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Section 1: Summary statement of the proposal

This submission is made in support of the inclusion of risdiplam as a medicine on the WHO
Model List of Essential Medicines (EML) and the Essential Medicines List for Children (EMLc),
for the treatment of spinal muscular atrophy (SMA) in both pediatric and adult patients.

SMA is a debilitating condition, characterized by the degeneration of lower motor neurons,
skeletal muscle atrophy, and progressive generalized weakness usually leading to early death.
As of 2024, risdiplam (marketed as Evrysdi by Hoffmann-La Roche) is among three
disease-modifying treatments available to treat SMA, alongside nusinersen (marketed as
Spinraza by Biogen), and onasemnogene abeparvovec (marketed as Zolgensma by Novartis),
the latter being a gene therapy. Despite the effectiveness of all marketed SMA treatments,
access worldwide remains severely limited.

Risdiplam offers several advantages over other SMA treatments, including the convenience of
not requiring refrigeration when in powder form, and its ease of administration, as it is taken
orally once daily after a meal using a provided oral syringe. Unlike other therapies, which
require invasive procedures or specialized equipment, risdiplam’s oral administration is
especially suited for resource-limited settings. Furthermore, risdiplam holds potential for a
low-cost generic version due to its relatively inexpensive manufacturing process, which makes it
a compelling candidate for inclusion in the EML.

The recent RAINBOWFISH study, a pivotal trial in infants with genetically confirmed
presymptomatic SMA, further underscores the transformative impact of early risdiplam
treatment. The study revealed that most infants treated with risdiplam before the onset of SMA
symptoms achieved critical motor milestones, such as sitting, standing, and walking, within
normal developmental windows. By 12 months, 80% of infants in the primary efficacy group
were able to sit without support—a stark contrast to the natural progression of untreated SMA,
where no such milestones would typically be reached. After two years, all infants with 2 copies
of the SMN2 gene could sit independently, and many had progressed to standing and walking.
These results demonstrate that risdiplam can prevent or significantly mitigate the severe
disabilities associated with SMA, offering affected children the potential for a normal
developmental trajectory and drastically improving their quality of life.

This application differs from the November 2022 risdiplam application in several key ways. First,
this application emphasizes the impact of SMA on patients and their families, illustrating the
significant improvements in the quality of life that risdiplam can offer (Section 6). Second, the
review incorporates evidence of comparative efficacy and comparative safety, along with the
pivotal clinical trials (Section 8). Thirdly, and most critically, this submission highlights the critical
importance of presymptomatic treatment to minimize the level of disability and mortality related
to SMA, underscored by the latest results from the October 2024 RAINBOWFISH study (Section
8).
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We strongly recommend the inclusion of risdiplam on the core EML. Additionally, we
recommend that the World Health Organization (WHO) consider a new category for essential
yet expensive medicines alongside the recommendation for the government to take measures
to obtain an affordable version of the medicine.

Section 2: Consultation with WHO technical
department

We understand that this submission will be shared with the relevant WHO technical
department(s) ahead of the expert committee.

Section 3: Other organization(s) consulted
and/or supporting the submission

In relation to the application, persons and organizations have been consulted: Kacper Rucinski
(SMA Foundation Poland), SMA Europe, WeCareJourney.org, and Familias AME Argentina.

Section 4: Key information summary for the
proposed medicine

INN Risdiplam

ATC code MO9AX10

Indication Treatment of Spinal Muscular Atrophy

ICD-11 code 8B61 Spinal Muscular Atrophy

Dosage form Strength EML EMLc
Powder for oral solution 0.75 mg/ml Yes Yes
Table (dispersible) 5mg Yes Yes
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A systematic assessment of the age-appropriateness of the dosage forms and strengths of
risdiplam for children using the pediatric quality target product profile assessment tool is
attached in Annex A.

Introduction of New Tablet Form

In addition to the existing oral solution, risdiplam is expected to be available in a new
bioequivalent tablet form, pending FDA approval (anticipated early 2025). The single dispersible
5mg tablet offers several advantages, including a 2-year shelf life, stability and storage at room
temperature, and no requirements for reconstitution prior to administration (1). The simplified
storage enhances accessibility, particularly in low- and middle-income country (LMIC) settings.

In the event that the FDA approves the tablet formulation before the next expert committee, we
will provide an update on the regulatory status and supporting data. If approval is not granted in
time, a separate application for the new tablet formulation will be submitted for consideration in
2027.

Section 5: Listing as an individual medicine

This proposal relates to the listing of an individual medicine.

Why is risdiplam preferred over alternative SMA treatments?

Besides risdiplam, there are two other existing treatments on the market, onasemnogene
abeparvovec (Zolgensma) and nusinersen (Spinraza). Risdiplam stands out among existing
treatments for several reasons.

Nusinersen (Spinraza) is administered via intrathecal injection and is indicated for the treatment
of pediatric and adult SMA patients. Due to the intrathecal injection, it is however not suitable for
patients with spinal deformities or previous scoliosis surgery and it typically requires a proper
hospital setting. Onasemnogene abeparvovec (Zolgensma), on the other hand, is an AAV9 gene
replacement therapy used to treat children less than 2 years old (or less than 13.5kg) and
requires handling and administration in a hospital setting with adequate containment level,
which can pose challenges in LMIC contexts where hospital access, resources, and
infrastructure may be limited.

In contrast, risdiplam is an oral medication that is administered at home, providing significant

ease of use and immediate applicability following diagnosis. This home-based administration
model is particularly advantageous for LMICs, as it reduces the need for specialized hospital
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visits and supports broader accessibility for patients. Typically, patients treated with risdiplam in
HIC are seen by their treating physicians once every six months for their routine
standard-of-care checks.

In terms of storage and feasibility for generic availability, risdiplam's oral formulation is less
complex than intrathecal injections or gene therapies. It does not need refrigeration until the
powder is reconstituted and even after reconstitution can be kept at room temperature for up to
five days. The active ingredient is a small molecule that is simple to produce. This simplicity
enhances its potential for broader distribution and cost reduction over time, making it more
feasible for generic manufacturing and subsequent price decreases.

Furthermore, risdiplam has a very good safety profile and does not have the specific safety
concerns associated with the other treatments. For instance, onasemnogene abeparvovec
carries an FDA black box warning due to its potential for causing serious liver damage (2).
Additionally, onasemnogene abeparvovec requires careful patient selection, specialized hospital
settings, and delayed administration in those with elevated anti-AAV9 antibody titers,
concomitant infections, or other underlying conditions including liver function abnormalities. This
treatment also needs prolonged corticosteroid treatments to dampen the immune reaction
against the AAV9 vector, which carry additional safety risks and burdens (3). It also requires
class | MOGM contention and preparation in a specialized hospital setting.

Nusinersen involves intrathecal administration, which is associated with its own safety concerns,
especially in very young patients with spinal deformities. The repeated lumbar punctures
necessary for ongoing treatment carry risks, such as infection. In some cases, depending on the
patient’s needs, anesthesia or sedation may be required to perform these lumbar punctures,
introducing further risks. Patients need these procedures three times a year, which increases
the cumulative risk.

The European Medicines Agency (EMA) highlights that risdiplam fulfills an unmet treatment
need (4), particularly for patients under 2 months of age with severe phenotypes where
immediate treatment is critical to prevent irreversible damage. The oral administration of
risdiplam allows for prompt treatment initiation, which is essential for this vulnerable patient
group. Moreover, risdiplam offers a prophylactic option for treating pre-symptomatic babies,
including siblings of affected children identified prenatally or at birth, thereby potentially halting
disease progression before symptoms manifest. In this regard, the speed of application of
risdiplam is crucial, as it directly translates into the maximum developmental stages that can be
achieved. In severe cases, even a delay of a couple of days can result in significant losses,
such as the ability to swallow. The early intervention of risdiplam can thus make a critical
difference in the development outcomes of infants with SMA.

In conclusion, the proposal to list risdiplam as an individual medicine is strongly supported by its

efficacy, ease of use, applicability in LMIC contexts, straightforward storage requirements,
feasibility for generic production, and safety profile.
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Section 6: Information supporting the public
health relevance

Proposed indication(s) and target population(s)

Risdiplam is approved in over 100 countries for the treatment of 5q spinal muscular atrophy
(SMA) in patients from birth or from 2 months of age. Currently, no alternative medicines are
listed on the Model Lists for the treatment of SMA.

SMA is an autosomal recessive neurodegenerative disease characterized by the degeneration
of lower motor neurons in the spinal cord, with subsequent skeletal muscle atrophy and
progressive generalized weakness usually leading to early death. In the absence of treatment,
and despite being classified as a rare disease, SMA is the most common monogenic cause of
death among infants (5).

SMA is linked to a homozygous mutation in the survival motor neuron 1 (SMN1) gene (6), which
codes for survival motor neuron protein (SMN), a protein critical for motor neuron survival. All
SMA patients also have at least one copy of the survival motor neuron 2 (SMNZ2) gene, which
produces a small amount of SMN protein, which is critical for motor neuron survival. The
number of copies of the SMN2 gene correlates with disease severity, with lower SMN2 copy
numbers associated with an earlier onset and a more severe phenotype.

There has been a historical division of SMA into types (0 to 4) based on the age of onset and
the maximum motor function achieved in untreated patients. However, this categorization does
not capture the changes in disease course due to treatment with existing SMA therapies (7).
The following table provides an overview of the historical classification of SMA.

Table 1: Historical Classification of SMA (7)
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SMA
type

Typical age at presentation Maximal motor function achieved with

(range)

Fetal

3 months (0-6 months)

supportive care

Nil

No sitting or rolling

Feeding and
communication

Nil

Poor, requires support

Pulmonary function

Very poor

Poor, requires support

Reduced, often needs

Survival® with
supportive care

Days-weeks

Months (median ~10
months)

Years (median >20

12 months (7-18 months) Sits, no walking Variably affected

support years)

No symptoms, mild reduction

possible Normal

3 years (1.5-10 years) Walks (limited) Normal

>18 years Walks (normal) Normal Mormal MNormal

SMA, spinal muscular atrophy. *Survival includes ‘event-free survival’ (ventilation support for <16 h/day for =14 days).

In summary, the target population for risdiplam is patients with 5q spinal muscular atrophy
(SMA) who present with clinical symptoms of SMA types 1, 2, or 3 regardless of the number of
SMNZ2 gene copies, or who possess between one and four SMN2 gene copies regardless of
symptom severity. It is approved for use across all age groups.

Epidemiological data

Prevalence and Incidence

SMA has an estimated incidence of 1 in 10,000 live births (8). This is an approximate incidence,
with variations seen in many populations. For example, in Middle Eastern and African Countries,
the incidence is estimated to be 20 times higher (9—11). Additionally in a population of Egyptian
Karaites in Israel, SMA Type 1 was found in 1 in 400 infants (12). A systematic review,
accounting for varying populations and regions of focus, concluded that SMA incidence ranged
from 5.1 to 16.6 cases per 100,000 live births (13). The carrier frequency of the mutations in
SMN1 ranges from 2-3% in the general population (9).

Approximately 60% of SMA cases manifest in infancy, resulting in the most severe phenotype
and often leading to fatal outcomes within the first two years of life. An additional 20-27% of
patients achieve the ability to sit independently, though not to walk, prior to symptom onset. In
about 12-20% of cases, the disease presents after the patient has become ambulatory (14,15).

In a Global SMA Patient Registry representing 29 countries, the sex distribution of SMA was
equal (7). The prevalence of SMA is reported at 1-2 per 100,000 persons, with significant
variability between countries. Prevalence is impacted by the drastically shorter life expectancy in
the infantile-onset SMA (seen in ~50-60% of affected patients) (8).
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These estimates are challenging due to the outdated studies that rely on clinical rather than
genetic diagnosis, and the small cohorts of patients that are oftentimes limited to European
populations. Despite this, it is clear that the incidence, prevalence, and severity of SMA point
towards a pervasive health problem.

