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Abstract:

This disclosure relates to methods of diagnosing and treating a copper metabolism- associated
disease or disorder, such as Wilson disease (WD).
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METHODS OF TREATING COPPER METABOLISM-ASS0OCIATED
DISEASES OR DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS

F0001] This application claims the benefit of priority of U.S. Provisional Patent Applications
No. 83/113,516, filed November 13, 2020, and No. 63/242 722, filed September 10, 2021,
which are incorporated herein by reference in their entirety.

BACKGROUND OF THE DISCLOSURE
Figld of the Disclosure

[0002] This disclosure relates 1o methods of diagnosing and freating a copper metabolism-

associated disease or disorder, such as Wilsan disease (WD)
Deascription of Related Art

[0003] Wilson disease (WD) is a rare, autosomal recessive disorder of impaired copper {Cu)
transport that resuits in pathologicat Cu accumulation. In WD, mutations in the ATPYE gene
result in deficient production of adenosine triphosphatase 2 (ATPase2), which in turn leads
to impaired biliary excretion of Cu and impaired incorporation of Cu into ceruloplasmin {(Cp),
a serum ferroxidase, which, in heaithy humansg, contains greater than 25% of the Cu found in
plasma. Consequently, there is an increase of Cuin liver, brain, and other tissues with
resultant organ damage and dysfunction. Initial signs and symptoms of WD are
predominantly hepatic, naurologic, or psychiatric, but patients often deveiop combined
hepatic and neuropsychialric disease. Untreated or inadequately treated patients have
progressive morbidity, and mortality is usually secondary to hepatic cirrhosis, Other causes
of death associated with WD include hepatic malignancy and neurclogic deterioration with

severe inanition.

{0004] The current reatments for WD are the general chelalor therapies D-penicillamine
and trientine, which chelate Cu and promote urinary Cu excretion, and zinc (Zn), which
blocks dietary uptake of Cu through upregulation of intestinal metaliothionein. The currently
available drugs have high rates of treatment discontinuation due o tolerability and efficacy
issues. They require frequent dosing {2 to 4 limes per day) and must be taken in a fasted
state. Their adverse event (ALE) profiles and complicated dosing regimens lead o poor
treatment compliance and high rates of treatment failure, a major concem in WD, which

reguires life-long treatment.
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f0005] Bis-choline tefrathiomolybdate ("BC-TTMW”; BC-TTM, formerly known as WTX101) is
an investigational, oral, first-in-class copper-protein-binding molecule being developed for
the treatment of WD, BC-TTM has the following structure:

s
e “gopdo-s OH
< B-Mo-8 Syt

[0008] Prior work suggested that BC-TTM improves control of Cu due o rapid and
ireversible formation of Cu-tetrathiomoiybdate-albumin tripartite complexes (TFCs) isading
te rapid de-coppering without mobilization of free Cu that could cause tissue toxicity
including neurclogical deterioration. it is hoped that improved long-term compiiance with BC-
TTRM treatment through improved tolerability and the convenience of a simplified once daily

(D) dosing regimen compared with current therapeutic options could be achisved.

{0007} EHective treatment of WD involves establishing and maintaining net negative balance
between dietary copper absorption and fecal and urinary copper elimination. Monitoring the
seffectiveness of copper control offen involves perisdic measurement of biomarkers in blood
and urine. While the “free” copper level can be a conceptual biomarker of digsease burden in
W, copper present in blood and urine is believed to be chaperonad by carrisrs of varying
affinity, including ceruloplasmin, metailothionein, albumin, transcuprein, and others.
Stabilization or improvement of hepatic, neurclogic and psychiatric manifestations is
expected to follow copper control, and these factors contribute {o the clinician’s interprelation
of treatment response. Circulating copper in serum or plasma can be assessed through
estimation of non-ceruloplasmin-bound copper (NCQ), but estimated NCC has limited value
because it is an indirect estimate which may generate physiclogically and numerically

impossible negative NCC resulis.

SUMMARY OF THE DISCLOSURE

[0008] The disclosure generally provides methods useiul for treating a copper metabolism-

associated disease or disorder, such as Wilson disease, in a subject.

[0008] One aspect of the disclosure provides a method for fraating a copper metabolism-
associated disease or disorder {(such as Wilson dissase) in a subject. Such method
inciudes: determining a concentration of total copper and a concentration of labile-bound
copper {(LBC) in the subject’s biclogical sample; determining the ratio of LBC 1o total copper
in the subject’s biclogical sample; and administering to the subject a therapeutically effective
amount of bis-choline telrathiomolybdate (BC-TTM) when the ratic of LBC o total copper in

the subject's biological sample is z between 0.21 and 0.27.
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[0010] Another aspect of the disclosure provides a method of diagnosing a copper
metabolism-associated disease or disorder in a subject, the method comprising: determining
a concentration of total copper and a concentration of LBC in the subject’s biological sampie;
determining the ratio of LBC to total copper in the subject’s biclogical sample; and
diagnosing the subjsct with a copper metabolism-associated disease or disorder if the ratic

of LBC to total copper in the subject's biclogical sample is = between 0.21 and 0.27.

[6011] Ancther aspect of the discloswe provides a method of identifying a subject as suited
for treatment with bis-choiine tetrathiomelybdate, the method comprising: determining &
concentration of total copper and a concantration of labile-bound copper (LBC) in the
subject’s biclogical sample; determining the ratio of LBC io tolal copper in the subject’s
biclogical sample; identifying the subject as suited for treatment with bis-choline
tetrathiomolybdate when the ratio of LBC to total copper in the subject’s bislogical sample is
= between 0.21 and 0.27, and optionally administering a therapeutically effective amount of
bis-choline tetrathiomolybdatle to the subject identified as suited for tfreatment with bis-

choling tetrathiomolybdate.

[6012] Ancther aspect of the disclosure provides a method for treating a copper metabolism-
asszociated disease or disorder in a subject, the meathod comprising: determining a
concentration of total copper and a concentration of directly measured non-ceruioplasmin-
bound copper (dNCT) in the subject’s biclogical sample; determining the ratic of ANCC 1©
total copper in the subject's biclogical sample; and administering 1o the subject a
therapeutically effective amount of bis-choline tetrathiomolybdate when the ratio of ANCC ©©

total copper in the subject's biological sample is 2 betweaen 0.245 and 0 295

[0013] Another aspect of the disclosure provides a method of diagnosing a copper
metabolism-associated dissase or disorder in a subject, the method comprising: determining
a conceniration of fotal copper and a concentration of dNCC in the subject’s biological
sample; determining the ratic of dNCC to total copper in the subject’s bivlogical sample; and
diagnosing the subject with a copper metabolisim-associated disease or disorder if the ratio

of dNCC to total copper in the subject’s biclogical sample is = between 0.245 and 0.295.

[0014] Anocther aspect of the disclosure provides a method of identifying a subject as suited
for treatment with bis-choline {etrathiomolybdate, the method comprising: determining a
concentration of total copper and a concentration of ANCC in the subject’s biclogical sample;
determining the ratio of dNCC to total copper in the subject’s biclogical sample; identifying
the subiect as suited for treatment with bis-chdline tetrathiomolybdate when the ratic of

dNCC to total copper in the subjecls biclogical sample is = between 0.245 and 0.295, and
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optionally administering a therapeulically effective amount of bis-choline tetrathiomoiybdate

to the subject identified as suited for freatment with bis-choline tetrathiomolybdate.

[0015] In certain embodimeants of the methods of the disclosure as described herein, the
subject suffers from Wilson disease. In cerlain embodiments, the subject previously
received no freatment for Wilson disease (i.e, a treatment-naive subject). In certain
embodiments, the subject has previcusly received a standard of care (o) treatment for
Wilson disease. In cerlain embodiments of the methods of the disclosure, the subject
previously received no treatment for Wilson disease or the subject previously received a
standard of care treatment for no more than 4 weeks for Wilson disease.

[0016] These and other features and advantages of the claimed inveniion wiil be more fully
understood from the following detailed description taken together with the accompanying
claims. His noted that the scope of the claims 18 defined by the recitalions therein and not

by the specific discussion of features and advantages set forth in the present description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings are included o provide a further understanding of the
compositions and methods of the disclosure, and are incorporated in and constitute g part of
this specificationn. The drawings illustrate one or more embodiment{s) of the disclosure and,

fogether with the description, serve {o explain the principles and operation of the disclosure.

[G018] Figure 1A illustrates mean {85% Confidence Interval) of Total Plasma Copper, Labile
Bound coppsr and 24-hour Urine Copper Measured over Time in Study 201 (Full Analysis
Set).

[0018] Figure 1B illustrates mean (85% Confidence Interval) of Total Plasma Copper, Labile
Bound copper and 24-hour Urine Copper Measured over Time in Study 203 (Full Analysis
Set).

[0020] Figure 2 illustrates mean (8D) Plasma Tolal Molybdenum, Total Copper, Labile-
Bound Copper and Ceruloplasmin-Bound Copper Concentration-Time Frofiles in Healthy

Participants.

[0021] Figure 3 illustrates mean {(80D) Plasma Labile-Bound Copper/Total Copper Ratio-

Time Profiles in Healthy Participants vs Parlicipants with Wilson disease.

[0022] Figure 4 illusirates the patient populations used in the analysis to determine the
LEBC/Total Copper ratic (LTC Ratic) optimal threshold value for dassification of healthy and

Wilson disease patients.
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[0023] Figurs 5 illustrates boxplots showing the distribution of LTC Ratico for healthy vs

Wilson disease patients.

[0024] Figure & illustrales an receiver operating characteristic {(ROC) curve showing the

performance of LTC Ratio for classification of healthy vs Wilson disease patients.

[0025] Figure 7 illustrates the optimal threshoeid of 0.24 or 24% of LTC Ratio based on §-

score yields.
[0028] Figure B illustrates the range of LTC Ratio threshold.

[0027] Figure 9 is a boxplot Hlustrating the distribution of dNCC/Tolal Copper Ratio (dNCC
Ratio) for healthy vs Wilson disease patients.

[0028] Figure 10 is a receiving operating characteristic (ROC) curve illustrating the
performance of using dNCC Ratio for classification of heaithy vs Wiison disease patients.

