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Wilson’s disease at EASL

Symposium: Wilsons disease: update on diagnosis and treatment

General hepatology

Presentations

Title

- Genetics and gene modifiers
Hartmut Schmidt, Germany

) Acute liver failure
Anil Dhawan, United Kingdom

z Treatment options
Peter Ferenci, Austria

4 Compliance and monitoring of therapy
Peter Ott, Denmark

; Panel Discussion

Panel: Hartmut Schmidt (Panellist), Anil Dhawan (Panellist), Peter Ferenci (Panellist), Uta Merle (Chair), Piotr Socha (Chair), Peter Ott (Panellist)



Wilson’s disease at AASLD

Pediatric Liver Disorders SIG Program:
The Many Faces of Wilson Disease and
Emerging Therapies

Program Chairs: Drs. Jaime Chu and Nanda Kerkar
10:00 AM Welcoming remarks Dr. Nanda Kerkar
10:03 AM Primer on copper metabolism, ATP78, and epigenetics Dr. Valentina Medici
10:21 AM Could this be Wilson disease? Diagnosis and management in Dr. Binita Kamath

children

10:39 AM Diagnosis and management in adults (including pregnancy) Dr. Frederick Askari
10:57 AM Emerging treatments and current trials Dr. Michael Schilsky
11:15 AM Panel discussion and concluding remarks All speakers
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Parallel 5: New Developments in Genetic
Diseases of the Liver

EFFICACY AND SAFETY OF ALXN1840 VERSUS STANDARD OF CAREIN
WILSON DISEASE: PRIMARY RESULTS FROM AN ONGOING PHASE 3,
RANDOMIZED, CONTROLLED, RATER-BLINDED TRIAL

PRIMARY HEPATOCYTE AND iPSC-DERIVED HEPATOCYTE-LIKE CELL
TRANSPLANTATION TO TREAT ALPHA-1 ANTITRYPSIN DEFICIENCY
ASSOCIATED LIVER DISEASE

CHARACTERIZING LIVER DISEASE (LD) PROGRESSION IN ALPHA-1

ANTITRYPSIN DEFICIENCY (AATD) WITH VERSUS (VS) WITHOUT LUNG
DISEASE

COORDINATE REGULATION OF LIVER FERROPORTIN DEGRADATION
AND SYNTHESIS DETERMINES SERUM IRON LEVELS IN MICE

ARBM-101AS A POTENTIAL THERAPEUTIC FOR WILSON DISEASE



ARBM-101

As a potential therapeutic for
WILSON DISEASE

!Josef Lichtmannegger, *Eok Park, *Ditte Emilie Munk, *8yongkeol Min, ‘Banu Akdogan, ‘Claudia Einer, ‘Judith Nage
Dasol Kim; *TacWon Kim; *Chunwon Jung, "Thomas Damgaard Sandahl, *Simon Hohenester, *Alan DiSpirito,

"Jeremy Semrau, *Andree Zibert, *Hartmut H. Schmidt, *Bernhard Michalke, "Weonbin Im; *So-Young Eun,
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ARBM-101 (MB-SB2): A high-affinity Cu-chelator
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ARBM-101 (originally named MB-SB2)
produced and secreted by Methylocystis sp. SB2.
Krentz, B.D,, et al,, 2010; Siochem.;

Bandow, N., et al,, 2012; J. Inorg. Blochem.;
Bandow N. and DiSpirito AA., 2014; Dissertation
°
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Nine-day Repeat Dose Study

Scheme of the Study

Once a day for 9 days

: +/+ WT vehicle Ctri., IV

: -- KO vehicle Ctrl, IV

: +4- D-PA (100 mg/kg), PO

: /- ARBM-101 (100 mg/kg), IV

' Main cohort (N=6) sacrificed at d=10
W for liver copper analysis.
: 4- ARBM-101 (200 mg/kg), IV

: 4- ARBM-101 (25 mg/kg), IV
: 4- ARBM-101 (50 mg/kg), IV

Satellite cohort (N=4) followed up for
60 days or 20% BW loss for survival
analysis.
14-15wk (~100D) old LPP rats

: grouped based on ALT levels (>160 ULL).

The Liver & o
Meeting” ’

Durable Liver Function Improvement

Durable Liver Function Improvement based on ALT/AST and T-BIL Levels
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Copper excretion through bile/fecal axis

Dose-dependent copper excretion and reduction of liver copper

Urinary Copper

8

-,
8

Total Copper (pg/24h)

Day 1 Day 10

==
4 Liver Copper Fecal Copper \
600 = 1200~
- =
) &
2 2
é.—‘: 400 oy 8004 "
© 5 Al
§?' 200 400+ I 3
= > 5 odliin nA M= nﬂ 1 H
\ Day 10 Day 1 Day 10
—o—  G1(+/+ Vehide, 0 myp'CD) ®- GO+ ARBM-101. 25 mpio00)
o G2 (4 Vehicie, 0 mpAQAD) ®  G7 4 ARSI-I01. S0 mphgioDy
G3 (4- D-PA. 100 mgH9'CD) -8 G4 (/- ARBI- 10T 100 mpAgQD
-8 G54 AREMY 200 madgOD
o » Ll

*:p<0.08, **: p<Q.OL, ***: p<0.00L vs G1. SERETCS by
AROWA and Dunnet?’s Mot gle Comparson Test
#2005, 222 p<D.00L ws G2 Stanatics by ANOVA and
Dunnett's M _Rgie Comparnon Test

TheLiver ¢ »
Meeting” .