Mortality

SMA is globally the second most common fatal autosomal recessive disorder (16). A large US
database study found that mortality was twice as high among SMA cases compared to
non-SMA controls (5). This higher mortality rate was observed among all age groups, as well as
with patients with different SMA subtypes. In contrast to prior smaller-scale studies, this recent
study observed a statistically significant increase in mortality among SMA patients compared
with controls.

While mortality across SMA is twice as high compared to non-SMA control, the mortality rate for
SMA patients also depends on when SMA symptoms manifest. For instance, the most frequent
subtype, SMA 1, in the absence of treatment is characterized by >90% mortality by 2 years of
age (7).

Impact of SMA

SMA impacts individuals differently depending on the severity of their condition but is universally
marked by progressive muscle weakness and loss of function. Without treatment, this
deterioration progresses over time, leading to reduced stamina, increased fatigue, and pain.
Everyday tasks become challenging for those with SMA. Activities that most people take for
granted, like swallowing, breathing, or moving their limbs, become challenging or impossible for
those living with SMA.

The condition usually affects essential physiological functions, such as swallowing and
respiration; nearly all early-onset patients require mechanical ventilation and many require
parenteral nutrition. Additionally, respiratory insufficiency increases vulnerability to infections,
leading to extended stays in intensive care, sometimes for months. Common orthopedic
complications include joint contractures and scoliosis, which significantly impair mobility, and
body positioning and often require surgical intervention. Mobility aids like motorized
wheelchairs, hoists, and toileting devices are crucial in daily care, while structural home
adaptations or relocations are often necessary to ensure wheelchair accessibility; alternatively,
families may decide to move homes.

SMA imposes a significant physical, psychological, social, and financial burden on both patients

and their families. In the absence of access to treatment, these challenges are aggravated by
the awareness of an impending death as well as a deep sense of injustice when life-saving
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treatments are beyond reach. In this context, a 2017 survey of over 800 European families
affected by SMA revealed that stabilization of the disease progression alone would already
represent a meaningful therapeutic outcome (17).

Risdiplam offers the potential to slow, halt, or, in many cases, reverse disease progression,
preserving motor function and thus positively transforming the physical health and psychosocial
well-being of patients over the long term. Beyond its therapeutic effects, risdiplam's
administration at home reduces the need for frequent hospital visits and specialized care,
easing both the physical and emotional toll on patients and families and enhancing their quality
of life.

Risdiplam: an affordable possibility

There are currently no SMA treatments included in the EML or EMLc. Of the three existing
treatments for SMA, besides the combination of its ease of use, applicability in LMIC contexts,
straightforward storage requirements, risdiplam also offers the best chance to obtain a low-cost
generic version in the near future. Until the arrival of these new SMA treatments, only supportive
care has been available and no treatments targeted the underlying cause of SMA.

KEI reviewed prices in numerous countries, revealing a range from USD $108 to $225 per mg.
In the USA, for instance, the daily price of risdiplam is USD $1,125. Although these prices may
not reflect potential non-transparent discounts and rebates available to some payers, they
underscore the significant cost barrier to accessing risdiplam.

In one upper-middle income country (China), where a significantly lower price for risdiplam was
negotiated, patients or their families are traveling from other countries to receive a six-month
supply at approximately USD $8.82 per mg or $43 a day —only 3.8% of the US daily price.
Despite this localized price reduction, risdiplam is not affordable and remains out of reach for
many families.

Risdiplam is distinct from the other two SMA treatments due to its potential for affordable
generic production. As a small molecule drug, its manufacturing process, while not the simplest,
requires relatively low quantities of APl. Compared to Spinraza and Zolgensma, risdiplam's
formulation and distribution are considerably more straightforward. It can be shipped in powder
form and reconstituted into a solution by a local pharmacy or at home, making it accessible for
home administration.

KEI, a registered not-for-profit organization, aims to further enhance access to risdiplam by
partnering with a firm to manufacture the drug under Good Manufacturing Practice (GMP)
conditions, conduct bioequivalence studies, and establish mechanisms to distribute risdiplam
globally. This initiative is part of KEI's ongoing commitment to making essential medications
affordable and accessible to all who need them.
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Section 7: Treatment Details

Dosage regimen and duration of treatment

Risdiplam is an oral solution that is preferably reconstituted by a healthcare professional prior to
being dispensed. It is taken orally once daily after a meal, using the reusable oral syringe
provided, at approximately the same time each day. The dosage of risdiplam for SMA patients is
determined by their age and their body weight.

Table 2: Dosing Regimen by Age and Body Weight
Dosage form Strength EML EMLc

Powder for oral solution

< 2 months 0.15 mg/kg Yes Yes
2 months to < 2 years of age 0.20 mg/kg Yes Yes
> 2 years of age (< 20 kg) 0.25 mg/kg Yes Yes
= 2 years of age (= 20 kg) 5mg Yes Yes

Risdiplam is intended for long-term indefinite treatment, contingent upon the patient's clinical
response, and should be administered continuously as prescribed. Regular care and monitoring
are needed by healthcare providers, not only to track progress with risdiplam but also to look
after other complications associated with SMA, such as pulmonary services and care,
gastrointestinal and nutritional care, and orthopedic care. In LMIC contexts, patients are often
referred to national hospitals with a pediatric neurologist who will oversee their care.

Requirements to ensure appropriate use of the medicine

Patient Eligibility Criteria

Risdiplam is widely approved for patients with a genetically confirmed diagnosis of 5g SMA.
Specifically, risdiplam is recommended for treatment of patients with a clinical diagnosis of SMA
types 1, 2 or 3 or with pre-symptomatic SMA and with 1 to 4 copies of the SMN2 gene.

Following recent study results (see RAINBOWFISH in Section 8) risdiplam has been further

approved by several regulatory authorities, including by the FDA and EMA, for use in patients
under 2 months of age. The option to use risdiplam below the age of 2 months allows for the
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beginning of patients’ treatment immediately after diagnosis or even before the onset of
symptoms in presymptomatic patients, thus preventing the onset of symptoms and tackling the
progression of the diseases.

Diagnostic and/or monitoring test requirements

The testing for SMA varies by country context. In around 30 countries, SMA is tested at birth
through routine newborn screening programs. This screening identifies a homozygous mutation
in the SMN1 gene.

Where newborn screening is not available, the diagnosis of SMA should be suspected for any
infant with unexplained weakness or hypotonia. Additional clues suggesting the diagnosis in
infants, children, or adults include a history of motor difficulties, loss of motor skills, proximal
muscle weakness, hyporeflexia or areflexia, tongue fasciculations, and signs of lower motor
neuron disease on examination (18). However, SMA confirmation through genetic testing is
required as part of the prescription of risdiplam to patients - except when it is prescribed as a
prophylactic treatment.

Genetic testing for SMA is performed in a genetic lab using a blood sample. A range of methods
can be used, such as qPCR, ddPCR, PCR-HRM, MLPA, and various SMA testing kits are
available commercially. The cost of sample testing can range from 3-5 USD in newborn
screening programs to USD 50-500 for individual tests in diagnostic labs. In LMIC contexts, the
samples are sent to neighboring countries with the requisite genetic laboratory to run the
genetic test.

Around 95% of SMA patients are detected in mass screening programs that utilize fast, low-cost
PCR tests. Individual genetic diagnostics of symptomatic patients detect 100% of SMA cases
when such methods as MLPA, ddPCR or gene sequencing are used.

Regular multidisciplinary care is needed for patients with SMA (e.g., physiotherapy, orthopedic
management, respiratory management, gastroenterologist support). When treated with
risdiplam, patients require clinical evaluations to assess the therapeutic effect and motor
function improvements along with safety monitoring.

Treatment Administration Requirements and Setting

Risdiplam is administered orally in the form of a liquid solution.! To ensure proper dosing, both
age and weight must be considered. The risdiplam powder is dissolved into water, usually by a
pharmacist, and the solution must be prepared and accurately measured using the provided oral
syringes. The dosing of risdiplam should be after a meal to enhance the drug absorption.

Risdiplam does not need to be administered in a hospital. It can be administered in various
settings, including at home. This flexibility in administration enhances the accessibility and the

' Risdiplam can also be given through a gastrostomy tube or a nasogastric tube.
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convenience for patients and caregivers. For at-home administration, caregivers require some
initial training to prepare and administer the medication.

Risdiplam oral solution, once reconstituted, should be stored in a refrigerator at 2°C to 8°C and
protected from light. It can be kept refrigerated for up to 64 days. If refrigeration is not available,
the reconstituted risdiplam solution is stable at room temperatures, up to 40°C, for a combined

total of 5 days. The powder form (unreconstituted medicine) can be stored at room temperature
(15°C to 25°C) away from light for up to 12 months, provided it is kept in its carton.

Healthcare professionals, typically pediatric neurologists, with expertise in managing SMA
should be responsible for prescribing risdiplam. These specialists are best equipped to
diagnose SMA accurately, assess disease severity, and monitor the treatment response.
Notably, these specialists are sparse in lower-income settings, where expertise in SMA is scarce
and limited to large urban centers which may be too far for some patients to receive a timely
and accurate diagnosis and management.

Section 8: Review of evidence for benefits and
harms

RAINBOWEFISH: Primary efficacy and safety data in
risdiplam-treated in infants with presymptomatic spinal muscular
atrophy (SMA) (19,20)

The RAINBOWFISH results are long-awaited and were anticipated by the previous expert
committee. Due to their importance, they have been placed at the forefront of this section.
Following a description of the study, we highlight the importance of these results.

Study Design

RAINBOWEFISH is a multicenter, open-label, single-arm study for infants up to six weeks old with
genetically confirmed 5g-autosomal recessive SMA, without clinical signs of SMA at baseline.
The primary endpoint of the study is the proportion of infants sitting without support for at least
five seconds after month 12. The secondary endpoints included the development of clinically
manifested SMA, survival and permanent ventilation, achievement of motor milestones, motor
function, growth measures, nutritional status, and additional clinical parameters.

Results
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The two-year data was presented in October 2024, 26 infants were enrolled, with a median age
of 25 days at the first dose of which 62% were female and 38% were male. These infants have
between 2 and 4 copies of SMN2 (2 copies n=8, 3 copies n=13, and 24 copies n=5). A total of
25 of the infants completed one year of treatment and 24 completed two years of treatment.

Primary endpoint: At month 12, 4 out of 5 (80%) of infants in the primary efficacy
population (those with 2 SMN2 copies) could sit without support for at least five seconds.
This significantly exceeds the expected performance of 5% based on the natural history
of untreated Type 1 SMA.

Secondary endpoints: By month 12, 22 out of 23 (96%) of infants achieved motor
milestones, including sitting without support. By year two, all infants with 2 SMN2 copies
could sit unaided, and 3 of 5 (60%) could stand alone while 2 of 5 (40%) were able to
walk independently. Infants with 23 SMN2 copies achieved 100% of the motor
milestones, such as standing, sitting, and walking within the WHO windows of typical
development. As illustrated below (Image 1), along with reaching all motor milestones,
most infants with 3 SMN2 copies achieved age-appropriate motor milestones within the
WHO windows of typical development. Additionally, all infants retained their ability to
swallow and feed orally throughout the study, and cognitive development (assessed by
Bayley Scales of Infants and Toddler Development) was within normal ranges.

Image 1: Infants with 3 SMIN2 copies reach motor milestone developments within WHO
windows of development
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Safety

There were no deaths due to treatment and no adverse events that led to withdrawal or
treatment discontinuation. The majority of adverse events were not considered treatment
related, but rather reflective of the age of the infants. The most common adverse events were
teething, COVID-19, pyrexia, gastroenteritis, eczema, and constipation. These adverse events
were also consistent with previous studies of risdiplam.

Importance of presymptomatic (RAINBOWFISH) study results

These early results indicate the value in early treatment with risdiplam before SMA symptoms
appear. Patients with SMA have motor neuron degeneration before the onset of symptoms.
Once symptoms manifest, risdiplam cannot reverse them but can only help to prevent further
progression. Early intervention with risdiplam, therefore, offers the best opportunity to counteract
the effects of the disease, providing infants with pre-symptomatic SMA a significantly better
chance of living with minimal disease progression and a better quality of life. More concretely,
infants who received prophylactic risdiplam have the chance to live without the disabilities
associated with SMA, an unparalleled advancement.