[0029] Figure 11 illustrates the optimal threshold of 0.278 or 27.6% of dNCC Ratic based on

f-score yields.
[0030] Figure 12 illustrates the range of dNCC Ratio threshold.

[0031] Figure 13 lllustrates a Bland Aliman scatter plot with the Y axis as the diffsrence
between serum and plasma LBC levels in a subject and X the axis as the mean of the two

levels.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0032] Before the disclosed processes and materials are described, it is to be undersiood
that the aspects described herein are not imited to specific embodiments, and as such can,
of course, vary. lLis also 1o be undersiood that the terminology used herein is for the
purpose of describing particular aspects only and, unless specifically defined herein, is not

intended to be limiting.

[8033] in view of the present disclosure, the methods and compaositions described herein
can be configured by the person of ordinary skill in the art to mest the desired nesed. The
prasent disclosure provides improvements in treating copper metabelism-associated

diseases or disorders.

[0034] In certain embodiments of the methods of the disclosure as described herein, the

copper metabolism associated disease or disorder is Wilson disease.

[0038] In centain embodiments, the copper metabolism associated disease or disorder is
copper toxicity {e.q., from high exposure to copper sulfate fungicides, ingesting drinking

water high in copper, overuse of copper supplements, ete.). In certain embodiments, the
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copper metabolism associated disease or disorder is copper deficiency, Menkeas diseass, or
aceruioplasminemia. in certain embodiments, the copper metabolism associated disease or
disorder is at least one selected from academic underachievement, acne, atiention-
deficit/hyperactivity disorder, amyotrophic lateral sclerosis (ALD), atherosclerosis, autism,
Alzheimer's disease, Candida overgrowth, chronic fatigue, cirrhosis, depression, elevaled
adrenaline activity, elevated cuproproteins, elevated norepinephrine activity, emotional
meltdowns, fibromyalgia, frequent anger, geriatric-related impaired copper excreation, high
anxisty, hair loss, hepatic disease, hyperactivity, hypothyroidism, intolerance to estrogen,
intolerance o birth control pills, Kayser-Fleischer rings, iearning disabilities, low dopamine
activity, multiple sclerosis, neurological problems, oxidative stress, Parkinson's disease, poor
concentration, poor focus, poor immune funclion, ringing in ears, allergies, sensilivity to food
dyes, sensitivity to shellfish, skin metal intolerance, skin sensitivity, sieep problems, and

white spots on fingernails.

F0036] As used herein, the terms "treatment” and "treating” mean (i) amsliorating the
referenced disease state, condition, or disorder {(or a symptom thereof), such as, for
example, ameliorating a disease, condition or disorder in an individual who is experiencing
or displaying the pathology or symptomatoiogy of the disease, condition or disorder (i.e.,
reversing or improving the pathology and/or symplomatology) such as decreasing the
severity of disease or symptom thereof, or inhibiting the progression of disease; or (i)

gliciting the referenced biological effect.

[0037] As provided above, bis-chaline tetrathiomolybdate (also known as BC-TTM,
ALXN1840, tiomolibdate choline, tiomolibdic acid, and WTHX(101) is administered in the

methods of the disclosure.

[GO38B] BC-TTM is a first-in-class, Cu-protein binding agent in development for the treatment
of WD and has been described in delail in international Publication No. WO 20158/110819
{incorporated by reference herein in its entirety). BC-TTM monotherapy has been svaluated
in 28 patients with WD, where it was shown that BC-TTM reduced mean serum non-
ceruloplasmin-bound Cu (NCC) by 72% at Week 24 compared with bassline. Treatment
with BC-TTM was generally well-tolerated, with most reported adverse events (AEs) being
mild (Grade 1) to moderate (Grade 2). The mos! frequently reported drug-related AEs were
changes in hematological parameters, fatigue, sulphur eructations, and other gastrointestinal
symptoms. Reversible liver function test elevations were observed in 38% of patients; these
elevations were mild o moderate, asympiomatic, were associated with no notable increases
in hilirubin, and normalized with dose reduction or treatment inferruption. No paradoxical

neaurological worsening was chserved upon freatment initiation with BC-TTM.

3
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[0039] A therapeutically effective amount of BC-TTM has been previcusly established. For
sxample, in certain embodiments, BC-TTM may be administered in the range of about 15 o
60 myg per day. In certain embodiments, BC-TTM is administerad in an amount of about 15
mg daily. In cerfain embodiments, BC-TTM is administerad in an amount of about 30 mg
daily (a.g., about 15 mg taken twice daily or two 15 mg tablets taken once daily). In certain
ambodiments, BC-TTM is administered in an amount of about 45 mg daily (e.g., about 15
mg taken trice daily or three 15 myg tablets taken once daily). in certain embodiments, BC-
TTR is administered in an amount of about 80 mg daily (&.g., about 15 mg taken four times

daily or four 15 mg tablets taken once daily).

[0040] In certain other embodiments, BC-TTM may be administered in the rangs of about 15
t0 60 mg every other day. In certain embodiments, BC-TTM s administered in an amount of
about 80 mg every other day. In certain embodiments, BC-TTM is administered in an
amount of about 15 mg every other day. In cerfain embodiments, BC-TTM is administered
in an amount of about 30 mg every other day. in certain embodiments, BC-TTM is
administered in an amount of about 45 myg every other day. in certain embodiments, BC-

TTM is administered in an amount of about 60 mg every other day.

[0041] In centain embodiments of the present disclosure incraasing the therapeutically
effective amount of BC-TTM during the treatment might provide additional bensfits. Thus, in
certain embodiments, the therapeutically effective amount of BC-TTM is increased after 6
weeks (ie., after 42 days) of tregtment. For example, in certain embodiments, the initial
therapeutically effective amount of BC-TTM (i.e., days 1 o 42) is about 15 mg daily. The
increased, subsequent therapautically effective amount of RBC-TTM {{ e., after day 42, such
as on day 43 and so on), in certain embodiments, is about 30 mg dally. In certain
embodiments, the increased subsequent therapeutically effective amount of BC-TTM is
about 45 mg daily. In certain embodiments, the increased subsequent therapeutically
effective amount of BC-TTM is about 60 mqg daily. For example, in certain other
embodiments, the initial therapeutically effecltive amount of BC-TTM is about 30 mg daily.
The increasad, subsequent therapeutically effective amount of BGC-TTM, in certain
embodiments, is about 45 mg daily. In cerfain embodiments, the increased subseguent

therapeutically effective amount of BC-TTM is about 80 mg daily.

[0042] In certain embodiments of the present disclosure decreasing the therapeutically
effective amount of BC-TTM during the frealment might provide additional benefits. Thus, in
certain embodiments, the therapeutically effective amount of BC-TTM is decreased after 6
weeks {ie., after 42 days) of freatment. For example, in certain embodiments, the initial
therapeutically effective amount of BC-TTM (i.e., days 1 to 42) is about 60 mg daily. The

decreased, subsequent therapeulically effective amount of BC-TTM {i.e., after day 42, such

7
§
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as on day 43 and so on}, in ceriain embaodiments, is about 45 mg daily. In certain
smbodiments, the decreased subsequent thergpeutically effective amount of BC-TTM is
about 30 mg daily. In certain embodiments, the decreased subseguent therapeutically
effective amount of BC-TTM is about 15 myg daily. For example, in certain other
gmbodiments, the initial therapeutically effective amount of BC-TTM is about 30 mg daily.
The decreased, subsequent therapeutically effective amount of BC-TTM, in certain

embodiments, is about 15 myg daily.

f0043] As used herein, the terms “individual,” “patient,” or "subject” are used
interchangsably, and refer to any animal, including mammals, and, in at lsast ong
embodiment, humans. In certain embodiments, the subject is a healthy subject. In certain
embodiments, the subject suffers from WD, In certain embodiments of the methods of the
disclosure as described herein, the subject has cirrhosis. In certain other embodiments, the

subject does not have cirrhosis.

[0044] The methaods of the disclosure are useful as a first line treatment. Thus, in certain
embodiments of the metheds of the disclosure, the subject previcusly received no treatment

for Wilson disease (i.e., a treatment-naive subject).

[0045] In certain embodiments of the methods of the disclosure, the subject has previously
raceived a standard of care (8oC) treatment for WD, For example, in certain embodiments,
the subject has previously received trisntine (also known as triethylenstatramine; A-[2-(2-
aminosthylamino)ethyllethane- 1, 2-diaming). Trientine may be sold under name CUPRIOR®
{(GMP-Orphan United Kingdom Lid), SYPRINE® (Alon Pharma, Inc.), or Cufence (Univar,
ine.y. In certain embodiments, the subject has previously recsived D-penicillamine (also
known as penicillamine; (258)-2-amino-3-meathyl-3-sulfanylbutancic acid). D-penicillamine
may be sold under name CUPRIMINE® (Valeant Pharmaceuticals) or DEPEN® (Meda
Fharmaceuticals). In certain embodiments, the subject has previously received zinc. In
certain embodiments, the subject has previously received trientine, D-penicillaming, and/or
zinc, In certain other embodimenis, the subject has previously received trientine and/or D-

penicillamine.

[0048] in certain embodiments of the methods of the disclosurs, the subject has received
standard of care treatment for WD for no more than 24 weeks. In certain embodiments, the
standard of care treatment was no more than 12 weeks, or no more than & weeks, or no
more than 4 wesks. The standard of care treatment need not be continuous. For example,
the subject may receive the treaiment on-and-off totaling no more than 24 weeks {(e.9., no
more than 12 weeks, or no more than 6 weeks, or no more than 4 weeks) of treatment. In

certain embodiments, however, the standard of care treatment is continuous.
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[0047] In certain embodiments of the methods of the disclosure, the subject has received

standard of care treatment for WD for no more than 4 weeks.

[0048] In certain embodiments of the methods of the disclosure, the subject has received
standard of care freatment for WD for at least 4 weeks. In certain embodiments, the
standard of care treatment was at least & weeks, or at least 12 weeks, or at least 24 weeks,
or at lsast 36 weeks, or at least 48 wesks, or at least 52 weeks long. The standard of care
treatment nesd not be continuous. For example, the subject may receive the freatment on-
and-off fotaling at least 4 weeks {(e.g., atleast §, or atieast 12, or at least 24, or al least 36,
or at least 48, or at least 50 or at least 52 weeks or at least 103 weeks) of treatment. In
certain embodiments, however, the standard of care treatment is continuous.