Normalization of hepatocyte nuclei

Histopathology of a representative left lobe from the livers of each group
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Liver copper mobilization by ARBM-101 into bile De-coppering Capacity of ARBM-101

In vitro de-coppering capacity of ARBM-101 from the hepatocytic cells

Liver Perfusion Experiment: prompt biliary copper mobilization
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No ameliorating effect of DPA on co;ber burden Minimum Cytotoxicity of ARBM-101 in HepG2

No reduction of copper burden upon DPA in the hepatocytic cells WT HepG2 ATP78 KO HepG2 =
PP D p Y ARBM.101 E‘ 5" \ No evident cytotoxicity
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Conclusion

ARBM-101 as a potential therapeutic for WILSON DISEASE

—

Massive fecal copper excretion — normalized liver copper contents, improved liver function,
with improved hepatocyte histopathology

: indicated by improved LFTs, normal BWs, and prolonged survival

» Positive effects were durable for +30 days after discontinuation of treatment

» Superior efficacy on overicaded Cu depletion from the WT and ATP78-/- HepG2 cells in wvitro.

w * No observed toxicity up to 200 mg/kg for 9 consecutive days in Afp7b-/- LPP rats.
* No evident toxicity up to 400 mg/kg in normal SD rats for 5 consecutive days (Data not shown).
* No cytotoxicity up to 1 mM either in WT or in ATP7B-- HepG2 cells in vitro.
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Primer on Copper
Metabolism, ATP7B and

Epigenetics

Valentina Medici, MD, MAS, FAASLD
University of California Davis

AASLD
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HDAC: Histone deacetylases

» Histone deacetylases (HDACs) remove

acetyl moieties from lysine residues of oy
histone tails, resulting in transcriptional m
repression e W

« HDAC levels are greatly influenced by dietary = T i
factors, therefore lying at the interface e e
between nutrition and epigenetic regulation
of gene expression -~

HDACS plays fundamental roles in many biological events,
including cell proliferation, differentiation, apoptosis, inflammation,
and lipogenesis.
AASLD
Theliver ¢ »
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Shared DMRs associated genes

in blood and liver SR .
WD-specific DMRs in liver and blood overlap by gene I I S ==

S:0

Hypomethylsted DMRs genes Wm

» About 1/3 of the genes near differentially methylated regions (DMRs) in the blood
significantly overlapped with those identified in the liver
» Histone deacetylase 5 (HDACS) was significantly hypermethylated with similar

direction and gene body locations (FDR<0.05) both in the liver an% LbloodD
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HDACS

*» Reduced levels in
multiple models of WD

* Reduced with liver
fibrosis progression

* Levels changed by
copper levels and
methyl groups
availability

—_

— ——
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Key Takeaways

* Environment/diet affects
phenotype
* Hepatic vs Neurological

Epigenetic mechanisms at
the intersection between

DNA methylation and » Treatment response
histone acetylation affect modulation

gene expression in Wilson » Response to gene
disease therapy

AASLD
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TETRAETHYLENTETRAMIN AS FIRST LINE TREATMENT OF WILSON DISEASE - LONG-TERM RESULTS
Peter Ferencil, Isabelle Mohr2, Albert Friedrich Stattermayerl, Rudolf Stauber3, Marlene Panzer4, Petra Steindl-Mundai, Ute Merle2, Michael

Traunerl, Karl-Heinz Weiss5 1 Internal Med. I,
Medical University of Vienna, Austria, 2 Internal Med. IV, Heidelberg, Germany, 3 Internal Med. Medical University of Graz, Austria,4 Internal
Med., Medical University of Innsbruck, Austria, 5 Internal Med., Salem Hospital, Heidelberg, Germany

Methods

Retrospective chart review

Demographics Survival analysis (Kaplan Meier)

in 31 patients who received initial treatment with TETA (treatment
with D-Pen for < 60 days was permitted)

Baseline Clinical FU

Assessment of efficacy: male, n (%} 13 (41 g)
Changes in liver disease = Estimnate of death or liver transplantation
i ‘ age, y* 279+12 4 39.9+132 ran e
based on clinical and laboratory (ALT levels, MELD and/or Child- :
Turcotte-Pugh score [CTP] in cirrhotic patients) data treatment, y 12046 0 LED
t: 5 . . -
{mprovement. cirrhosis/biopsy, /N~ 9/19 2 ass
- ALT normalization ) k|
- full recompensation of previous decompensated liver disease hepatlc Cu  HY "g 6901452 EL oo
- decrease in MELD score (by 22) or in CTP stage new rOlOgiC__ n f:nr"b:l 12 (38?) E ooz
worsening: w
o KFR, n (%) 16 (51.6)
- ALT increase > 2x upper limit of normal oan
- increase in MELD score (by 22) or in CTP stage CPL mg"rdL 11.743.5 9.56.1 one
. o 5 10 15 a0 i
- hepatic decompensation Serum-Cu, pg/dL ~ 57.0£32.5 451244 8 A
- death or liver transplantation Date of death or LTH
Changes in neuropsychiatric disease 24h urine GU__ IJQfd 85 Di 1 5?8 1 441982** m..’lﬁf Hé :-§ F:i 1I:': zirt z:JI
Events i o 1 F] 2z 2
based on clinical examination (by experienced neurologists) or self + +
e ALT, UIL 97.9+136.1 51.1354.5
Statistics: bilirubin, ma/dL 1.7+3.4 3.1+7.1
The Kaplan-Meier method to estimate survival probabilities : X
Statistical analysis was performed with EasyMedStat (version I N R 1 SiD 5 1 2i04 - — Neuropsychiatric hepatic
4202 v casymedstat. com) Platelets, G/L 179480 176184 -
Outcome
CTP score, n (%) g
S owas 4
Gl CTP A 25 (80.6) 26 (83.9) E o
- 1 due to hepatic adenocarcinoma (pankreo-biliary type) (treated for 7 =
yenel CTPB 4(12.9) 2 (6.5) £ ]
- 1 end stage liver disease (treated for 25 years) i oes
3 patients underwent orthotopic liver transplantation: CTP C 2 (B 5) 3 {QTII L]
- 1 decompensated in the third trimenon of pregnancy, she was M ELD SCore 93154 1 OBiS 1 ™

