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Disclaimer
This presentation contains forward-looking statements within the meaning of the United States Private Securities Litigation Reform Act of 1995.
Forward-looking statements can generally be identified by words such as “potential,” “can,” “will,” “plan,” “may,” “could,” “would,” “expect,”
“expectation,” “pending,” “anticipate,” “commitment,” “next steps,” “expected,” “recommended,” “conditional approval,” “upcom ing,” “launch,”
“initiated,” or similar terms, or by express or implied discussions regarding potential marketing approvals, new indications or labeling for Zolgensma
or AVXS-101 IT, or regarding potential future revenues from Zolgensma or AVXS-101 IT. You should not place undue reliance on these statements.
Such forward-looking statements are based on our current beliefs and expectations regarding future events, and are subject to significant known and
unknown risks and uncertainties. Should one or more of these risks or uncertainties materialize, or should underlying assumptions prove incorrect,
actual results may vary materially from those set forth in the forward-looking statements. There can be no guarantee that Zolgensma or AVXS-101
IT, will be submitted or approved for sale or for any additional indications or labeling in any market, or at any particular time. Neither can there be
any guarantee that the partial clinical hold on AVXS-101 IT will be resolved in the expected time frame, or at all. Nor can there be any guarantee that
Zolgensma or AVXS-101 IT will be commercially successful in the future. In particular, our expectations regarding Zolgensma and AVXS-101 IT
could be affected by, among other things, the uncertainties inherent in research and development, including clinical trial results and additional
analysis of existing clinical data; regulatory actions or delays or government regulation generally; global trends toward health care cost containment,
including government, payor and general public pricing and reimbursement pressures and requirements for increased pricing transparency; our
ability to obtain or maintain proprietary intellectual property protection; the particular prescribing preferences of physicians and patients; general
political, economic and business conditions, including the effects of and efforts to mitigate pandemic diseases such as COVID-19; safety, quality,
data integrity or manufacturing issues; potential or actual data security and data privacy breaches, or disruptions of our information technology
systems, and other risks and factors referred to in Novartis AG’s current Form 20-F on file with the US Securities and Exchange Commission.
Novartis is providing the information in this presentation as of this date and does not undertake any obligation to update any forward-looking
statements contained in this presentation as a result of new information, future events or otherwise.
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SMA is a rare genetic disease that leads to rapid and irreversible
loss of motor neurons, affecting muscle functions
Spinal muscular atrophy (SMA) is caused by a lack of a functional survival motor neuron (SMN1) gene1
Severity varies by type and corresponds to the number of copies of the back-up gene (SMN2)2
Presymptomatic

Degeneration and loss of motor
neurons start shortly before birth and
escalates quickly

Type 1 (60%)

1,4

1-2 copies of SMN2

90% of babies with untreated Type 1
need permanent breathing support or
die by their second birthdays5

It is imperative to diagnose SMA and
begin treatment as early as
possible to halt disease progression3

Type 2 (30%)

1,4

3-4 copies of SMN2

Symptoms are disabling and appear
between six and 18 months of age6
More than 30% will die by age 257

>95% motor neuron loss by 6
months of age1

Type 3 (10%)1,4
3-4 copies of SMN2

Symptoms typically appear in early
childhood to early adulthood6
They may lose the ability to stand or
walk without support6

1. Finkel RS, et al. Observational study of spinal muscular atrophy type I and implications for clinical trials. Neurology. 2014;83(9):810-7. 2. Lorson CL, et al. Spinal muscular atrophy: mechanisms and therapeutic strategies. Hum Mol Genet.
2010; 19(R1): R111-8. 3. Soler‐BotijaC, et al. Brain. 2002;125(7):1624-1634. 4. OginoS, et al. American journal of medical genetics. 2002;110(4):301-307. 5. Anderton RS and Mastaglia FL. Advances and challenges in developing a
therapy for spinal muscular atrophy. Expert Rev Neurother. 2015;15(8):895-908. 6. Farrar MA, et al. Emerging therapies and challenges in spinal muscular atrophy. Ann Neurol. 2017;81(3):355-368. 7. Darras BT, Finkel RS Spinal
Muscular Atrophy. Chapter 25 - Natural History of Spinal Muscular Atrophy. October 2016.
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A one-time therapy designed to address the genetic
root cause of SMA

x1
Provides a functional
copy of the human
SMN gene to halt
disease progression
through SMN protein
expression1