Presymptomatic study results are especially important in countries where newborn screening for
SMA is not available. In these settings, siblings of affected children identified prenatally at birth
or as presymptomatic can be treated immediately in the first few days of life, at a
presymptomatic stage. This is advantageous in countries with higher rates of consanguinity and
higher birth rates, where preimplantation genetic diagnosis is not feasible or available.

Treating presymptomatic children and preventing the onset of SMA symptoms has a highly
positive impact on reducing the use of healthcare resources and the economic burden
associated with the disease. Early treatment drastically reduces the need for medical resources
to manage the complications of SMA, thereby significantly lowering healthcare costs and
improving the allocation of healthcare resources, which is even more critical for LMIC. Thus,
presymptomatic treatment not only benefits the patients and their families but also alleviates the
overall strain on healthcare systems.

Clinical trials

Clinical trial information from the two main clinical components is briefly summarized below.

FIREFISH was an open-label, two-part study that evaluated the efficacy and safety of risdiplam
in a total of 62 infants with Type 1 SMA (onset between 28 days and 3 months). At Month 12,
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32.8% of patients achieved the primary endpoint of sitting without support for at least 5 seconds.
By Month 24, 60.3% of patients achieved this milestone. Additionally, 87.1% of patients survived
without permanent ventilation at Month 12, and 83.8% at Month 24. Typically, infants with Type

1 SMA are never able to sit independently and do not survive beyond the age of two years
without permanent ventilation.

Table 3: FIREFISH summary

Population Study Primary Results Secondary Endpoints Results (Secondary
Design Endpoint (Primary Endpoints)
Endpoint)

Infantile-On | Open-lab | Proportion of | 32.8% (Month Survival without 87.1% alive without

set SMA el, 2-part | patients 12), 60.3% permanent ventilation permanent ventilation

(Type 1) study sitting (Month 24) (defined as 216 hours/day | at Month 12, 83.8%
(n=62, 58 | without ventilation for >21 days) at Month 24; at
received support for Month 24, 28%
recomme | 25 seconds (16/58) achieved a
nded at 12 months standing measure
dose)

SUNFISH was a randomized, double-blind, placebo-controlled study involving 180 patients with
Type 2 or Type 3 SMA. The primary endpoint was a change from baseline in the Motor Function
Measure 32 (MFM32) score at Month 12. Patients treated (n=120) with risdiplam showed a
1.36-point improvement in MFM32, compared to a -0.19 change in the placebo group (n=60).
Additionally, 38.3% of risdiplam-treated patients had a 3-point or greater improvement in motor

function, compared to 23.7% in the placebo group.

Table 4: SUNFISH summary

Population

Study Design

Primary
Endpoint

Results
(Primary
Endpoint)

Secondary Endpoints

Results (Secondary
Endpoints)
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Type 2 and | Randomized, Change 1.36-point Proportion of patients 38.3 (risdiplam) versus

Type 3 double-blind, from improvement in | with a 3-point 23.7% (placebo)
placebo-contr | baselineto | MFM32 score improvement in achieved =3-point
olled study Month 12 in | for risdiplam MFM32 improvement in MFM32
(n=180) MFM32 versus -0.19 (p=0.0469)
score for placebo Change in Revised
(p=0.0156) Upper Limb Module 1.61-point improvement
(RULM) score in RULM score for

risdiplam versus 0.02 for
placebo (p=0.0469)

Search strategy and selection criteria comparative effectiveness
and comparative safety

A literature search was conducted to identify relevant studies evaluating the comparative
effectiveness and safety of risdiplam. The following databases were searched: PubMed,
Cochrane Library, and PROSPERO. The search was conducted in June 2024. The search
terms used included “risdiplam,” “comparative effectiveness,” “comparative safety,” “spinal
muscular atrophy,” “systematic review,” “literature review,” “comparative efficacy,” and
‘meta-analysis.”

Selection criteria were established to ensure the relevance of the studies. Included studies were
those that compared risdiplam with one of the two other SMA treatments, or the standard of
care and reported on outcome measures related to the effectiveness and/or safety of risdiplam.
Additionally, studies were excluded if they were non-peer-reviewed articles, opinion pieces, or
duplicates.

The initial search yielded a total of 56 studies. After screening titles and abstracts for relevance,
48 studies were excluded based on the criteria mentioned above. Full-text reviews were
conducted for the remaining 10 studies, out of which 2 were duplicates. Thus, a total of 8 unique
studies were included for further analysis. Additionally, the publication status of systematic
reviews listed in PROSPERO was verified, resulting in the exclusion of 3 ongoing and
unpublished studies.

To further narrow down the included studies, the studies were further prioritized to be able to
present the most relevant evidence, the following criteria were used to prioritize the studies:
e Quality Assessment: All remaining studies were assessed using the GRADE approach.
Studies with higher quality ratings were prioritized.
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e Relevance and Scope: The studies were evaluated for their direct comparison of
risdiplam and the comprehensiveness of their analysis.

Based on the above criteria, three studies were included in the review (see below). Additionally,
evidence from the RAINBOWFISH non-randomized study has also been presented and
summarized to supplement the evidence.

Summary of available evidence for comparative effectiveness and
comparative safety

STUDY 1 - Long-Term Comparative Efficacy and Safety of Risdiplam and
Nusinersen in Children with Type 1 Spinal Muscular Atrophy (21)

Design

This study evaluated the long-term efficacy and safety of risdiplam versus nusinersen in children
with Type 1 SMA using indirect treatment comparison methodology. Specifically, an unanchored
matching-adjusted indirect comparison (MAIC) was conducted to adjust for differences in
population baseline characteristics and reduce potential bias.

Sponsor
The study was industry-sponsored by F. Hoffmann-La Roche Ltd.
Setting and Geographic Location

The data for risdiplam were derived from the FIREFISH trial, while the data for nusinersen came
from the ENDEAR and SHINE trials. The trials were conducted across multiple international
sites.

Study Period
The analysis included children with at least 36 months of follow-up data.
Patient Eligibility Criteria

Children with type 1 SMA were included. The FIREFISH trial included children aged 1-7 months
at enrollment, and similar age criteria were applied in the ENDEAR trial.

Randomization

The FIREFISH trial was a single-arm study, while the ENDEAR trial was randomized and
double-blind with a sham procedure-control.
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Patient Characteristics

Demographic and Clinical Characteristics: Detailed demographic data were not
provided in the summary, but adjustments for baseline characteristics such as age,
genetic factors, and disease severity were made using the MAIC methodology.
Gender/Sex and Ethnicity Representation: Specific representation of different
ethnicities was not explicitly mentioned. The study accounts for gender in their baseline
characteristics.

Treatment Details

Intervention Group (Risdiplam): Data from 58 children who participated in the
FIREFISH trial.

Comparison Group (Nusinersen): Published aggregate data from 81 children in the
ENDEAR and SHINE trials.

Outcomes Investigated

Survival Outcomes: Overall survival and event-free survival (time to death or need for
permanent ventilation).

Motor Function Outcomes: Achievement of motor milestones using the Hammersmith
Infant Neurological Examination (HINE-2) and the Children’s Hospital of Philadelphia
Infant Test of Neuromuscular Disorders (CHOP-INTEND).

Safety Outcomes: Time to the first serious adverse event (SAE).

Findings

Survival: Risdiplam was associated with a 78% reduction in the rate of death and an
81% reduction in the rate of death or permanent ventilation compared to nusinersen.
Motor Function: Risdiplam-treated children had a 45% higher rate of achieving a
HINE-2 motor milestone response and an 186% higher rate of achieving a 24-point
improvement in CHOP-INTEND compared to nusinersen-treated children.

Safety: Risdiplam-treated children had a 57% reduction in the rate of SAEs compared to
nusinersen-treated children. The long-term data support the superiority of risdiplam over
nusinersen in children with type 1 SMA, with significant improvements in survival rates,
motor function, and safety outcomes.

Table 5: Summary of Findings including Evidence and Bias Assessment
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Outcome Risdiplam Nusinersen Relative Absolute Quality of Assessment of
(FIREFISH) (ENDEAR, Effect (95% Effect (per Evidence Bias?
SHINE) Cl) 1000 (GRADE)
patients)
Survival Improved Observed HR 0.22 780 fewer High Low: High-quality
survival rates survival rates (0.12-0.41) deaths evidence from
indirect
comparison using
MAIC.
Event-Free Improved Observed HR 0.19 810 fewer High Low: High-quality
Survival event-free event-free (0.10-0.35) events evidence from
survival survival indirect
comparison using
MAIC.
Motor Higher rate of Observed motor | OR 1.45 450 more Moderate Medium: Indirect
Function motor milestone | milestone (1.10-1.90) achieving comparison;
(HINE-2) achievement achievement milestones possible baseline
differences.
Motor Higher rate of Observed rate OR 2.86 1860 more Moderate Medium: Indirect
Function achieving of achieving (2.00-4.10) achieving comparison;
(CHOP-INTEN | 24-point 24-point 24-point possible baseline
D) improvement improvement improvement differences.
Serious Lower rate of Observed rate HR 0.43 570 fewer High Low: High-quality
Adverse SAEs of SAEs (0.28-0.65) SAEs evidence from

Events (SAEs)

indirect
comparison using
MAIC.

Certainty of Evidence

Survival: High quality. Consistent findings and robust methodology.
Event-Free Survival: High quality. Consistent findings and robust methodology.
Motor Function (HINE-2): Moderate quality. Indirect comparison and potential baseline

differences.

2 Assessment of Bias:
Low: The risk of bias is low when there is confidence that the study results are valid and not influenced by

systematic errors.

Medium: The risk of bias is medium when there is some concern regarding the validity of the study results
due to potential factors such as confounding or selection bias.
High: The risk of bias is high when there are significant concerns regarding the validity of the study results,
indicating a need for cautious interpretation.
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e Motor Function (CHOP-INTEND): Moderate quality. Indirect comparison and potential
baseline differences.

e Serious Adverse Events (SAEs): High quality. Consistent findings and robust
methodology.

STUDY 2 - Safety and Efficacy of Nusinersen and Risdiplam for Spinal
Muscular Atrophy: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials (22)

Study Design

This study performed a systematic review and meta-analysis of the efficacy and safety of
nusinersen and risdiplam in treating SMA using data from randomized controlled trials (RCTs)

Sponsor

This study was supported by the Shenyang Science and Technology Program, grant number
20-205-4-090.

Setting and Geographic Location

The trials included in this review were conducted across multiple international sites.
Study Period

The literature search included studies published up to July 2023.

Patient Eligibility Criteria

The review included RCTs with SMA patients treated with nusinersen or risdiplam and
compared with a placebo group.

Randomization
All included trials were randomized, double-blind, and placebo-controlled.
Patient Characteristics

e Demographic and Clinical Characteristics: The review included 728 patients with
SMA types 1, 2, and 3.

e Gender/Sex and Ethnicity Representation: Specific representation of different
ethnicities was not detailed.
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Treatment Details

The included studies reported data from patients treated with nusinersen or risdiplam compared
to placebo.

Outcomes Investigated:

e Motor Function Outcomes: Hammersmith Functional Motor Scale—Expanded
(HFMSE), Revised Upper Limb Module (RULM), 32-item Motor Function Measure
(MFM32), and Hammersmith Infant Neurological Evaluation Section 2 (HINE-2).

e Safety Outcomes: Incidence of adverse events (AEs) and severe adverse events
(SAEs).

Findings

e Motor Function Outcomes: Both Nusinersen and Risdiplam show significant efficacy in
improving motor functions in SMA patients.

e Safety Outcomes: No significant difference in the incidence of AEs and SAEs between
the two drugs and placebo.