transplantated 2 weeks after spontaneous delivery (treated for 6
years)

- 1 had psychiatric problems, did not attend the liver clinic for >3
years and presented with acute liver failure (treated for 14 years)

- 1 endstage liver disease, listed for LTX after 7 years of treatment
(ascites, esophageal varices), further worsening after portal vein
thrombosis, followed by complications (after 2 years on the waiting
list)

all other 26 patients are alive and doing well. No severe side
effects to TETA treatment were observed.

*continuous variables presented as meantSD

**data available in 24 subjects, drug holiday befare
sampling in 11/24 subjects

* " & »
Timee in years
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Efficacy and safety of ALXN1840 versus standard of care in Wilson disease:
primary results from an ongoing phase 3, randomized, controlled, rater-blinded trial

Figure 4. Secondary endpoint: trends toward modest improvements in UWDRS Part Il and Part lll scores
were observed at week 48

UWDRS Part II: all patlents UWDRS Part II: symptomatic patlents?

CohortI: reatment. Cohort 2 naive/ Total Cohort I: treatment  Cohort 2 naive/ Total
= - = =g = = H d lly treated d imally treated
Figure 3. Primary endpoint: copper mobilization with ALXNI1840 was rapid gy 8y TPE mmmebEEE €, By SPerenesd minmalytes
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- n= 92 50 29 2 2 e n= 39 23 0 [ 4 2
10 —— ALXNIBA0 [n = 1041 10 —— ALXNI1B40 {n = 33] Baselinescore, 40 35 37 36 39 35 Baselinescore, 90 75 86 64 89 72
—- SOC |:n = 56} - SOC {I"I = 1"—’@-] mean (SD} (798) (6.49) 663) (692) (765) (653) mean (SD]  (291) (7.86) (786) (831 (9.41) [7.85)
8 8 UWDRS Part lIL: all patlents UWDRS Part lIl: symptomatic patients®
Cohort I: treatment  Cohort 2: naive/ Total Cohort 1: treatment Cohort 2 naive/ Total
— — o @ 8 experienced  minimally treated c 8 experienced  minimally treated
= = g5 oy
= —_ =0 c
S 6 g il ¢ gis 4
5 E Fik L H
o 50
— = Sae 4 9ic 4
@ &
8 8 4 E2E of mavmisso 85 £ 8] maLmss
T £3 M soC 53 M soC
= = g -2 52 12
o o - n= o 49 28 n M &0 U n= 73 38 2 10 94 57
% Baseline score, 160 51 65 8 15 Baseline score, 203 159 191 76 200 142
mean (SD) (20.66) (1539] (19.42) (2:79) (2030) (1715) mean (SD) (2134) (19.29) (200s) (021 (2094) (18.01)
0 Table 2. Summary of treatment-emergent adverse events over 48 weeks

0 468 12 18 24 36 48 0 468 12 18 24 36 48 ALXNE;O 1u
Time (weeks) Time (weeks) DY =189 p{.' 624
n (%) Number Events per n (%) Number Events per
of Events 100 PY of Events 100 PY
Mean dally direct Cohort 1: Treatment Cohort 2: Nalve/ Total Any AE 9 (86.9) 577 1601 54 (71 192 865
NCC AUEC, ., experienced minimally treated Any SAE 16151 4 151 6(88) 14 28
Any nen-SAE M7 (85.4) 543 98.4 53 (75.7) 178 84.9
ALXN1840 SoC ALXN1840 SoC ALXN1840 SoC Death 2015) 2 17 0 0 0
n=104 n=56 n=33 n=14 N=137 N =70 AE leading to 8(58) 10 67 1014) 2 16
withdrawal of
study drug
n® =l 51 27 12 na 63 SAE leading to 2(15) 2 17 0 0 0
withdrawal of
Mean (SD) 268 (208) 072 (0B643) 458 (2526) 100 (0484) 312 (2347) Q.79 (0.629) study drug
AE by relationship
LSM (SE) 250 (0]50) 0.87(0204) 476(0319) 096 (0487) 318(0167) 100 (0.219) Related s6(409) 120 a1 10043) 20 160
Not related 106 (77.4) 457 292 53 (75.7) 170 84.8
LSM difference (SE) 1.64 (0.254) 379 (0.584) 218 (0.244) AEs reported in = 5%
of patients, preferred
B - term
pvalue = 0.0001 <0.0001 = 0.0001 ALT increased 20 (14.6) 25 168 2(29) 2 32
*Patient numbers for calculation of mean; all patients were included in the calculation of LSM, LSM difference and pvalues. Nasopharyngitis 15 (109) 8 126 12 (17.0) 14 192
AUEC, 1 area under the effect curve from week 0 to week 48; dNCC, directly measured non-ceruloplasmin-bound copper, Fatigue 13 (25) 16 109 3(43) 3 48
L5M, least-square mean, NCC, non-ceruloplasmin-bound copper, 50, standard deviation; SE, standard error; SoC, standard Headache 1 (8.0) 12 93 6(2.6) n 96
of care. Tremor 10 (7.3) 12 84 2(29) 5 32
Upper respiratory 9 (6.6) 10 76 3(43) ! 48
tract infection
Nausea 8(58) g 67 3(43) 3 48
Pyrexia 2(58) 2 67 0 0 0
Anxiety 7(51) 9 59 0 0 0

