analysis of this outcome assumes that the baseline
characteristics for the interim population are the same as for the ITT population (n=80).

BSID-11I: Bayley Scales of Infant and Toddler Development, version 3

HINE-2: Hammersmith Infant Neurological Examination Module

Table 6: Motor Function Outcomes for the analysis*

Outcome* Type of | Risdiplam Nusinersen AVXS-101
outcome FIREFISH ENDEAR Mendell 2017

Percentage of infants who achieve | Binary Yes Yes Yes

a CHOP-INTEND score of 40 or

higher
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Percentage of infants with > 4- | Binary Yes Yes Yes
point improvement in CHOP-IN-
TEND score from baseline

*12 months of Follow-up for Risdiplam (patients who died within 12 months will be classified as non-
responders), latest available of 6-13 months for Nusinersen; at 8 months for AVXS-101
CHOP-INTEND: Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders

Table 7: Survival Endpoints for the analysis*

Outcome Type of | Risdiplam Nusinersen AVXS-101
outcome FIREFISH ENDEAR Mendell 2017

Alive without permanent ventila- Binary Yes Yes Yes

tion at 12 months

Alive at 12 months Binary Yes Yes Yes

2.3 Adjustment of prognostic factors

To inform the choice of prognostic and predictive factors for inclusion in the matching exer-
cise, we conducted a systematic review of prognostic studies and subgroup analysis con-
ducted in trials identified by the feasibility assessment for Nusinersen and AVXS-101. This
complies with TSD 18 recommendations which state that evidence must be presented that
there are grounds for considering variables as effect modifiers or prognostic factors (D.
Phillippo, et al. 2016).

EMBASE and Medline were searched using SMA disease terms combined with terms for ob-
servational studies in SMA. The systematic review comprises RCTs identified in the feasibility
assessment and observational studies in SMA. Results of this review were discussed with the
Roche internal medical team and with external medical experts and the following factors
were selected for matching to be considered in all analyses (Survival, motor milestones and
CHOP intend analyses):

e Age at first dose
e Duration of symptoms at screening/prior to initiation of treatment
e Baseline Motor function (Baseline total CHOP Intend Score)

Review of prognostic factors and expert medical opinion confirmed the age at onset of dis-
ease/symptoms to be a very important prognostic factor for survival in SMA type | (Farrar
2013, Ge 2012, Oskoui 2007). The younger the child at age of onset, the worst will be the
prognosis. By a later onset the prognosis will be less severe because the muscular system
will have had the chance to further develop. Age at onset of disease is not known exactly,
but estimated from the recall of duration of symptoms by caregivers. Age at first dose is rec-
orded in clinical trials and known very well and will be used for matching instead of age of
symptoms in combination with the duration of the symptoms. Age at first dose was also
found to be an important predictor of motor functional outcome for children treated with
nusinersen in the review of prognostic factors (Pechmann 2018).
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Duration of symptoms was indicated by medical experts to be a very strong predictor of
treatment efficacy: the earlier the patients are treated in the course of their disease the bet-
ter the results. The combination of both age at disease onset and disease duration is im-
portant. Symptoms/disease duration relies on the recall of the first symptoms by the care-
givers and it is anticipated that caregivers’ assessment will be highly variable. However, no
better alternative exist, therefore this factor is included in the matching algorithm.

Total CHOP intend score was further identified by medical expert as a useful criterion to clas-
sify the severity of the disease, this score has a greater granularity than the HINE-2 total
score and is therefore preferable to characterize patients with SMA type I.

Nutritional status and ventilatory function have been identified as important predictors of
survival (Gregoretti 2013, Oskoui 2007); nevertheless medical experts emphasized that dif-
ferences in protocols across centers and over the course of the years make this variable not
useful for the purpose of matching across the identified studies. The children weight percen-
tile could be a preferred and more stable measure of nutritional status; yet this variable is
not available for matching. Similarly, a better indicator of respiratory function would be the
frequency of permanent ventilation and the frequency of lower respiratory tract infection;
however, none of the studies recruited patients necessitating permanent ventilation, nor in-
cluded patients with lower respiratory tract infections.

