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Abstract

Introduction: LY3045697 is a potent and selective aldosterone synthase (CYPI1B2) inhibitor that was developed as a
safer alternative to mineralocorticoid receptor antagonists. Effects of LY3045697 on aldosterone and cortisol synthesis,
as well as potassium ion homeostasis, were evaluated in two clinical studies in healthy subjects.

Materials and methods: Two incomplete, placebo-controlled crossover-design clinical studies examined
safety, pharmacodynamics, and pharmacokinetics under single and repeated dose conditions in healthy subjects.
Pharmacodynamics was assessed following oral potassium challenge and intravenous adrenocorticotropic hormone
procedures with spironolactone 25 mg/d as an active comparator.

Results: A total of 5| subjects participated in the two studies, which included 38 males and 13 females (of non-
childbearing potential), from 18—65 years old. LY3045697 caused rapid dose and concentration-dependent unstimulated
plasma aldosterone concentration reduction seen as early as 4 h after the first dose at dose levels as low as | mg, and
reaching near complete suppression at high doses. The potency (IC;,) decreased significantly upon multiple dosing.
After eight days of dosing, post-adrenocorticotropic hormone challenge plasma aldosterone concentration increase was
dose-dependently blunted by LY3045697 with high potency with a dose as low as 0.1 mg resulting in substantial effect,
and with an overall 1C;, of 0.38 ng/ml. Minor reductions in cortisol were observed only at the top dose of 300 mg.
LY3045697 is generally safe and tolerated, and exhibits linear pharmacokinetics.

Conclusions: LY3045697 is a potent and highly selective aldosterone synthase inhibitor with selectivity for CYPI B2,
offering a substantial potential advantage over previous aldosterone synthase inhibitors evaluated in the clinic.
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Introduction

Aldosterone, a mineralocorticoid steroid hormone pro- and pro-fibrotic pathways are activated, leading to tissue
duced by the adrenal glands, is involved in electrolyte and damage and remodeling.*>
volume homeostasis.! It is the primary ligand of the miner-
alocorticoid receptor (MR), a member of the nuclear hor-
mone receptor family. Tra.ditiona.lly, the main target organ \Chorus, Eli Lilly and Company, USA
of circulating aldosterone is the kidney, where activation of  2pharpoint, USA
MR in the distal collecting tubule results in increased Na* 3Eli Lilly and Company, USA
re-absorption, leading to volume expansion.!2 MR is also ~ “Division of Endocrinology, Skagit Regional Health, USA
widely expressed in the cardiovascular system, including *These authors contributed equally.
cardiac myocytes, vascular endothelial cells and smooth .
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Aldosterone has been shown to be elevated in patients
with congestive heart failure,5#® and stable chronic kidney
disease.? Inhibition of aldosterone effects through MR
antagonism produces beneficial effects in patients with
cardiovascular and renal disease. Two antagonists are
commercially available for clinical use. Spironolactone, a
nonselective MR antagonist anti-androgenic, demon-
strated mortality reduction in patients with systolic heart
failure,'0 and reduction in proteinuria in patients with
chronic kidney disease (CKD).? Unfortunately, its lack of
selectivity against glucocorticoid receptor and estrogen
receptor lead to dose limiting adverse effects that have
limited its clinical utility. The more selective MR antag-
onist, eplerenone, reduced cardiovascular mortality or re-
hospitalization due to cardiovascular events in patients
with congestive heart failure following myocardial
infarction.!®!! Both MR antagonists have been shown in a
meta-analysis to have renal protective effects in CKD.!?