AE, adverse event; ALT, alanine aminotransferase; PY, patient-years - sum of all patient-years for all patients in the particular
treatment group [rate per 100 patient-years [PY] = (#patients / PY) x 100]; SAE, serious adverse event; SoC, standard of care.



Distribution of Laboratory Determined Free Copper and Urinary Copper Excretion in Wilson Disease

Patients Regarded Clinically Stable on Maintenance d-Penicillamine: Observations from the CHELATE Trial

Schilsky ML', Sandahl T¢, Czlonkowska A?, Zuin M*, Cassiman D?, Poujois A%, Ala A7, D'Hollander K&, Weiss K-H®, Kamlin COF'?, Ott P? on behalf of the CHELATE Trial Investigators
Institute of Psychiatry and Neurology, Warsaw, Poland; 4. ASST Santi Paclo 2 Carlo, University of Milan, Italy
ngs College London, UK, 8. |, Belgium; 9. Salem Medical Center, Heidelberg, Germany; 10. Orphalan 54,

1.Yale Schoal of Medicine, USA; 2. Aarhus University, Denmark; 3. Deparime niversity Hospitals, Leuven, Belgium;

§. Hdpital Fondation Adalphe de Rothschi
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reatment for Wilson
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EC/REC in daily practice.

METHODS AND MATERIALS

Prospective, cross-sectional, cohort study.
38 WD patients with and 43 controls with dyspepsia.
Interventions:
* Face-to-face interviews for the history of liver disease,
comorbidities, and drug treatments,
= Review of an electronic system for laboratory results,
= 10ccsample of blood for serum copper analysis by
inductively coupled plasma mass spectrometry (ICP-MS),
* REC ftotal copper
= Since controls rejected to collect urine, urinary copper was
measured enly in WD patients by using atomic absorption
spectrometry.

RESULTS

The median age in controls and patients was similar (28 and
31 years; p=0.383).
46% of controls and 50 % of patients were male (p=0.928).
The median age at diagnosis of WD was 10 years.
There was 55% off only hepatic WD, 423 off both hepatic and
neuralogic WD, and 3% off only neurologic WD . Psychiatric
disease was prasent in 24% of patients.
Medical treatment:
*  62% D-penicillamine and zinc,
* 16% D-penicillamine alone,
* 16% trientine and zinc,
* 3% trientin
* 3% zinc alone.
Median 24-hour urinary copper excretion widely ranged
{472.5 (32.9-1872) pg/day).
Serum copper tests:
* Total serum copper was higher in controls
(16.92 vs. 10.55 pmol/l; p<0.001).
= EC levels were similar in patients and controls
(0.53 vs. 0.81 pmel/l; p=0.101).
* REC waslower in controls than in patients
(2.53% vs. 9.25%; p<0.001).
Ih comparison with patients with both hepatic and
neurclogical invalverent, patients with only hepatic-WD had
higher serum total copper (11.2 vs. 5.75 pmol/l; p=0.025), EC
(1.02 vs. 0.63 pmol/l; p=0.068) and 24-hour urinary copper
excretion (5%1.4 vs. 406.19 pg/day; p=0.617), although REC
was similar {8.25% vs. 9.82%; p=0.37).
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Serum copper tests were associated with several clinical parameters:

* The correlation of platelet count with total copper (r=0.554; p<0.0001) and
REC [r=-0.507; p<0.0001) were in apposite direction.

= ALP and GGT were negatively correlated with serum total copper (r=-0.381;
p=0.001 and r=-0.382; p=0.001, respectively) and positively correlated with
REC (r=0.338; p=0.003 and r=0.36; p=0.001, respectively].

*  Ceruloplasmin positively correlated with serum total copper (r=0.56; p<0.0001)
and EC (r=0.348; p=0.032).

None of the serum total copper tests did not correlate with 24-

hours urinary copper excretion.

REC did not correlate with 24-hours urinary copper excretion.
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urinary copper excretion and EC representing serum-free copper.

The inability to find such a positive correlation in our study can be

explainad by several reasons:

+  Urinary loss of copper and other heavy metals is shown to be
associated with proteinuria. So, (nonjselective proteinuria for
any reason will increase copper excretion independent from the
level of serum-free copper. So serum EC level will be lower than
expectad due to urinary loss of copper, meaning that EC (free
copper) and urinary copper (free copper and proteinuria-
associated copper] may be representing different pools of
capper.

* The type of chelator treatment may be confounding since, it is
known that penicillaming can cause proteinuria.

* |, Unlike EC, urinary copper excretion depends oh compliance
with chelator treatment and glomerular filtration rate.

CONCLUSIONS

Serum EC/REC measurements are technically difficult, although it is
more practical than 24-hour urine collection which is a test of choice
in routine clinical practice to evaluate body copper load.

There was no association between serum copper

tests and urinary copper excretion in this study.

