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Fibroblast activities are
related to outcome in PSC

- a target to treat
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Fibroblast and fibrillar collagen over growth

Epithelial cells
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The type lll collagen production and epitope

Pro-fibrotic signalling (e.g TGF-beta)
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Fibroblast and stellate cells produce the collagens
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Minor collagens more specific to myCAF subtypes
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ELF & PRO-C3 are dynamically modulated by
Aldafermin -
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Total primary bile acids
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Arun Sanyak & Hirschfield G et al, Journal of Hepatology 2018



Endogenous bile acids vs. PRO-C3 (ELISA)

Placebo+Treatment
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p=0.078
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Correlation of bile acid versus PRO-C3 (PSC)

Serum Bile Acids Correlate with Pro-C3

» Serum concentrations of individual bile acids, and conjugated
primary bile acids in particular, significantly correlated with Pro-C3

» The lack of correlation of serum bile acids with C4 likely reflects the
adaptive suppression of de novo hile acid synthesis in cholestasis in
this patient population

Week 12 Pro-C3 c4

P value P value r value P value
Conjugated primary bile acids
GCA 0.62 <0.0001 -0.03 0.83
TCA 0.52 <0.0001 -0.12 0.37
GCDCA 0.55 <0.0001 -0.25 0.06
TCDCA 0.46 0.0003 -0.28 0.032
Conjugated secondary bile acids
GDCA 0.31 0.020 0.27 0.038
TDCA 0.28 0.038 0.22 0.09
Unconjugated primary bile acids
CA -0.18 0.18 0.09 0.49
CDCA -0.21 0.12 -0.01 0.92
Unconjugated secondary bile acids
DCA -0.06 0.65 0.52 <0.0001
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Delta GCA versus delta PRO-C3

Potent suppression of hydrophobic bile acids b
aldafermin, an FGF19 analogue, across metabolic and
cholestatic liver diseases

Table 3. Correlation between changes in bile adds and changes in Pro-C3

in the pooled NASH and PSC populations.

Percent change in bile adds
from baseline to week 12

Percent change in Pro-C3
from baseline to week 12

rho p value
Authors Primary bile acids
Arun J. Sanyal, Lei Ling, Ulrich Beuers, Alex M. DePaoli, Hsiao D. Lieu, Stephen A. Harrison, Gideon M. Hirschfield Glycine-conjugated primary bile acids
GCA (pmolfL) 033 <0.001
Correspondence GCDCA (pmolfL) 025 <0,001
lling@ngmbio.com (L. Ling), arun.sanyal@vcuhealth.org (A.J. Sanyal). Taurine-conjugated primary bile acids
) . ) TCA (pmol (L) 016 0.02
Graphical abstract TCDCA (moljL) S S
Unconjugated primary bile acids
Potent suppression of hydrophobic bile acids by aldafermin, an FGF19 analogue, across metabolic and cholestatic liver diseases CA (pmolfL) 023 0.001
NASH bsc CDCA (pmol L) 017 001
Trtal alsine-roninaated hile acids Trtal alveine-roninaated hile acids Secondary bile acids
Glycine-conjugated secondary bile acids
GDCA (pmol /L) 034 <0.001
GLCA (pmoljL) 030 <0.001
Taurine-conjugated secondary bile acids
TDCA ( pmolfL) 0.31 <0.001
TLCA (pmol (L) -0.01 0.86
Unconjugated secondary bile acids
DCA (pmol (L) 036 <0.001
LCA (pmoljL) 030 <0.001

Data are presented as correlation coefficients. Values of p by Spearman’s method,

CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; GCA, glyco-
cholic acid; GCDCA, glycochenod eaxycholic acid; GDCA, glycodeoxyc holic acid ; GLCA,
glycolithocholic acid; LCA, lithocholic acid; TCA, taurochoelic acid; TCDCA, taur-
ochenodeoxycholic acid; TDCA, taurodeoxycholic acid; TLCA, taurolithocholic acid.