Currently available MR antagonists have several unde-
sirable features. The anti-androgenic activity of spironolac-
tone causes breast pain and symptoms of hypogonadism.
Eplerenone has little anti-androgenic effects, but is less
efficacious than spironolactone in lowering blood pressure.
Both drugs are offset by increased risk of hyperkalemia
under certain conditions. Predisposing factors for develop-
ing hyperkalemia include use in combination with angio-
tensin-converting enzyme (ACE) inhibitor or angiotensin II
receptor antagonists (ARBs),!>"!5 baseline serum potassium
(K*)>5.0 mmol/l, or estimated glomerular filtration rate
<30 ml/min/1.73 m?. These conditions are not uncommon
in patients who otherwise have an indication for an MR
antagonist and in turn either curtail the drug’s use or require
careful patient monitoring of serum K*. In addition, there is
a compensatory increase in aldosterone production during
long-term treatment with MR antagonists.! This could
worsen the MR-independent effects of aldosterone in vas-
cular wall and heart.!” Inhibiting the production of aldoster-
one represents an alternative strategy to MR antagonism at
all sites of aldosterone activity in humans.

Aldosterone is synthesized from cholesterol in the
outer-most layer of the adrenal cortex (zona glomerulosa)
through a cascade of steroid hydroxylase and deoxygenase
enzymes.'8 Aldosterone synthase (also termed CYP11B2)
catalyzes the last and rate-limiting steps in aldosterone
synthesis. The major glucocorticoid, cortisol, is synthe-
sized in the zona fasciculata of the adrenal cortex with
CYP11BI1 (11B-hydroxylase (cytochrome P450 type 1)) as
the rate-limiting enzyme. Aldosterone and cortisol biosyn-
thesis share many common steps.'*?° In addition, human
CYP11B1 and CYP11B2 share 93% homology at the
amino acid level.!?

Currently, one aldosterone synthase inhibitor (LCI699)
has been tested in the clinic,?27 but seems to lack adequate
selectivity against CYP11B1. Clinical development seems
focused on inhibition of cortisol production, as the com-
pound is being investigated as a treatment for Cushing’s

syndrome.?? Based on these data, aldosterone synthase
inhibitors with more selective towards aldosterone syn-
thase are needed.

LY3045697 is a potent and selective AS inhibitor (ASi)
that was developed with the intent of establishing a favora-
ble therapeutic index for effects on aldosterone relative to
cortisol. LY3045697 inhibits human AS (in vitro CYP11B2
1C5,=4.5 nM) with a 39-fold selectivity over cortisol syn-
thase (in vitro CYP11B1 IC5,=176 nM). Two clinical stud-
ies that evaluate LY3045697 in healthy subjects have
recently completed. The goal of these studies was to
characterize the safety, tolerability, pharmacokinetics,
and pharmacodynamics of LY3045697. The pharmacody-
namic (PD) endpoints of interest included the effects of
LY3045697 on aldosterone and cortisol synthesis and on
K" homeostasis after single and multiple doses. A novel
selective, potent ASi may have therapeutic utility in patients
suffering from CKD, diabetic nephropathy (DN), hyperten-
sion (HT: salt sensitive, resistant, isolated systolic), pri-
mary hyperaldosteronism or cardiac arrhythmias.

Materials and methods

Study designs

Two randomized, placebo-controlled, incomplete crosso-
ver design studies were conducted in healthy volunteers
using similar enrollment criteria and study endpoints.
Subjects remained confined to the Clinical Research Unit
during all dosing and evaluation periods in both studies,
except for the follow-up visits, which were ambulatory.
The first study, ASEA, was a first-in-human single ascend-
ing dose study investigating doses across a range of 0.1—
300 mg. The second study, ASEB, assessed doses across a
range of 0.1-100 mg administered once-daily for eight
days. Subjects were randomized to an LY3045697 dose,
placebo or 25 mg spironolactone that was included as a
positive comparator to benchmark LY3045697-related
effects on K*. The studies underwent institutional review
board (IRB) approval and subjects signed an informed
consent prior to starting any study procedures. In both
studies, dosing was conducted after a standardized break-
fast, as in vitro testing suggested potentially LY3045697
better bioavailability in the fed state. In study ASEB, sub-
jects consumed a controlled metabolic diet on Days 1-8 in
each dosing period. This diet consisted of moderately
restricted Na' (125 mEq/day) and slightly higher than
normal K* (125 mEq/day).