Delivered as a single,
one-time dose
designed to provide
long-term benefit

Clinically transformative
impact, showing
prolonged survival and
achievement of motor
milestones never seen
in natural history of
disease1,3,4,5

Single administration
may provide reduced
burden on the caregiver

One-time infusion
avoids long-term
chronic therapy
administration

1. Mendell JR, et al. New Eng J Med. 2017;377(18)1713-1722.
2. Farrar MA, et al. Ann Neurol. 2017;81(3):355-368. 3. Scutlz M, et al. AVXS-101 Gene-Replacement Therapy (GRT) in Presymptomatic Spinal Muscular Atrophy (SMA):
Study Update. May 2019. 4. Finkel R, et al. Phase 1 Study of Intrathecal Administration of AVXS-101 Gene-Replacement Therapy (GRT) for Spinal Muscular Atrophy Type 2 (SMA2) (STRONG). May 2019 5. Day J, et al. AVXS-101 GeneReplacement Therapy (GRT) for Spinal Muscular Atrophy Type 1 (SMA1): Pivotal Phase 3 Study (STR1VE) Update. May 2019.
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MHLW approved Zolgensma in Japan with label
consistent with the FDA
Indication

Target patient population

The treatment of spinal
muscular atrophy (SMA)
in patients under the age
of two, including those
who are pre-symptomatic
at diagnosis

 Genetic diagnosis of SMA (up to
3 copies of SMN2) regardless of
type

6

 Symptomatic or pre-symptomatic
 Expect 15-20 patients to be
eligible for treatment each year
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Next steps

Reimbursement with MHLW
is expected by the end of
1H20 and, pending
agreement, Zolgensma will
be available at that time

CHMP recommended Zolgensma® for conditional
approval for babies and young children with SMA
Indication

Target patient population

Patients with 5q spinal muscular atrophy
(SMA) with a bi-allelic mutation in the
SMN1 gene and a clinical diagnosis of
SMA Type 1, or

 Genetic diagnosis of SMA (up to 3 copies
of SMN2) regardless of type

Patients with 5q SMA with a bi-allelic
mutation in the SMN1 gene and up to 3
copies of the SMN2 gene
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 Symptomatic or pre-symptomatic
 Product presentation at launch will cover
patients weighing up to 21 kg

Significant addressable population in Europe
Yearly incidence

Prevalent population

Type 1

Type 2

Type 3

Type 1

Type 2

Type 3

330-360

165-180

55-60

1,540-1,680

5,610-6,120

3,850-4,200

Weight by age (years) for SMA Type 2 according to PNCR
Weight

N

Min

Median

Max

Mean

6 – <9 kg

5

1

1.16

1.75

1.28

9 – <12 kg

27

0.83

2.33

4.5

2.31

12 – <15 kg

59

1.33

4.25

8.08

4.08

15 – <18 kg

44

2.42

5.75

8.5

5.51

18 – <21 kg

41

4.5

7.42

13.42

7.64

WHO growth charts indicate
median age for 21kg is
approximately 6 years of age

PNCR, Pediatric Neuromuscular Clinical Research. PNCR Database: Weights (kg) by Patient Ages (Months) for SMA Types I, II, and III All Visits. Accessed March 13, 2020. WHO, World Health Organization. Growth reference 5-19 years.
Weight-for-age (5-10 years). Accessed March 29, 20.
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Positive regulatory action based on robust
Zolgensma clinical trial program, updated at MDA
Long-term follow-up
20/22 event-free survival at 14
mos & 13 patients sat for ≥30
secs at 18 months.
9/22 achieved “ability to thrive” the most stringent endpoint for
SMA Type 1
 19 patients (86.4%) did
not receive nutrition through
any non-oral method
 14 patients (63.6%)
maintained weight
 12 patients (54.5%) were
able to tolerate thin liquids.

Completed study met co-primary
efficacy endpoints and demonstrated
the “ability to thrive”

9

Mean age was 4.8 years
(4.3 –5.6) and the mean time
since gene therapy was
4.5 years (4.1 –5.2).
No patient who was free of
ventilatory support at the end
of the study has initiated new
mechanical respiratory support.