Table 6: Summary of Findings including Evidence and Bias assessment

Outcome Nusinersen Risdiplam Quality of Assessment of Bias
Evidence
(GRADE)
HFMSE WMD: 4.90 WMD: 0.87 (0.05, High Low: RCTs with consistent
(3.17, 6.63) 1.68) results.
MFM32 Not assessed | WMD: 1.48 (0.58, Moderate Medium: Some heterogeneity,
2.38) but overall consistent results.
RULM WMD: 3.70 WMD: 1.29 (0.57, High (Nusinersen) | Low: RCTs with consistent
(3.30, 4.10) 2.01) results.
Moderate Medium: Some heterogeneity,
(Risdiplam) but overall consistent results.
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HINE-2 WMD: 5.21 Not assessed High Low: RCTs with consistent
(4.83, 5.60) results.

Adverse OR: 0.57 OR: 1.08 (0.55, 2.13) [ High Low: RCTs with consistent

Events (0.15, 2.14) results.

Severe OR: 0.54 OR: 1.11 (0.66, 1.88) | High Low: RCTs with consistent

Adverse (0.22, 1.30) results.

Events

Certainty of Evidence

Motor Function Outcomes Nusinersen (HFMSE, RULM, HINE-2): High-quality
evidence due to consistent findings across multiple RCTs with low risk of bias.

Motor Function Outcomes Risdiplam (HFMSE, MFM32, RULM): Moderate-quality
evidence due to some heterogeneity and medium risk of bias, but still supported by
RCTs indicating moderate improvement.

Safety Outcomes (AEs and SAEs for both drugs): High-quality evidence showing no
significant difference in the incidence of adverse and severe adverse events compared
to placebo, with consistent results across RCTs and low risk of bias.

STUDY 3 - How does risdiplam compare with other treatments for Types
1-3 spinal muscular atrophy: a systematic literature review and indirect
treatment comparison (23)

Study Design

The systematic review includes a range of studies comparing risdiplam with other treatments for
SMA Types 1-3, specifically focusing on indirect treatment comparisons (ITCs) due to the lack of
head-to-head trials. The included trials are:

1.
2.

FIREFISH (NCT02913482): Phase Il/lll, open-label, single-arm trial of risdiplam.
ENDEAR (NCT02193074): Phase lll, randomized, double-blind, sham-procedure
controlled trial of nusinersen.

STR1VE-US (NCT03306277): Phase lll, open-label, single-arm trial of onasemnogene
abeparvovec.

SUNFISH (NCT02908685): Phase lIl, randomized controlled trial of risdiplam.
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5. CHERISH (NCT02292537): Phase lll, randomized, double-blind, sham-procedure
controlled trial of nusinersen.

Sponsor
The study was sponsored by F. Hoffmann-La Roche Ltd.
Setting and Study Period

The studies were conducted internationally across various clinical sites. The study periods
varied from 2 years to 8 years.

Patient Eligibility Criteria

Included patients with Type 1 SMA (infants with onset before 6 months of age) and Types 2 and
3 SMA (patients with later onset and variable motor function).

Randomization

ENDEAR, SUNFISH and CHERISH were randomized controlled trials, while FIREFISH and
STR1VE-US were single-arm trials.

Patient Characteristics

The studies included diverse patient populations, but detailed demographic and clinical
characteristics (such as age, gender, and ethnicity) were primarily matched to the type of SMA.
Notably, FIREFISH and ENDEAR included infants with Type 1 SMA, while SUNFISH and
CHERISH included older patients with Types 2 and 3 SMA.

Treatment Details

Risdiplam: Oral SMN2 splicing modifier.

Nusinersen: Intrathecal SMN2-targeting antisense oligonucleotide.

Onasemnogene abeparvovec: Intravenous gene therapy using an adeno-associated
virus.

Duration of Treatment and Follow-up
The duration of treatment varied by trial but was between 2 and 8 years.
Outcomes Investigated

The primary outcomes were motor function improvement and survival rates. Secondary
outcomes included respiratory function, nutritional status, and quality of life measures.

Findings
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Type 1 SMA: Risdiplam showed improved survival and motor function compared to

nusinersen, though comparisons with onasemnogene abeparvovec were less conclusive
due to population differences.

Types 2 and 3 SMA: Comparisons were challenging due to heterogeneity in study

populations, but risdiplam showed promising results in improving motor function.

Table 7: Summary of Findings including Evidence and Bias Assessment

Outcome Risdiplam Nusinersen Onasemnogen Relative Absolute Quality of | Assessment of
(FIREFISH, (ENDEAR, e abeparvovec | Effect (95% Effect Evidence Bias
SUNFISH) CHERISH) (STR1VE-US) Cl) (GRADE)
Survival Improved Baseline Baseline HR: 0.70 30% relative | Moderate | Medium:
(Type 1 (0.50-0.90) | reduction Indirect
SMA) comparisons
and
heterogeneity
among
studies
Motor Significant Moderate Baseline MD: 4.5 15% absolute | High Low:
Function improvement | improvement points improvement Consistent
(CHOP (2.0-7.0) results across
INTEND, studies
Type 1
SMA)
Motor Moderate Moderate N/A MD: 2.5 10% absolute | Moderate | Medium:
Function improvement | improvement points improvement variability
(HFMSE, (1.0-4.0) among
Types 2/3 studies
SMA)
Respirato | Improved Baseline Baseline Not Not available | Low Low: limited
ry available data and
Function indirect
comparisons
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Quality of | Improved Improved Baseline Not Not available | Moderate | Low: limited

Life available data and
indirect
comparisons

Certainty of Evidence

e Survival (Type 1 SMA): Moderate certainty due to indirect comparisons and
heterogeneity.
Motor Function (Type 1 SMA): High certainty due to consistent results across studies.
Motor Function (Types 2/3 SMA): Moderate certainty due to variability among studies.
Respiratory Function and Quality of Life: Low to moderate certainty due to indirect
comparisons and limited data.

Synthesis of Findings: comparative effectiveness and comparative safety

The three studies included in this review provide a comprehensive evaluation of the
comparative effectiveness and safety of risdiplam versus nusinersen and onasemnogene
abeparvovec. Below is a brief synthesis of the results from the three reviews included in this
section to demonstrate the comparative effectiveness and safety of risdiplam.

Comparative Effectiveness: Across all studies, risdiplam consistently showed significant
improvements in motor function and survival outcomes compared to nusinersen. For Type 1
SMA, risdiplam demonstrated superior motor milestone achievements and overall survival
benefits. The findings suggest that risdiplam may offer a more effective treatment option for
SMA, particularly for patients with Type 1 SMA.

Comparative Safety: Risdiplam was associated with a lower rate of serious adverse events
(SAEs) compared to nusinersen, highlighting its favorable safety profile. The safety outcomes
from the meta-analysis also supported the high safety profile of risdiplam, with no significant
differences in adverse events compared to placebo.

Comparison with onasemnogene abeparvovec: The evidence for risdiplam's effectiveness
compared to onasemnogene abeparvovec was less conclusive due to population differences
and indirect comparisons. However, risdiplam showed promising results in improving motor
function for Types 2 and 3 SMA.
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Assessment of applicability of the available evidence across
diverse populations and settings

The included meta-analyses along with data from the RAINBOWFISH study, encompass a
broad spectrum of patient populations and healthcare settings. These trials were conducted
across multiple international sites, spanning diverse regions such as China, Ukraine, Serbia,
Australia, Brazil, and others, thereby capturing varying healthcare contexts, resources, and
infrastructure.

While the majority of studies primarily focused on pediatric populations, with a subset including
adult patients (primarily with Type 2 or Type 3 SMA), the trials collectively represent a wide
range of demographics. Although detailed demographic data were not consistently reported in
the meta-analyses, examination of the individual trials reveals a diverse patient population with
representation across different ethnicities, races, patients requiring nutritional support, those
needing pulmonary care, and a balanced distribution across gender.

However, it is important to note that the absence of dedicated studies focusing on special
patient groups, such as pregnant or breastfeeding individuals, limits the applicability of the
findings to these populations.

Section 9: Summary of recommendations in
current clinical guidelines

Currently, there are no specific recommendations for risdiplam in current WHO guidelines for the
treatment of SMA. Two articles published in Neuromuscular Disorders from 2018 form the basis
of the standard of care for SMA patients (24,25). These guidelines on the standard of care were
developed by a multidisciplinary committee of international experts. However, these connecting
articles were published before the approval of risdiplam and the more widespread use of SMA
drugs targeting the underlying cause of SMA. The second guideline article (part 2, also
published in 2018) briefly discusses the approval of Nusinersen by the FDA (in December
2016), providing an overview of its administration and the early positive clinical outcomes.
However, the standard of care outlined in these articles has not been updated since 2018 and
does not include disease-modifying treatments for SMA.
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Section 10: Summary of available data on
comparative cost and cost-effectiveness

Price of Risdiplam

An overview of 2024 data on the price of risdiplam in a range of countries where the medicine is
available can be found in Annex B. This table, compiled by KEI, provides detailed insights into
the costs across different regions. Additional historical data on the price of risdiplam is available
at drugsdatabase.info/drug-prices. This data illustrates the significant variation in risdiplam
pricing globally, with prices ranging from USD $8.82 to $225.07 per mg.

Costs of Manufacturing Risdiplam

The WHO Essential Medicines List (EML) tends to favor older small-molecule drugs with large
patient populations, resulting in lower API costs that may not represent small-scale production
drugs. In a 2018 study, Hill, Barber, and Gotham estimated API costs for various drugs on the
WHO EML, showing a wide range from $2/kg to $669,376/kg, with the latter being an extreme
outlier (26). Most API prices are below $10,000/kg, with 98% under this threshold, 83% below
$1,000/kg, and 38% under $100/kg. The median API price is $152/kg.

Upon confidential consultations with companies and chemistry experts, KEI has estimated that
the API Costs-of-Goods (COGs) for risdiplam would be around $25,000-$30,000/kg, potentially
reducing to about $8,500/kg within the next 3-5 years with continued development. Given the
low dose of treatment (around 5mg/day), a reasonable treatment cost per patient is achievable
even at the higher estimate of $25,000-$30,000/kg for the API. This is drastically lower than
Roche’s current price in high-income countries, which ranges from $108,000,000/kg to
$225,000,000/kg.

For risdiplam, the generic API price is expected to be significantly higher compared to other
APIs due to its small patient population and low annual dosage. Despite this, the generic price
will still be much more affordable compared to its branded version and not present the same
level of economic challenges highlighted in the above national and academic cost-effectiveness
summaries. Indeed, as mentioned in Section 6, in China Roche’s risdiplam is priced drastically
lower - thus showcasing that the branded version of the drug is for sale at an affordable price
(only 3.8% of the US daily price) and has the potential for more widespread affordability and
accessibility.
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Special Access Programs for Risdiplam

As of July 2023, there were 2,163 patients that participated in Roche’s Compassionate Use
Program (CUP) for risdiplam across 59 countries, 23 of these are LMICs (27). The CUP has
strict eligibility requirements, for example, if patients are eligible for available therapies other
than risdiplam, these patients are excluded from the risdiplam CUP. Additionally, due to the
restriction of patient-eligibility criteria as part of the CUP, not all countries from all geographic
regions were able to participate in the CUP. The CUP, by no means, covers a large proportion of
patients that need access. Indeed, in some lower-income countries, the CUP has ended,
meaning that now that all the ‘spots’ have been filled, no new children diagnosed with SMA will
be eligible for treatment under the CUP.

Patients who are unable to participate in Roche’s CUP or afford risdiplam may opt to travel to
countries where the price per bottle is much less. For example, patients have been known to
travel from all over the world to China in order to get a more affordable supply of risdiplam at
approximately USD 520 per bottle. This is a substantially lower price than its neighboring
country India, where the price is approximately USD 7,400 per bottle.

In many countries, particularly LMIC, hundreds of children with SMA continue to be born
and die or suffer from the burden of comorbidities because they lack access to SMA
treatments. This lack of access results in a significant unmet medical need, where children are
deprived of life-altering treatment. This disparity underscores the inadequacy of relying solely on
CUP, which leaves many patients behind.

Comparative Cost & Budget Impact from National Economic
Analyses

United Kingdom: NICE (28)

In the UK, risdiplam has a list price of £7,900 per 60 mg (80 ml) vial.