Subjects in the ASEB study underwent a 40 mEq oral K*
challenge 3 h after dosing on Day 7. Dietary K* content was
reduced by 40 mEq on Day 7 to maintain the total daily K*
intake of 125 mEq. The premise of the oral K* challenge is
that, relative to normal conditions, antagonizing the action
of aldosterone in the distal nephron of healthy kidneys
should delay the urine excretion of an oral K* load and pro-
duce a transient further rise in serum K*. Application of this
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challenge in the ASEB study enabled evaluation of the
kinetics of serum and urine K* in the presence or absence of
test article or the MR antagonist, spironolactone.

Also in the ASEB study, an intravenous (IV) adrenocor-
ticotropic hormone (ACTH) challenge was performed 1 h
after dosing on Day 8. The IV ACTH challenge test is a
standard protocol to assess cortisol secretion in humans. In
this test, IV administration of ACTH causes a rapid and
transient increase in plasma cortisol and aldosterone.?®
Application of the IV ACTH challenge in the ASEB study
enabled additional assessment of the selectivity of
LY3045697 on AS, including any effect on the precursors
of aldosterone and cortisol (11-deoxycorticosterone, corti-
costerone, and 11-deoxycortisol, respectively).

In both studies, LY3045697 or placebo was adminis-
tered as an oral solution in degassed Sprite. To maintain
the blind, a double-dummy design was implemented in the
ASEB study in which all subjects received -either
LY3045697 or placebo oral solution and either spironolac-
tone or placebo capsule on each dosing day.

Evaluations in both studies included clinical safety and
tolerability, vital signs (blood pressure and pulse rate,
mean arterial pressure (MAP; see Supplementary Material
for calculation)), pharmacokinetics and exploratory phar-
macodynamics, including Na* and K* renal excretion and
plasma concentrations of aldosterone (PACs) and cortisol,
and their steroidogenic precursors (11-deoxycorticoster-
one and corticosterone; and 11-deoxycortisol respectively)
in both stimulated (post intravenous ACTH challenge in
study ASEB) and unstimulated (basal; studies ASEA and
ASEB) states. Blood pressure was assessed as part of
safety evaluations, as well as multiple times over each of
Day 3 and 7 in the ASEB study, from which mean arterial
pressure was calculated. Pooled urine was collected from
4-24 h after dosing in the ASEA study and used to quantify
the amount of excreted aldosterone as a measure of target
engagement (reduction of aldosterone synthesis). In the
ASEB study, urine was collected and pooled over 24 h on
Days 3 (from pre-dose day 3 to pre-dose day 4) and 7
(from pre-dose Day 7 to pre-dose Day 8) and evaluated for
the amount of urine aldosterone excreted. Renal clearance
of K* and Na* was calculated as the ratio of the amount
excreted in the urine divided by the area under the serum
concentration curve over the same time frame.

Both the studies were reviewed and approved by the
local research ethics committees and internal review
boards, and conducted according to the principles
expressed in the Declaration of Helsinki. Details of study
designs and more details on measured variables can be
found in the Supplementary Material (and Supplementary
Material, Tables Sla and S1b) and on Clinicaltrials.gov.

PD data analysis

An analysis of variance (ANOVA) model was performed
on the PD parameters to compare the active treatment to

each of placebo and spironolactone treatment. The PD
parameters were natural logarithm transformed prior to
analysis. The model included a fixed effect for treatment
and period and a random effect for subject. From this
model the least squares means (LSMeans) for each treat-
ment were calculated and the p-values were determined
from the difference in LSMeans. The ratio of least-
squares geometric means between the active treatment
and placebo and between the active treatment and
spironolactone and the corresponding 90% confidence
intervals (Cls) were estimated.

