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Learning Objectives

« Understand the pathophysiologic defect
leading to Wilson disease

» Learn about diagnostic testing for
Wilson disease

« Discuss new treatment options for Wilson
disease and unmet needs for therapy



Wilson Disease Pathophysiology
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Hepatocyte Copper Metabolism
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Wilson Disease — Diagnosis
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Ocular Findings in Wilson Disease

sunflower cataracts

What's new:
Optical
tomography

Kayser Fleischer rings
Neurologic 98% Hepatic 50%



*Coming soon for WD diagnosis:
ATP7B Peptide Analysis Identifies Wilson Disease Patients
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Treatment for Wilson Disease

Primary

Diet
Pharmacotherapy
Transplantation

Secondary

Treat if present:

« Complications of portal HTN
« Neurological symptoms

« Psychiatric symptoms
Perform:

- Screening and surveillance
for hepatoma



Timeline: Treatment of Wilson Disease
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Treatment Goals With Respect to the
Liver Are Phase of Disease Dependent

Prevention Treatment Rescue

Neuropsychiatric
symptoms
Hepatic
Inflammation Cirrhosis Liver Failure

JRARD

_Death

+ 14

Non-specific Complications of portal HTN

symptoms of Ascites —

liver disease Variceal bleeding
Encephalopathy

***506 with acute liver failure

Figure will appear in new AASLD Guidance 2021.



Outcome Measures
Efficacy — Safety

» Control of copper metabolism

* Improvement, stabilization or maintenance
of liver function

* Improvement, stabilization or maintenance
of neurologic and/or psychiatric function

- Safety



Medical Treatment for Wilson Disease

* Initial treatment — symptomatic, asymptomatic*

* Maintenance therapy
* Rescue therapy — medical, transplantation

*lack of strict definitions.



FDA Approved Treatments of Wilson Disease

 d-Penicillamine — initial therapy, maintenance

 Trientine dihydrochloride — for use if intolerant
of d-Penicillamine

« ZInc acetate — maintenance



How to Decide If Medical Therapy Will Succeed?

Prognostic Score
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57 pediatric patients reviewed retrospectively
14 validated prospectively (4 transplanted)
Note — original Nazer score 1986

Dhawan A, Taylor Rm, Cheeseman P, De Silva P, Katsiyannakis L, Mieli-Vergani G. Wilson’s Disease in Children: 37-

Table 3. Prognostic index in Wilson's disease [40], modified by Dhawan et al.

[41].

1'*' 2* 3* 4*
Serum bilirubin  100-150  151-200 201-300  >300
(pmol/L)
AST (UL) 100-150  151-300  301-400 =400
INR 1.3-16 1.7-19 2.0-24 =2.4
WEBC [109/L] 6.8-8.3 8.4-103 104-153 >15.3
Albumin [g/L] 34-44 25-33 21-24 <21

*= score points, upper limit of nomal for AST = 20 [U/ml {at King's College) A
score =11 is associated with high probability of death without liver

transplantation.

Year Experience and Revised King’s Score for Liver Transplantation. Liver Transplantation. 2005.
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Liver Transplantation for Children With Wilson Disease:
Comparison of Outcomes Between Children and Adults

From 1987 to 2008, 170 children and 400 adults 0.6% of all liver transplants
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70% children female; 49% adults female

Age at Transplant (years)

59 10-18 19-28 30-39 4049 50-59 60-69

Arnon R, Annunziato R, Schilsky M, Miloh T, Willis A, Sturdevant M, Sakworawich A, Suchy F, Kerkar N.
Clinical Transplantation. 2011; 1: E52-60.
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New Treatments: Landscape

* Non- prescription medications
— Zinc salts
« Under development:
— Choline tetrathiomolybdate — Phase 3
— Trientine tetrahydrochloride — Phase 3
— Gene therapy — AAV phase 1/ 2 started 2021



WTX101 in Patients Newly Diagnosed With Wilson Disease:
Final Results of a Global, Prospective Phase |l Trial

Bis-choline tetrathiomolybdate
(WTX101 — now ALXN1840)

* Oral, once daily administration
« Specifically binds to copper (not iron or zinc) with high affinity

« Tetrathiomolybdate (TTM) removes copper from intracellular metallothionein
(MT) copper stores by forming TTM-Cu complexes

«  TTM augments Cu excretion into bile

« TTM expands endogenous copper buffering capacity by forming stable
TTM-Cu-albumin complexes in blood

Karl Heinz Weiss, Frederick K. Askari, Peter Ferenci, Aftab Ala, Anna Czlonkowska, David Nicholl, Jeffrey Bronstein,
Danny Bega, Michael L. Schilsky for the WTX101-201 study group; Lancet Gastro Hep. 2017; 2: 869-876.



Reductions in Non-Ceruloplasmin
Bound Copper Levels

+ Rapid improvements in NCC_,, ected . Mean absolute NCC vl
with WTX101 Change from baseine it NCCeerece
— Mean levels were within the upper limit of normal N R
by week 12 s 7]
*  71% of patients met the primary endpoint at 1 o

week 24 (P < 0.001) g 0
— 57% achieved or maintained normalized levels = 1 I
of NCCcorrected 2 4 o e P<OlOOl 1
14% had = 25% reduction in NCC_ected N o oo L
from baseline |
« Overall, mean NCC_, ccteq Was significantly U e wedd wesks  weeki2  weeks  weakas
reduced by 72% at week 24 vs baseline
(P < 0.0001)

Change from baseline data are least squares mean (LSM) * standard error (SE) for 23 to 25 patients at each time point.
P values vs baseline.



Improvements in Neurological Disability

* Unified Wilson Disease Rating Scale Part 2
can be used to measure patient-reported °
disability in Wilson disease! ¢

— Based on elements of the Barthel Index

*  With WTX101, there were significant
improvements in UWDRS Part 2 score at

Units

week 24 vs baseline (P < 0.001) : s
-4 1 P<0.01 P<0.01 l J_

Change from baseline data are LSM * SE for 21 to 28 patients at each time point.
P values vs baseline.
1. Cztonkowska A et al. Neurol Neurochir Pol. 2007; 41: 1-12.



Improvements in Neurological Status

« Unified Wilson Disease Rating Scale Part 3 is a e e
composite clinical score to assess neurological
status in Wilson disease?
— Scale ranges from 0 (no impairment) to 143 10 1
(maximally impaired) £ s
*  With WTX101, there were significant ’
improvements in UWDRS Part 3 score at . 1
week 24 vs baseline (P < 0.0001) T
* No paradoxical neurological worsening U e et wems  weecm vesis e

attributed to the study drug was observed

NS, not significant.

Change from baseline data are LSM * SE for 21 to 28 patients at each time point.
P values vs baseline.

1. Czlonkowska A et al. Neurol Neurochir Pol. 2007; 41: 1-12.
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Timeline: Treatment of Wilson Disease
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Summary

« Medical treatment is effective for most patients with Wilson disease,
but is life-long

*  Pre-emptive treatment prevents disease manifestations

¢ Symptomatic patients are treated with chelation or combination
therapy, asymptomatic and maintenance therapy for patients with
reduced dosage chelation or zinc salts

* Phase 3 data are being analyzed to determine if TTM is non-inferior
or superior to current standard of care for WD

« Gene therapy studies are beginning, and may open the door for a
“cure” for WD
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