Change in bile acid versus PRO-C3 (NASH)
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Greater Reductions in Pro-C3 in
Histological Responders

# In a histology cohort of patients receiving NGM282 3 mg for 12 weeks
with paired biopsies, 63% of the patients improved NAS by two or more
points without fibrosis worsening, and 42% of the patients improved liver
fibrosis by one stage or more without worsening of steatohepatitis &

# Greater reductions in Pro-C3, but not in liver fat content, were observed
in histological responders (improve NAS 22 or fibrosis 21) than in non-

responders
Pro-C3 Liver Fat Content
Responders MNon-Responders Responders Non-Responders
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Baseline demographics - PSC
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WILEY ART Alimentary Pharmacology & Therapeutics

Serological markers of extracellular matrix remodeling predict
transplant-free survival in primary sclerosing cholangitis

M. ). Nielsen® | D. Thorburn® | D. ). Leeming® | J. R. Hov® | S. Nygard® |
B. Moum® | F. Saffioti®® | O. H. Gilia®> | K. M. Boberg® | G.Mazza® | H. Resjg’® |
M. Pinzani® | T.H. Karlsen® | M. A. Karsdal® | M. Vesterhus®®

*Herlev, Denmark
“London, UK
*0sla, Morway
*Messina, ltaly
“Bergen, Morway

“Lorenskog, Norway

Correspondence

Dr. M Vesterhus, Department of Internal
Medicine, Haraldsplass Deaconess Hospital,
Bergen, Morway.




54
QO
z
=
)
0]
O
m
=
a
=4
S
Z
L0

Study Intro PSC & UC cohort

Table 1. Baseline Characteristics of Primary Sclerosing Cholangitis (PSC) Patients

Derivation Panel Validation Panel
Transplantation-Free Transplantation/ Transplantation-Free Transplantation,”

Survivers Death P Survivors Death P
n 52 115 91 47
Males, n (%) 38 (73.1) 86 (74.8) NS 73 (B0.2) 34(72.3) NS
Mean age, years (95% Cl) 35.1 (31.4-38.8) 42.2 (39.8-44.6) 0.002 38.1 (35.4-40.9) 47.7 (44.1-51.2) <0.001
Age at diagnosis, years, 32.2 (13.8-70.1) 351 (13.2-70.0) NS 31.0 (14.5-65.8) 42.9 (20.7-71.5) 0.001

median (range)
PSC duration, years, median (range) 0.2 (0-20.9) 29 (—021t0 224) <0.001 0.6 (—0.6 to 29.0) 3.2 (0-26.5) 0.039
IBD ever, n (%)* 41 (B87.2) 98 (89.9) NS 70 (87.8) 32 (68.1) NS
Time of follow-up, years, 11.8 (7.2-20.1) 1.4 (0-17.5) <0.001 2.8 (0.53-4.29) 0.4 (0-3.9) <0.001
median (range)

Liver transplant, n (%) 0 85 (73.9) 0 33 (70.2)
Death as endpoint, n (%) 1] 30 (26.1) 0 14 (29.8)
Mayo risk score, median (range)* =017 (—224 10 291) 1.44 (—1.391to0 5.26) <0.001 —024(—237to 3.20) 1.40(—095 to 4.13) <0.001
Laboratory data
ALR U/L, median (range)*® 413 (124-1883) 741 (70-3100) 0.022 204 (51-1459) 314 (82-892) <0.001
ALR by ULN, median (range)* 2.5 (0.5-9.3) 3.5(0.7-15.9) 0.003 1.9 (0.5-13.9) 3.0 (0.8-8.5) <0.001
AST, U/L, median (range)* 57 (8-556) 108 (10-1012) 0.009 56 (16-1219) 100 (32-585) <0.001
ALT, U/L, median (range)* 110 (9-780) 108.5 (8-524) NS 74 (14-885) 99 (22-768) NS
Albumin, g/L, median (range)* 40 (22-50) 34 (15-486) <0.001 42 (28-50) 37 (23-48) <0.001
Total bilirubin, pmol/L, median (range)* 16 (5-227) 54 (5-567) <0.001 13 (3-175) 46 (5-532) <0.001
Creatinine, pmol/L, median (range)* 73.5 (51-98) 73 (41-218) NS 67 (39-91) 61 (37-111) NS
Platelets, l{lgjL, median (range)* 256 (10-756) 223 (35-879) 0.008 290 (65-903) 277 (22-759) NS