3 Statistical methods

3.1 MAIC methodology

MAIC is a form of propensity score weighting, in which individuals in the FIREFISH trial will be
weighted by the inverse of their propensity to be in the FIREFISH trial compared to the com-
parator trial, to balance the covariate distribution with that of the ENDEAR and Mendell 2017
trials separately. This process will be implemented using published methodology, and is sum-
marized below (Signorovitch JE 2010, D. Phillippo, et al. 2016, D. M. Phillippo, et al. 2018).

Age at first dose has been shown to be an important predictor of treatment efficacy. In the
study CL-101 (Mendell 2017) only children below the age of 6 months were considered for
inclusion. For this reason any child above the age of 180 days at first dose in the FIREFISH
study will be excluded from the matching in the comparison against AVXS-101. As it is antici-
pated that only few patients included in the FIREFISH received their first dose of Risdiplam
prior to the 6 months an alternative approach will be used to indirectly compare to AVXS-101,
this method is described in section 3.2.

As the evidence for Risdiplam is from a single arm trial, both MAICs will be unanchored. This
means that the weighting model must include every effect modifier and prognostic variable.

The first step is to create a propensity score model which will predict the probability of pa-
tients being included in the FIREFISH trial compared to the target trial (either ENDEAR or Men-
dell 2017). This is equivalent to a model on the log of the individual weights (w):

log(w;) = ag + ai X;
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Where X; is the covariate vector for the i individual. The regression parameters (d,) are es-
timated using the method of moments, to match effect modifier distributions between trials.
This is equivalent to minimizing:

NR(R) -
.. exp(alx)
i

when )?(E,\%) = 0, where R is Risdiplam and Nu is Nusinersen. Matching analysis using AVXS-

101 will be performed separately; for this section we will continue using Nusinersen as the
example.

Outcomes (Y) will be predicted for Risdiplam in the Nusinersen and AVXS-101 populations
separately by reweighting the outcomes of the individuals in the FIREFISH trial according to
the weights estimated by the propensity score model above. For example, to predict the out-
comes on R in the Nu trial, the outcomes of the R individuals are reweighted:

NR(R) —
Y, Yimw

NRR) —~
Zi=1 Wl

171!? (Nu) =

Using the natural outcome scale (g), the unanchored indirect comparison between, e.g. N and
R will therefore be:

ZRN(Nu) = g(YNu(Nu)) - g(?R(Nu))

The matching will reduce the effective sample size (ESS) for the FIREFISH trial. The degree of
reduction will depend on the degree of “overlap” between the FIREFISH and the target pop-
ulations. Given the limited patient numbers in some of the target trials this may lead to
marked uncertainty in estimated treatment comparisons. TSD 18 reported an average reduc-
tion in ESS of 80% which could lead to a high level of uncertainty (D. Phillippo, et al. 2016).
The ESS will be approximated by:

Nt@R) ~
Xe=r Zizl Wie)?

ESS = New 2
Zt=RZi:1 Wit

A small ESS indicates highly variable weights due to lack of population overlap, meaning that
the estimate may be unstable. However, TSD 18 cautions that this ESS approximation is likely
to underestimate the true ESS as the weights are not fixed, known or uncorrelated with out-
come. The distribution of estimated weights will also be reported.

It is important to emphasize that the small numbers of patients in some of the studies will
limit our ability to take account of confounders and increase uncertainty. Care will be taken
not to ‘overfit’ and reduce sample size. Due to the numbers of patients in FIREFISH we antici-
pate only being able to match on mean baseline characteristics and not variability. Baseline
characteristics to be used in the matching analysis are detailed in Section 3.3.
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Bootstrapping will be used to obtain confidence intervals around our estimates. We will boot-
strap the whole MAIC process to account for uncertainty in both the sampling error and un-
certainty in the weights. We have considered methods for estimating the systematic error in
the estimates as recommended in Appendix 3 of the TSD 18, however this is unfeasible given
the sample size of the trials.

3.2 STC methodology

Outcome regression methods underlie STC. In this method a model for the conditional mean
outcome is regressed on treatment and selected model covariates (D. Phillippo, et al. 2016,).

This method, similarly to the MAIC approach, assumes that absolute outcomes can be pre-
dicted from the covariates and hence that all effect modifiers and prognostic factors are ac-
counted for. The outcome model is fitted using the IPD from the Firefish study, and covariates
will be centered around the average observed in the comparator’s trial (CL-101, Mendell
2017), this way the model’s intercept will represent the outcome to be expected in the com-
parator’s study (log hazard for time to event endpoint and log-odds for binary endpoints).