[0049] In certain emboediments of the methods of the disclosure, the subject previously
received no treatment or the subject previously received a standard of care treatment for no
more than 4 weeks for the copper metabolism-associated disease or disorder, such as for

Villison disease.

[O050] In the methods of the disclosure as described herein, the subject completed the
standard of care treatment at isast 2 weeks prior to administering bis-choline
tetrathiomolybdate. In certain embodiments, the subject completad the standard of care
treatment at least 3 weeks, at least 4 weeks, or at least 6 weeks prior 1o administering bis-

choline ietrathiomolybdate.

[0051] In certain embodiments, when vaiues are exprassad as approximations, by use of
the antecedent “about,” it will be understood that the parlicular value forms one possibie
sembodiment and variation of the given valueg is possible {e.g., about 30 may includs 80 £ 10
%), it will be further understood that the endpoints of each of the ranges are significant both

in relation to the other endpoint, and indepandently of the other endpoint.

[6052] As used herein, “iotal copper” refers o the sum of all copper species in a biclogical
sample {for example, in whole blood, serum, or plasma). Total copper includes both
ceruloplasmin (Cpy-bound copper and all speciss of non-ceruloplasmin bound copper. in
general, total copper may be directly measured with high sensitivity and specificity by mass-

spectroscopy, such as inductively coupled plasma-mass spectrometry (CP-MS).

{0083] The term "NCC” refers {o the fraction of tolal copper that is not bound o
ceruloplasmin (i.e., "non-cerutoplasmin-bound copper’). Under currently available estimation
methods, NCC s estimated using direct measurements of total copper and Cp inn the blood

{such as, .g., serum or plasma) and the following formula:
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f0054] The calculation is premised on an assumption that six copper atoms are always
bound to a single Cp moleculs, and that NCC and ceruloplasmin concentrations are directly
correlated. In reality, Cp may show considerable helerogeneity in the number of copper
atoms associated per Cp melscule. In fact, 6-8 copper atoms can actually bind to Cp, and in
W usually fewer than six copper atoms are associated per Cp molecule. Moreover, clinical
data from healthy subjects in Study 108 showed, on average, approximately 4.6 Cu atoms

bound per Cp molecule.

[0085] Under newly available direct measurement methods, NCC is directly measured using
a NCC assay (such directly measured NCC being referred to herein as “"dNCC.” and such
NCC assay involving direct measurement of NCC being referred 10 as "dNCC assay”
herein). Thus, in certain embodiments disclosed herein, NCC is directly measured using a
ANCC assay. For example, in certain embodiments, NCOT s directly measured using the
ANCC assay described as an "NCC assay” in PCT Patent Application Publication No.
WO2Z02 /050880, published on 18 March 2021, herein incorparated by raference in s
entirety. in further certain embodiments, the dNCC assay used to directly measure NCC
uses the antibodies or antibody mixtures as disclosed in U.8. Provisional Patent Application
No. 83/077,155, filed on September 11, 2020, herein also incorporated by reference in ifs

entirety.

[00886] in subjects freated with BC-TTM, non-ceruloplasmin-bound copper includes the
fraction of total copper that is bound to albumin, transcuprein, and other less abundant
plasma proteins (coliectively referred {o as LBC} or in tefrathiomolybdate-Cu-albumin
tripartite complexes (TPCs). The concentration of TRPCs cannot be directly measured, but in
certain embodimeants, the concentration of TRPCs may be estimated using molybdenum

concentration as a surrogate.

[0057] The term "NCCeoreaed” refers {o the fraction of total copper that is not bound o
cerulopiasmin or in a TPC (i.e., LBC) and which is calculated by subtracting a direct
measure of molybdenum in the blood (such as, e.g., serum or plasma) from the NCC value.
NCCoorrected” 18 Thus a correction of the NCC value to account for the prasence of

molybdenum-copper-albumin {riparlite complexes in the biood of BC-TTM-treated subjects.

[0058] The terms "LBC” or “labile-bound copper” refer (o the fraction of total copper which is
bound to albumin, ranscuprein, and other less abundant plasma profeins. LBC thus

comprises the fraction of fotal copper which is not bound to sither ceruloplasmin or TPCs. In

10
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certain embodiments, the LBC fraction is directly measured using an LBC assay. For
sxample, in certain embodiments, LBC is directly measured using the LBC assay described
as an "LBC assay” in PCT Patent Application Publication No. W02021/050850, published on
18 March 2021, herein incorporated by reference in its entirely. In further cerlain
embodiments, the LBC assay ussed to directly measured LBC uses the antibodies or
antibody mixtures as disciosed in U.S. Provisional Patent Application No. 83/077 155, filed
on September 11, 2020, herein aiso incorporated by reference in its entirety. In a biclogical
sample (such as blood, serum, or plasma)} in which no TRC is present, the NCC and the LBC

fractions are the same.

[0059] In certain embodiments, the LTC Ratio is used fo identify an optimal threshold for
classification of a haalthy subject and a copper metabolism-associated disease or disorder
subject. In certain embodiments, the LTC Ratio optimal threshold is between 0.21 and 0.27.
In certain embodiments, the LTC Ratio optimal threshold is 8.24. For exampile, the LTC
Ratic can be used in methods of diagnosis of a copper metabolism-associated diseass or
disorder. In certain embodiments, a LTC Ratio = between 0.21 and 0.27 in the subject's
biclogical sample (such as, e.g., blood, serum, or plasma) indicates the subject has a copper
metabolism-associated disease or disorder. In certain smbodiments, a LTC Ratioz 0.24 in
the subiect's biological sampie indicates the subject has a copper meiabolism-associated
disease or disorder.

[O060] In centain embodiments, the dNCC Ratio is used fo identify an optimal threshold for
classification of a healthy subject and a copper metabolism-associated disease or disorder
subject. In certain embodiments, the dNCC Ratio optimal threshold is batween 0.245 {o
0.285. In certain embodiments, the dNCC Ratio optimal threshold is 0.278. For exampie,
the dNCC Ratio can be used in methods of diagnosis of a copper metabolism-associated
disease or disorder. In certain embodiments, a dNCC Ratio = between 0.245 and 0.285 in
the sublect's biclogical sample (such as, e.q., blood, serum, or plasma) indicates the subject
has a copper metabolism-associated disease or disorder. In certain embodiments, a dNCC
Ratio = 0.278 in the subject's biclogical sample indicates the subject has a copper

metabolism-associated disease or disorder.

[0661] In certain embodimeants, an effective amount can be an amount suitable for:
(i} inhibiting the progression of the disease;
{ity prophviactic use for example, preventing or imiting development of a disease,
condition or disorder in an individual who may be predisposed or otherwise at risk {0
the disease, condition or disorder but does not yet experience or display the

pathology or sympiomatology of the disease;
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.....

individual who is experiencing or displaying the pathology or symptomatology of the
disease, condition or disorder;

{iv}) ameliorating the referenced disease siale, for example, ameliorating a diseass,
condition or disorder in an individual who is experiencing or displaving the pathology
or symptomatology of the disease, condition or disorder {i e, reversing or improving
the pathology and/or symptomatoloqy) such as decreasing the severity of disease; or

{v} sliciting the referenced biclogical effect.

EXAMPLE

[0062] The methods of the disclosure are illusirated further by the following Example, which
is not 10 be construed as limiling the disclosure in scope or spirit fo the specific procedures

and compounds describad thersin.
Background

[0063] The conceniration of total copper in biood has generally been considered
uninformative for monitoring treatment response in WD, The total copper concentration in
serum or plasma is highly dependent on the concentration of ceruloplasmin, which is known
to be abnormally low in most patients with WD due o the inherited funclional deficiency of
ATP7B. Therefore, patients with WD have a paradoxically low level of total copper in serum
or plasma. Successful treatment may be expecied {o drive the total copper concentration
even lower, which is challenging to interpret. The optimal target concentration of total
copper in the blood of a treated WD patient is unknown, but likely falls well below iaboratory

reference ranges astablished among healthy individuals with normal ceruioplasmin.

[0064] Atthe time that Study 203 {(in participants with WD trealed with SoC) and Siudy 201
{in participants with WD freated with BC-TTM) were initiated, NCC and NCCoorented,
respectively, were selected as the surrogate primary efficacy outcome measures. The
rationale was that NCC represents the loosely bound or "exchangeable” fraction of coppar,
which accounts for the organ damage in WD, Urinary copper excration was not expected to
change with BC-TTM treatment, therefore measuring the change in 24-hour urinary copper

excretion was not expected to be informative.

[00858] Phase 2 clinical samples were re-analyzed from the following studies using the newly
developead and technicaliy-validaled LBC assay o direclly quantify plasma “free” NCC or

NCCosreces When BC-TTM is administered:

= Study 201, an open-label efficacy and safety study of BO-TTM in patients with WD,

and
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= Study 203, 2 natural history/standard of care study in patients with WD,

[0088] An integrated analysis of plasma total molybdenum, total copper, NCC, and LBC
{(LBC ultimately replacing NCCooreueq) in participants freated with BC-TTM or standard of
care revealed previocusly unrecognized dynamic changes during BC-TTM treatment in both
total copper and LBC. These dynamic changes in total copper and LBC were not observed
with SoC treatment. The key characteristics of each SoC treatment, as well as BC-TTM, are
presented in Table 1.