*Refers to subpopulations of (1) derivation panel transplant-free survivors, n = 44-49; (2) derivation panel transplantation/death, n = 81-109; (3) validation
panel transplant-free survivors, n = 83-90; (4) validation panel transplantation/death, n = 45-47.
ALF, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IBD, inflammatory bowel disease; NS, not significant (P = 0.05); ULN

upper limit of normal.

Vesterhus et al. "Enhanced liver fibrosis score predicts transplant-free survival in
primary sclerosing cholangitis." Hepatology 62.1 (2015): 188-197.

167 well characterized large duct PSC
patients (4 years follow up )

PSC diagnosis - typical
cholangiographic findings by MR
cholangiopancreatography or
endoscopic retrograde

cholangiopancreatography



PRO-C3 risk — 8 fold risk of an outcome!

PRO-C3, risk below 12.6 and above 12.6

PRO-C3, risk by tertiles

4.6-fold risk of
event in high
group compadred
| to low group
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0.001

1 2 3 4

0 1 2 3 4 :
Time (yrs) Time (yrs)
[5.86.14.8) — [14.8,38.9) — [38.9,374] [5.86.126) — [126.374]
PRO-C3, 4 yr risk
Tertile n Median Min Max Group n Median Min Max Group Risk [95% CI]
[5.86,14.8) 46 108 59 1486 [5.86127) 36 0o &g 12.7 [5.8612.7) 0N [0.00,021]
14.838.9) 446 248 149 3848
[ ) [127374] 102 358 133 3744 [127,374] 050 [0.238,060]

[38.9374] 48 671 393 3744
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Aldafermin paper 2018

Research Article n JOURNAL
Cholestasis and Autoimmune Diseases Cough e OF HEPATOLOGY

Effect of NGM282, an FGF19 analogue, in primary
sclerosing cholangitis: A multicenter, randomized,
double-blind, placebo-controlled phase Il trial

Gideon M. Hirschfield-="**, Olivier Chazouilléres”, Joost P. Drenth”, Douglas Thorburn’,
Stephen A. Harrison®, Charles S. Landis”, Marlyn ]. Mayo'", Andrew |. Muir'', James F. Trotter'~,
Diana ]. Leeming'~, Morten A. Karsdal'®, Mark J. Jaros'®, Lei Ling'~, Kathline H. Kim ',
Stephen J. Rossi'®, Ransi M. Somaratne'”, Alex M. DePaoli'~, Ulrich Beuers'®

"Wational Institute for Health Research { NIHR) Birmingham Biomedioal Research Centre, Birmingham, United Kingdom; *University Hospitals
Birmingham, Birmingham, United Kingdom; *Institute of Immunology and Immunotherapy, University of Birmingham, Birmingham, United
Kingdom; *Toronto Centre for Liver Disease, University Health Network, University of Toronto, Toronto, Canada; “Reference Center for
Inflammatory Biliary Diseases and Autoimmune Hepatitis, Hepatology and Gastroenterology Department, Saint-Antoine University Hospital
Assistance Publigue-Hopitaux de Paris, and INSERM UMR 5938, Sorbonne University, Paris, France; ®Department of Gastroenterology and
Hepatology, Radboud UMC, Nijmegen, the Netherlands; *Sheila Sherlock Liver Centre and UCL Institute of Liver and Digestive Health, Royal Free
Hospital. London, United Kingdom; ® University of Oxford, Oxford, United Kingdom; ®Division of Gostroenterology and Hepatology,
University of Washington, Seattle, United States; "“Unive rsity Texas Southwestern Medical Center, Dallas, United States; " Division of
Gastroenterology, Department of Medicine, Duke University, Durham, United States; “Texas Digestive Disease Consultants, (linical
Research, Southlake, United States; “Nordic Biosdence, Herlev, Denmark; "4Summit Analvtical, Denver, United States; "“NGM
Biopharmaceuticals, South San Francisoo, United States; " Academic Medical Center, University of Amsterdam, Amsterdam,
the MNetherlands
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Table 1. Baseline patient demographics and charadensbcs.