NICE conducted a cost-effectiveness analysis® comparing risdiplam to best supportive care
(BSC). The Incremental Cost-Effectiveness Ratio (ICER) for risdiplam compared to BSC was
estimated as follows:

e SMA Type 1: above £50,000 per QALY gained

e SMA Types 2 or 3: significantly higher than £30,000 per QALY gained

The analysis concluded that while risdiplam shows significant clinical benefits, its ICERs are
substantially high, indicating that the treatment is not cost-effective at its current price. The

3 A new cost effectiveness analysis of nusinersen and risdiplam for SMA will be published by NICE in
December 2024.
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committee also states that the cost-effectiveness estimates are higher than what NICE usually
considers an acceptable use of NHS resources. However, because of the unmet need for
effective treatments for SMA, risdiplam was recommended via the Managed Access Agreement
(MAA) to enable data collection to address uncertainties in the evidence.

The document did not specify a detailed budget impact analysis. However, it is clear that the
high cost of risdiplam would have a significant impact on the overall drug budget for treating
SMA.

Recommendation

NICE ultimately recommended risdiplam for reimbursement by the NHS for treating SMA in
patients aged 2 months and older, provided that certain conditions are met, including a
confidential discount to its list price.

Canada: CADTH (29)

Risdiplam is priced at $193.9725 per mg in Canada. The annual cost for patients aged 2 years
and older (weighing 20 kg or more) is approximately $354,000. For younger patients (ages 2
months to 2 years), the annual cost is around $93,456.

A cost analysis was done comparing risdiplam to nusinersen and best supportive care (BSC).
The analysis focused on QALY's and life-years over different time horizons. The incremental
cost-effectiveness ratio (ICER) for risdiplam compared to BSC was calculated as follows:

e SMA Type 1: $1,203,108 per QALY.

e SMA Types 2 or 3: $37,378,163 per QALY.

They further concluded that risdiplam was associated with lower costs and more QALYs
compared to nusinersen. Indeed, a price reduction of 30% for nusinersen still resulted in
risdiplam continuing to be dominant, this was partially due to the intrathecal injections required
with nusinersen.

Due to risdiplam’s high ICERs, CADTH concluded that substantial price reductions would be
needed to view risdiplam as cost-effective. Indeed, they noted that a price reduction of 99% is
needed to achieve a conventional cost-effectiveness threshold of $50,000 per QALY. The table
below, which summarized CADTH’s results, illustrates that despite SMA Types 2 and 3 having a
lower annual cost per patient, they have a much higher ICER compared to SMA Type 1. This
indicates that treatments for SMA Types 2 or 3 are less cost-effective relative to their costs and
benefits.

Table 8: Summary of CADTH results
Parameter SMA Type 1 SMA Types 2 or 3
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Annual Cost (per patient) | $354,000 $93,456

ICER (per QALY) $1,203,108 $37,378,163

Required Price Reduction | Up to 99% Up to 99%

CADTH highlighted one significant limitation in their analysis, which was the uncertainty around
the magnitude of clinical benefit. When conducting their analysis, they commented that there
remains some uncertainty because there is an absence of direct comparative data with BSC or
nusinersen.

Budget Impact

CADTH estimated that the 3-year budget impact of risdiplam would be $87,744,812, accounting
for the underestimation of treatment retention rates and coverage under public plans. They note
that there may be cost savings among SMA type 1 patients, however, the high cost of risdiplam
is expected to increase the overall drug budget for the full indicated population.

Recommendation

In conclusion, CADTH recommended risdiplam to be reimbursed by public drug plans for the
treatment of SMA in patients aged 2 months and older, if certain conditions are met. Currently,
the reimbursement of risdiplam varies by province and territory in Canada.

Ireland: NCPE (30)

NCPE used a Markov model with monthly cycles to stimulate the progression or regression
associated with SMA through various motor milestones. Their analysis covered both Type 1
SMA and Types 2 and 3 SMA, using different comparators for each.

Type 1 SMA

For Type 1 SMA, the comparators were Best Supportive Care (BSC), nusinersen, and
onasemnogene abeparovec. The results of the cost-effectiveness analysis are summarized in
Table 9.

Table 9: Cost-Effectiveness Analysis for SMA Type 1

Treatment Total QALY | Incremental Incremental | ICER (€ per
Costs (€) 3 Cost (€) QALYs QALY)
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Risdiplam 4,814,569 |9.71 - - -

Best Supportive 472,701 2.43 4,341,868 7.28 596,547
Care (BSC)

Nusinersen 3,422,009 |7.98 1,392,560 1.73 806,307
Onasemnogene 3,091,817 |9.48 1,722,753 0.24 7,326,448
Abeparovec (OA)

Types 2 and 3 SMA

For SMA Types 2 and 3, the comparators were BSC and nusinersen. The results are detailed in
Table 10.

Table 10: Cost-Effectiveness Analysis for SMA Types 2 and 3

Comparison Total Total Incremental Incremental | ICER (€ per
Costs (€) | QALYs Costs (€) QALYs QALY)
Risdiplam 5,602,712 |[0.27 - - -
BSC 1,657,143 | -0.47 3,945,569 0.74 5,339,479
Nusinersen 5,307,779 [ 0.11 294,933 0.16 1,829,157

Budget Impact

The price of wholesale risdiplam (60mg/80ml) is €8,450 per bottle (list price), with an annual
per-patient drug cost to the Health Service Executive (HSE) estimated at €264,371. The
Applicant’s estimated 5-year gross budget impact for risdiplam was €107 million compared to
€132m for nusinersen.

Recommendation

Based on this analysis, the NCPE recommended that risdiplam not be considered for
reimbursement until its cost-effectiveness could be improved. The final decision on
reimbursement is, however, made by the HSE. The HSE has offered conditional reimbursement
to risdiplam, as of September 2023. There is thus a special program where a clinician must
submit an individual reimbursement application for each patient for use as a monotherapy in the
treatment of SMA (31).
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The Netherlands: Zorginstituut Nederland (32)

The Zorginstituut conducted a cost-effectiveness analysis comparing risdiplam to best
supportive care (BSC) and treatments like nusinersen. The incremental cost-effectiveness ratio
(ICER) for risdiplam compared to BSC was calculated as follows:

e SMA Type 1: €362,300 per QALY.

e SMA Types 2 or 3: €416,471 per QALY.

Table 11: Comparative cost-effectiveness

Parameter SMA Type 1 SMA Types 2 and Combined
3 Analysis

ICER (Discounted) €362,300 per QALY |€416,471 per QALY | Not specified

ICER (Undiscounted) €590,143 per QALY | €678,497 per QALY | Not specified

Cost per LY (Discounted) |€198,559 €1,381,226 Not specified

Cost per LY €314,994 €1,864,012 Not specified
(Undiscounted)

Required Price Reduction | Approximately 94% | Approximately 78% | Approximately 85%

Budget Impact
The Zorginstituut expected the net budget impact of risdiplam for three years of €5 million (3).
Recommendation

The document concludes that while risdiplam offers significant clinical benefits for patients with
SMA, its high ICERs indicate that it is not cost-effective at the current price. Substantial price
reductions are necessary to achieve conventional cost-effectiveness thresholds. The analysis
suggests that risdiplam provides value for money only if its price is significantly reduced,
ensuring it is accessible and affordable while delivering its clinical benefits effectively. Despite
this analysis, risdiplam is included in the basic health insurance package and is reimbursed
(33).

Australia: PBAC (34)
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The drug cost for Risdiplam at $33,000 per patient per month, based on the published price and
an assumed dose of 5 mg per day.

A cost-effectiveness analysis comparing risdiplam to best supportive care (BSC) and treatments
like nusinersen.

Table 12: ICER and QALY Data for Risdiplam

SMA Discounted Undiscounted Discounted Cost | Undiscounted Cost
Type | ICER per QALY ICER per QALY per LY Gained per LY Gained
Type 1 [ €362,300 €590,143 €198,559 €314,994
Types |€416,741 €678,497 €1,381,226 €1,864,012
2&3

SMA Type 1: The high ICER values indicate that risdiplam is quite expensive per QALY gained
compared to alternatives, suggesting that it is not cost-effective under usual thresholds unless
significant price reductions are applied.

SMA Types 2 & 3: Similarly, these types also show high ICERS, reflecting that the cost per
QALY gained is substantially higher than typical thresholds for cost-effectiveness.

PBAC also conducted a cost minimization analysis to assess the economic impact of
prescribing risdiplam compared to nusinersen for patients with SMA Types 1, 2 and 3a who are
under 19 years of age at treatment initiation. The annual costs are as follows: First Year:
e First Year: Risdiplam shows a cost advantage of -$264,000 due to the higher frequency
of nusinersen loading doses.
e Subsequent Years: Annual cost savings narrow, with Risdiplam being more expensive
by $66,000 per year.

Overall, both treatments converge to an average cost of $396,000 when averaged over 5 years.
Thus while there is an initial cost-saving for risdiplam, the long-term economic benefit is
dependent on sustained cost savings beyond the drug costs, such as potential savings in
administration and associated healthcare costs.

Recommendation

Based on the high ICER values and the need for a significant price reduction (up to 85% for
certain patient groups), the document suggests that risdiplam at its current price does not offer
value for money compared to alternatives like BSC and needs a substantial price reduction to
be considered cost-effective.
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Despite its high price, PBAC concluded that risdiplam should be listed for Types 1, 2 or 3, who
are aged 18 years and under at treatment initiation, on the basis that it should be available only
under special arrangements.

Brazil: Conitec (35)

For each new case of SMA, the average annual cost in the first 5 years was calculated at
R$412,498.44. When examining the cost-effectiveness of risdiplam, Conitec was using the
following prices:

Table 13: Risdiplam prices Brazil

Presentation Unit Price Proposed

by the Applicant

Maximum Selling Price to
the Government 18%?2

Price Practiced in
Public Purchases?

Powder for R$ 25,370.00 per unit, | R$ 44,173.02 Not available | Not available
oral solution excluding taxes

0.75 mg/mL

(80 mL) of

risdiplam

An economic model based on a Markov cohort simulation compared the cost-effectiveness of
risdiplam, nusinersen, and supportive care over a 10-year period from the perspective of the
Brazilian SUS in the context of Type 1 SMA. Risdiplam demonstrated extended dominance over
nusinersen. As a result, they excluded risdiplam in the new simulation of economic evaluation
comparing risdiplam with BSC.

Table 14: Risdiplam vs BSC (Type 1 SMA)

Technology Treatment Utility Incremental Incremental ICER
Cost (R$) (QALY) Cost Effectiveness (R$/QALY)

Supportive | 21,483.26 0.26 - - -

Care

Risdiplam 3,227,472.67 |0.89 3,205,989.52 | 0.63 5,094,220.37

Based on this model risdiplam has an incremental cost-effectiveness ratio (ICER) of
R$5,094,220.37 per QALY gained.

Budget Impact
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The budget impact analysis for Type 1 SMA projected substantial savings over the initial 5 years
post-incorporation into SUS (Brazil's publicly funded healthcare system), followed by cost
increases as the prevalence of risdiplam-treated patients increased. Budget impact analysis
projected savings of R$262,395,692.94 over the first 5 years, shifting to a cost increase in
subsequent years due to patient population growth. As the years progress and the prevalence
of pre-existing cases increases, these savings translate into budgetary impact. The annual cost
for a patient already in maintenance treatment with the maximum dose of risdiplam versus an
equivalent patient on nusinersen is R$761,100.00 versus R$483,138.00. These calculations,
however, disregard the costs of supportive care.

Recommendation

Conitec concludes with the recommendation to incorporate risdiplam into SUS for the treatment
of Type 1 SMA patients.

France: Haute Autorité de Santé (36)

Price data was confidential and thus redacted. Compared to the current alternatives, risdiplam is
evaluated alongside nusinersen and best supportive care (BSC). The cost per year of life
gained for Type | SMA is €327,728 compared to BSC, and for Type II/lll non-ambulant SMA,
risdiplam is less cost-effective than nusinersen, with a high cost per quality-adjusted life year
(QALY).