This method will be used in order to estimate the effect of covariates on outcome (Age at first
dose and baseline functional score), and to attempt to estimate what might have been the
result to be expected the population included in the CL-101 study (Mendell 2017).

As for the MAIC approach described above, bootstrapping will be used in order to obtain 95%
confidence intervals around the estimates.

3.2.1 Target population

TSD 18 stipulates that the target population must reflect the real-world population. In the
MAIC, the IPD from FIREFISH will be matched to that of the competitor trials, ENDEAR and
Mendell 2017, respectively. Inthe event these populations differ from a real world SMA pop-
ulation, calibration of the results may be necessary.

3.3 Statistical models

3.3.1 Types of endpoints

Table 5 shows that the endpoints available are either binary outcomes or hazard ratios (HR).
There is no continuous data available that reports the standard deviation around the mean.
MAIC and STCs typically assume additivity on the natural outcome scale; for binary out-
comes we will report endpoints on the logit scale and for HR we will report endpoints on the
log HR scale.

3.3.2 Covariates used for the MAIC/STC

Considering the baseline characteristics available, the prognostic factors identified in the re-
view and feedback from the internal medical team at Roche and external medical experts we
have listed the covariates to be included in each of the matching analysis (Table 8).

Table 8 Covariates to be tested in MAIC/STC analyses

13
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Characteristic Justification

Mean age at first dose e Age characteristics are most commonly reported as
prognostic

e Age of symptom onset and age of treatment onset
specifically are highlighted by the prognostic review,
age of at first dose is the most reliable measure in
clinical trials.

Duration of symptoms/disease e Flagged by internal and external medical experts

e This factor was also reported to be associated with
efficacy of Nuninersen in subgroup analyses of the
ENDEAR trial (Finkel 2017)

Mean baseline total CHOP INTEND e  Motor milestones (e.g. head and/or trunk control)

score flagged in the prognostic review

e CHOP INTEND is seen as a stronger indicator than
HINE-2 as was developed based on infants with SMA
type 1 (Glanzman 2010) and is more granular than
HINE-2 (Pechman 2018)

Baseline characteristics that have been excluded from the matching are outlined in Table 9
along with reasons for exclusion.

Table 9 Covariates excluded from the matching analysis

Characteristic Reason for exclusion from matching
Mean age at symptom onset Age at first dose already included
Mean age at diagnosis Age at first dose and duration of symptoms al-

ready included

Age at diagnosis was not specifically flagged by
the review and is subject to local accessibility of

14
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genetical analyses, hence highly variable across
centers

Mean weight Percentile of growth curve would be a good fac-
tor, but this was not reported

Gender Prognostic review did not found it to be a statis-
tically significant predictor of outcomes

Race Not flagged by prognostic review or medical ex-
perts

Mean HINE-2 score CHOP INTEND already included as seen as a
stronger indicator of motor function compared
to HINE-2

Ulnar CMAP amplitude CHOP INTEND already included as seen as a

strong indicator of motor function

Prognostic review showed uncertainty about
whether CMAP is a prognostic factor

Peroneal CMAP amplitude Not reported in FIREFISH
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4 List of planned analyses
To act as a summary of the SAP, Table 10 and Table 11 show the complete list of planned

analyses, for Risdiplam vs. Nusinersen and Risdiplam vs. AVXS-101, respectively.

Table 10 Planned analysis for Risdiplam vs. Nusinersen

Outcomes

Scale of outcome

Characteristics to match

Motor milestone response ac-
cording to HINE-2

Logit (log OR)

Full head control according to
HINE-2

Logit (log OR)

Sitting without support accord-
ing to HINE-2

Logit (log OR)

Sitting with or without support
according to HINE-2

Logit (log OR)

Rolling, according to HINE-2

Logit (log OR)

Standing according to HINE-2

Logit (log OR)

>=4 point improvement in
CHOP-INTEND score from base-
line

Logit (log OR)

CHOP intend of 40 or higher

Logit (log OR)

Alive Log HR

Alive  without  permanent | Log HR
ventilation

Adverse Events Logit (log OR)

Adverse Events leading to dis-
continuation

Logit (log OR)

Serious Adverse Events

Logit(log OR)

e Age at first dose in
days

e  Duration of symptoms
in weeks

e Total CHOP INTEND
score at baseline
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Table 11 Planned analysis for Risdiplam vs. AVXS-101