Pharmacokinetic (PK) data analysis

Blood was sampled serially in both studies for the determi-
nation of plasma LY3045697 levels. Pharmacokinetics of
LY3045697 were characterized using standard noncom-
partmental methods to calculate PK parameters, using
WinNonlin Professional Version 5.0.1 or higher (Pharsight
Corp., Mountain View, California, USA).

Dose and concentration-response modeling

The relationship between drug exposure and effects
on PAC, urine aldosterone excretion and K* responses in
the different experimental contexts was characterized
quantitatively through dose and concentration-response
models. All such models used simple hyperbolic func-
tions (E, . L) With dose and observed time-matched
plasma LY3045697 concentration as the predictor.
Where plasma concentration was not available, an appro-
priate imputation was applied. The modeling methodol-
ogy is described in more detail in the Supplementary
Material (and Supplementary Material, Figure S1 and
Table S3).

All data analysis and visualization was conducted
using SAS version 9.1.3 (Cary, North Carolina, USA)
and S-PLUS 6.2 Professional edition (SolutionMetrics,
Sydney, Australia).

Results

Subject demographics

Actotal of 51 subjects participated in the two studies, which
included 38 males and 13 females (of non-child bearing
potential), from 18 to 65 years old.

In the ASEA study, 27 subjects were enrolled, including
20 men and seven women of non-child bearing potential.
Eighteen subjects participated in three dosing periods and
nine subjects participated in two dosing periods.

In the ASEB study, 24 subjects were enrolled, including
18 men and six women of non-child bearing potential. A
total of 23 subjects participated in three periods during the
study, and one subject participated in two periods; one sub-
ject withdrew consent on Day 5 of Period 3.
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Figure |. Mean arterial pressure (MAP) at various time
points, post-dose, on Day 3 and Day 7. Mean (dot); median
(center line within box); 25th and 75th percentiles as edges
of the box; whiskers extend as far as the data extend to a
distance of at most |.5 interquartile range (IQR).

P = placebo (Day 3; N=12, Day 7; N=11), S = spironolactone (N=11),
L =LY3045697 (N=12); Average MAP: area under the MAP — time
curve up to 24 hours, divided by 24 hours.

Safety and tolerability

In both studies, LY3045697 was well-tolerated across the
tested dose range. Incidences of TEAEs were comparable
among treatment groups and all TEAEs were mild and
reversible. There were no deaths, serious adverse events,
or discontinuations for adverse events. Safety labs were
unremarkable after a single dose; however a higher inci-
dence of hyperkalemia (serum K* >5.5 mmol/l) at high
doses was observed after multiple dosing in the ASEB
study (one subject at 1 mg (Day 3); three subjects at 100
mg (one on Day 3; two on Day 7)). LY3045697 adminis-
tered as singlet or repeated dosing was not associated with
evidence of hepatic or renal toxicity, clinically significant
hypertension (systolic blood pressure (SBP)>160 mm Hg)
or hypotension (SBP<90 mm Hg), or adverse ECG effects.
There were no clear effects on MAP following multiple
administration of LY3045697 or spironolactone in the
ASEB study (Figure 1).

Pharmacokinetics

Following LY3045697 administration after a standard
breakfast, drug plasma concentrations increased rapidly
and reached peak concentration typically as early as the
first post dose sampling time of 0.5 h (Figure 2(a)). After
reaching maximum concentration, the LY3045697
plasma concentration-time profiles exhibited a mostly
biphasic decline (Figure 2(a)). The PK profile after mul-
tiple daily dosing was similar to that observed after the
first dose. Plasma PK parameters are reported in the
Table 1. Plasma half-life (¢,,,) was approximately 10 h,
and appeared to be dose-independent and consistent
between single and multiple dose administration.
Minimal accumulation was observed (Figure 2(b)), and
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Figure 2. Geometric Mean LY3045697 Plasma Concentration-
Time Profiles by Treatment (Semi-Logarithmic Scale) after
single (a) and 8 days of daily (b) dosing in healthy subjects.

conc: concentration; h = hour; LY = LY3045697; N = number of
subjects exposed.

drug exposure appeared to have reached steady state by
the third daily dose (data not shown). Both C,_,, and AUC
generally increased in proportion to dose.