The target population for risdiplam in France is approximately 1,200 patients, leading to a
significant budget impact. Over five years, the budget is expected to increase by 26.7%,
translating to millions of euros in additional healthcare expenditure. The economic analysis
conducted by the Haute Autorité de Santé (HAS) shows that, although risdiplam may offer
improved compliance and a favorable side-effect profile, it is not cost-effective compared to
existing treatments like nusinersen and onasemnogene abeparvovec.

Recommendation

Despite not being cost-effective, HAS has granted a favorable reimbursement status for Types
1. 2 and non-ambulant Type 3 SMA, while excluding reimbursement for Type 4.

Portugal: INFARMED (37)

While no figures are provided in the INFARMED document, they state that the analysis found
that the cost of treatment with risdiplam is lower than the cost of treatment with nusinersen,
which is beneficial for the National Health Service (SNS).
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The INFARMED document recommends the financing of Risdiplam for the treatment of SMA
types 1, 2, and 3 for patients aged 2 months and older, based on its recognized beneficial
effects.

Scotland: Scottish Medicine Consortium (38)

As listed in the 2022 report, the yearly cost of risdiplam in Scotland was listed at up to £239,633
per year. The estimate was that there would be 22 eligible patients for risdiplam in year 1 and
increase to 63 patients by year 5. Risdiplam is fully reimbursed under Scotland’s ultra-orphan
medicines scheme (39).

Information on the budget impact was not published due to commercial confidence issues.

New Zealand: PHARMAC (40)

PHARMAC New Zealand has decided to fund risdiplam from May 1, 2023. They estimate that in
the first year, 30 to 50 people will be eligible for funded treatment with either nusinersen or
risdiplam. The expectation is that each year, an additional four people may be diagnosed with
SMA and eligible for treatment.

The listed price for a pack size of 80 milliliters of oral solution is set at $14,100.00. Additionally,
there will be a confidential rebate applied to lower the net price of risdiplam.

Comparative Cost & Budget Impact from Academic Analyses

A comprehensive literature search was conducted to identify relevant economic analyses on the
treatment of SMA. The databases searched included PubMed and Google Scholar. The search
was conducted in June 2024. The search terms used included "cost-effectiveness," "health
economics," “comparative cost,” “risdiplam,” “economic analysis,” and “budget impact.” Included
studies were those that conducted a full economic evaluation (cost-effectiveness, cost-utility, or
cost-benefit analysis) of risdiplam. Additionally, studies were excluded if they were
non-peer-reviewed, duplicates, and not in English.

The initial search yielded a total of 20 studies. After screening titles and abstracts for relevance,
14 studies were excluded based on the criteria mentioned above. Thus, a total of 6 studies were
included below to summarize the comparative cost and budget impact of risdiplam.
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STUDY 1 - Cost-Effectiveness of Risdiplam Versus Nusinersen for Treating
Patients with Spinal Muscular Atrophy Type 1 in China (41)

Study Design: This study employed a cost-effectiveness analysis using a six-state Markov
model to compare the costs and outcomes of risdiplam, an at-home oral therapy, and
nusinersen, an injectable therapy, for treating SMA Type 1.

Time Horizon: The model used a 10-year time horizon.

Population Characteristics: The population included patients diagnosed with SMA Type 1 in
China, characterized by severe motor and respiratory impairment due to the disease's early
onset.

Data Sources: Clinical data for risdiplam was sourced from the FIREFISH clinical trial, while
data for nusinersen was derived from a matching-adjusted indirect comparison using the same
trial. Utility values were estimated based on EQ-5D-3L responses from Chinese pediatric
neurologists.

Base-Case Analysis: Patients treated with risdiplam gained 1.42 more life-years and 1.41
more quality-adjusted life years (QALYs) compared to those treated with nusinersen. The total
direct medical costs for risdiplam were CNY 207,486 lower than for nusinersen, making
risdiplam the dominant treatment.

Sensitivity Analyses: The study results indicated robustness across various sensitivity
analyses, consistently showing risdiplam as a cost-effective alternative to nusinersen.

Conclusion: Due to increased QALYs and lower costs, risdiplam is a dominant alternative over
nusinersen for SMA Type 1 patients in China.

STUDY 2 - Cost-Effectiveness of Technologies for the Treatment of Spinal
Muscular Atrophy: A Systematic Review of Economic Studies (42)

Study Design: This systematic review aggregated data from 20 economic studies evaluating
the cost-effectiveness of four treatments for SMA: best supportive therapy, nusinersen,
risdiplam, and onasemnogene abeparvovec.

Time Horizon: The time horizons varied among the included studies, with some adopting
short-term (5 years) and others long-term (lifetime) perspectives.

Population Characteristics: The studies reviewed involved patients with SMA Types | and |l
across various countries, focusing on different age groups and severity levels of the disease.
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Data Sources: Structured search in 4 databases along with a manual search to include
complete economic studies that evaluated nusinersen, risdiplam, onasemnogene abeparvovec,
and the best support therapy from the health system's perspective were selected.

Willingness-to-Pay Thresholds: Thresholds varied widely, with comparisons made against
country-specific thresholds, the 50,000 USD/QALY and 100,000 USD/QALY benchmarks, and
the 3 GDP per capita/QALY thresholds.

Base-Case Analysis: The review found that nusinersen, risdiplam, and onasemnogene
abeparvovec were generally not cost-effective compared to best supportive therapy. However,
risdiplam and onasemnogene abeparvovec were often considered cost-effective compared to
nusinersen. There was no consensus on the superior treatment between risdiplam and
onasemnogene abeparvovec, as results were mixed.

Sensitivity Analyses: Results indicated significant variability, with cost-effectiveness, highly
dependent on the willingness-to-pay threshold and specific country context. For instance,
onasemnogene abeparvovec was considered cost-effective at higher thresholds in some studies
but not in others.

Conclusion: The pharmacoeconomic analyses show that the technologies are not
cost-effective compared with the best support therapy. The lack of controlled studies for
risdiplam and onasemnogene abeparvovec hamper any conclusions about their face-to-face
comparison.

STUDY 3 - Budget Impact Analysis Comparing Costs of Nusinersen and
Risdiplam for Type 3 Spinal Muscular Atrophy Patients (43)

Study Design: This study conducted a budget impact analysis (BIA) to evaluate the economic
implications of introducing risdiplam as a treatment for Type 3 SMA patients compared to the
current standard, nusinersen.

Time Horizon: The analysis was performed over a 3-year time horizon.

Population Characteristics: The target population consisted of Type 3 SMA patients in a rare
diseases reference center.

Data Sources: Public databases were utilized to estimate the target population and to model
two market scenarios: one where patients are treated with nusinersen and another with
risdiplam.

Base-Case Analysis: The analysis showed that the introduction of risdiplam was projected to
generate a 3-year savings of €3411.50. Specifically, there could be significant savings in the
administration costs for patients under the age of 2 with a weight of 5kg, estimated at
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€26,382.08. These savings primarily result from the lower costs associated with the oral
administration of risdiplam compared to the more invasive administration methods required for
nusinersen.

Sensitivity Analyses: The results were consistent, showing potential cost savings with the use
of risdiplam primarily due to its oral administration route, which reduces administration costs
compared to nusinersen’s intrathecal delivery.

Conclusion: Budget impact analysis indicates that risdiplam and nusinersen SMA therapies
have overlapping costs, but the oral administration of risdiplam could be a decisive factor for the
therapeutic switch from nusinersen.

STUDY 4 - Cost-Effectiveness of Risdiplam for Patients with Types 1 - 3
Spinal Muscular Atrophy (SMA) in France (44)

Study Design: This study utilized a cost-effectiveness analysis (CEA) to evaluate the economic
impact of risdiplam for patients with Types 1, 2, and 3 SMA in France.

Time Horizon: The model was designed with a lifetime time horizon to capture long-term costs
and health outcomes.

Population Characteristics: The study included a diverse population of SMA patients
categorized into Types 1, 2, and 3, representing different severities and ages of onset.

Data Sources: Two six-state semi-Markov models were adapted to the French collective
perspective to evaluate the incremental cost-effectiveness ratio (ICER) of risdiplam. Costs and
outcomes were discounted at 2.5% with direct medical costs derived from a French database
(SNDS).

Willingness-to-Pay Thresholds: The willingness-to-pay threshold used in the study was based
on the French healthcare system's standard threshold for cost-effectiveness, typically around
€50,000 per QALY gained.

Base-Case Analysis: Risdiplam was found to increase quality-adjusted life years (QALYs)
across all SMA types. In comparison to BSC, risdiplam increased LYGs (5.81) and costs
(€2,005,518), resulting in an ICER of €345,217/LYG for SMA Type 1. Risdiplam also resulted in
more life years gained compared to nusinersen and had a lower cost for equivalent life years
compared to onasemnogene abeparovec.

Sensitivity Analyses: Sensitivity analyses confirmed the robustness of the results, showing
that risdiplam remained cost-effective under various assumptions and scenarios.

Conclusion: Based on the last available information, risdiplam is projected to be a high-value
treatment alternative to nusinersen and onasemnogene abeparovec in France.
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STUDY 5 - Budget Impact Analysis of Risdiplam for the Treatment of Spinal
Muscular Atrophy in Colombia (45)

Study Design: This study performed a budget impact analysis (BIA) to evaluate the financial
implications of introducing risdiplam for treating SMA in Colombia.

Time Horizon: The analysis considered a time horizon of five years.

Population Characteristics: The target population included SMA patients across different
types, specifically Types 1, 2, and 3, reflecting the distribution and demographic characteristics
of the Colombian SMA population.

Data Sources: Data sources included Colombian public databases and published literature
reviews.

Base-Case Analysis: The introduction of risdiplam was projected to increase the overall budget
due to its high acquisition cost. The adoption of risdiplam resulted in a budget impact of USD
$439,862 and $969,311 in years 1-5, respectively. However, it showed potential for cost savings
in administration and supportive care when compared to alternative therapies.

Sensitivity Analyses: Various scenarios were tested, confirming that while the initial drug costs
were high, long-term savings in healthcare resource utilization could offset some of these
expenses.

Conclusion: Risdiplam provides an alternative treatment option for Colombian SMA patients.

STUDY 6 - Risdiplam for the Treatment of Spinal Muscular Atrophy: Impact
on the National Healthcare Service During the First 15 Months of
Commercialization in Italy (46)

Study Design: This study employed a budget impact analysis (BIA) to assess the financial
implications of introducing risdiplam for treating SMA in Italy.

Time Horizon: The analysis covered the first 15 months following the commercialization of
risdiplam.

Population Characteristics: The study focused on patients with SMA Types 1, 2, and 3,
including those with a clinical diagnosis of SMA 5q and varying copies of the SMN2 gene.
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Data Sources: A Cost Offset Calculator was developed using the AIFA monitoring register and
internal data. Two 1-month cycle Markov models were used to estimate clinical outcomes and
costs of SMA patients receiving either risdiplam or nusinersen. Health-state occupancy was
determined using risdiplam clinical data and indirect comparisons for nusinersen. Direct costs
included drug acquisition, administration, and disease monitoring. Resource use data and unit
costs were retrieved from published literature and Italian sources.

Base-Case Analysis: The introduction of risdiplam led to a significant impact on the national
budget. The Cost Offset Calculator estimated savings of €15.3 million for drug acquisition and
administration along with savings of €256,000 for healthcare resource consumption. The drug
acquisition cost reflects the savings from the costs of acquiring and administering alternative
treatments that risdiplam replaced and eliminating the need for more expensive administration
methods. The savings listed for healthcare resource consumption refer to savings from reduced
need for hospital visits, professional administration, and a potential for the decrease in the
frequency of intensive care needed.

Sensitivity Analyses: Various scenarios confirmed that while the initial drug costs were high,
long-term savings in healthcare resource utilization, particularly in hospital visits and supportive
care, could offset these costs.

Conclusion: The introduction of risdiplam led to significant savings in drug acquisition,
administration, and healthcare resource use. However, the overall budget impact remains
substantial due to the high cost of the drug.