[0067] Table 1: Comparison of BC-TTM to Approved WD S0C Therapies

Parameter BC-TTM Peniciliamine Trientine Zing
PN Enterocyie
Classification A‘Ebu'mm-(,u Cu-Chelator Cu Cheiator metighothionsin
kinding agent .
inducer
Cu-Binding
Affinity 9.6 156 15.8 NA
(-logio{Kd])
-+ o+ - 2+
e, [Cu and otr
Cu-Binding |, Zn?t Fa?* cations; need divalent cafions; NA
Selectivity P s need metal
Ca?, Mg, or metal .
24 . b supplements
M supplements
Drug:Cu- PR PP
Binding Molar fi;g’ 12,18, 14 15 4 1.4 NA
Ratio ]
Yes, Cuin
lysosomes of
Binding to CuiYes, including hepatocyies and
in hepatic metallothionein-  |[Kupffer cells, but No No
fissue Cu not
metaliothionsin-
Cu
_— Yas, forms stable
Binding 10 SWirpes with Yes Yes No
in the bleod
covalent bonds
Nonsg; Cu May damage
mobilization after |blood-brain
Impact on BC-TTM barrier by Does not cross No
CN& reatment does  increased free Cuibicod-brain barrier
not redistribute o |and oxidative
the brain tissue  |[damage in brain
Maobilization .
of Copper LS (SMOYA08, oy 203)  INe (Study 203) No (Study 203)
TR Study 201)
from Tissue
Route of - C MNon-absorbed
Copper Bsisary{fecai Egcreted in the Excreted in the urine|dietary copper
S axcretion of TRPCs|urine .
Elimination excrefed in feces

CA 03172751 2022-9-21

13




WO 2022/104135 PCT/US2021/059239

Study 201

[0068] Study 201 was a Phase 2, multicenter, open-label study to evaluate the sfficacy and
safety of BC-TTM, when adminisiered for 24 weeks, in newly diagnosed participants with
WD aged 18 years and older, with an extension phase of 38 months. This study was
conducted in US and European sites. Participants received BC-TTM at individualized doses
between 15 and 120 mg/day. A wial of 28 participants were enrclled and treated (10 in
Cohort 1 ftreatment experienced] and 18 in Cohort 2 [reatment naive or minimally treated]).

One participant was enrciled in Cohort 2 but not treated.

[G062] The primary objective of the study was to evaluate the efficacy of BC-TTM for 24
weeks on NCC levels adjusted for molybdenum plasma concentration in participanis with
WD aged 18 and older. NCC levels within or above the normal reference range at enroliment
were required. The secondary objectives included safety and tolerability, effects of BC-TTM
on hepatic measures, disability, and neurciogical status, and collection of PK data. The
38-month extension phase evaluated the tolerability and long-term safety and efficacy of BC-
TTM. Dosing was individualized, guided by NCC levels (adjusted for molybdenum plasma
concentration) and safety data. The primary efficacy endpoint was related to the proportion
of successful participants, i.e., the proportion of participants who achieved plasma “free”
copper controt or improvement from baseline. In a post-hoc analysis, plasma copper control
was also evaluated using results from the LBC assay to quantify “free” copper in piasma that

was not bound to either ceruloplasmin or the TRPC.

[007G] Over the course of Study 201, the maximum allowed dose of BC-TTM was
decreased in order 1o manage initiaily observed drug-related liver anzyme glevations.
Participants recaived a starting dose of BC-TTM of 15 to 120 mg/day based on baseline
NCT concentrations for the first 4 {o 8 weeks, with subsequent response-guided
individualized dosing over the rest of the study period. Although dosing of BC-TTM was
initially given twice daily (BID), a protocol amendment in March 2018, before most
enreliment had taken place, implemented once daily dosing (f desmed appropriate by the
investigator). After a significant treaiment-emergent elevation of alanine aminotransferase
(ALT) in a participant receiving 120 mg/day, the dose regimen was amended from a
maximum dose of 300 mg/day to 80 mg/day. Due to small sample size and data variability,

the median values for the weighted averages of the doses will be cited throughout.

[O071] The primary endpoint in study 201 was the change in NCC/NCCoorectes from baseline
to Week 24. Treatment with BC-TTM resultad in rapid reductions in “fres” copper
concentrations as measured/calculated by NCCoreaes from Week 4 {(=0.0198). Mean

reductions in NCC conceniration were also statistically significant at Week 24 vs. baseline
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{p<0.0001). By Week 24, almost all participants were considered to be successfully treated
with BC-TTM, regardiess of previous time on freatment (80.0% of participants included in
Cohort 1 and 83.3% of participants included in Cohort 2). These results were sustained
throughout the long-lerm Exfension Period; at the time of the last assessment, 24 (85.7% [9
(80.0%) in Cohort 1 and 15 (83.3%;) in Cohort 2]} were considered successiul in relation to

treatment with BC-TTM according to the prospactively defined study primary endpoint.
Study 203

f0072) Study 203 was a 24-month multicenter, observational study to assess copper
parameters in participants with WD freated with SoC medications (the chelators
penicillamineg and trientine, and zing). Depending on the duration of prior WD treatment,
participants were allocated to fwo cohorts (Cohort 1: prior WD treatment of » 28 days;
Cohort 2: treatment naive or prior WD treatment of < 28 days). Participants in the study
continued with their existing medication and did not receive BC-TTM or any other

investigational drug.

[8073] The primary objective of the study was o assess plasma and urine copper
parameters in participants with WD trealed with SoC. The secondary objectives of this study
were o compare copper parameters with corresponding clinical data, including medical and
madication history, clinical laboratory results, WD medications, and Clinical Global
impression (CG1). The primary sfficacy endpoint was the proportion of participants who
achieved or maintained normalized concentrations of NCC (0.8 M — 2.3 uyM) or reached a
reduction of at least 25% in NCC during 6 months of ireatment if above the reference rangse
at the time of enroliment. In a post-hoc analysis, plasma copper control was aiso evaluated
using results from the LBC assay to quantify copper in plasma that is not bound o

ceruloplasmin.

[0074] A otal of 64 participants were enrolied, of which 57 compieted the study and 7
discontinued. A {otal of 33 (51.6%) participants were successtul at achieving and/or

maintaining the normal reference range for NCC through Month €.

[00758] The primary efficacy analysis was repeated with LBC data. Overall, 62 (96.8%) of
participants were successful at achieving and/or maintaining LBC within the reference range
{male: 0.9 - 4.4 umol/L; female: 0.7 - 5.9 umo¥/L) through Month 8. The analyses of Study
203 plasma samples reveal minimal maobilization of copper from tissues (Figure 1B}, in

comparison to that in Study 201 (Figure 1A).

[0078] Blood sampling was less frequent in study 203, but the difference in trends compared
with Study 201 is very clear. There was a very small reduction in total copper and LBC in

Cohort 2 (freatment-naive) participants between bassline and Week 4, consistent with a
15
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modest decoppering effect in plasma, without appreciable mobilization from tissue.
Thereafter, there was no change in either total copper or LBC. Among treatment-
experienced participants, both total copper and LBC were low at baseline with virtually no
change at all throughout 48 weeks. VWhile baseline 24-hour urine copper excrefion was
numerically greater in Cohort 2 (left panel), the 24-hour uring copper excretion changed
rmirimally over time, with a small decrease noted at Week 48 in Cohort 2 treatment-naive
participants.

[0077] By Week 48, the total copper concentration reached a nadir of approximately 4 uM.
Vhile this is below the normal reference rangs, it is 10 be expsected that participants with WD
will almost always fall well below the reference range for fotal copper due to the relative
deficiency in ceruloplasmin. As noted above, the normal reference range for total copper

does not apply in WD,

[G078] In these participants treated with peniciilamine, trientine andfor zinc, 51.6% of
participants achieved “success” as defined by achieving a target NCC concentration within
the reference range by the end of 8 months. In the post-hoc analysis, 26.8% of participants
achieved success as defined success by achieving a target LBC concentration within the
reference range by the end of & months. s not clear if either measure 13 informative with
regard to copper control or clinical manifestations of WD, Measuring the change (or percent
change) from baseline to Week 48 in plasma NCC, total copper or LBC conceniration aiso
provided litlle insight into copper control. In contrast, the striking copper mobilization effect
of BC-TTM during the first 24 weeks of treatment in Study 201 makes this difference very

clear.
Study 106

[0O73] Study 108 was an open-labsl, 2-perind, parallel group, Phase 1 study {o assess
whether single-dose BC-TTM FPK and safely are comparable between heaithy Japanese and
non-Japanese participants. it was conductad st a single centar in the UK to support the
enroliment of Japanese patients in the ongoing Phase 3 Study 301 and the New Drug
Application of BC-TTM iy Japan.

{0080] Twenty-four participants were enrolied (12 Japanese and 12 non-dapanese). During
Dosing Period 1, participants recsived a single dose of one 15 mg BC-TTM EC tablet at
Hour 0 on Day 1 following an overnight fast. During Dosing Period 2, participants received a
single doss of 4 x 15 mg (for a total of 80 mg) BC-TTM EC tablets at Hour 0 on Day 1
following an overnight fast. Participants were followed 10 days after dosing within each
Dosing Period, and a minimum of 14 days {+ 2 days} separated the dosing pericds. PK and

FD concentrations were measured over the next several hours for the first day and once
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daily for the next 9 days. Therefore, Study 106 permits examination of PK and PD profile
changes within hours after drug administration. These PK/PD profiles can be compared with
the 12-hour dense PK/PD profiles obtained in Study 201 on Day 1 and at Weeks 12 and 24

visiis.
Discussion

[0081] When BC-TTM PK parameters and PD profiles were compared betwsen Japaness
and non-Japanese pariicipants, there were no significant differences after a single oral dose
of 15 mg or 80 mg of BC-TTM under fasting conditions. Therefore, the sthnic cohorts were
combined for the purpose of the analyses in this document. Figure 2 presents the mean (8D)
PK/PD profiles in healthy participants from Study 108, Details of these data presentation and

other information can be found in the C3R for Study 106.