PRO-C3 levels in Aldafermin phase 2

Placebo (n=20)

NGM282 1 mg (n=21)

NGM282 3 mg (n=21)

Mean age, years 434+ 124 46.0+ 159 402 + 130
Male, n (%) 12 (B0) 14 (67) 12(57]
Female, n (%] B (40) T(33) a(43)

Curation of PEC, years B1x72 73 x6.1 TE+76

Race, ni{X)

Asian a 1(5) L
Black 4 (20) 1(5) 2 (10])
White 16 (BO) 18(BG) 18(B6)
Other L] 1(5) 1(5)

Ethnic origin, n(%)

Hispanic/Latino Q 1(5) L]

UDCA status, n (X))

Concomitant LIDCA 13 (B5) 13 (62) 13(B2)
Mo concomitant UDCA 7 (35) B(3E) B(38)

Cholangiography by MRCP or ERCF, n (%)

Large duct PSC 13 (B5) 10 (48) 14 (67
Dominant strichire 5 (25) 2(10) 3(14)

Bile acid-related

C4 (ng/ml) 105+ 112 129+ 128 169+ 182
C4 £2 ng/ml 5(25) 4(19) 4(19]
Endogenous bile acids { pmol L) 302+ 330 391 + 424 201 £ 320
Endogenous FGF1E {peiml] 4333 +339.1 3T +2705 INSE+£241.1

Serum liver tests
Alkaline phosphatase (UfL) 35551379 JEIZ2+1E1 4 353 T 21940
Alanine aminotransterase (UJL) 905+ 518 1167+ 702 961 £ 673
Aspartate aminotransferase (/L) T1.1+369 926+ 597 703 £ 464
Tatal bilirubin (pmaolL) 12.1 £6.0 179+84 10.7+43

Ei i bi .

Pro-3 {(ngiml) 261+ 164 267 179 242 + 16.7
Pro-C3 =20 ngiml 12 (B0) 10 (48) 10 (48]

ELF SN E L W12 OS T 1.1
Hyaluronic acid (pg/L) I60E + 2616 2038 +4B87 601 + 602
PITMP (L] 142 +83 139163 1265+42
TIMP-1 { pgfL) IIBE6E+1136 304 £ 7456 EERE RSN
ELF =0.8 9 (45) 12 (57) 5(24)

Shown are mean £ 50 or n (¥). 04, Talpha-hyedrosy-d-cholesten-3-one; ELF, Enhanced Liver Fibrosis; ERCP, endoscopic retrograde cholangiopancreatography; MRCFP,
magnetic resonance cholangopancreatography; PIINE, M-terminal propeptide of type [l collagen; Pro-03, nece pitope-specific M-terminal propeptide of type 11 collagen;
5D, standard deviation; TIMP-1, tissue inhibitor of metalloproteinase 1; UDCA usedeoeycholic acid




PRO-C3 — threshold 14.9 and 26.0
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PRO-C3, risk below 14.9 and above 14.9 PRO-C3, risk below 26 and above 26
1.007 1.00
0.751 0.751
= S .-
i 0.50 iv 0.50
0.25 0.2519
0.004 0.00
0 1 2 3 4 0 1 2 3 4
Time (yrs) Time (yrs)
[5.66,14.9) [14.9,374] [5.86,26) [26.374]
[5.86148) 45 108 5.9 14.6
[148389) 46 248 148 388 [5.86,14.9) 10.8 5.9 14.6 0.4 [0.03,0.24] [5.86,26) 12.7 259 0.19[0.07,0.29]
(399374 46 671 203 3744 [14.9,374] 92 390 149 3744 052[0.38,0.63] [26,374] 67 55.9 26-4 3744 0.63[0.44,0.76]