Summary of Comparative Cost and Cost Effectiveness

The various comparative cost and cost-effectiveness analyses of risdiplam showcase a
consistent pattern. Both academic and national studies of risdiplam demonstrate its high cost
that results in substantial incremental cost-effectiveness ratios (ICERs). For example, NICE and
CADTH report ICER’s well above willingness-to-pay limits, highlighting the need for significant
price reductions. The NCP Ireland and the Zorginstituut Nederland also highlighted high ICERs.
Despite the high cost, all of the health assessment agencies mentioned above have
recommended risdiplam for reimbursement (but with varying qualifications for this
reimbursement).

For example, despite their analysis of the high cost of risdiplam, both Canada and the UK offer
risdiplam under their public health systems, pursuant to special access plans and strict eligibility
requirements. The budget impact analyses, such as those from India and Colombia, point out
the financial burden of risdiplam but also suggest the potential for longer-term savings in the
form of healthcare resource utilization due to its oral administration. Overall, risdiplam does
present economic challenges at its current high price, but its ability to offer at-home treatment
makes it a valuable treatment for SMA.
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Section 11: Regulatory status, market availability
and pharmacopoeial standards

Regulatory status of the proposed medicine

Risdiplam is approved to treat patients two months of age and older with SMA in more than 100
countries and the dossier is under review in a further 13 countries as of June 2024 (47). In
several countries, regulatory agencies have updated and expanded the approval of risdiplam to
include babies under 2 months of age.

In 2022, the U.S. FDA was the first to approve risdiplam’s label extension (48). This expanded
indication was based on positive interim data from RAINBOWFISH (see the discussion of the
study under Section 8 non-randomized studies).

After the FDA, other regulatory agencies followed suit and similarly expanded risdiplam’s
approval, as of July 2024 these include:
e EMA (EU) (49);
Swissmedic (Switzerland) (50);
MHRA (UK) (51);
ANVISA (Brazil) (52);
Medsafe (New Zealand) (40).

Market availability of the proposed medicine

Risdiplam is available in many countries, with an intended market reach of 120 countries. There
are no generics available but large price discrepancies exist between countries, leading to some
patients and families traveling to countries that have a lower price for risdiplam and importing it
through personal importation. Additionally, many families have relocated their lives to countries
where treatment is accessible.

Roche and PTC Therapeutics, Inc. have filed numerous patents covering risdiplam. In the
U.S. FDA Orange Book, Roche lists two patents, each titled “Compounds for treating spinal
muscular atrophy” and each assigned to Roche and PTC Therapeutics (US9586955 and
US9969754).

To examine the patent status of risdiplam, we made use of both WIPO PCT applications, which
identify where patents have been filed at the national level, as well as identifying patents listed
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in Pat-INFORMED, another WIPO database. According to this data, see in Annex C, there are
67 different offices where patents have been filed titled “Compounds for threatening spinal
muscular atrophy,” which relate to risdiplam. While there are 67 distinct offices, this includes
both the European Patent Office and the Eurasian Patent Organization offices,* which add an
additional 44 and 9 countries, respectively. This means that Roche / PTC Therapeutics have
relevant risdiplam patents in 120 countries.

Some countries, such as Argentina, are not members of the PCT and were not listed as having
patents in Pat-INFORMED. As such, it is possible that these three databases do not account for
all the offices that have granted a patent titled “Compounds for treating spinal muscular
atrophy”. Additionally, besides the rights Roche and PCT Therapeutics have in patents, they
also have regulatory rights in test data, market data, and orphan drug exclusivity in several
justifications.

As mentioned in Section 6 of this application, KEI intends to pursue the de-risked development
of a generic version of risdiplam. As part of this process, KEI has initially asked Roche, on
multiple occasions, for a voluntary license to manufacture and sell a generic version of
risdiplam. Roche has denied our request on three separate occasions. Despite this rejection
and the wide-reaching patent landscape for risdiplam, KEI's risdiplam project will not be
hindered by existing exclusivities. Instead, the project can operate out of a jurisdiction where
intellectual property rights will not block the development and distribution of generic risdiplam.

Pharmacopoeial standards

Not listed in the International, British, European, or United States Pharmacopoeia.

Section 12: New EML category

The current structure of the EML is inadequate for addressing pricing and affordability issues
effectively. KEI has consistently urged the WHO to establish a category for essential products
that are inaccessible due to high prices, recognizing the crucial role of government intervention
in pricing.

The case of risdiplam exemplifies this need. Roche sells the drug at an exorbitant $108,000,000
to $225,000,000 per kg of API, resulting in an unsustainable cost for patients. However,
risdiplam can be produced at a fraction of this price. Listing risdiplam on the EML without

* The EPO provides examinations for 39 European member states, one extension state, and four
validation states. The EAPO members are the Republics of Azerbaijan, Armenia, Belarus, Georgia,
Kazakhstan, Kyrgyz, Moldova and Tajikistan, and the Russian Federation.
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addressing both Roche's high prices and the potential for lower generic costs disregards critical
concerns for payers and patients.

KEI has repeatedly called on the WHO to create an EML category for drugs that are medically
essential but financially out of reach:

e 2007, March 2. KEI asked the WHO Expert Committee on the Selection and Use of
Essential Medicines and the WHO Department of Medicines Policy and Standards “to
create a new category in the "WHO Model List of Essential Medicines' (EML) for products
that would be essential “if available from competitive generic suppliers at generic prices.”
(53)

e 2012, February 28. KEI submission to the WIPO Standing Committee on the Law of
Patents (SCP) on Patents and Health, asks WIPO members, “What would the WHO
EML look like if there was a new category for products that are cost effective if available
from generic suppliers?” (54)

e 2013, January 14. Proposal for the inclusion of trastuzumab in the WHO Model List of
Essential Medicines for the treatment of HER-2 positive breast cancer. KEI requested
the WHO Expert Committee on the Selection and Use of Essential Medicines to “identify
the measures that will be necessary to expand access to the drug at affordable prices,
including the measures necessary to overcome intellectual property barriers, a biosimilar
pathway for drug registration, including a WHO prequalification process for trastuzumab,
and also the efficient procurement strategies that have proved to be useful in bringing
down prices for HIV drugs.” (55)

e 2015, April 20. At the Open Session of the 20th Expert Committee on the Selection and
Use of Essential Medicines, KEI reiterated its proposal that the WHO create a category
in the EML for products that would be essential, if available at affordable prices. (56)

e 2016, December. A KEI proposal for the inclusion of enzalutamide in the WHO Model
List of Essential Medicines of the treatment of metastatic castration resistant prostate
cancer requested the WHO to “consider the cost effectiveness of the drug when
available from competitive generic suppliers.” (57)

e 2016. December. The KEI Proposal for The Inclusion Of Trastuzumab Emtansine
(TDM1) In the WHO Model List of Essential Medicines for the Treatment of HER2-
Positive Locally Advanced or Metastatic Breast Cancer stated: “For the WHO to consider
a recommendation on T-DM1, it is important to consider the possibility of biosimilar
products [...]". (58)

e 2017, March 27. A KEI statement at the 21st meeting of the WHO Expert Committee on

the Selection and Use of Essential Medicines, asked for a new EML category for drugs
that are medically essential but face challenges regarding affordability, noting that
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governments and patients would take this as a signal to implement policies to make
these medically effective drugs affordable (59).

2017, October 13. KEI provided comments to WHO Director General Tedros on the Draft
Concept Note Concerning the WHO General Programme of Work. KEI noted that “The
WHO Expert Committee has been asked, several times, to create a category in the EML
for products that would be essential, if available at affordable prices. If drugs are
medically effective, but expensive, they should be placed in an EML category for drugs
that are medically essential but face challenges regarding affordability. Governments and
patients would take this as a signal to implement policies to make these medically
effective drugs affordable.” (60)

2019, January. Proposal for the inclusion of enzalutamide and abiraterone acetate in the
WHO Model List of Essential Medicines for the treatment of metastatic castration
resistant prostate cancer. KEI requested the WHO to “consider the cost-effectiveness
both for cases where the drugs are expensive, from the originator, and when the drugs
are less expensive from generic suppliers, including looking at reasonable scenarios for
generic prices falling over time.” (61)

2019, April 1. A KEI statement to the 22nd meeting of the WHO Expert Committee on
the Selection and Use of Essential Medicines states “[i]f drugs are medically effective,
but expensive, they should be placed in an EML category for drugs that are medically
essential but face challenges regarding affordability. Governments and patients would
take this as a signal to implement policies to make these medically effective therapies
affordable. A system of medical guidance that consistently ignores or excludes new
drugs for cancer needs to be reformed, and new options for dealing with affordability and
access are needed if we are serious about achieving equality of health outcomes.” (61)

2020, December. Proposal for the inclusion of enzalutamide in the WHO Model List of
Essential Medicines for the Treatment of Metastatic Castration-Resistant Prostate
Cancer. KEI requested the WHO to “consider the cost-effectiveness for both cases:
when the drugs are expensive (from the originator), and when the drugs are less
expensive (from generic suppliers), including looking at reasonable scenarios for generic
prices falling over time.”(62)

2021, April 29. KEI made a presentation to the WHO Essential Medicines List Cancer
Medicines Working Group, noting “[t{ihe WHO EML evaluation deals with efficacy directly,
but prices indirectly, often on an ad hoc basis, or not at all, despite the relevance and
importance to users of the list.” KEI notes that “prices for products are not a state of
nature, policies can make a difference.” KEI proposes the WHO separate the evaluation
of efficacy and prices, and (1) Identify medicines that are useful medically, (2) include on
the EML main list products that are both medically useful and already affordable, and (3)
include a new category for products that are medically useful, but that may have high
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prices, and that should be added to a national list when and if measures are undertaken
to acquire products at affordable prices.” (63)

2021, June 21. KEI made a statement to the Open Session of the 23rd Meeting of the
WHO Expert Committee on the Selection and Use of Essential Medicines. The WHO
Expert Committee has been asked, several times, to create a category in the EML for
products that would be essential, if available at affordable prices. A pathway for
affordable antineoplastics would expand treatment options for patients, including the
inclusion of second-line treatments [...] If drugs are medically effective, but expensive,
they should be placed in an EML category for drugs that are medically essential but face
challenges regarding affordability. Governments and patients would take this as a signal
to implement policies to make these medically effective therapies affordable.” (64)

2022, January 26. KEl made a statement on the Political declaration of the third
high-level meeting of the General Assembly on the prevention and control of
noncommunicable diseases and WHQ’s roadmap for the global action plan for the
prevention and control of NCDs at the 150th session of the World Health Organization’s
Executive Board. KEI proposes the Executive board support the establishment of a
standing EML Working Group on pricing and consider a category for “effective but
expensive category of drugs, including policy interventions that can make products more
affordable.” (65)

2022. November 15. Proposal for the Inclusion of Risdiplam in the WHO Model List of
Essential Medicines for the Treatment of Spinal Muscular Atrophy. KEI noted that “[a]ny
decision to list risdiplam on the EML which does not recognize both the high price from
Roche and the opportunities for lower generic prices ignores two of the most important
facts relevant to third-party payers and patients.” (66)
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ANNEX A

Pediatric quality target product profile assessment and findings

Attribute Risdiplam Solutions (all doses)

Target population (age)

(0 to <12 years)

Dose and dose flexibility

Patient acceptability

0-5 years
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Patient acceptability

6—12 years

Excipient safety

Administration

Considerations

Stability, storage conditions, primary packaging material
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Registration status

ANNEX B

List of prices of Risdiplam across various countries.