Cumulative
Safety
Safety data from 335 patients
across all clinical investigations
of IV Zolgensma, the U.S.
managed access program,
commercial patients, and the
RESTORE global registry was
consistent with previously
observed safety data.

6/10 patients (60%) do not
require regular, daily respiratory
support more than four years
after dosing.

Sustained durability now up to 5 years
post-dosing and up to 5+ years of age
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Nearly all patients were free of
ventilatory support of any kind.
All patients were fed orally and
most were within gender & ageappropriate weight range.
All 2-copy patients achieved or
maintained a CHOP INTEND
score of ≥50, and 13 patients
achieved a score ≥58.

Remaining patients are still
within the normal development
window for these milestones.

Safety profile consistent with
previously-reported safety information

Presymptomatic babies achieved
age-appropriate motor milestones

In the 2-copy cohort of SPR1NT, so far nearly all patients
achieved independent sitting and 4 achieved independent
walking within the age-appropriate windows
Sits independently
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Walks independently

One-time gene therapy may replace burden of
chronic treatment on healthcare systems in Europe
 Cumulative estimated healthcare costs per child
ranges between €2.5 to €4 million within the first
10 years alone

 Chronic therapy can cost healthcare systems
tens of millions of dollars over a patient’s lifetime
 In many cases in Europe the current cost of
care, including chronic treatments, are already
being covered/reimbursed by health systems

Zolgensma® could reduce
the long-term financial
burden on healthcare
systems

by replacing repeat, lifelong
therapies with a single,
one-time treatment

1. Anderton RS and Mastaglia FL. Expert Rev Neurother. 2015;15(8):895–908. 2.Farrar MA, et al. Emerging therapies and challenges in spinal muscular atrophy Ann Neurol. 2017;81(3):355–368. 3.Estim. 10-year cumulative SMA costs for
major EU markets based on available data including local healthcare resource utilizations studies, local databases and public information from previous SMA therapy economic assessments, as of February 21, 2020.
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To support urgent need to treat, AveXis offering
innovative “Day One” access program in Europe
The “Day One” access program
offers ministries of health and
reimbursement bodies
(in countries without pre-existing
early access pathways) a variety
of flexible, payment options that
can be implemented immediately
at time of approval. Program is
meant to ensure the continued
integrity of local pricing and
reimbursement frameworks.
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Retroactive rebates ensuring early access costs are
aligned with negotiated prices following local clinical and
economic assessment processes

Deferred payments and installment options allowing
reimbursement bodies to manage budget impact during the
early access phase
Outcomes-based rebates negotiated following clinical and
economic assessments can be applied to patients treated
during the early access period
Robust training for treating institutions on administration
and follow-up care
Access to RESTORE, a global SMA registry of patients who
have been diagnosed with SMA that draws upon existing
country registries

AVXS-101 IT / STRONG Trial

Significant unmet need for patients with later onset
forms of SMA despite SMN2 modifying therapies
Existing therapies and those in development have limitations

Work on the
back-up
SMN2 gene

Not all patients
achieve full
clinically meaningful
response
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Require chronic
use for person’s
lifetime

Risks and
compliance
challenges with
administration

Unknown effects
of long-term use

STRONG designed to evaluate safety and efficacy
of AVXS-101 IT in patients with SMA Type 2

SMA patients with 3
copies of SMN2 who
were between 6 and
60 months of age at
the time of dosing

Dose A, n=3
6.0E13 vg
(enrolled)
Follow-up for 12
months post-dose
Dose B, n=25
1.2E14 vg
(25 enrolled)

Dose C, n=4
2.4E14 vg
(4 enrolled)

End of
study

Follow-up for 15
months post-dose

Study currently on clinical hold
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Primary Endpoints
 Safety (AEs)
 Efficacy
- ≥6 months and <24 months
Standing alone (Bayley #40)
- ≥24 months and <60 months
Change from baseline in
HFMSE
Secondary Elements
 Efficacy
- Both age groups:
Walking alone, defined as
taking at least 5 steps
independently