Outcomes Scale of outcome Characteristics to match

Sitting without support for > 5 | Logit (log OR)
seconds (ltem 22 on BSID-III)

Sitting without support for | Logit (log OR)
>=30 seconds, as classified by
item 26 of BSID-III

Head control (classified by item | Logit (log OR)
4 of BSID-III)

Roll-over (classified by item 20 | Logit (log OR) * Ageatfirstdosein

of BSID-111) days

e Age at onset of symp-
CHOP-INTEND score of 40 or | Logit (log OR) toms in weeks (dura-
higher tion not available

from Mendell)

>=4 point improvement in | Logit (log OR) e Total CHOP INTEND
CHOP-INTEND score from base- score at baseline
line
Alive Log HR

Alive  without  permanent | Log HR

ventilation
Adverse Events Logit (log OR)
Serious Adverse Events Logit (log OR)
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1 Introduction

Roche currently have an asset (Risdiplam, RG7916) under investigation for spinal muscular
atrophy (SMA). Four trials (JEWELFISH, FIREFISH, SUNFISH and RAINBOWFISH) of Risdiplam
are currently ongoing amongst SMA type 1 and type 2/3 patients.

FIREFISH is single arm clinical trial to evaluate Risdiplam in type 1 SMA, SUNFISH is a random-
ized controlled clinical study to evaluate Risdiplam in type 2/3 patients, JEWELFISH is a single
arm study to evaluate Risdiplam in pre-treated patients and RAINBOWFISH is a single arm trial
to evaluate Risdiplam in pre-symptomatic SMA patients.

Roche are now seeking to conduct a network meta-analysis (NMA) for SMA type 2/3 using
data from the SUNFISH trial and results of a systematic review. The NMA will compare Risdip-
lam to relevant comparators. The output of the NMA will support the interpretation of the
results for Risdiplam and inform market access strategy.

This SAP describes the analysis to be undertaken in type 2/3 patients using data from SUNFISH,
a RCT to compare Risdiplam vs placebo. (A separate SAP describes the analysis to be under-
taken in type 1 patients using data from FIREFISH.)
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2 Data

2.1 Clinical studies

SUNFISH is a two-part seamless, multi-center randomized, placebo-controlled, double-blind
study to investigate the safety, tolerability, pharmacokinetics, pharmacodynamics and effi-
cacy of risdiplam in type 2 and 3 spinal muscular atrophy patients.

The SUNFISH clinical trial was divided in two parts: SUNFISH part 1 was a dose finding study,
that included an active and a control arm; patients in the control arm were switched to the
active comparator after 12 weeks. For this reason, part 1 data will not be included in the
analyses, which will focus on SUNFISH part 2 data.

In SUNFISH part 2, patients randomized to the active arm with a body weight above 20 kg
received 5mg Risdiplam daily, whereas patients with a lesser weight received 0.25/kg daily.
Patients on the control arm received placebo. All patients received Best Supportive Care in
addition to Risdiplam/placebo.

2.2 Systematic review to inform the ITC/NMA

An update of a previously conducted Systematic Literature Review will be performed in
2020. New evidence will be included in a feasibility assessment. This SAP will then be up-
dated accordingly.

A systematic literature review and feasibility assessment of all published and ongoing trials
in SMA types 1, 2 and 3 for nusinersen and other key interventions was previously con-
ducted on behalf of Roche. The final deliverables for the project were shared in June 2018.
This analysis plan is based on the results of that review for SMA type 2/3.

Based on the results of the literature review and availability of SUNFISH interim analysis, the
following connected network was formed including Risdiplam, Olesoxime, CK-107, and
Nusinersen (Figure 1). The connectedness of the network, specifically to nusinersen, requires
that placebo and sham procedures be treated as equivalent in terms of expected impact on
outcomes.

The feasibility assessment concluded an NMA was feasible but that patient characteristics
were sparsely reported and that heterogeneity between studies included age (Figure 2). A
literature review to identify prognostic and predictive factors was recommended (see Sec-
tion 2.3). SMN copy number, age and baseline ambulatory status/motor function were indi-
cated to be prognostic/predictive factor of outcome in SMA type 2/3 therefore they will be
taken into consideration in the analyses (Bertini 2017, Mercuri 2016, Montes 2018 Petit
2011, Qu 2015, Swoboda 2005).
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Figure 1: All evidence network in SMA type 2/3 including Risdiplam
SUNF\SH

RG7916

[cKki 2016
Qi

Placebo/Sham
procedure

*CK-107 study included Type 2/3/4

Note that comparisons for selected endpoints may not include all comparators (see Table 2).