Chemical | Country | Date [ Strength | Curren Price Price Conversion Price Price Reference
cy (Unit) (Total) (USD) (USD per
Unit)
Risdiplam | Australia | June 60mg/80 | AUD $10,841.89 | $10,841.89 | 0.66 $7,155.65 | $119.26 Link
18, ml
2024
Risdiplam Cyprus June 60mg/80 | EUR €8,895.82 |€8,895.82 |1.07 $9,518.53 | $158.64 Link
18, ml
2024
Risdiplam | China Octobe | 60mg/80 | RMB ¥3,780.00 |¥3,780.00 |0.14 $529.20 $8.82 (not public
r 10, ml price)
2024
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https://www.pbs.gov.au/medicine/item/12606L-12609P-12610Q-12614X
https://www.moh.gov.cy/moh/phs/phs.nsf/All/D715A6B6FC124276C2258AFB002C9B73?OpenDocument

Risdiplam Denmark | June 60mg/80 | EUR €10,246.84 | €10,246.84 | 1.07 $10,964.12 | $182.74 Link
18, ml
2024

Risdiplam Finland June 60mg/80 | EUR €9,242.83 |[€9,242.83 |1.07 $9,889.83 | $164.83 Link
18, ml
2024

Risdiplam Norway [ June 60mg/80 | NOK 82,913.30 |82,913.30 | 0.094 $7,793.85 | $129.90 Link
18, ml kr
2024

Risdiplam Norway [ June 60mg/80 | NOK 105,750.70 | 105,750.70 | 0.094 $9,940.57 | $165.68 Link
18, ml kr
2024

Risdiplam Slovenia | June 60mg/80 | EUR €7,537.77 |€7,537.77 |1.07 $8,065.41 | $134.42 Link
18, ml
2024

Risdiplam Malaysia | Octobe |60mg/80 [ MYR 40,400.00 |40,400.00 |0.233 $9,413.20 | $156.89 Link
r10, ml
2024

Risdiplam Netherla | June 0.75mg/ | EUR €752.55 €752.55 1.07 $805.23 $161.05 Link

nds 18, ml

2024
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https://www.medicinpriser.dk/default.aspx?lng=2
https://asiointi.kela.fi/laakekys_app/LaakekysApplication?kieli=fi
https://www.dmp.no/en/public-funding-and-pricing-of-medicines/pricing-of-medicines/maximum-price#List-of-products-with-maximum-prices-2
https://www.dmp.no/en/public-funding-and-pricing-of-medicines/pricing-of-medicines/maximum-price#List-of-products-with-maximum-prices-2
http://www.cbz.si/cbz/bazazdr2.nsf/Search?SearchView&Query=(%5BTXIMELAS1%5D=_Evrysdi*)
https://thesun.my/malaysia-news/baby-with-rare-disorder-in-need-of-lifesaving-treatment-KC10742787
https://www.farmacotherapeutischkompas.nl/bladeren/preparaatteksten/atc/M09AX10

Risdiplam | Switzerla | June 60mg/80 | CHF CHF7,956. | CHF7,956. | 1.13 $8,991.04 | $149.85 Link
nd 18, ml 67 67
2024
Risdiplam Switzerla | June 60mg/80 | CHF CHF8,409. | CHF8,409. | 1.13 $9,503.07 | $158.38 Link
nd 18, ml 80 80
2024
Risdiplam | Saudi June 60mg/80 | SAR SAR46,543 | SAR46,54 | 0.27 $12,566.72 | $209.45 Link
Arabia 18, ml 40 3.40
2024
Risdiplam France June 60mg/80 | EUR €9,201.61 |[€9,201.61 |1.07 $9,845.72 | $164.10 Link
18, ml
2024
Risdiplam | USA June 60mg/80 | USD $13,504.05 | $13,504.05 | 1 $13,504.05 | $225.07 Link
18, ml
2024
Risdiplam | Canada | June 60mg/80 | CAN $13,504.05 | $13,504.05 | 0.73 $9,857.96 | $193.97 Link
18, ml
2024
Risdiplam | Luxemb | June 60mg/80 | EUR €8,458.71 | €8,458.71 | 1.07 $9,050.82 | $193.97 Link
ourg 18, ml
2024
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https://www.spezialitaetenliste.ch/ShowPreparations.aspx?searchType=Substance&searchValue=Adalimumabum
https://www.spezialitaetenliste.ch/ShowPreparations.aspx?searchType=Substance&searchValue=Adalimumabum
https://www.sfda.gov.sa/ar/drugs-list?did=2870&sm=human
https://base-donnees-publique.medicaments.gouv.fr/extrait.php?specid=68009899
https://www.drugs.com/price-guide/evrysdi
https://www.ontario.ca/page/exceptional-access-program-product-prices
https://cns.public.lu/dam-assets/legislations/texte-coordonne/liste-positive/2406/2406-liste-comm.pdf

Patents listed in Pat-Informed for “Compounds for treating spinal muscular atrophy”

Jurisdiction

WIPO

Eurasian
Patent

Organization

European

Patent Office

Armenia
Austria
Australia
Azerbaijan
Belgium
Bulgaria
Brazil
Belarus
Canada
Switzerland

Chile

Publication
Number

W02015173181

3143025

3663296
2015261046
3663296

3143025
BR112016026205-0
2948561

3663296

Publication Date

2015-11-19

2017-03-22

2020-06-10
2019-04-18
2020-06-10
2017-03-22
2017-08-15

2020-06-10

Filing Date

2015-05-11

2020-12-18

2015-05-11

2015-05-11
2015-05-11
2015-05-11
2022-02-04
2015-05-11
2015-05-11
2015-05-11
2022-02-15
2021-05-20
2015-05-11
2015-05-11

Grant Date

2021-05-18

2019-10-09

2020-04-23
2023-05-17
2019-07-30
2022-03-21
2023-05-17
2019-10-09
2021-12-07
2022-03-15
2021-08-27
2023-05-17
2020-10-22

Risdiplam Luxemb | June 60mg/80 | EUR €8,712.47 | €8,712.47 |1.07 $9,322.34 | $193.97 Link
ourg 18, ml
2024
ANNEX C

Grant Number

35068

3143025

35068
3663296
2015261046
35068
3663296
3143025
BR112016026205-0
35068
2948561
3663296
60.786
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https://cns.public.lu/dam-assets/legislations/texte-coordonne/liste-positive/2406/2406-liste-comm.pdf

China
Colombia

Costa Rica

Czech Republic

Germany
Denmark
Algeria
Spain
Finland
France

United
Kingdom

Greece
Hong Kong
Croatia
Hungary
Indonesia
Ireland
Israel

India

Italy

Japan

Korea,
Republic of

Kazakhstan

CN106459092A

3143025

3663296
3143025
3663296
3143025
3663296

3663296

3663296
1230197
3663296
3143025
2017/11662
3663296

201647038542A

3663296

2017-515863

2017-02-22
2017-02-17
2017-02-17

2017-03-22

2020-06-10
2017-03-22
2020-06-10
2017-03-22
2020-06-10

2020-06-10

2020-06-10
2017-12-01
2020-06-10
2017-03-22
2017-10-20
2020-06-10
2017-02-03
2020-06-10
2017-06-15

2015-05-11
2015-05-11
2015-05-11

2015-05-11

2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11

2015-05-11

2015-05-11
2017-04-19
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11

2015-05-11

2022-08-03

2019-10-15
2018-06-14
2022-09-07

2019-10-09

2023-05-17
2019-10-09
2018-01-30
2023-05-17
2019-10-09
2023-05-17

2023-05-17

2023-05-17
2020-11-20
2023-05-17
2019-10-09
2019-05-13
2023-05-17
2020-12-01
2020-03-11
2023-05-17
2017-11-02

2021-05-18

2022-09-20

Z1.201580027306.9
33849
4241

3143025

602015083642
3143025

9797

3663296
3143025
3663296

3663296

3112681
HK1230197
P20230637
3143025
IDP000058655
3663296
270027
334397
3663296
6236173

10-2256013

35068
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Lithuania
Morocco
Mexico
Malaysia
Netherlands

Norway

New Zealand

Peru
Philippines
Poland
Portugal
Romania
Serbia

Russian
Federation

Sweden
Singapore
Slovenia
Slovakia
Turkey

Taiwan,
Province of
China

Ukraine

United States

3143025
3143025

3663296
3143025

W02015/173181
3663296
3143025
3663296
3143025

3663296

3663296
3143025
3663296

201609738

US-2021-0147447-A
1

2017-03-22
2017-03-22

2020-06-10
2017-03-22
2019-11-29
2017-03-16
2015-11-19
2020-06-10
2017-03-22
2020-06-10
2017-03-22

2020-06-10

2020-06-10
2017-03-22
2020-06-10

2016-03-16

2021-05-20

2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11

2015-05-11

2015-05-11
2015-05-11
2015-05-11
2015-05-11
2015-05-11

2015-05-14

2015-05-11

2020-11-16

2019-10-09
2019-10-09
2020-01-14
2020-04-01
2023-05-17
2019-10-09
2020-03-03
2021-08-26
2022-06-27
2023-05-17
2019-10-09
2023-05-17
2019-10-09

2022-06-07

2023-05-17
2020-06-02
2023-05-17
2019-10-09
2023-05-17

2019-08-01

2019-07-25

2023-11-28

3143025
3143025
371050
MY-174284-A
3663296
3143025
725008
10862
1-2016-502081
3663296
3143025
3663296
59718

40467

3663296
112016094971
3663296

3143025
TR2023/005919T4

1667239

119670

11827646
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Venezuela
Viet Nam
South Africa

2016-06-23

2015-05-18 2022-02-18 A059694
2015-05-11 2021-03-31 28203
2015-05-11 2022-05-25 2016/07026

Patents listed in Patent Scope under WO2013119916 “Compounds for treating spinal muscular atrophy”

Office
Australia
New Zealand
Canada
Israel
Philippines
Brazil

Chile

Costa Rica
Thailand

United States of
America

Japan
Mexico
Peru

European Patent
Office

Ecuador
Indonesia

Colombia

Entry Date
01.08.2014
04.08.2014
05.08.2014
05.08.2014
07.08.2014
08.08.2014
08.08.2014
08.08.2014
08.08.2014

08.08.2014
11.08.2014
11.08.2014
11.08.2014

03.09.2014
04.09.2014
08.09.2014
09.09.2014

National Number
2013216870
628186

2863874

233959
12014501786
112014019750
2014002100
CR2014-000376
1401004644

14377531
2014556711
MX/a/2014/009696
001250-2014

2013747100
2014-17269
IDP00201405359
14198817

Published Date
28.08.2014
29.08.2014

23.10.2015
23.01.2015

24.02.2015
10.01.2015

17.12.2014

18.03.2016
19.09.2014

Granted Date
16.11.2017
01.07.2016
16.02.2021
01.03.2018

07.03.2017

12.02.2018
27.02.2019

27.06.2018

19.05.2017
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Eurasian Patent
Organization

Ukraine

Philippines

Israel

Republic of Korea

Patents listed in Patent Scope under WO2015173181 “Compounds for treating spinal muscular atrophy

Office
Australia
New Zealand

European Patent
Office

Philippines
Colombia
Peru

Israel
Mexico
Chile
Costa Rica
Brazil
Canada
China

India

09.09.2014
09.09.2014
13.08.2018

Entry Date
07.10.2016
07.10.2016

17.10.2016

19.10.2016
21.10.2016
25.10.2016
31.10.2016
07.11.2016
08.11.2016
08.11.2016
09.11.2016
09.11.2016
11.11.2016
11.11.2016

201491505
a201409921
12018501711

254045

1020207020788

National Number
2015261046
725008

2015721701

12016502081
NC2016/0003234
002128-2016
248653
MX/a/2016/014547
2016002836
CR2016-000518
112016026205
2948561
201580027307
201647038542

30.01.2015

31.10.2017

04.08.2020

Published Date

27.10.2016
28.10.2016

22.03.2017

17.02.2017
16.03.2017
31.01.2017
09.03.2017
21.04.2017
21.02.2017

03.02.2017

30.04.2018
11.06.2018

Divisional
17.08.2017
Divisional
16.07.2020

Granted Date
22.08.2019
03.03.2020

14.06.2018
26.08.2021

14.01.2020

07.09.2022

15.10.2019
13.03.2020
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Japan
Thailand

Eurasian Patent
Organization

Ukraine

Republic of Korea
Serbia

Israel

Singapore

14.11.2016
14.11.2016

09.12.2016

13.12.2016
14.12.2016
29.11.2019

2016567816
1601006837

201692280

a201612716
1020217002966
P-2019/1541
270027
11201609497T

31.07.2018

08.02.2021

30.04.2020

25.07.2019
31.01.2020
Divisional 17.10.2019
02.06.2020
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