{0082] Assessments have been conductad for SBtudy 108 and compared with Study 201 to
aid in the selection of therapeutic monitoring tools for reating participants with WD with BC-
TTM. This may be accompiished and confirmed with PK/PD data such a5 plasma fotal
molybdenum, total copper, LBC and LBC/iotal copper ratio, ceruloplasmin-bound copper
{CpC), and TRPC from Study 201 o assure participants with WD are not under-treated or
over-tregted whean transitioning with a dose titration from de-coppering phase o
maintenance phase. Dus {o disease and participant heterogsneity and the corresponding
implemsniation of individualized dosing in the BC-TTM clinical development program, sach
participant may respond o the reatment differently. time-wise and magnitude-wise.
Therefore, the proposed investigation into the comprehensive and/or combinations of the
PE/PD paramesters notad above are critical in defining the time frame and parameter range

for achieving optimal efficacy and safety treatment cutcomes in participants with Wi,

[0083] Totaf molybdenum: Foliowing either the single 15 mg or the single 80 mg dose of
BC-TTM, plasma concentration-time profiles of twtal molybdenum were comparabie, as were
FK parameters. The time 1o maximum plasma molybdenum (Thad was b hours and the
estimated {1, was 84-84 hours, or 2.7-3.5 days. Plasma fotal molybdenum Chae and AUC
increased less than dose-proportionally from 15 mg to 80 mg and a doss-proportional
(linear) increase corresponding to the higher dose of BC-TTM was not observed (Figure 2).
Based on mean dose-normalized plasma total and ultrafiltrate molybdenum AUCS,

approximately 86% of the plasma molybdenum was anticipated {© be in the form of TRCs.

[0084] Total copper: The combinaed ethnicity data had a plasma total copper mean of 13,1
uM {range: 8.2 to 18.2 uM) at predose baselina. The maximum individual plasma {otal
copper concentrations of 23.0 and 21.7 uM were observed after single 15 mg and 60 mg

doses of BC-TTM, respeclively. These values are within the reference rangse for normal
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healthy subiects’ serum or plasma total copper, which has been reported to be between 11.3
—28.1 uM by using an ICP-MS assay (LabCorp. copper, serum or plasma [internet]. 2020a.
[cited 18 Jul 2020]. Available from: hitps /www.labcorp.com/iests/001588/copper-serum-or-

plasma).

[0085] Plasma total copper concentrations reached their maximum 8-12 hours post dose,

with a maximum median increase from baseline of approximatsly 26-34% (Figure 2. After
the 8 to 12-how post dose time point, copper concentrations gradually decreased with the
median percent change from bassline reaching within approximately < 10% of the predose
baseline. At 240 hours post dose, iotal copper concenirations had returned to predose

baseline.

[0088] The early increase in plasma total copper closely paralieled the appearance of total
molybdenum, consistent with rapgid formation of TRPC almost immediately afler gbsorption of
BC-TTM. The maximum plasma concentration of total copper followed the maximum

plasma concentration of total melybdenum by approximately 3-7 hours after dose.

[0087] LBC and LBC/Aotal copper ratio: The combinad ethnicity data had a plasma LBC
mean of 0.805 ubM (range: 0.48 1o 1.49 uM) at predose baseline, The average plasma LBC
concentration from all participants at baseline was approxdmately 8% (x 29%) of the plasma
total copper concentration (LBCHotal copper ratic). There was an initial 3-hour transient
decrease {(while plasma total molybdenum was increasing) and then increase (Figure 2
insert), with eventual return to pre-dose baseline concentrations of plasma LBC over time
after either 15 mg or 60 myg dose {Figure 2). The maximum individual plasma LBC
concentrations of 2.79 and 2.83 uM were observed after single 15 mg and 66 mg BC-TTM,
respectively. These values are within the reference range for normal healthy subjects’
plasma LB (see Table 2).

[0088] Table 2 Reference Ranges for Labile-Bound Copper

Labile-Bound-Copper {umolil}
Sex LLN VLN
Femails 0.7 59
Male 0.9 4.4

[008%8] Median plasma LBC concentrations from the combined ethnicity and dose data
reached their nadir of approximately 50 -70% pre-dose baseline concentration at 3 hours
post dose and subsegquently increased {o approximately 80-20% of pre-dose baseling
concentration at 12 - 24 hours post dose and returned 1o baseline 10 days after dose {Figure

23, The initial decrease in plasma LBC for the first 3 hours while plasma total molybdenum
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was stili increasing toward Crax implies that BC-TTM had the initial capacity of reducing
plasma “free” copper or LBC. The subsequent increase in LBC may be related to the overall
liver decoppering or copper mobilization effects of BC-TTM with maximum plasma total
copper and LBC concentrations reached at approximately the same time of about 12 hours
post-dose. I is possible that, during the initial 12-hour time window after dosing, relatively
szl amount of mobhilized copper molecules could not be fully captured in the stable TPCs
and thus became measurable as LBC. His possible that BC-TTM binds to Cuwhen it
resides in a very specific position such as N-terminal histiding in the albumin molecule, such
that, copper molecules bound anywhere else may not bind with BC-TTM and form TPCs.
Another possibility is that we have data showing transcuprein level increased in post-dose
samples from Study 108 within 12-24 hours of BC-TTM treatment, which may also explain

the peak of ime of plasma LBC concentration,

[0080] Study 108 mean (8D) plasma LBC/otal copper ratio-time profiles show similar trend
o plasma LBC profiles (Figure 3, insert). The AUEC calculalions based on area under the
effect (plasma total copper and LBC)-time curves after BC-TTM administration {all
participant data pooled, both ethnicifies and doses) show that the percentage of plasma LBC
remains virtually unchanged at 7% (& 1%) relative o the plasma total copper. This suggesis
that, even though there were dynamic changes in both plasma total copper and LBC
concentrations due to tissue copper mobilization, the relative amount of “free” copper
remained virtually unchanged and was also maintained well within the normal reference

range after a single dose of BC-TTM.

[0091] In Study 201, 12-hour dense PKR/PD samples for plasma total molybdenum and
copper were collectad on Day 1, Week 12, and Week 24, Flasma samples for assessing
“free” copper were also collected at 0, 4, and 8 hours during those visits and assayed for
LBC concentrations. For the purpose of comparison across Studies 106 and 201, Figure 3
has super-imposed LBChAotal copper ratios-time profiles within the 12-hour time window after
dosing from both studies. All of those who contributed to Chax are used to conduct a
weighted average dose caiculation: for Day 1, Week 12, and Wesk 24, the corresponding
numbers are 30 myg, 33.8 mg, and 35.8 myg. Figure 3 (fop) shows that the mean plasma
LBC/Hctal copper ratic-time profile on Day 1 pre-dose was just below the upper bound of the
normal range with 8D extending well above normal. After a weighted average dose of 30 mg
BC-TTM, LTC Ratio dropped ~30% from bassline at 4 hours post dose with slight rebound
after 8 hours. After 12 weeks of repeated dosing and under a weighted average dose of 33.8
mg BC-TTM freatment on the day of visit, mean LBC/clal copper ratio-time profile dropped
slightly vs. Day 1, indicating decoppering phase may be still on-going. At Week 24, pre-dose
LTC Ratio had substantial reduction of ~30% and a nadir of ~50% drop at 4 hours posi-dose
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compared to Day 1 pre-dose baseline. The weighted average dose of BC-TTM increased
slightly to 35.8 mg on the day of visit at Week 24, indicating that the decoppering phase may
have been completed, even though the overall LBC/total copper ratio-time profiles were still
above those from Study 108 after g single dose of 15 mg or 80 mg BC-TTM {(Figure 3,

hottom).

[0092] Clinical evidence supports the use of the LTC Ratic or the dNCC Ratio for the
diagnosis of participants with WD, For example, dNCC Ratio could be used for this purpose,
because in subjects in which no TPC is present, L.e., subjects not being treated with BC-
TTHM, the NCC and LBC fractions are the same. While not being bound by a theory, itis
belisved that LBC (or dNCC in subjects not being treated with BC-TTM) represents the
fraction of circulating copper bound 1o albumin and proteins other than the copper specific
proteins, Cp and transcuperin. The LBC value (or dNCC value in subjecis not being treated
with BC-TTM), when expressed as a percentage of or in a ratio relative o total copper,
reflects altered copper metabolism in untreated WD patients, and has the potential to be
diagnostic of WD with a single blood draw. For example, by comparing to an established
normal reference range for the healthy patients, an elevated LTC Ratio value or dNCC Ratio
may be used as a standalone test to diagnose WD or identify a subject as suited for
treatment with BC-TTM.

[0093] Based on meta-analysis, LTC Ratio mean and range have been calculated based on
Study 108, Study 104, Study 201, Study 203, Study 108, and Study 301 data. Thisdata s

presented in Table 3.

[0094] Table 3. Comparison of plasma LTC Ratic in different subjects

Ratic of LBC {(umoliL} to Total Copper {umolfL} {%)}
Study WD fubjects, prior treat‘m@nt Non-WD {heaithy) subjects
Naive Experienced
Study 201 34.80 (n = 16) 3278 (In=9) -
Study 203 3433 (n = 6) 23,98 (n = 40) -
Study 1048 - - 4.8 {n=48)
Study 108° - - &4 {n=24)
Study 301 ° 353 in = 35) 28.9 (n = 184) -
Study 108°¢ - - 37 = 1N
Reference - - 12.5 (n = 248)
Weighted Mean 35.086 (n = 57) 28.91 (n = 213) 10.52 (n = 337)
Ranges 53-~-785 1.7 -8963 2.0-33.96

2 Study 104 is a phase 1 clinical study registered with EudraCT under study No. 2818-000516-28
aimed to assess the relative bicavailability of BC-TTM oral formulation. The value was obtained
using the experimental and statistical methods noted below. Mean SD): 4.81 (1.968); Median
(IQRY: 4.45 (1.81); Q1, G3: 3.82, 5.14; Min, Maxe 2.8, 13.8; and 85% CE {(4.24, 5.38)
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b The value was obiained using the experimental and statistical methods noted below. Mean (8D):
£.37 (2.380); Median (JQR): 5.84 (2.02}; Q1, Q3: 4.82, 6.94; Min, Mast 3.2, 14.8; and 85% CI: (5.37,
7.38).

Study 301 is a phase 3 clinical study registered under study No. NCT0O3403205 aimed to evaluate
the efficacy and safety of BC-TTM administered for 48 weeks versus standard of care in Wilson
disease patients aged 12 years and oider.

4 Study 108 is g phase 1 clinical study registered under study No. NCT04584252 aimed 10 assess the
copper balanca in patients following administration of BC-TTM.

The values was oblained using the experimental and siatistical methods noted below.