SUNFISH included two parts: part 1 was a dose-finding study, part 2 was a RCT with the final
dose.

Of the nusinersen studies, only CHERISH is placebo controlled. Chiriboga (2016) was a phase
Ib study that investigated four dose levels of nusinersen (1, 3, 6, 9 mg) in sequential groups.

CS2 was a non-randomized phase 1b/2a open-label study and included nine patients on a 12
mg dose on days 1, 29, 85. CS12 was their open-label extension and included 47 patients (all
doses) who were re-dosed on days 1, 169, 351 and 533.

Rudnicki 2016 was a phase | study in healthy volunteers. Following the results of this study a
phase Il study in SMA patients type 2/3 and 4 aged 12 and above was initiated to assess the
effect of 8 weeks of dosing of CK-2127107 on measures of muscle function in both ambula-
tory and non-ambulatory patients with SMA as compared to placebo (ClinicalTrials.gov Iden-
tifier: NCT02644668).

Bertini 2017 was a study of olesoxime that read out negatively.

Patient characteristics of the studies included in the feasibility assessment are reported in
Table 1.
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Age was identified as one of the factors predictive of outcome and in order to meet the simi-
larity assumption required for an ITC/NMA, differences across study populations (Figure 2)
should be adjusted for. Heterogeneity can be adjusted for in multiple ways: through match-
ing-adjustment, by conducting subgroup analysis, or meta-regression on differences in pa-
tient characteristics between studies.

Figure 2 SMA 2/3 network by age

By age:
| <15 yedrs
b= S 25 years RG/7916
L] 12 - 60 years SUNFISH
Q (o]
Placebo/Sham
ex
§. O
CFH

When the focus is on SMA type 2/3 patients only and on studies with licensed treatments
and final doses, the evidence network results in the following (Figure 3):

Figure 3: Evidence network including Risdiplam and licensed treatments in SMA type 2/3

Risdiplam

Sham proce-

Nusinersen

dure/Placebo

"Use of this document is governed by the terms of use on the first page of this document.”



The connected network exhibits some heterogeneity in terms of factors that were found /
are considered to be predictive of outcome, such as SMN2 copy number, age, ambulatory
status and motor function at baseline.

Based on the network depicted in Figure 3, which includes only studies in patients type 2/3
and excludes dose finding studies/cohorts, SUNFISH Part 2 data will be compared to CHER-
ISH data. Due to large differences in factors that may affect treatment efficacy (age, SMN2
copy number, motor function) between SUNFISH and CHERISH studies a standard NMA can-
not be performed. Instead, we will be comparing risdiplam to nusinersen using the anchored
Matching-Adjusted Indirect comparison (MAIC) methodology. This methodology allows pair-
wise indirect comparisons while taking into account the heterogeneity of the network. MAIC
will be used as Base case. Through the MAIC process the SUNFISH population is matched to
the CHERISH population. As a result of the this matching, estimates of relative efficacy and
safety are valid only for the population that was included in the CHERISH study. This meth-
odology cannot provide estimates of relative efficacy in population subgroups that were not
evaluated in the CHERISH study (eg adults). Details on the choice of matching factors are
provided in section 2.3

In addition to the MAIC analyses, a restricted NMA will also be conducted (Sensitivity 1),
while this analysis does not allow to match all of the factors that are deemed to be predic-
tive of outcome (eg SMN2 copy number) it will allow to control some by excluding from the
analyses patients who were not seen in the CHERISH study.

The criteria for selection of the SUNFISH analyses sets for the restricted NMA (Sensitivity 1)
are:

- Age <10 yrs (the oldest patient enrolled in the CHERISH study was 9 years old)

- No severe contracture or severe scoliosis at screening (CHERISH exclusion criteria)

- Motor function Score (Hammersmith Functional Motor Scale — Expanded) =10 at
screening (CHERISH inclusion criteria)

For the restricted NMA, a Bayesian approach will use an informative prior for the random ef-
fects standard deviation and thus compare the fit of fixed and random effects ITC.