Hammersmith scale is “gold standard” for
measurement of progress in SMA patients >2 years
SMA Types 2
and 3 Motor
Function tests

SMA Type 2 Motor
Function test

HFMSE

Hammersmith functional Motor Scale expanded for SMA
Measures functional motor abilities in non-ambulant and ambulant individuals,
designed specifically for patients with SMA >2 years old 1-5

MFM32

Motor Function measure 32*
Measures motor function abilities and possible changes in very weak patients
aged 6 – 60 years4,6

BSID III

Bayley Scales of infant and toddler development third edition Motor Scales*
Measures control of muscle groups and range of motor functions in children
aged 1 – 42 months4,7,8

1. Mercuri E, et al. Neuromuscul Disord. 2016;26(2):126–131. 2. O'Hagen JM, et al. Neuromuscul Disord. 2007;17(9-10):693-697. 3. Sivo S, et al. Neuromuscul Disord. 2015;25(3):212-215. 4. Cure SMA. Best practices for physical
therapists & clinical evaluators in spinal muscular atrophy (SMA). 2019. Available at: https://bit.ly/3aneRgI. Accessed March 02, 2020. 5. The Pediatric Neuromuscular Clinical Research Network for SMA. Expanded Hammersmith Functional
Motor Scale for SMA (HFMSE). 2019. Available at: https://bit.ly/2VBV09i. Accessed March 03, 2020. 6. Montes J, et al. Neuromuscular Disorders. 2017;27(10):964 – 969. 7. Burakevych N, et al. Dev Med Child Neurol. 2017;59(2):216–223.
8. Pearson. Bayley-III Scales of Infant Development Caregiver Report. Available at: https://bit.ly/39iBQJF. Accessed March 02, 2020.

16 AveXis Update | March 30, 2020 | Novartis Investor Presentation

AVXS-101 IT demonstrated remarkable 6-point
increases in Hammersmith scores
Least Squares (LS) Mean Analysis: Baseline to 12-month change in HFMSE total score

Primary Endpoint met
P=0.0021
Difference between LS means: 5.6
95% CI: 2.1 – 9.1

aThe

LS mean analysis based on a mixed model with repeated measurements (MMRM) with unstructured mean and within-subject error correlation, provides an accurate estimate of treatment effect. 1,2 The model includes the change from
baseline as the dependent variable, fixed effect of cohort (AVXS-101 and PNCR), visit, covariates of baseline HFMSE and age at baseline, and interactions of cohort age at baseline, baseline HFMSE visit, baseline HFMSE cohort, and cohort
visit. Each AVXS-101 dose was modeled separately. bOriginal study assumption (for power/sample size calculation): mean increase of 8 points in AVXS-treated patients. cThe PNCR natural history control group is used as the primary
“population matched” control cohort. CI, confidence interval; HFMSE, Hammersmith Functional Motor Scale-Expanded; PNCR, Pediatric Neuromuscular Clinical Research. 1. Mallinckrodt CH, et al. J Biopharm Stat. 2001;11:9–21. 2. Barnes
SA, et al. Pharm Stat. 2008;7:215–225.
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Hammersmith scores were rapid and sustained
with a 92% clinically meaningful response
Early and sustained increase in HFMSE observed

Dose B,
N=12
PNCR natural
history matched
control populationa
n=15

92%

Achieved ≥3 point
at any visit within
1 year

A 3-point increase in HFMSE is
agreed by experts to represent the
minimum change considered
clinically meaningful1–3
aA

population-matched control cohort was drawn from the PNCR Natural History dataset. The PNCR is a large natural history study developed from a cohort of 337 patients with any form of SMA followed at 3 large, internationally recognized
tertiary medical centers with significant expertise in the management of SMA (Harvard University/Boston Children’s Hospital, Columbia University, and the University of Pennsylvania/Children’s Hospital of Philadelphia). “n” is the number of
PNCR scoring available at comparable visits. HFMSE, Hammersmith Functional Motor Scale-Expanded; LS, least squares; PNCR, Pediatric Neuromuscular Clinical Research; SMA, spinal muscular atrophy; vg, vector genome.1. Swoboda KJ,
et al. PLoS One. 2010;5:e12140. 2. Swoboda KJ, et al. PLoS One. 2009;4:e5268. 3. Mercuri E, et al. N Engl J Med. 2018;378:625–635.
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Hammersmith increases reflect the preservation of
motor neurons connected to key muscle groups,
allowing for motor development
6-point change in HFMSE from baseline impacts between 3 and 6 skills
An increase in HFMSE can impact skills ranging from1:

