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G b W Safety and efficacy of intrathecal antibodies to Nogo-A in W i
patients with acute cervical spinal cord injury: a randomised,
double-blind, multicentre, placebo-controlled, phase 2b trial

Norbert Weidner, Rainer Abel, Doris Maier, Klaus Rohl, Frank Réhrich, Michael Baumberger, Margret Hund-Georgiadis, Marion Saur,
Jesus Benito-Penalva, Kerstin Rehahn, Mirko Aach, Andreas Badke, Jiri Kriz, Katalin Barkovits, Tim Killeen, Lynn Farner, Maryam Seif,
Micheéle Hubli, Katrin Marcus, Michael A Maurer, Bérénice Robert, Ridiger Rupp, Paulina S Scheuren, Martin Schubert, Christian Schuld,
Christina Sina, Bettina Steiner, Tanja Weis, Andreas Hug, Marc Bolliger, Nikolaus Weiskopf, Patrick Freund, Torsten Hothorn, Martin E Schwab,
Armin Curt, forthe Nogo Inhibition in Spinal Cord Injury Study Group*

Findings From May 20, 2019, to July 20, 2022, 463 patients with acute traumatic cervical spinal cord injury were
screened, 334 were deemed ineligible and excluded, and 129 were randomly assigned to an intervention (80 patients
in the NG101 group and 49 in the placebo group). The full analysis set comprised 78 patients from the NG101 group
and 48 patients from the placebo group. 107 (85%) patients were male and 19 (15%) patients were female, with a
median age of 51-5 years (IQR 30-0-60-0). Across all patients, the primary endpoint showed no significant difference
between groups (with UEMS change at 6 months 1-37 [95% CI -1-44 to 4-18]; placebo group mean 19-20 [SD 11-78]
at baseline and 30-91 [SD 15-49] at day 168; NG101 group mean 18-23 [SD 15-14] at baseline and 31-31 [19-54] at
day 168). Treatment-related adverse events were similar between groups (nine in the NG101 group and six in the
placebo group). 25 severe adverse events were reported: 18 in 11 (14%) patients in the NG101 group and
seven in six (13%) patients in the placebo group. Although no treatment-related fatalities were reported in the NG101
group, one fatality not related to treatment occurred in the placebo group. Infections were the most common adverse
event affecting 44 (92%) patients in the placebo group and 65 (83%) patients in the NG101 group.

Interpretation NG101 did not improve UEMS in patients with acute spinal cord injury. Post-hoc subgroup analyses
assessing UEMS and Spinal Cord Independence Measure of self-care in patients with motor-incomplete injury
indicated potential beneficial effects that require investigation in future studies.
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. The STRIDE-Lab

—

STRIDE-Lab

Natural language processing for drug
development from animal studies to clinical trials
to regulatory approval

" Methods:
-+ Evidence synthesis
« Data pipelines with Natural language
processing (NLP) and large language models

Impact:

1. Improve efficiency and safety of drug dev
2. Reduce unnecessary animal testing

3. Increase transparency and reproducibility

STRIDE-Lab webpage



https://stride-lab.pages.uzh.ch/website/
https://stride-lab.pages.uzh.ch/website/
https://stride-lab.pages.uzh.ch/website/

What is medical data science?
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& What is medical data science? e

The discipline of making medical data useful

Descriptive analysis Get inspired
Machine learning/Al Make recipe (hypothesis-generating)
Statistics Decide wisely (hypothesis-testing)



Substantive
Expertise

Medical Research




“ The Al hype e

SELF-DRIVING, RADIOLOGISTS '  RADIOLOGISTS

INREGULAR CARS
CARSIN2YEARS OBSOLOLETE -t o o WoRK

INOYEARS




Die wie vielte KI-Welle reiten wir aktuell?
A. Die Erste.

‘ C. Die Funfte. \
. Die Siebte.
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The current Data science/Al wave is part of a 30-year tide 7 e

1970-80s
1st generation

of medica/ Al

The ‘Al
Winter’ -l:'f.':f; "? cal ".',",?-,, ; ‘ '» »
& ||tk 2nd generation

of medical Al

Late 2000s 7 — N 3rd generation
Machine Vision algorithms of medical Al

LLM and

GenAl for

chatbots
Late 2010s 2020s

Slide adjusted from James Teo
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1. Systematic Review

UNIVERSITAT



What is a systematic review?