Table 2 shows the different efficacy outcomes reported across studies/timepoints that were.
Outcomes are reported in binary (proportion of patients responding) or continuous (change
from baseline) format.

The following efficacy outcomes will be included in the indirect treatment comparison
against Nusinersen/CHERISH:

e Hammersmith Functional Motor Scale Expanded (HFMSE), mean change from base-
line at 12 months
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e Hammersmith Functional Motor Scale Expanded (HFMSE), proportion of patients
showing an improvement of at least 3 points at 12 months?

e Revised Upper Limb Module (RULM), mean change from baseline at 12 months

The following safety outcomes will be included in the ITC analysis to compare against
Nusinersen/CHERISH:

e Adverse events occurring within 15 months from first dose for patients who have re-
ceived at least one dose of treatment

e Severe adverse events occurring within 15 months from fist dose for patients who
have received at least one dose of treatment

LA change in the HFMSE score of at least 3 points is considered to be clinically meaningful (Swoboda
2010)
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2.3 Systematic review to identify prognostic and predictive factors

Following the recommendations of the feasibility assessment, a review was undertaken to
identify prognostic and predictive factors. EMBASE and Medline were searched using SMA
disease terms combined with terms for RCTs and observational studies in SMA. The system-
atic review comprises RCTs and 32 observational studies in SMA. A report is currently being
prepared.

The review suggested that age could be predictive of treatment efficacy (Bertini 2017) and
suggested that age, SMN2 copy number, and motor function (specifically ambulatory status)
are prognostic factors. The role of gender as a prognostic factor was unclear. It is unclear
whether factors which are prognostic of outcome could also be predictive of treatment effi-
cacy.

Also, there is no clear evidence that baseline functional score is predictive of treatment effi-
cacy once age has been taken into consideration. Previous RCTs in type 2/3 SMA have ad-
justed for both age and baseline functional score (Mercuri 2018).

In the lack of conclusive evidence on the role of those factors in predicting treatment effi-
cacy the following criteria will be considered for the matching:

- Age

- SMN2 copy

- Baseline HFMSE Functional Score

- Severe scoliosis/contractures at baseline (as they impact on HFMSE assessment)

3 Statistical methods

3.1 MAIC methodology (base case)

MAIC is a form of propensity score weighting, in which individuals in the SUNFISH trial will be
weighted by the inverse of their propensity to be in the SUNFISH trial compared to the com-
parator trial CHERISH, to balance the covariate distribution with that of the CHERISH trial. This
process will be implemented using published methodology, and is summarized below (Signo-
rovitch 2010, Philippo 2016, Philippo 2018).

As the evidence for Risdiplam is from an RCT and based on the assumption that Sham in CHER-
ISH is comparable with Placebo in SUNFISH, an anchored MAIC will be performed. This means
that the weighting model must include every effect modifier.

The first step is to create a propensity score model which will predict the probability of pa-
tients being included in the SUNFISH trial arms compared to the target trial (CHERISH). This is
equivalent to a model on the log of the individual weights (w):

log(wyy) = ag + af X;¢
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Where X;; is the covariate vector for the it individual on arm t. The regression parameters a.
are estimated using the method of moments, to match effect modifier distributions between
trials. This is equivalent to minimizing:

Nt(SUNFISH) -
Z, exp (a1 Xit)
i=

when )?(CH) = 0, where tis the treatment arm in SUNFISH and CH is CHERISH.

Outcomes (Y) will be predicted for Risdiplam (R) and Placebo (P) in the Nusinersen populations
by reweighting the outcomes of the individuals in the SUNFISH trial according to the weights
estimated by the propensity score model above. For example, to predict the outcomes on
Risdiplam or placebo in the CHERISH trial, the outcomes of the Risdiplam (R) and Placebo (P)
individuals are reweighted:

N¢(SUNFISH) Y —

? . Zizl it (SUNFISH) Wit
t(CH) — NR(SUNFISH) —~
Zi=1 Wlt

Where t is either Risdiplam or Placebo

Using the natural outcome scale (g), the anchored indirect comparison between, Risdiplam
(R) and Nusinersen (N) will therefore be:

ZRusN(CH) = (g(YN(CH)) - g(}_/s(w))) - (g(?R(CH) - g(?P(CH))
Where S stands for sham, P for placebo and CH for CHERISH

The matching will reduce the effective sample size (ESS) for the SUNFISH trial. The degree of
reduction will depend on the degree of “overlap” between the SUNFISH and the target pop-
ulations. Given the limited patient numbers in some of the target trials this may lead to
marked uncertainty in estimated treatment comparisons. TSD 18 reported an average reduc-
tion in ESS of 80% which could lead to a high level of uncertainty given the limited sample
size of the Part 1 population in SUNFISH (Philippo et al 2016). The ESS will be approximated

by:

Nt(SUNFISH) ~
Xt=rp Zi=1 Wie)?