[0095] Methods used fo obtain values in Table 3: The "Reference” samples in Table 3
were individual iots of adult human lithium heparin plasma sample purchased from BiolvT
and Lampire Biclogical Laboratories. Plasma samples were stored at -70 “C upon arrival.
The concentration of ceruloplasmin-bound copper (CpC) and LBC in plasma samples was
determined using a validaied ICP-MS method. In the assay, Cp was first immunocaptured
using an anti-Cp antibody and CpC concentration was measured by iICR-M3 method. On the
resulling non-ceruioplasmin solution, EDTA chelation followed by filtration were performed to
isolate LBC from plasma for ICP-MS analysis. The total serum copper concentration is made
up of CpC and LBC.

{0088] The ratio of LBC to total copper was expressed as a percentage and calculated as

Ul BC = oot 3 100,

total copper

Means and variances were compared between gendears. The assumption of normality was
tested using the Kolmogorov-Smirnov and Anderson-Dariing tests. The Box-Cox method
was then applied to ideniify a normalizing transformation. Outlier detection was performed
on the transformed data using the Dixon and Tukey methods. Gender means and variances
were compared on the transformed dala, and the data were partitioned based on the resulis
of a z-test. Subgroup reference intervals were obtained using the nonparametric method as
suggested in Clinical and Laboratory Standards Institule (2008) (EP2B-A3c: Defining,
Establishing, and Verifying Reference Intervals in the Clinical Laboratory; Approved
Guideline (3rd edition), Wayne, PA).

[009T] Study populations for “Reference” intervals in Table 3: The samples for the
“Reference” intervals provided in Table 3, above, consisied of LBC and total copper
concentrations expressed in ng/mi from 122 female and 126 male subjecis. The median
age of the subject was 40 years {(X=41.3; range 18-74). The median age for females was
39.0 vears (X=40.6; range 18-74) and the median age for males was 42.0 years (X=41.¢;
range 18-70). Descriptive statistics of % LBC overall and by gender are shown in Table 4. A
t-test reveaied that %LBC means were different between genders (Y=10.03% for females,
X=14.87% for males; p<0.0001). The group variances were also unequal {folded F-test,
p=0.0008).
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f00928] Table 4: Plasma LTC Ratio in reference population

Refarence Interval o
\ [Mean| Std. | Std. | Min. | Max. (%) 90% Gl
(%) | Dev | Err | (%) (%) 2.5 97 .5h 2.5m 97.50
FPercentile | Perceniile| Percentile Pearcentile
Al 1o a8l12 546 68310.424]2.95 145 34
Subjects

Female |[122/10.035.208/0.472/2.95:25.88] 3.50 2265 12.95-4.00/21.66 -25.88
Male |126(14.977.0060.629|3.86145.34, 6.73 33,896 1365 -822(31.00 - 4534

Calculated LTC Ratio Optimal Threshold Value for Classification of Healthy and
Wilson Disease Patients

[CG98] To determine the optimal threshold to classify a patient as hesaithy or as having
Witson disease using LTC Ratio, the LTC Ratio of 337 healthy patients and 70 Wilson
disease patients was analyzed {Figure 4). Specifically, 248 "Reference” samples (identified
as "HV” in Figure 4} and 88 healthy patient samples from Study 104, Study 108 and Study
108 were analyzed. The 70 Wilson disease patients’ cohort is from Study 301, Study 201,
and Study 203, The analysis focused on treatment of nalve patients due to potential
confounding effects by previous treatment.

[0104] The distribution of heaithy vs Wilson disease patients were represented in boxplols
(Figure 5). Using boxpiots, the distribution of numerical data and skewness was gbserved
through displaying averages. A T-test was performead 1o show the significance {p-value <
2.2e-18) in the difference of mean of LTC Ratio between healthy and Wilson disease
patients. The performance at each LTC Ratio data was measured between 0-1 {o classify

healthy and Wilson disease patients.

[0101] ROCR (8Bing T, of a/. (2005) ROCR: visualizing classifier performance in R,
Bicinformalics 21(20):3840-1) was used, which is a2 R package 1o evaluate and a ggplot R
package to visualize the performance of this scoring dlassifier (Figure 8). A receiving
operating characteristic (ROC) curve was plotted (Figure 8) showing the performance of
using LTC Ratio for classification of healthy vs Wiison disease patients. Because the
dataseis were slightly unbalanced, the F-score was used to define the optimal threshold. In
addition, the ROCR ool (Sing T of a&f. (2005)) was used 10 measure F-score.

{0102} With a F-score maximum at ~0.73 the optimal threshold of 0.24 or 24% of LTC Ratio
was ohserved (Figure 7). Considering the specificity and sensitivity trade-offs, a range of
thresholds with a F-score above 0.7 were investigated. A range for the LTC Ratio threshold

was defined as shown in Figure 8 {(.e., from 0.21 10 0.27, inclusive). Finally, the cross-

tabulation of observed and predicted classes with associated statistics with confusionMatrix
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funclion from Caret (Kubhn, (2008}, J Sfaf. Sofi., Building predictive models in R using caret

Package 28, 1-28) library in K was calculated.

Calculated dNCC Ratio Optimal Threshold Value for Classification of Healthy and
Wilson Dissase Patients

[0001] To determine the optimal threshold to classify a patient as healthy or as having
Wilson disease using dNCC Ratio, the dNCC Ratio of 149 healthy patients and 41 Wilson

disease patients was analyzed. Specifically, 60 “Reference” samples and 88 healthy patient
samples from Study 104, Study 108 and Study 108 were analyzed. The 41 Wilson disease

patients’ cohort is from Study 301 and Study 201, The analysis focused on treatment of
naive patients due to potential confounding effects by previocus treatment.

[0002] The distribution of healthy vs Wiison disease patients were represented in boxplois
(Figure 9). Using boxplots, the distribution of numerical data and skewness was observed
through displaying averages. A T-lest was performed o show the significance {(p-valus <
€.082¢-10) in the difference of mean of dNCC Ratio between healthy and Wilson disease
patients. The performance at each dNCC Ratio data was measured between 0-1 to classify

healthy and Wiison disease patients.

[0003] ROCR (3ing T, ef a/. (2005) ROCR: visualizing classifier performancs in R.
Bioinformatics 21(20).3840-1) was used, which is a R package {0 evaluate and a ggplot R
package o visualize the performance of this scoring classifier. A receiving operating
characteristic (ROC) curve was plotted (Figure 10} showing the performance of using dNCC
Ratio for classification of healthy vs Wilson disease patients. Because the datasets were
slightly unbalanced, the F-score was used {0 define the optimal threshold. In addition, the

ROCR fool (Sing T ef a/. (2005)) was used to measure F-score.

[0004] With a F-score maximum at ~0.89 the optimal threshold of 0.276 or 27.6% of dNCC
Ratio was observed (Figure 11). Considering the specificily and sensitivity trade-offs, a
range of thresholds with a F-score above 0.85 were investigated. A range for the dNCC
Ratic threshold was defined as shown in Figure 12 {(i.e., from 0.245 to 0.295,

inclusive}. Finally, the cross-tabulation of observed and predicted classes with associated
statistics with confusionMatrix function from Caret (Huhin, {2008}, J. Sfat. Soft., Building

predictive models in R using caret Package 28, 1-28) library in R was calculated.
[CO0O8] Serum and Plasma Sampiles Comparison

[6006] Matched sets of human lithium heparin plasma and serum from 52 healthy

individuals were obtained from BIOIVT.
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f0007] The conceniration of LBC in the plasma and serum samples was determinead by ICP-
MS (Agilent 8900) after performing the validated LEC bicanalytical assay method as
described in Example 10 of U.S. Provisional Application No. 82/958,432, filed January &,
2020, herein incorporated by reference in its entirety, with the anti-CP mADb mixture (1,2,3)
disclosed in PCT/US21/48880 replacing the goat anti-human CP antibody.

[O008] Briefly, CF was first removed by immunccapture with the anti-CP mAb mbdure (1,2,3)
to obtain a dNCC fraction, followed by chelation of the dNCC solution with EDTA| and then

filtration to coliect the labile bound form of copper in the filtrate.

[0009] More spacifically, about 20 ul of each biological sample were added with about 200
ML beads coated with anti-CP mAb mixiure (1,2,3) {(~86 ug total anti-CP mAb per sample) {o
a wall and then subjected to the immunccapture step disclosed in Example 4 of
POT/US21/48890, generating a dNCC fraction per sample.

[0010] About 200 yl of the dNCC fraction for each sample was transferred to a clean,
metal-free tube, and then about 80 ul of chelation spiking solution (45.5 mM EDTA (Sigma
Biolitra) and 456 uM L-Histidine (Sigma Biollltra)) were added to each sample. The
samples were gently mixed well and then incubated at approximately 37°C for about 1 hour,
Optionally, the tubes could be centrifuged.

{00117 Lach incubated sample was transferred 1© a 2% nitric acid washed 30K MWCO
centrifugal filter {regenerated cellulose membrane) (Millipore, Amicontiltra) and centrifuged

at approximately 14,000 x g for about 35 minutes at about 25°C.

[0012] About 200 ul of filtrate were transferred t0 8 new clean, metal-free plastic wbe, and
about 800 ub of 0.1% HNGO; in HO were added o the metal-free plastic tubes.

f0013] About 10 yl of rhiodium internal standard spike (100 ng/mbL) were added {0 each of
ihe above metal free tubes. Each tube was then centrifuged at approximately 3500 rpm for

about 1 minute and vortexad o mix well

[0014] Quantification of LBC was performed by ICP-MS (Agilent 8800) using rhodium as the
internal standard and operating under the conditions and paramsters summarized in Tablses
% and 8. A concentric MicroMist nebulizer was used, and the spray chamber temperature

was kept at about 2°C. The analysis was performed in He MSME gas mode.

[00158] Table § ICP-MS Autcsampler and Operation Conditions®

Autosampler SP534
Needle rinse 10 s pump spead 0.3 1ps Furified water
VWash 1 45 s, pump speed 0.3 1ps 5% HNG/HO (viv)
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Wash 2 45 g, pump speed 0.3 1ps 5% HNGsH0 (viv)
Wash 3 80 &, pump speed 0.3 rps 0.1% HNOC/Hz 0 (viv)

Sample introduction 30 s, pump speed 0.5 rpm

Stabilize 35 5, pump speed 0.1 ps

*Condilions may be adjusted to oplimize response and minimize carryover.