Min value 2" tertile Cut off from aldafermin study




PRO-C3risk deciles

PRO-C3, risk above and below decile thresholds
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1.004
-mm
cl
10% Above 0.43[0.31,0.54] 1.82 [0.56, 5.85]
. 10% 9.3 Below 0.21[0.00, 0.40]
* ) 20% 1.5 Above 0.47 [0.34, 0.58] 3.06 [1.10, 8.52]
J 20% n.5 Below 0.14 [0.00,0.27]
30% 13.7 Above 0.51[0.37,0.62] 4.05 [1.60,10.24]
1 30% 13.7 Below 0.12 [0.02, 0.22]
B 40% 17.0 Above 0.53 [0.38, 0.64] 319 [1.54, 6.60]
2 ' 40% 17.0 Below 0.20 [0.07,0.32]
kS 50% 24.8 Above 0.62[0.42,0.75] 4.62 [2.29,9.30]
................................................................................ 50% 248 Below 0.19 [0.07, 0.30]
60% 33.9 Above 0.69 [0.49, 0.82] 5.84 [3.03,11.26]
60% 33.9 Below 0.20 [0.08, 0.30]
. 70% 443 Above 0.79 [0.47,0.92] 4.98 [2.76,9.00]
-1 70% 443 Below 0.24[0.13, 0.33]
80% 61.9 Above 0.77 [0.54,0.88] 4.60 [2.57,8.22]
T 80% 61.9 Below 0.32[0.18, 0.43]
90% 82.7 Above 0.75 [0.35, 0.90] 3.33 [1.64, 6.75]
90% 82.7 Below 0.37[0.25, 0.48]

32
PRO-C3 threshold (ng/mL)

4 Risk- 4 Risk+
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PRO-C6 and Outcome
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ORIGINAL ARTICLE

Endotrophin, a Collagen VI Formation-Derived
Peptide, in Heart Failure
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PRO-C6 and endotrophin
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Collagen VI structure
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Endotrophin is prognostic for adverse outcome in
HFpEF — the bad collagens kills!
@ A Endotrophin Tertiles, Primary Endpoint
1—-.._‘-: i'n.._
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% {].6—_ T -----...-..-..:.__I__:L: e — — ET>11-16 ng/ml
-T”EE 045 ET > 16 ng/ml
7 0a-
0 | 1 | 2 | 3 | 4
Time (yr)
1 70 51 32 17 9
T2 65 52 41 29 18

TOPCAT biomarker substudy (n=205). Primary endpoint: composite of cardiovascular mortality, aborted cardiac arrest, or
hospitalization for the management of HF




Understanding fibroblast activity is crucial for risk

estimation
5 Type VI collagen formation increases risk of adverse outcomes by a factor of 10!
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For heart failure patients, an increase of 1 ng/ml in PRO-C6 levels leads to a 12.5%
increased risk of CV mortality

In the general population, an increase of 1 ng/ml in PRO-C6 levels leads to a 9.2%
increased risk of all-cause mortality

PRO-CB6: Formation of collagen type VI and endotrophin
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LoS Language Demonstrates the Potential Value
FDA Sees in PRO-Cé6 as a Biomarker in HFpEF
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What is a Letter of Support

(LoS)?