Urine aldosterone

After a single LY3045697 dose, there was a dose-
dependent reduction in urine aldosterone excretion,
starting at 1 mg (—24%) and becoming statistically sig-
nificantly lower compared to placebo starting at 3 mg
(Supplementary Material, Figure S2), which was associ-
ated with a peak LY3045697 plasma concentration of
9.95 ng/ml. The percent change in urinary aldosterone
relative to placebo was —62%, —76%, —85%, —88%, and
—95%, respectively, for the 3 mg, 10 mg, 30 mg, 100 mg,
and 300 mg LY3045697 doses.

Consistent with the single dose results, there was a
dose-dependent reduction in 24-hour urine aldosterone
excretion after multiple dosing with LY3045697 (Figure
3(a)). Urine aldosterone excretion observed during dosing
with 10 and 100 mg LY3045697 were significantly lower
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Figure 3. (a) Box and whisker plot of the amount of aldosterone excreted in urine after 24 h collection on Day 3 and Day 7 by
treatment (after a single dose). Mean (dot); median (center line within box); 25th and 75th percentiles as edges of the box; whiskers
extend as far as the data extend to a distance of at most |.5 interquartile range (IQR); (b) Mean percent (%) change from baseline
for plasma aldosterone versus time from dosing by treatment after a single dose administration; (c) Arithmetic mean percentage
change from Baseline versus time profiles on Day 7 for plasma aldosterone after multiple daily dose administration.

than placebo on Day 3: (11,461 and 3172 pmol, respec-
tively, versus 31,656 pmol; p<0.0001 for both treatments)
and Day 7: (13,081 and 7638 pmol, respectively, versus
26,512 pmol; p=0.0001 and p<0.0001, respectively). The
10 and 100 mg doses were associated with mean peak
LY3045697 plasma concentrations of 37.4 and 371 ng/ml,
and time-averaged plasma concentrations at steady state
(calculated as the area under the curve divided by the dos-
ing interval of 24 hours) of 8.13 and 75.8 ng/ml, respec-
tively (Table 1).

As expected, administration of the MR antagonist
spironolactone produced an elevated urine aldosterone
excretion (Figure 3(a)), consistent with a compensatory
increase in PAC (Figure 3(c)).

Plasma aldosterone concentration

Basal concentration. Basal (i.e. not stimulated by exoge-
nous ACTH challenge) PAC was measured prior to dosing
and at 4, 12 and 24 h post dose in the ASEA study and after
seven days of dosing in the ASEB study. After single dose
administration (ASEA study), there was a dose-dependent
reduction in PAC that was observed at the first post-dose

sampling point (4 h) (Figure 3(b)). Mean reductions in
PAC of greater than 75% were observed for doses of
LY3045697 between 3-300 mg at this timepoint (mean
plasma LY3045697 concentrations of 3.28-553 ng/ml).
By 24 h after dosing, PAC levels trended back toward
baseline for doses of LY30456097 less than 30 mg; how-
ever, PAC remained at peak reduction throughout the
24-hour observation period at doses of 30 mg and above.
Mean LY30456097 plasma concentrations at 24 h at the 30
mg dose was 4.59 ng/ml, and the dynamic PAC changes
appear to follow changes in drug levels.