Nt(SUNFISH) ~ 2
Dt=RpP Zi=1 Wit

ESS =

A small ESS indicates highly variable weights due to lack of population overlap, meaning that
the estimate may be unstable. However, TSD 18 cautions that this ESS approximation is likely
to underestimate the true ESS as the weights are not fixed, known or uncorrelated with out-
come. The distribution of estimated weights will also be reported.

It is important to emphasize that the small numbers of patients in some of the studies will
limit our ability to take account of confounders and increase uncertainty. Care will be taken
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not to ‘overfit’ and reduce sample size. Due to the numbers of patients in SUNFISH we antici-
pate only being able to match on mean baseline characteristics and not variability. Baseline
characteristics to be used in the matching analysis are detailed in section 2.2.

Bootstrapping will be used to obtain confidence intervals around our estimates. We will boot-
strap the whole MAIC process to account for uncertainty in both the sampling error and un-
certainty in the weights.

Target population

TSD 18 stipulates that the target population must reflect the real-world population. In the
MAIC, the IPD from SUNFISH will be matched to that of the competitor trials, CHERISH. How-
ever, CHERISH investigated a very selective population and inferences generated from this
anchored MAIC approach are valid only in CHERISH-like populations.

3.2 Restricted NMA (Sensitivity 1)

To attempt to adjust for the differences in age groups, baseline motor function (HFMSE score,
scoliosis and contractures) between CHERISH and SUNFISH, a restricted NMA will be con-
ducted using the subset of SUNFISH patients aged 9 and under, with a minimum HFMSE score
of 10 and without severe scoliosis or contractures at baseline.

The restricted ITC described in section 2.2 will be performed using Bayesian Markov chain
Monte Carlo (MCMC) techniques as implemented in JAGS using published methodology (Haw-
kins et al, 2016). Both fixed and random effects models will be conducted. Given the paucity
of data and the star-shaped network, random effects models will be conducted using pub-
lished informative priors (Turner et al, 2015).

Fixed and random effects models will be compared using the Deviance Information Criterion
(DIC). The model with the smallest DIC is indicative of best fit.

Models will be coded in JAGS and run via R using R2jags. Convergence will be assessed using
Brooks Gelman Rubin (BGR) plots and by examining trace plots (Brooks & Gelman, 1998).
Three chains will be run starting from different initial values. The same priors and three sets
of initial values will be used across models.

3.2.1 Priors
The following vague prior distributions are specified for study and treatment-specific terms,
respectively:

us~dnorm(0,10000)
dy~dnorm(0,10000)
where s=1...S represent studies and k=1...K treatments respectively.

The vague priors on the studies ensures that the estimates of treatment effect from the net-
work meta-analysis are only influenced by the within trial treatment effect estimates and
that between trial differences in response are conditioned out.

13
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In addition, the following informative prior will be used for the random effects model
(Source: Turner Table IV - General physical health indicators).

12 = Lognormal(—2.53,1.58%)

where 72 is the between study variance.

3.3 Statistical models
3.3.1 Types of endpoints and sampling models (overview)

Table 3 lists the efficacy outcomes that will be considered for the ITC.

We will select the most appropriate data type for each endpoint (i.e. binary, continuous, or
categorical), depending upon how data are reported, and use an appropriate scale for each
endpoint.

Table 3 Sampling models (overview)

Endpoint Likelihood Comments
Hammersmith Functional Motor Scale i . d Continuous endpoint, change
2 ’
Expanded (HFMSE) D(6; se)minth alinvear ok from baseline
- P Proportion of patients showing
Hammersmith Functional Motor Scale . . . s = :
Binomial with a logistic link maintenance or improvement,
Expanded (HFMSE) ;
odds ratio
] . I Conti dpoint, ch
RULM N (6, se?) with a linear link o |nuou::; SnCeoRLCenes
from baseline
; i a g P rti f patients wh -
Safety endpoints (AEs, SAEs) Binomial with a logistic link I

rienced AEs/SAEs, odds ratio
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3.3.2 Specific models

Not applicable.
3.4 Consistency assessment

The network is star-shaped, there were no loops hence an evaluation of network internal con-
sistency is not required.