The possitle explanations for this lack of correlation might be the facts
that:

*  These tests may be showing different copper pools in the body,

*  Type and/or compliance to chelators may be changing serum and
uring copper distribution,

Renal function and proteinuria may be affecting urinary copper
axcretion,

Methodological differences in serum and urine copper
measurements may be misleading.

Future studies controlling these factors would reveal the potential of
serum tests as an alternative to urine collection for evaluating body
copper load in WD patients on treatment.
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SickKids ETHNICITY DOES NOT PREDICT LONG-TERM OUTCOME OF LIVER DISEASE IN PAEDIATRIC-ONSET WILSON
St CILDREN: DISEASE: A NORTH AMERICAN MULTI-ETHNIC COHORT
Mohammed D. Ayoub, Shannon M. Vandriel, Mila Valcic, Shonette M. Bhagwandin, Simon C. Ling, Vicky L. Ng, Eve A. Roberts, Binita M. Kamath TORONTO

Division of Gastroenterology, Hepatology and Nutrition, The Hospital for Sick Children, Toronto, Canada
PATIENTS & METHODS

A single-centered, retrospective study involving Table 1. Clinical Presentation and Outcome of

- e ) X Table 2. Clinical Presentation and Outcome of South
clinically and/or genetically diagnosed WD probands Caucasian vs non-Caucasian WD Probands

seen at The H‘ospital'for Sick Childrer? between.1962 Asian vs non-South Asian WD Probands
and 2022. Patients diagnosed by family screening or Non-CAUC CAUC p-value
who had co-existing liver disease were excluded. - n_ 1 27 29 SA Non-SA p-value
) ) : Female 33% (n=9) 66% (n=19) 0.01 n 12 44
Hepang preseqtatlon was classified as cqmpensated Age at presentation, y (IQR) 10 (7-12) 14 (10-15) 0.002 | Demographics, % (n) | |
ot ol bl ol 0 Hapete prseraon % |2 z hosh) sz 019
ANY Chronic liver di 73% (n=19) 32% (n=9) 0.003 N N
ascites requiring diuresis OR variceal bleeding Compensated cirrhosis 7.7% (n=2) 25% (n=7) 0.14 [Age at Rresentahon,_y (IQR) 10.5 (8.5-11) 13 (8-14) 0.03 |
requiring therapeutic endoscopy. All acute liver failure Decompensated cirthosis 3.8% (n=1) 14.3% (n=4) 0.35 Hepatic 'prgsent.aﬂon, % 011 - 43
patients met the PALF definition. Acute liver failure 15.4% (n=4) 28.6% (n=8) 0.24 | Chronic liver disease 63.6% (n=7) = 49%(n=21) | 038
Long-term outcomes | Compensated cirrhosis 18.1%(n=2) = 16.3%(n=7) | 1.0
Event-free survival (EFS) was defined as the length of HEpat‘;’ﬁ'ﬁ“g"@';“"“” 33.3% (n=9) 41% (n=12) 053 Decompensated cirrhosis 0% 11.6% (n=5) 0.57
time subjects were free of hepatic decompensation Age at first event, y(QR) | 11.2(91—134) | 15(135-168)  0.08 [ ALF 18.1% (n=2) | 23.2%(n=10) = 1.0
(ascites requiring diuresis or variceal bleeding), liver | Long-term outcomes | |
transplantation, or liver-related death. Hepatic decompensation
50% (n=6) 34% (n=15) 0.33
In contrast, SAs were younger than non-SAs & t‘:i"et”t- % (t") R er e 0T ST o007 ]
. . . e at first event, .2 (7.7 - 10. A- .
RESULTS (n=44) at presentation and when experiencing a . y(1QR) { ! { )
Out of 56 WD probands (28 male), 52% (n=29) were hepatic decompensation event despite having
CAUC, 21% (n=12) were SA, and 27% (n=15) were comparable disease severity at presentation.
from other ethnicities from 11 different countries.
Most (87%) study subjects presented with hepatic
WD, with a median age of 11.5 years (IQR 8 — 14)
an;;vere followed for a median of 4.2 years (IQR 1.9 By 18 years O|d, females were found to have
67 EFS showed no significant differences in long-term significantly higher incidence of hepatic
Compared to 27 non-CAUC, CAUCs had a later outcome between CAUCs and non-CAUCs by 18 decompensation events than males, regardless of
disease onset and were less likely to present with years (log-rank p=0.86), between SAs and non-SAs ethnicity
chronic liver disease. (log-rank p=0.14), and between SAs and CAUCs '

(log-rank p=0.26).

Figure 2. Event-free Survival Comparing Females to
CONCLUSION Figure 1. Event-free Survival Among All Ethnicities Males

Although SA probands were more likely to be younger
at presentation and when experiencing a liver-related 1 \_’ i:l:‘.zz.‘:n 1907 f::lc
event, ethnicity did not influence long-term o o Asian a0l Female
outcome of paediatric WD in a resource-rich ; s L
setting. ; 60 g 60
£ E .