UNIVERSITAT

A systematic review is a research summary that addresses a focused

guestion using explicit methods.

14

O 1 DEFINE A SPECIFIC RESEARCH O 6 SCREEN FULL TEXTS
QUESTION FOR RELEVANCE
02 DEFINE YOUR TEAM 07 EXTRACT DATA FROM STUDIES
O 3 CONDUCT A LITERATURE O 8 ASSESS THE RISK OF BIAS
SEARCH
O 4 WRITE AND REGISTER O 9 DRAW CONCLUSIONS
A PROTOCOL FROM YOUR DATA
O 5 SCREEN ABSTRACTS 1 O MAKE YOUR SR PUBLICLY
FOR RELEVANCE AVAILABLE
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Systematic
Reviews

Randomized
Controlled Trials (RCT)
/ Cohort Studies \
/ Case-Control studies \

/ Case Reports and Case Series \
/ Background Information, Expert Opinion \
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Stroke e
Volume 27, Issue 9, Seplember 1996; Pages 1453-1453 fimerican
hitps:/idoi.org/10.1161/01.5TR.27 9.1453 Association.
ART |C|—E TABLE 1. Study Characteristics N\
Time Route
1 1 i 1 1 1 Admin, Type of of Outcome
A RandoleEd Tnal Of Tlrllazad Mesylate In Patlents Wlth Author Year Drug Species Sex N (C) N (Rx) Dose Range min Anaesthetic Ischemia Delivery  Measure(s)
Acute Stroke (R ANTTAS) Alessandri 2000 Tirllazad  Rat Male 6 6 29 mg/kg\ 15 Halothane  Permanent v Infarct
Volume
. Beck 1991 Tirilazad Rat Unknown 12 10 4-40 mg/kg -30 Halothane Permanent P Infarct
on behalf of The RANTTAS Investigators Volume
Gross 1997  Tirilazad Rabbit Both 8 8 3 ma/kg 210 Ketamine Thrombotic v Infarct
Volume
ABSTRACT: Background and Purpose Tirilazad mesylate, a nonglucocorticoid 21-aminosteroid Hellsttom 1994 Tirilazad ~ Rat Male 8 10 6 ma/kg 10 | Halothane  Permanent v \'/"{afct
- - - - S . - - olume
lipid peroxidation inhibitor, has shown promise as a neuroprotectant in experimental models of Neurological
- - S g S
focal cerebral ischemia.Methods To test whether early freatment with tirilazad, 6 mg/kg per " , g
. . Lythgoe 1990  Tirilazad Rat Male 7 7 26 mg/kg 10 Pentobarbital ~ Permanent 1\ Infarct
day for 3 days, would improve functional outcome after acute human stroke, 27 North Volume
American centers conducted a prospective, randomized, double-blinded, vehicle-controlled Oktem 2000  Tirlazad ~ Rabbit ~ Unknown 6 6 6 mg/kg 15 | Ketamine  Permanent IV \'/’;‘Iz;’fa
trial in patients with acute stroke treated within 6 hours of onset. The primary outcome Neurological
measures were disability as measured by the Glasgow Outcome Scale and activities of daily » _ _ _ o
o . Orozco 1995  Tirilazad ~ Rabbit ~ Unknown 10 10 3 mg/kg 120 JAcepromazine  Thrombotic Infarct
living by the Barthel Index determined 3 months after stroke Resulis From May 1993 through Volume
December 1994, 660 patients were randomized. The trial was prematurely terminated on the Park 1994 Tirllazad ~ Rat Male 7 7 1.89-18.9mgkg 15 | Halothane  Permanent v \}"{afct
R N . ) R R olume
advice of an independent monitoring committee after review of outcome data at a preplanned Neurological
interim analysis. In 556 fully eligible patients (276 tirilazad, 280 vehicle), the odds ratio of a _ 3 _ Haop
. o } Schmid- 1998  Tirilazad Rat Male 10 10 6 mg/kg —15 Halothane Reversible v Infarct
favorable outcome in favor of tirlazad was 0.87 (95% confidence interval [C1], 0.60 to 1.25) for Elaesser Volume
the Glasgow Dutcome Scale and UB? (95% Cl 060 to 1_25} for the Barthe' |ndex aﬁ:er Schmid-  1999b  Tirilazad Rat Male 10 10 6 mg/kg -20 Halothane Reversible 1\ Infarct
) ) b o - . . ! Elaesser Volume
adjustment for imbalances between the groups in preexisting disability, prior stroke, and Neurological
diabetes Conclusions These observations suagest that firilazad. 6 ma/kg per day for 2 days | ) | Score
o o . ; Schmid-  1999a  Tirilazad Rat Male 10 10 6 mg/kg -15 Halothane Reversible v Infarct
administered beqginning at a median of 4.3 hours after stroke, does not improve overall Elaesser Volume
functional outcome. o o