3.5 Reporting

Results will be presented in PowerPoint and will include tabulated results, evidence networks,
Forest plots, and ranking plots. A report will also be produced.
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6 Appendix

6.1 NMA models: GLM framework

Treatment effects, reported as predicted mean change from baseline y; ; for a treatment
arm k from study s will be synthesized using a Bayesian multilevel framework following
Hawkins et al, 2016.

Treatments included in the model will be indexed as positive integers k with b being the
lowest index treatment in a study. For study arms receiving the baseline treatment (i.e.k =
b),

Ysg = &

where « is a study specific baseline term. The study level baseline is included to ensure that
the treatment effect estimates are only informed by the within trial differences between
arms. For study arms receiving other treatments (i.e. k # b),

sk = a+ Bk — Bp)

Where B, — B, is the difference between the treatment effect coefficients. A vague prior for
the study specific baseline

as~N(0,10000)

is used to ensure estimates of treatment effect difference are informed by within trial differ-
ences between treatment arms and not by absolute response between trials. A vague prior
is also used for the treatment effect coefficients

B, ~N(0,10000)

The coefficient for the reference treatment is set to zero, i.e. f; = 0, so that the effect esti-
mates for active treatments are relative to the reference. The observed trial data y;  are in-
cluded in the model using a normal likelihood function with standard error se for the mean

change from baseline:

ys,kNN(y\s,krseZ)
The corresponding random effects model is:
Vs = a+ B+ e =a+ (Br —Bp) + &

where &5 is the random effect deviation for arm k of study s and is assumed to be normally

2
. . . . g . .
distributed with zero mean and variance - where a2 is the random effect variance:
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0.2
es,k = N 0,7

As o2 is assumed to be constant across contrasts, each individual treatment response is as-

2
sociated with a random effect variance of 07. The study arm-specific random effects &5 are

assumed to be uncorrelated within and across studies. This reflects the variation in response
observed in individual treatment arms. The correlation in the random variation in treatment
effects across multi-arm trials arises as the treatment effect estimates within a trial are
jointly dependent on the variation in response in the base treatment arm of the study.

This model produces the correct co-variance for the common variance random effects
model. For example, for a single study s comparing treatments 1, 2 and 3, the random effect
variance for the treatment effect contrast comparing treatment 2 to treatment 1 is

o2 o?

var(es'z e 85'1) = 7 + 7 =0

2

The covariance of the random effects for the contrasts comparing treatment 2 to treatment
1 and comparing treatment 3 to treatment 1 is
52

COU(SS,Z — &s1» 85'3 = 55,1 ) = COV(ES'l, €51 ) = 7

The random effects variance provides a measure of the variation in observed treatment ef-
fects (beyond the variation attributable to random variation in treatment responses within
studies) from the predictions of the consistency model. The random effect variance captures
both heterogeneity in treatment effects within pair-wise comparisons and inconsistency be-
tween direct and indirect estimates of treatment effects.

Alternative likelihoods are described in Table 5.

Table 5 Alternative likelihoods and treatment effect scales

Likelihood Scale Link function
Binomial Arcsine o2 2
w— p; =sm(7,)
i ™ blnomlal(pi -7 ) Hazard ratio event
p; = exp(—exp(17,))
‘ Hazard ratio no event D, = | exp(— exp( n, ))
Probit =
. P, =0(,)
Relative risk event Po= exp( ,7')
! Relative risk no event D= e eXP('I,)
Risk diffi -
isk difference p,=n,
Odds ratio exp(r].)
i
pi=T
" 1+exp(7,)
Poisson Rate ratio e
2, = exp(1,)
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r, ~ poisson(4E,)
Normal — Absolute difference Y, =1,
yi ~N (yi » € ) Ratio of means y, = eXP(’?i)

For a binary variable r;, n;, and p; are the number of events, number of patients and probability of an event for
arm i. For a count variable 13, 4;, and E; are the number of events, rate at which events occur and exposure time
across all individuals for arm i. For a continuous outcome y;, sei2 and y; are the mean outcome observed, ob-
served variance and predicted outcome for arm i.
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