Female pre%onderance is a well-recognized feature of 2 — F 0
severe WD. Our study reveals that this holds true 20 = 20|
regardless of ethnicity. )

0 2 4 6 8 10 12 14 16 18 0
Further multi-centered studies with larger sample sizes Age, follow up years 0 2 4 6 8 0 12 14 16 I8
are crucial to re-confirm our novel findings. Age, follow up years




Exchangeable and Relative Exchangeable Copper Correlate with Multiparametric Liver MRI
Parameters in Patients with Wilson Disease
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‘Hacettepe University - Medical Faculty, Department of Internal Medicdne, Ankara, Turkey *Hacettepe Unhversity - Faculty of Medidine, Department of Blochemistry, Ankara, Turkey *Hacettepe Unhiersity - Facutty of Medidne, Department of Neurology, Ankara, Turkey
“Hacettepe University - Faculty of Medicine, Department of Radiology, Ankara, Turkey *Hacettepe University - Faculty of Medicine, Department of Internal Medicine, Dhislon of  Gastroentology, Ankara, Turkey

Introduction

Exchangeable copper (EC) and relative exchangeable copper (REC) are serum tests
reported to be superion to urinary copper excretion for diagnosis of Wilson's disease
{WD), but they have not been validated for usage in routine Daily practice.

MEI is the most sensitive radiologic method for diagnosis and follow-up of liver
diseasa. Multiparametric MRl methods enable simultaneous measuremant of several
liver parameters: MR elastography (MRE), proton density fat fraction (PDFF), T1, T2,
ahd T2* mapping, R2*.

This study was aimed to investigate
( ) the correlation of EC and REC
@ with clinical and multiparametric
L liver MRI parameters.

Methods and Materials

This prospective, cross-sectional, cohort study included 35 WD patients.

The clinical parameters ware collected through face-to-face intarviews for the history
of WD, and from elactronic systemn records of laboratory results.

A 10 ce sample of blood was taken for serum total serum copper and EC analyses
which were done by inductively coupled plasma mass spectrometry (ICP-MS].

REC was calculated as the ratio of them [REC = EC/total serum copper).
Multiparametric liver MBIs were performed by using & 1.5-T MR imaging system
[Magnetom Aera, Siemans Healtheare, Erlangen, Germany).

Multiparametric liver MBIs were reported by the same expert radiologists for liver
parenchymal stiffness (MRE], liver fat content (PDFF], and iron accumulation
[corrected T1, cT1). T1, T2, T2°, and RZ* measuremants were made, and ¢T1 was
caleulated according to the following formula: T1-420+20%(T2%).

The median age was 32 (18-58) years, and 54% was male.

Thie median age at diagnosis of WD patients was 10 years,

There was %97 had hepatic involvement.

The median liver MRE value was normal (2.45 (1.71-6.2] kPa) with a distribution o:
* B9% no fibrosis,

* 6% Stage 1 fibrosis,

* 11% Stage 2 fibrosis,

v 8% Stage 3 fibrosis,

* 6% Stage 4 fibrosis.

MR-PDFF technigue showed mild (5-143%4) adiposity in 38% of patients, and moderate
[15-20%), or severe [>20%) hepatosteatosis was not detected in any patients.

Multiparametre: MR findings of Wilkon Patisnts
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The liver stiffness was positively correlated with and age (r=0.514; p=0.002), AST
(r=0.445; p=0.007), GGT (r=0.54%; p=0.001), ALP (r=0.365; p=0.031], INR (r=0.404;
p=0.018], creatining (r=0.344; p=0.043], FI8-4 score (r=0.634; p<0.0001); and
negatively correlated with white blood cell (r=-0.4%; p=0.003) and platelet (r=-0.607;
p=0.0001) counts.

The fat fraction was in positive correlation with serum triglyceride level (r=0.532;
p=0.013).

T2* was a negatively correlated with total bilirubin (r=-0.394; p=0.019] and creatinine
(r=-0.382; p=0.023).

T2 was negatively correlated with hemoglobin (r=-0.405; p=0.016).

R2= indicating iron accumulation in the liver was negatively correlated only with GGT
without statistical significance (r=-0.306; p=0,123) .

Thers was no correlation between ¢T1 and any clinical or laboratory parameters.

Conclusions
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Tha parameters for liver fibrosis at multiparametric MRl are ¢T1, T1, and T2 relaxation
times. The positive correlation between EC and T1 suggests that T1 also increases with
opper accumulation in the liver.

T2® and B2* values are parameters used to measure iron accumulation in the liver,
Depending on the accumulation of iron in the liver, it is expected that the T2* value
will decrease and the R2® value will increase. There is no previous study on the T2*
valug in the liver in WD. In this study, & negative correlation was found between REC
(r=-0.422; p=0.012) and T2

Pultiparametric liver MR is sensitive for showing hepatic involvemant in WD.

As alternative tests for evaluating body copper load, EC and REC are correlated with
the parametars of MRI for steatosis, inflammation, and fibrosis.

Further studies with a larger number of patients are needed to establish the
correlation between serum copper tests and multiparametric liver MRI findings.
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Exchangeable and Relative Exchangeable Copper Levels were

Similar in Wilson Disease Patients with and without of Cranial MRI Involment
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INTRODUCTION: The cranial MRI is the golden standard radiologic
technique for diagnosis and follow-up of neurologic Wilson’s disease
(WD). Exchangeable copper (EC) and relative exchangeable copper

RESULTS: The median age was 32 {18-58) years, and 53 % of patients were male. The median age for diagnosing WD was 10 years.
Cranial MRI revealed WD involvement in 45% of patients, and 14% of patients had cranial MRI findings without clinical symptoms of neuro-WD.
The distribution of the patient’s subgroups according to cranial MRI scores was as follows;