[0018] Table 6. ICP-MS Conditions™

hMass Specirometer Agilent 8200
Nebudizer Concentric MicroMist nebulizer
Spray chamber temp 4°C
Cperation mode MSMS He gas mode
Parameters
RF power (W) 1580
Bampling depth (mm) 10
Plasma Nebulizer gas (L/min} 1.04
Nebulizer pump (rps) .10
Make up gas {L/min) G
He Flow (mL/min) 51
Coll CetP Bias (V) -18
OctP RF (V) 180
Energy Discrimination (V) 0
Omega Bias (V) -120
Omega Lens (V) G
Lenses Cell Entrance (V) -40
Cell Exit (V) ~50
Deflect (V) -8.0
Cug3 (.99 sec
integration Time/Mass
Rh 103 (I8) .1 sec

**instrument conditions may be adjusted to optimize response.

[0017) The ICP-MS system plasma was tfumed on and "Yes” clicked to perform Aufo Tuns.
Autotune and tune check were performed using a tuning solution {Agllent). The ICP-MS

system was equilibrated with the default selting of warming up. The samples were then
introduced for ICP-MS measurement.

[0018] The LBC concentration results in human plasma and serum from the 52 healthy

individuals are shown in Table 7. The degree of agreement between the LBC
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concentrations obtained from human serum and human Li-H plasma from the same seais of
52 heathy individuals was assessed by Bland Altman method (See Giavaring, Biochemia
Medica 2015; 25(2):141-51). Figure 13 shows the Bland Aliman scatter plot with Y axis as
the difference between the serum and plasma LBC levels and X axis as the mean of the two.
The average of the difference between the two sets of LBC values is 10.1 ng/mb. This

means on average the serum LBC value is 10,1 ng/mL higher than plasma LBC.

[6019] In the Bland Altman method, it is recormmendead that 85% of data points lie within
+1.98 standard deviation (8D} of the mean difference, which is defined as the limits of
agresment (LOA). In this plot, the upper and lower LOA were calculated as -27.7 and 47.9,
respectively. The piot also shows the 85% confidence intervals (C) of the mean difference
and of the LOA, which indicate the possible sampling error in the estimate. In summary, two
out of 52, accounting for less than 5% of the total sample points, feli cutside of the 85% Ci of
LOA, which may indicale the serum and plasma LBC concentrations agree with each other

with a bias of 10.1 ng/mb.

[G020] Table 7. Determination of LBC Concentrations in Human Lithium Heparin Plasma

and Serum from 52 Healthy Individuals

Gender | Age | Serum LBC Plasma LBC Average LBC Differance
{ng/mL} {ng/mL.} {ng/mL}
Female 651 68.85 53.63 61.24337721 15.2
Famals 51 86.47 80.18 $3.32487069 6.3
Female 42 85.02 67.28 76.15334185 17.7
Female 38 115.48 110.28 112.87322 52
Female 32 64.07 54.94 59.50068870 8.1
Female 24 8578 76.45 £86.12128963 19.3
Male 22 80.55 72.05 76.3015398 8.5
Male 56 | 88.10 56.72 62.4111332 11.4
Male 54 75.54 73.44 74.48200834 2.1
Male 50 16425 5558 59.91582148 8.7
Male 85 81.25 78.655 79.84798549 28
Male 35 76,12 83.56 69.84297349 12.6
Male 60 | 47.21 78.80 83.004 -31.6
Male 48 | 46.50 58.92 52.708 -12.4
Male a7 38.42 44.32 41.3885 -5.9
Male 42 37.31 39.02 38,161 -1.7
Male 86 51.40 43.01 47 2005 8.4
Mals 62 43.88 43.89 43.8835 0.0
Male 41 47 47 50.15 48.8085 -2.7
Male §9 | 47.42 77.02 B82.2205 -29.8
Male 72 40.88 49.04 47 .G81 -2.2
pMale 38 i 41.25 51.88 48 6155 -10.7
Male 56 83.41 80.6%5 72.0485 227
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Gender | Age | Serum LBC Flasma LBC Average LBC Differsnce
{ngfml} {ng/mb} {ngfmi)
Male 31 53.82 59.10 58,4565 -5.3
Male 58 | 39.40 4177 43 583 -2.4
Male 45 |1 5438 99.04 78.703 -44.7
Male 52 14678 54.58 50.6825 7.8
Male 82 | 4049 42 37 41.431 -1.8
Male 18 | 43.04 40.75 41.885 2.3
Male 38 | 5824 44.50 51.37 137
Male 75 {6684 51.80 591885 15.3
Male 55 {7268 53.85 683.314 18.7
Male 83 111.98 57.99 84 984 54.¢
Male 82 111.75 75.05 83.388 387
Male 56 | 8475 48.44 855.5805 383
Male 85 189003 64.24 78.68355 24.8
Male 44 9145 61.18 78.314 303
Male 87 | 91.81% 72.59 82.196 19.2
Male 43 1 73.27 55.51 54,3805 17.8
Male 84 | 66.54 48.04 57.2805 18.5
Male &1 88.22 51.24 B88.7285 358.0
Male 38 101.02 7212 86 569 289
Male 58 | 76.85 4375 60.19¢ 32.¢
Male 80 | 88.03 84.11 76.068 238
Male 55 {7898 79.28 79.1245 3.3
Male 38 {6825 §3.33 58.7885 12.8
Male 58 {7383 63.41 88.6185 10.4
Male 38 136.01 7215 104.084 638
Male 48 | 8287 58 81 707415 238
Male 23 15313 5511 54.124 -2.0
Male 34 {5184 38.60 45 371 12.8
Male 55 | 4847 45668 47 2105 2.5
Mean Difference | 101
50193
Alpha | 0.05
95% Lower LOA | -27.7
95% Upper LOA | 47.9

[0021] iLis undersiood thal the examples and embodiments described herain are for
fHtustrative purposes only and that various modifications or changes in light thersof are
suggested to persons skilled in the art and are o be incorporated within the spirit and
purview of this application and scope of the appended claims. All publications, patents, and

patent applications cited herein are hereby incorporated herain by reference for all purposes.
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What is claimed is:

Ciaim 1. A methaod for treating a copper metabolism-associaied diseass or disorderin a
subject, the mesthod comprising:
determining a concentration of total copper and a concentration of lablle-bound copper
(LBC) in the subject’s biclogical sample;
determining the ratic of LBC to total copper in the subject’s biological sample; and
adminisiering to the subject a therapeutically effective amount of bis-choline
tetrathiomolybdate when the ratio of LBC to total copper in the subject’s biclogical

sample is = between 0.21 and 0.27.

Claim 2. The method of claim 1, wherein the bis-choline tetrathiomolvbdate is
administered o the subject when the ratio of LBC to total copper in the subject’s biological

sample is 2 0.21.

Claim 3. The method of claim 1, wherein the bis-choline tetrathiomolybdale is
adminisiered o the subject when the ratio of LBC o tolal copper in the subject’s biclogicsl
sample is = 0.24,

Claim 4. The method of claim 1, wherein the bis-choline tetrathiomolybdate is
adminisiered to the subject when the ratio of LBC {o total copper in the subject’s biclogical

sample is = 0.27.

Claim 5. The method of any one of claims 1 to 4, wherein the copper metabolism-

associated dissase or disorder is Wilson disease.

Claim 6. The method of any one of claims 1 to 5, wherein the concentration of {oial copper
in the subject’s biological sample is measured by inductively coupled plasma-mass
specirometry (ICP-MS).

Claim 7. The method of any one of claims 110 8, wherein the conceniration of LBC in the

subject’s bioclogical sample is determined using an LBC assay.

Claim 8. The method of any one of claims 1 to 7, wherein the subject previousiy received
no freatment for the copper metabolism-associated disease or disorder, such as for Wison

disease {i.e  a treatment-naive subject).

Claim 9. The method of any one of claims 1 1o 8, wherein the therapeutically effective
amount of bis-choline tetrathiomolybdate is in the range of about 15 myg o about 80 mg per

day.
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Claim 10. The method of any one of claims 1 to 8, wherein the therapsutically effective

amount of bis-choling tetrathiomolybdate is about 15 mg daily.

Claim 11. The method of any one of claims 1 to 8, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 30 mg daily (8.q., 2 x 15 mqg daiiy).

Claim 12. The method of any one of claims 1 to 8, wherein the therapsutically effective

amount of bis-choline tetrathiomolybdate is about 60 mg daily (8.9, 4 = 15 mg daily).

Claim 13. The method of any ons of claims 1 to 12, whersin, foliowing the administration of
the therapeutically effective amount of bis-choline tetrathiomolybdate {o the subject, the
subject shows an improvement in disability status, psychiatric symptoms, clinical symptoms,

or treatment satisfaction.

Claim 14. The method of any one of claims 1 10 13, wherein the biclogical sample
comprises human plasma or human serum.

Claim 15. The method of any one of claims 1 to 14, wherein the biclogical sample

comprises human plasma.

Claim 16. The method of any one of claims 1 to 14, wherein the biclogical sample

comprises human serum.

Claim 17. A method of diagnosing a copper metabolism-associated disease or disorderin a
subject, the method comprising:
determining a conceniration of twtal copper and a concentration of LBC in the subject's
biclogical sample;
determining the ratio of LBC to total copper in the subject’s biological sample; and
diagnosing the subjsct with a copper metabolism-associated disease or disorder if the
ratio of LBC to total copper in the subject’s biclogical sample is = between 0.21 and
0.27.

Claim 18. The method of claim 17, whersin the subject is diagnosed with the copper
metabolism-associated disease or disorder when the ratio of LBC {o total copper in the
subject’'s biological sample is 2 0.21.

Claim 19. The method of claim 17, wherein the subject is diagnosed with the copper
metabolism-associgted disease or disorder when the ratio of LBC o total copper in the

subject’s biclogical sample is 2 0.24

29

CA 03172751 2022-9-21



WO 2022/104135 PCT/US2021/059239

Claim 20. The method of claim 17, whersin the subject is diagnosed with the copper
metabolism-associated disease or disorder when the ratio of LBC o total copper in the

subject’s biclogical sample is = 0.27.