Sena et al., Stroke, 2007



https://doi.org/10.1161/01.STR.0000254462.75851.22
https://doi.org/10.1161/01.STR.0000254462.75851.22
https://doi.org/10.1161/01.STR.0000254462.75851.22

2. Large Language Models (LLMs)



A computational model
capable of “understanding”
and generating human
language, performing tasks
like text generation,
translation, summarization,
and classification.
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Model size (Billion)
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2017
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Ts Turing-NLG

178

Megatr
-Turing
5308

OPT BLOOM
1758

Chinchilla
708

He et al., Arxiv, 2024
(L)LM = (Large) language model
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How successful is drug
development from animals to
humans?

UNIVERSITAT



Wie viele Medikamente, die am Tierversuch erfolgsversprechend
wirken, erhalten letztlich die Zulassung fur den Menschen?

A. 1%
B. 5%
C.10%
D. 20%

20
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Animal-to-human translation

Preclinical testing

%

f,, \\\\ Clinical testlng
: Phase 1 N Phase 2 Phase 3 Phase 4
3 3 1
: : : seee
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Proportion of successful translation  w=

367 therapies
954 unique diseases
6736 observation years

Preclinical testlng

Clinical testing

Phase 1 Phase 2 Phase 3

Phase 4

KC‘ i 2 1 1)

c‘ 598 )20
— 008/ seee
@5@ z 6))@@; ® / e

o%@

100

Percentage (%)
(&) ~
o (6)]

N
(&)}

o

Clinical trial

40

RCT (FDA) approval

After 10 years: Only 1 in 20 drugs reaches approval for human

22

use

Ineichen et al., PLoS Biol, 2024



Results: proportion of translation per category ...

C. Nervous system diseases D. Mental health disorders
100 100
o /° o !
B. Circulatory system diseases 2 2
€ 50 € 50
100 § §
— Q25 Q 25
*
Py 75 0
E Clinical trial RCT (FDA) approval Clinical trial  RCT (FDA) approval
GC’ >0 34
g 29 E. Musculoskeletal diseases F. Cancer
o 25
1 100 100
0 2 2
Clinical trial  RCT (FDA)approval g ° o
4] 4]
S 50 S 50
o o
0 0
Clinical trial  RCT (FDA) approval Clinical trial RCT (FDA) approval

Translational proportions are different in different biomedical fields

Ineichen et al., PLoS Biol, 2024
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Economist Science & technology

Blick | Only 5% of therapies tested on
ORF animals are approved for human
IS\ s.wom.REPOR'r u Se

Franffurter Allgemeine

More rigorous experiments could improve those odds

After 10 years: Only 1 in 20 drugs reaches approval for human
use

24 Ineichen et al., PLoS Biol, 2024



I / SALUTESBENESSERE / Sanita

Solo 20% dei nuovi farmaci raggiunge
approvazione per uso umano

Studio pubblicato sulla rivista Plos Biology




Why is that?
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Use case 1: Identifying systemic
problems in psychedelic anlmal
research

Brian Allen



Challenges in animal research testing -
psychedelic substances

Number of studies

F. Substance

LSD
5-MeO-DMT

Ibogaine
Mescaline
Psilocybin

DMT
Salvinorin A
Psilocin
Noribogaine

MeO-MiPT

-
o
o

200 300
Number of studies

28 Allen et al., manuscript submitted



¢ Challenges in animal research testing -
psychedelic substances

C. Animal sex

male
Not reported
both

female

0 200 400 600
Number of studies

29 Allen et al., manuscript submitted



Low rigour of animal studies testing S
psychedelic substances

Randomization

Animal welfare statement

Conf. of interest statement

Blinding

Industry involvement

Conf. of interest reported

Sample size calculation

ARRIVE guidelines

30

o
o
S

0.25 0.50

0.75

Percentage

Risk of Bias [ No (High risk)