3 completely
achieved skills
(2 points per skill)

Inability ➝ Partial (0 ➝1)
Partial ➝ Complete (1 ➝2)
Inability ➝ Complete (0 ➝2)

Sitting

Rolling

Transitions/Crawling

Transitions/Kneeling

6 partially
achieved skills
(1 point per skill)

Standing/Stepping

HFMSE, Hammersmith Functional Motor Scale-Expanded; SMA, spinal muscular atrophy. 1. Hammersmith Functional Motor Scale Expanded for SMA. 29 Mar 2019. http://columbiasma.org/docs/HFMSE_2019_Manual.pdf. Accessed 22 Mar
2020. 2. Swoboda KJ, et al. PLoS One. 2009;4:e5268. 3. McGraw S, et al. BMC Neurol. 2017;17:68.
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Gains were seen across all five domains of
motor function
Sitting

Rolling

Transitions/
Crawling

Transitions/
Kneeling

Standing/
Stepping

HFMSE item score gain during
study (0➝1, 1➝2)
HFMSE item score gain was
1 or 2 at baseline

HFMSE item score gain,
specifically from a 0➝2
during study
Bayley-III milestone gained
during study (video confirmed)
Rolls from back to sides
(item 20)
Stands with assistance
(item 33)
Walks with assistance
(item 37)

Bayley-III milestone
present at baseline

HFMSE Test items 28–33 Scored 0 in all patients. Patients ordered from highest to lowest baseline HFMSE. Bayley-III, Bayley Scales of Infant Development, Version 3; HFMSE, Hammersmith Functional Motor Scale Expanded; vg,
vector genome.
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STRONG reinforces potential best-in-category
profile for AVXS-101 IT for older SMA
 Transformational efficacy with a mean 6-point increase in Hammersmith, twice the
clinically meaningful threshold

 Robust response with nearly all (92%) achieving a clinically meaningful response
 Replaces chronic administration with a single, one-time dose

 Safety profile consistent with IV AVXS-101 program
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Next steps for the AVXS-101 IT program
 FDA (27th March) requested additional pre-clinical data to release the partial clinical hold
 Additional pre-clinical data requested expected to be generated in studies planned / initiated

 We plan to engage with FDA during Q2 to clarify scope of data required
 We plan to approach FDA for pre-BLA meeting based on recently presented STRONG data,
which confirms the positive benefit/risk of the IT formulation
 BLA submission timing: dependent on FDA feedback, could range from H2 2020 to 2021
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Milestones
Form 483 complete

Zolgensma®

FDA completed review of its August 2019 Form
483 response and classified the inspection as
Voluntary Action Indicated with no further
enforcement action necessary

EC decision confirming approval
expected by June 2020
Reimbursement expected by the end of
1H20, pending agreement
Others
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Decisions anticipated late 2020 or early
2021 in Switzerland, Canada, Australia,
Argentina, South Korea, Brazil

Q&A

Appendix

MDA data continue to demonstrate efficacy of
Zolgensma® across broad spectrum of SMA
Presymptomatic

Type 1

Ph 3, open-label, single-arm, multi-center
trial to evaluate safety and efficacy of IV
Zolgensma® in pre-symptomatic
SMA patients with 2 or 3 copies of
SMN2 <6 weeks

Ph 3, open-label, single-arm, single-dose,
multi-center trial to evaluate efficacy and
safety of IV Zolgensma® in
SMA Type 1 patients <6 months

Type 2
Long-term follow-up
Ph 1, open-label, dose-comparison, multicenter trial to evaluate safety and
tolerability of intrathecal (IT) AVXS-101 in
SMA Type 2 patients 6 months – 5 years
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Voluntary, ongoing, observational, longterm follow up study in patients from the
Ph 1 open-label, single-site trial to evaluate
safety and efficacy of IV Zolgensma® in
SMA Type 1 patients <6 months