Claim 21. The method of any one of claims 17 t© 20, wherein the copper metabolism-
associated disgase or disorder is Wilson diseass.

Claim 22. The method of any one of claims 17 to 21, wherein the concentration of total
copper in the subject’s biological sample is measured by inductively coupled plasma-mass

spectrometry ({CP-M3).

Claim 23. The method of any one of claims 17 to 22, wherein the concentration of LBC in

the subject’s biclogical sample is determined using an LBC assay.

Claim 24. The method of any one of claims 17 t© 23, wherein the biclogical sampie
comprises human plasma or human serum.

Claim 25. The method of any one of daims 17 {o 24, wherein the biclogical sample

comprises human plasma.

Claim 26. The method of any one of claims 17 t© 24, wherein the biclogical sampile

comprises human serum.

Claim 27. A method of identifying a subject as suited for treatment with bis-choline
tetrathiomolybdate, the method comprising:
determining a conceniration of wtal copper and a concentration of labile-bound copper
(LBC) in the subject’s biclogical sample;
determining the ratio of LBC to total copper in the subject’s biological sample;
identifying the subject as suited for treatment with bis-choline tetrathiomolybdate when
the ratio of LBC to total copper in the subject’s biclogical sample is = between 0.21 and 0.27,
and
optionally administering a therapeuticaily effective amount of bis-choline
tetrathiomolybdate to the subject identified as suited for treatment with his-choline

tetrathiomolybdate.

Claim 28. The mesthod of claim 27, wherein the subject is identified as suiled for treatment
with bis-choline tetrathiomolybdate when the ratio of LBC to {otal copper in the subject's

biclogical sampie is 2 0.21.
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Claim 29. The method of claim 27, whersin the subject is identified as suited for treatment
with bis-choline tetrathiomolybdate when the ratio of LBC {o total copper in the subject’s

biological sampie is = 0.24.

Claim 30. The method of claim 27, wherein the subject is identified as suited for treatment
with bis~choling tetrathiomolybdate when the ratio of LBC {o total copper in the subject's

bioclogical sample is 2 0.27.

Claim 31. The method of any one of claims 27 to 30, whersin the concentration of total
copper in the subject’s biological sample is measured by inductively coupled plasma-mass
spectrometry (1CP-MS).

Claim 32. The method of any one of claims 27 to 31, whersin the conceniration of LBC in

the subject’s biclogical sample is determined using an LBC assay.

Claim 33. The method of any one of claims 27 10 32, wherein the therapeutically effective
amount of bis-choline tetrathiomolybdate is in the range of about 15 mg to about 80 mg per

day.

Claim 34. The method of any one of claims 27 to 32, whersin the therapeutically sffective

amount of bis-choline tetrathiomolybdate is about 15 mg daily.

Claim 35. The msthod of any one of claims 27 to 32, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 30 mg daily {&.g.. 2 x 15 mg daily).

Claim 36. The meathod of any one of claims 27 to 32, wherein the therapeutically sffective

amount of bis-choline tetrathiomolybdate is about 80 mg daily {8.g., 4 x 15 mg daily).

Claim 37. The method of any one of ¢laims 27 to 38, wherein, following the optlional
administration of the therapeutically effective amount of bis-choline tetrathiomolybdate to the
subject, the subject shows an improvement in disability status, psychialric symptoms, clinical

sympioms, or treatment satisfaction.

Claim 38. The method of any one of daims 27 to 37, wherein the biological sampile

comprises human plasma or human serum.

Claim 39. The method of any one of claims 27 to 38, wherein the biological sampie

comprises human plasma.

Claim 40. The method of any one of claims 27 to 38, wherein the bioclogical sample

comprises human serum.
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Claim 41. A metheod for treating a copper metabolism-associated disease or disorder in a
subject, the method comprising:
determining a concentration of {otal copper and a concentration of directly measured
non-ceruloplasmin-bound copper (ANCC) in the subjscts biclogical sampls;
determining the ratio of dNCC 1o total copper in the subject’s biological sample; and
administering to the subject a therapeutically effective amount of bis-choline
tetrathiomolybdate when the ratio of dNCC {o total copper in the subject's biological

sample is 2 between 0.245 and 0.285.

Claim 42. The method of claim 41, wherein the bis-choline tetrathiomolybdate is
adminisiered  the subject when the ratio of dNCC {o total copper in the subject’s biological
sample is =z 0.2458.

Claim 43. The method of claim 41, wherein the bis-chdoline tetrathiomolybdate is
administered to the subject when the ratio of dNCC to total copper in the subject's biological

sample is = 0.276.

Claim 44. The method of claim 41, wherein the bis-choline tetrathiomolybdate is
administered to the subject when the ratio of dNCC o total copper in the subject’s biclogical

sample is = 3.2095,

Claim 45. The method of any one of claims 41 (o 44, wherein the therapeutically effective
amount of bis-choling tetrathiomolybdate 19 in the range of about 15 mg to about 80 mg per
day.

Claim 46. The method of any one of claims 41 to 44, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 15 mg daily.

Claim 47. The method of any one of claims 41 1o 44, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 30 mg daily {e.g., 2 x 15 mg daily).

Claim 48. The method of any one of claims 41 to 44, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 60 mg daily (e.q., 4 » 15 myg daily).

Claim 49. The method of any one of claims 41 to 48, wherein, following the administration
of the therapsutically effective amount of bis-choling tetrathiomaolybdate o the subject, the
subject shows an improvement in disability status, psychiatric symptoms, clinical symptoms,

or treatment satisfaction.
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Claim 50. A methed of diagnosing a copper metabolism-associated disease or disorder in a
subject, the method comprising:
determining a concentration of total copper and a concentration of ANCC in the subject’s
biological sample;
determining the ratio of dNCC 1o total copper in the subject’s biological sample; and
diagnosing the subject with a copper metabolism-associated disease or disorder if the
ratio of dNCC to total copper in the subject’s biclogical sample is 2 between 0.245
and 80.285.

Claim 51. The method of claim 50, wherein the subject is diagnosed with the copper
meatabolism-associated disease or disorder when the ratio of dNCC (o total copper in the

subject’s biclogical sample is =z 0.2458.

Claim 52. The method of claim 50, wherein the subject is diagnosed with the copper
metabolism-associated disease or disorder when the ratio of dNCC to {olal copper in the

subject’s biclogical sample is = 0.2786.

Claim 53. The method of claim 50, whereain the subject is diagnosed with the copper
metabolism-associated disease or disorder when the ratio of dNCC to fotal copper in the

subject’'s biological sample is 2 0.205,

Claim 54. The method of any one of claims 41 to 53, wherein the copper metabolism-

associated disease or disorder is Wilson disease.

Claim 55. The method of any one of claims 41 {o 54, wherein the concentration of total
copper in the subject's biological sample is measured by inductively coupled plasma-mass

specirometry (CP-MS).

Claim 56. The method of any one of claims 41 1o 54, whereain the concentration of dNCC in

the subjects biclogical sample is determined using & dNCC assay.

Claim 57. The method of any one of claims 41 to 58, wherein the subject previously
received no ireatment for the copper metabolism-associated disease or disorder, such as for

Witson disease (l.e., a treatment-naive subject).

Claim 58. The method of any one of claims 41 to 57, wherein the biclogical sample

comprises human plasma or human ssrum.

Claim 59. The method of any one of claims 41 to 58, wherein the biological sampie

comprises human plasma.
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Claim 60. The method of any one of claims 41 fo 58, wherein the biclogical sample

cCOMPrises human serum.

Claim 61. A method of identifving a subject as suited for reatment with bis-choline
tetrathiomolybdate, the method comprising:
determining a conceniration of fotal copper and a concentration of dNCC in the subject’s
biological sample;
determining the ratio of dNCC to total copper in the subject’s biological sample;
identifying the subject as suited for treatment with bis-choline tetrathiomclybdate when
the ratio of dNCC to total copper in the subject's biclogical sample is = betwesan 0.245 and
0.295, and
optionally administering a therapeutically effective amount of bis-choline
tetrathiomolybdate {o the subject identified as suited for treatment with bis-choline

tetrathiomolybdate.

Claim 62. The method of claim 81, wherein the subject is identified as suited for freatment
with bis-choline tetrathiomolybdale when the ratio of dNCC to {otal copper in the subject’s

biological sample is 2 0.245.

Claim 83. The method of claim 81, wherain the subject is identified as suited for freatment
with bis-choline tetrathiomolybdate when the ratio of dNCC to total copper in the subject's

biological sampie is 2 0.2786.

Claim 64. The method of claim 81, wherein the subject is identified as suited for treatmeant
with bis-choline tetrathiomolybdate when the ratio of dNCC fo total copper in the subject's

biological sample is = 0.285,

Claim 65. The method of any one of claims 61 to 84, whersin the concentration of total
copper in the subject’'s biological sample is measured by inductively coupled plasma-mass
spectrometry (CP-MS).

Claim 66. The method of any one of claims 81 to 65, wherein the concentration of dNCC in

the subject's biclogical sample is determined using a dANCC assay.

Claim 67. The method of any one of claims 61 (0 66, wherein the therapeutically effective
amount of bis-choline tetrathiomolybdate is in the range of about 15 mqg to about 80 mg per
day.

Claim 68. The method of any one of claims 61 to 88, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 15 myg daily.
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Claim 69. The method of any ane of claims 61 fo 66, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 30 mg daily (8.9., 2 x 15 mg daily).

Claim 70. The method of any one of claims 81 1o 86, wherein the therapeutically effective

amount of bis-choline tetrathiomolybdate is about 60 mg daily {e.q., 4 = 15 mg daily).

Claim 71. The method of any one of claims 81 to 70, wherein, following the optional
administration of the therapeutically effective amount of bis-choline tetrathiomolybdate to the
subject, the subject shows an improvement in disability status, psychiatric symptoms, clinical

symptoms, or treatment satisfaction.

Claim 72. The method of any one of claims 81 to 71, wherein the biclogical sample

comprises human plasma or human serum.

Claim 73. The method of any one of claims 81 o 72, wherein the biclogical sampie
comprises human plasma.

Claim 74. The method of any one of claims 61 {o 72, wherein the biclogical sample

comprises human serum.
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