Unclear || Yes (Low risk)

-
o
o

Allen et al., manuscript submitted



¢ Questionable dosing of psychedelic —
substances

a Dose range of psychedelic animal studies (all studies)

. S aoge o ® e ® o L .
LSD e . I R .
- L ] L] -
0 2 4 53 a8 10

Human-equivalent dose (mg/70kg)
* 26 observations exceed 10 mg/70kg

“8p..0% o L e, .
Psilocybin % "| L Y . e % =
: v L]

0 10 20 30 40 50
Human-equivalent dose (mg/70kg)
* 9 observations exceed 50 mg/70kg

[

L
DMT %c“—f"';i'l,".

[=]
o
[=]

100 150 200 250
Human-equivalent dose (mg/70kg)
* 4 observations exceed 250 mg/70kg

Percentage of animal studies

. Above clinical range

. In clinical range
Below clinical range

31 Allen et al., manuscript submitted
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Questionable dosing of psychedelic
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b
u

substances

b Dose range of psychedelic animal studies (last decade)

tso| ¥ oS ’
5 N W ——
:g_o. L] ’ » @ L]
0 2 4 6 8 10
Human-equivalent dose (mg/70kg)
* 2 observations exceed 10 mg/70kg
. . ® L] mc: .. [ . a 8
o — »
Psilocybin —oﬂ—u—qq. W I . . 7
0 10 20 30 40 50
Human-equivalent dose (mg/70kg)
* & observations exceed 50 mg/70kg
o -
._. L] @ [ o
DMt rl_le: "% g
0 50 100 150 200 250
Human-equivalent dose (mg/70kg)
* 3 observations exceed 250 mg/70kg
. Above clinical range
38% . In clinical range
Below clinical range
Percentage of animal studies
32

¢ Reasoning provided by authors for chosen dose

No reasoning

. Reasoning provided

82%

Allen et al., manuscript submitted
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Use case 2: Systematically
assessing timing of animal
studies in drug development

Pia Harvelid  Mia Schuster



FDA-approved drugs between 2011 and 2014

b )
q W ™™
Depression
Hypertension
e N cOoPD, bronchitis
medullary thyroid cancer
Diabetes, glycemic control
Organ transplantation
e N angioedema
Basal cell carcinoma
glaucoma, intraocular pressure
. - erectile dysfunction
62 drugs identified e, o), e
colon cancer
23 excluded (non- Vi ol 122 e G
; vitreomacular adhesion
drugs, withdrawn, or chro myeo leckemia, sukeria
i i medullary thyroid cancer
* Discontinued) T T - . =(r2cis, Anhrax
. 3 excluded (no Pasireotioe ____ owa
hypercholesterolemia, dyslipidemia
eligible articles T 0205, yceri control
cancer
identifed) e Dpcssion
. menopause
-> 36 d ru g sSin CI u d ed Pulmonary Hypertension, pulmonary arterial hypertension
_ Pulmonary Hypertension, pulmonary arterial hypertension
Mucopolysaccharidosis
hypotension, dizziness, lightheadedness
lipodystrophy, leptin deficiency
_ lymphoproliferative disorders, Castleman
myocardial infarction, peripheral arterial disease, stroke, coronary artery disease
lymphoma, cancer
onychomycosis, fungus
leukemia, cancer
COPD, bronchitis
antibiotic
e A siep problems, insomnia
e N Gaucher, accumulation disease
nausea, vomiting
pulmonary fibrosis

34 Harvelid et al., manuscript in preparation
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Included studies

Identification

Screening

UNIVERSITAT
BERN

Records identified from:
Databases (n =21'734)
EMBASE (n = 11'736)
PubMed (n = 9998)

Records removed before screening:

Duplicate records removed
(n=4711)

Records screened
(n=17°023)

Records excluded (n = 13'884):

By a human (n = 13’884)
By an Al tool (n = 0)

Reports assessed for eligibility
(n=3'139)