(REC) have diagnostically superior to urinary copper excretion, but « 56% no gray matter involvement,
their role in follow up have not been evaluated. » 339% Scare 1-2, 8% Score 3-4, 3% Score 5-6.
This study was aimed' to inve%tiglate the relatior'lship between serum Patients with and without gray matter MRI involvement had similar total serum copper (10.67 vs 6,85 umol/l p=0.168),
copper tests and cranial MRI findings among patients treated for WD. EC (0.94 vs. 0.65 umol/l: p=0.158), REC (8.55% vs. 9.47%; p=1) and 24-hour urinary copper excretion (558.56 vs 472.56 ug/day; p=0.582).
METHODS: This prospective, cross-sectional, cohort study included
36 patients with WD in whom face-to-face interviews for medical No Gray Matter Involment | Gray Matter Involment p
history and a review of electronic system records for laboratory S
erum Total Copper (Lmol/I
results were done. pper (W M 10.67 6.85 0.168
Analyzes for EC and total serum copper were done from 10 cc of a Exchangeable Copper (umol/l) 0.94 0.65 0.158
blood sample by using inductively coupled plasma mass spectrometry N o
(ICP-MS) (Perkin Elmer Nexion 2000). For preparation UF; serum was Relative Exchangeable Copper (A] 8.55 9.47 1
diluted with EDTA (3 mg/L) (1:1) and incubated for precisely 1 hour. 24 h Urinary Copper 24 h
Then the mixture was ultrafiltrated on Amicon Ultra-4 (Millipore, y PP [N-B/ ) 535856 47256 0.552
Molsheim, France). The REC was calculated as the ratio of EC to total DISCUSSION: The literature on neuro-WD has been shown that structural and functional changes can be found in the brain even if the patients do
SERLN ETETEE ) ) ‘ not have neurological/psychiatric symptoms or signs. Also, Poujois et al. have been shown that the serum EC level is higher in newly diagnosed WD
All patients underwent cranial MRI on a 1.5-T MR imaging system patients with neurologic and hepatic involvement than in those with isolated hepatic involvement.

(Magnetom Aera, Siemens Healthcare, Erlangen, Germany). The gray
matter lesions of WD patients were examined by the same
neuroradiologists. A score was assigned to each of the bilateral
lenticular nuclei (pallidum and putamen), caudate nuclei, thalamus, COMNCLUSION: Cranial MRI was more sensitive than clinical symptoms for detecting cranial involvement in WD.

pons, mesencephalon, and dentate nuclei involvement. The cranial However, EC and REC levels were similar in WD patients with and without of cranial MRI involvement.

MRI score ranged between 0 to 6 in WD patients. Follow-up cohort studies could show a correlation between EC and REC levels with cranial MRI scores or clinical parameters.

In this cross-sectional study, the reason for similar EC and REC levels in patients with and without cranial involvement is thought to be due to the
depletion of cranial copper load under chelator treatment



= - » Objective Biochemical Endpoints in an Open-Label Randomized Trial of Chelation Therapy in Wilson disease;
Can Subject Behavior in a Trial be Identified?
Schilsky ML', Sandahl T2, Czlonkowska A3, Zuin M?, Cassiman D%, Poujois AS, Ala A7, D'Hollander K&, Weiss K-H?, Kamlin COF'?, Ott PZ on behalf of the CHELATE Trial Investigators
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B. Hopital Fondation Adolphe de Rothschild, Paris, Francs; 7. Kings Collegs London, U; 3. IDDI, Belgium; 8. Salem Medical Center, Heidelbern, Germany; 10. Orphalan 54, France

Background: Baseline Week 24 Week 48

+ Adherence to treatment is critical for minimizing merbidity and avoiding reduced life expectancy for
individuals with Wilson disease (WD)

+ Designing placebo-controlled trials evaluating new therapies for WD are not ethical to evaluate long-term
exposures to novel therapies; interventions are thus compared against standard of care

+ Blinding of subjects and investigators of the intervention is not always feasible.

* An open label tnal such as the Chelate tnal’ (NCTO3539952) used an cbjective, quantifiable (non
ceruloplasmin copper; NCC-Sp) primary outcome to minimize assessment bias

densty
densty

Cl Uce

+ Evaluation of clinical and biochemical stability was assessed by an independent adjudication committes . o e
(IAC) of 3 WD experts prior to randomization to confirm eligibility and post-randomization to ensure - o
objectivity at primary (24-wk) and extension (48-wk) phase endpoints, as they were masked to subject's o . L
allocated therapy g - g . E :
+ However, subjects with knowledge of the intervention may be a source of bias, especially adherence. .. . .
Aims:
+ To descnbe changes in physician clinical (site Pl) and selected laboratory assessments over the course of . | - - p.oo- | . - -
the CHELATE trial in a post-hoc analysis of data to identify trial effect, independent of treatment allocation 190 E B owmmoaE I @ 5 we 150 20
Method: NCCsp NCCsp NCCsp
+ Clinically stable patients on D-penicillamine (DFPA) =1y and on average diagnosed for = 20 years were R:I}ﬂ,p:l}‘s& e * .. R=-gom p=T83
enrolled into an open label trial = E e el B=
+ Atthe end of a 12-wk block to allow for stabilization of dose, patients who were confirmed by site Pl and & NN . B _ I <
IAC to be clinically stable, were randomized (baseline) to sither DPA or trientine tetrahydrochlonide - .' * = plee s g " I o 2
(trientine-4HCI) - A 15 & Ll el .4, I e :; A I
+ Stability was assessed using clinical global impression of change (CGIC) scores by site Pl, and efficacy o B . i ,*"' o] S e
and safety of the intervention was assessed by evaluation of signs of liver disease, neurclogical (UWDRS) 6 w0 B0 0 12 5 20 S0 T ¢
examination and laboratory investigations including NCC-Sp using novel methadaology?, 24-hour urinary uce uce uce

density

copper excretion (LCE) and liver function tests
+ Data were compared at bassline (end of the 12-week run-in period) at 24- and 48-weeks post 0.03- 0.03- 0.03-
randomizaticn; the |AC confirmed clinical stability in all subjects post randomization = = Zoum-
Results: o g E o
« Across all recruiting centers, 77 (38 female) subjects were enrclled with 53/77 (692%) randomized after 12- - a.6- bo1-
wk of baseline pericd (demographics table) | _— |