« Briefly describes CDER’s thoughts
on the potential value of a
biomarker and encourages

LETTER OF SUPPORT

DDTBMQ000118

further evaluation.
« AnLoS isissued for promising
biomarkers which have not yet

We are issuing this Letter of Support to the three-way consartium consisting of Bristol Myers
Squibb, the University of Pennsylvania, and Nordic Bioscience to encourage the further study of
the biomarker PRO-CE representative of a fragment released during formation of type VI collagen,
which also harbors a signaling molecule (gndotrophin). PRO-C6 is a proposed prognostic
biomarker to provide an objective measure of risk of outcomes in clinical trials of patients with

heart failure with preserved ejection fraction (HEREFE).

been accepted into the CDER BQP

The plan to study the PRO-C6 biomarker for prognostic enrichment is consistent with the FDA's
guidance document “Enrichment Strategies for Clinical Trials to Support Approval of Human Drugs
and Biological Products™. The ability to identify patients at greater risk for events can reduce the
sample size needed to show an effect in an outcome study. Greater experience with the use of
PRO-C6 as a biomarker in HFEpEF clinical trials is needed to determine its clinical utility for
prognostic enrichment and study design considerations. We further encourage the investigation of
the proposed biomarker to determine the prognostic potential |

Why Issue a Letter of Support?

« Theintent of the LOS is to
enhance the visibility of these
biomarkers, make public FDA's
support for continued . ‘

deve|opmentl and encourage We support your plan to study PRO-C6 as a prognostic biomarker to be used to enrich HEpEE,

. . clinical trials with patients who are more likely to experience outcomes. To date, published and
data shdrlng and collaboration. non-published information show that the PRO-C6 biomarker may be linked to fibrasis and

rflamm ala naco FLnlm Aldatal= = = man Tt e = =" alal=Wa L Tha Aavalanrman

HFpEF: Heart failure with preserved ejection fraction




Fibroblast activity kills

2A. 3 years of follow-up
Study HR 95%-Cl Weight
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Kidney diseases

Sparding et al. 2022
Kremer et al. 2022
Fenton et al. 2017

| 1.74 [1.35; 2.23] 8.5%
N B 3.28 [2.16; 4.96] 6.6%
- 264 [1.56; 4.48] 5.4%

Cancer

Nissen et al. 2022 1.56 [1.34; 1.82] 9.5%
Nissen et al. 2021 : 1.43 [1.10; 1.86] 8.4%
Leeming et al. 2020 —- 231 [1.35; 3.94] 5.3%
Rasmussen et al. 2018 © ———m——— 12,56 [3.54;44.58] 1.7%
Rasmussen et al. 2022 . 1.90 [1.48;, 2.43] 8.5%
Pilemann-Lyberg et al. 2019 —i 3.45 [1.91; 6.23] 4.9%

Respiratory diseases

Sand et al. 2016 - 222 [143; 347] 6.3%
Hoyer et al. 2021 —- 203 [1.15; 3.57] 51%
Organ et al 2019 L 1.71 [1.27;, 2.31] 8.0%

Chirinos et al. 2022- Leizeran 278 [1.58; 4.88] 5.1%
Chirinos et al. 2022- Training-HF : 7.21 [1.86; 27.98] 1.5%
Nielsen et al. 2019 1.23 [0.95; 1.59] 8.4%
Population-based studies

Staunstrup et al 2021 - 255 [1.72; 3.80] 6.8%
Random effects model . 2 2.10 [1.76; 2.52]100.0%
Prediction Interval : [1.11: 4.01]

Heterogeneity: 12 = 70%, T = 0.082
| T 1 1
01 0512 10 Genovese F,, Bager C.etal MCIhUSCI’Ipt g preparotlon




Fibroblast Activities Kills — please modulate them
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Epithelial cells

Basement
membrane

Arresten, Canstatin, Tumstatin, A / X1, XVII,

" . Penstatin, Hexastatin D XXl
astatin
- Wé mﬁﬁ%
XXV XV XVIII
Restin Endostatin
VI, XXVIII N\ ] 7 IX, XII, XIV
1\\‘ ‘_\A“'," ) 4 ’ I
: - ¢ S XVI, XIX, XX,
Endotrophin LIS XXI, XXII, XXIV

Third Edition
Biochemistry of
Collagens, Laminins
1,10, 1, and Elastin

V, XI

Structure, Function and Biomarkers

Fibroblasts XXVII =z
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