Reports excluded (n = 1'547)
By a human (n = 1'547)
By an Al tool (n = 0)

Studies included in synthesis (n

= 1'592)

Harvelid et al., manuscript in preparation



Pirfenidone
Oritavancin
Olodaterol
Netupitant
Metreleptin
Idelalisib
Elosulfase
Eliglustat
Belinostat
Vortioxetine
Riocigutat
Ra223
Macitentan
Bazedoxifen
Alogliptin
Vismodegib

Avanafil
Afilbercept
Aclidinium
Vilazodone
Vandetanib
Roflumilast
Linagliptin
Icatibant
Belatacept
Azilsartan
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1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year
Animal studies © FDA approval

84% of animal studies published
after regulatory approval
(1345/1592 studies)

If considering a time gap of
3 years post-approval:
67% published after regulatory
approval (1063/1592 studies)

Harvelid et al., manuscript in preparation



¢- lesting efficacy as common reason for .
post-approval animal studies

B. Post-approval studies: reasons
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22% of post-approval animal studies conducted
37 exclusively for efficacy reasons



Animal effect sizes are not associated . ..

10

Hedge's G

-10

38

with clinical drug value

high

low

Drug

<]

® © ¢ o o

Aclidinium
Afilbercept
Alogliptin
Azilsartan
Belatacept
Cabozantin
Elosulfase
Icatibant
Idelalisib
Metreleptin
Oritavancin
Pasireotide
Ra223
Riocigutat
Vorapaxar

Harvelid et al
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Where is this Going?

UNIVERSITAT



G The problem: skyrocketing evidence... uw:

D Original Studies

Number of publications

DD K wevvvneeereminiiiiete ettt st it e s ba bbb e e s habL LS £ sS4 h 4 e e 4L a4 e o 4 s bd L E S ee S S ebL L EESLe e e es shbas e aee e baa s saeeesoes
FOO K cereieerereeerer et ese e se st e s bttt B o OO
0k Wﬂ_mn""m-’"”m
1942 1962 1982 2002 2022
Year

40 Ineichen et al., Lab Animal, 2023



¢ What are (Large) language models (LLMs)? v’z

600 |
LM :
p— !
C : Iv!Tﬁritng
IQ I ﬂ
A computational model 0
capable of o :
“understanding” and N :
generating human @
language, performing O :
. . n 200
tasks like text generation, (@) opr | BLOOM
translation, = -
summarization, and g Memon 13 NS &
classification. or S am i | al
L ST e L T W
2017 2018 2019 2020 2021 2022 2023 2024
Year

He et al., Arxiv, 2024
41 (L)LM = (Large) language model



¢  Trialomics: Curating large scale data on drug v’
development

Which factors govern successful
development of drugs?

TrialSim

42
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Al for large scale assessment of animal-to-
human translation

Top 5 first_author_country first author_country - share over time
100%r
: . +14k —— China
China  UsSA
80%_ _12k — Japan
S 60%- G —— Germany
e -8k © ---- Total articles
S 40%- -6k
o o
Korea . & Lak F
0/, 4
20% ok
Germany l
' 0% 0k
< Ok 25k 50k 75k 2000 2020

Number of articles Year
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Al for large scale assessment of animal-to-

human translation

sex-male

sex-not-reported

sex-female

sex-both

Top 5 animal_sex values

Ok

mouse
rat
species-other

mouse, rat .

rabbit I

50k 100k
Number of articles

Top 5 animal_species values

150k

Share of articles (%)

Ok
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How to improve drug testing in

animals?

a

Multivariable Logistic Regression

. p-value
Species (count) 1 e p<0.001

Strains (count) -
Assays (count) -

Both sexes (binary) -

Blinding (proportion) -

o p=0.096

I
o p=0.199

|

I
—e—— p=0.425

Randomization (proportion) 1

—e—— p=0.644
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L
0.75 1.00 1.50 2.00
Odds ratio (log scale)

13.04.2026 12:24
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¢ Conclusions -

« Animal research is (still) important.
 There are systemic problems in animal research.

« Animal research should overall be more rigorous to optimize value for
human health and credibility.

« Al as critical tool to understand drug development and to make it more
evidence-based.

Recommendation:
1. Training and awareness

2. Connecting animal and human researchers (reverse translation?)

46



Quiz
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