« UCE was widely distributed, breeching guidance targets (200 - 500mcg/L) at baseline o @ w0 10 260 5 M 9 im0 5 B0 160

« At week 24, UCE peak with tnentine-4HCl was narrower and left shifted; at week 48 although the density ALT ALT ALT
for DPA shifted to the left, it showed a smaller peak with a wider distributicn -

+ A similar pattern of increased density and shift to the left was cbserved with NCC-5p and alanine
aminotransferase (ALT) at week 24 and 48 irrespective of treatment

= Mo correlation was observed betwesn UCE and MCC-Sp, although at study end this changed from a
positive to negative (inverse) relationship

coun
- m o a
s BB &8
coun
Mo s @
e & B B & 8
count
s H B
Tn
! I

DPA (N =27) Trientine-3HCI (N = 26) R .
Age (yoars) 45.2 (13.4) 420 (15.6) T - i .
Femals — nao. (3:) 18 (38%:) 12 (45%) cal ool ocl
Weight (Jg) 72.7 (18.1) 76.8 (14.4) e
Doas of DPA at randomization (mg) 200 (2786) 801 [353) m—  ALLSthjem
Giatal neurclogical (UWDRS) ecors at bassline” 8.0 (1.0, 15.0) 45 (2.0, 8.0) - ::"s;:;“: e

Concluslons:

= In an open label study, comparing DPA with trientine-4HCI, whera subjects remained clinically stable throughout, UCE and NCC showed less variation during course of the study, suggesting a trial effect
= Subjects in the CHELATE trial may have become more compliant with diet and medication, independent of open study design and allocated therapy
= These data demonstrate that WD patients, even those on maintenance therapy, benefit from participating in a randomized trial




Preliminary findings for accurate non-ceruloplasmin copper (ANCC):

Potential monitoring biomarker in medically treated Wilson Disease
Schilsky ML, To U, Ala A%, Coskun A", Embel V', Harrington C 2
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Treatment monitoring for Wilson disease (WD)
involves clinical and biochemical testing.
Accurately determined non-ceruloplasmin
copper {ANCC) is a new assay (1) proposed to
be a useful biomarker for determining overall
copper status in WD patients on medical
therapy. There are few data on ANCC in WD
patients on medical therapy.

To correlate ANCC with data for copper status
in treated WD patients to begin to determine
if ANCC is a useful biomarker for treatment
monitoring.

MATERIALS AND METHODS

The cohort included patients enrolled in the
WD Registry (data coordinating center and
biorepository at Yale) where ANCC and 24 h
urine copper excretion (UCE) data were
available, ANCC was determined from serum
from patients on zinc (n=13) or trientine (n=8)
therapy using a previously described novel
assay based on copper protein speciation and
inductively coupled plasma mass
spectrometry (1) Prospectively collected
clinical and biochemical data and history of
WD diagnosis and treatment were reviewed.

Data was available on ANCC and urine copper
excretion in 21 treated WD patients (15 F). The
average patient age was 42 y (range 12-75), and
treatment for WD with zinc (n=13) averaged
10.4 y while those on trientine {n=8) averaged
7.8 y. ANCC in all ranged from 0.22 to 1.66
ul/L, with the average for zinc treatment being
significantly lower at 0.74 + 0.29 versus 1.21 +
0.37 for those on trientine (p=0.008). For
reference, the AMCC range for a non-WD
population was determined to be 1.17 to 3.87
ul/L— As we assumed, UCE showed a poor
correlation with ANCC (r=0.21 for zinc, 0.10 for
trientine), though average values of UCE were
in expected ranges for most long-term treated
patients (66.6 + 20.5 ug for zinc, 398.9 + 236.2
ug for trientine).

Trientine UCE (ug/24h) vs
ANCC (uM/L)
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ANCC Determination:

Jerum proteins were
separated by anion exchange
chromatography and copper
content of protein peaks
determined by ICP-M3.
Internal standardization is
possible using natural sulfur
and copper isctopes.

Zinc - UCE (ug/24h) vs

ANCC (uMIL)
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Figures: Shown are the UCE (y axis) and ANCC (X axis) for patients on trientine and zinc
therapy for their Wilson disease. Mote similarity of AMCC range and wider range for UCE,
particularly in patient on chelation therapy
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1) ANCC may be a useful alternative to UCE for
patient monitoring as UCE values are highly
variable, especially in patients on chelation
therapy. This requires further validation in a
larger cohort of WD patients on different
treatments.

2) Counter to expectations, we observed a
wider range of ANCC concentrations between
individual therapies for WD, possibly due to the
small sample size initially evaluated. Further
evaluation is needed to determine if the range
should be consistent between therapies.

3) For ANCC to be an accepted biomarker for
WD, further evaluation is needed to determine
the ranges of values that correlate with clinical
and biochemical stability in treated patients.

1. Solowyew N, Ala A, Schilsky M, Mills C, Willis K,
Harrington CF. Analytica Chimica Acta.1098:27-36,2020
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