After multiple dosing (ASEB study), PAC reductions
were pronounced at 10 and 100 mg (Figure 3(c)), with
peak reductions observed at 4 h post dose, with associate
mean plasma LY3045697 concentrations of 18.2 and 168
ng/ml, respectively, similar to the phenotype after single
dose administration. However, in contrast to the pheno-
type observed after single dosing, PAC levels after seven
days of multiple dosing approached baseline by 24 h post
dose across the entire dose range evaluated (0.1-100
mg), with associated mean plasma LY3045697 concen-
trations up to 15.7 ng/ml. Mean 24-hour PAC at steady
state was significantly lower after treatment with 10 mg
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Figure 4. Mean change from pre-challenge plasma aldosterone (a), corticosterone (b) and | I-deoxycorticosterone (c) after IV
ACTH challenge. IV ACTH challenge was conducted | hr post-dose on Day 8. Steroids measured at -15 mins (baseline), 30 mins
and 60 mins post-challenge. Cave calculated as baseline subtracted AUC(0-1hr) divided by Ihr.

Box and whiskers plots: mean(dot); median (center line within box); 25th and 75th percentiles as edges of the box; whiskers extend as far as the
data extend to a distance of at most 1.5 interquartile range (IQR); Outliers (data points outside of £1.5 IQR) are presented as stars (¥).

and 100 mg LY3045697 versus placebo (p=0036 and
p<0.0005 respectively).

After ACTH challenge. ACTH administered IV on Day 8
(Study ASEB) produced the anticipated increase in PAC in
placebo treated subjects, with a mean peak increase from
pre-challenge concentration of 104 pg/ml occurring 30
min post-challenge, and an average increase of 66.4 pg/ml
(average of 30 and 60 min post-challenge). The excursions
from pre-challenge PAC were dose-dependently blunted
by LY3045697, with mean change+standard deviation
(SD) (average of 30 and 60 min post-challenge) of 41423
pg/ml after 0.1 mg dose, —11£20, —8+6 and —7+7 pg/ml
after 1, 10 and 100 mg respectively, indicating complete
blunting of the ACTH stimulated increase in aldosterone
synthesis at LY3045697 doses of 1 mg and above (Figure
4(a)), which was associated with mean peak plasma
LY3045697 concentrations of 3.45 ng/ml. Spironolactone
had no effect on PAC following the ACTH challenge.

The effect of LY3045697 on plasma corticosterone
concentrations was similar to that of the placebo after the
IV ACTH challenge, i.e. expected increase in plasma

corticosterone concentrations due to the ACTH stimulus
and no obvious further increase by administration of
LY3045697 (Figure 4(b)). Similarly, plasma 11-deoxycor-
ticosterone levels were elevated by the ACTH challenge
in placebo-treated subjects and after administration
of LY3045697. Additional slight elevation in plasma
11-deoxycorticosterone concentrations were observed
after administration of 10 mg and more substantially after
administration of 100 mg LY3045697 compared to pla-
cebo (Figure 4(c)). Collectively, the basal and ACTH-
stimulated aldosterone results indicate that LY3045697
inhibited AS (CYB11B2) resulting in reduced PAC via
reduced aldosterone synthesis and increased levels of its
precursors corticosterone and 11-deoxycorticorsterone.

Plasma cortisol and | |-deoxycortisol

Basal concentrations. To determine if the effects of
LY3045697 were selective for CYP11B2 (and therefore
aldosterone reduction), plasma 11-deoxycortisol and corti-
sol, the respective substrate and product of CYP11BI1,
were also measured. After single dosing with LY3045697,
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there were no measured decreases in plasma cortisol con-
centrations at doses up to 300 mg, with mean peak plasma
LY3045697 concentration of 951 ng/ml; however, there
was a trend for increased concentrations of 11-deoxycorti-
sol observed at doses beyond 30 mg, potentially indicating
an inhibitory effect on the CYP11B1 enzyme at the higher
plasma LY 3045697 concentrations (Supplementary Mate-
rial, Figure S4).

After multiple dosing with LY3045697 (ASEB study),
there was no effect on mean concentrations (over 24 h) of
cortisol at steady state at doses between 0.1-10 mg, simi-
lar to the phenotype after placebo or spironolactone
(Figure 5(a)), with associated mean peak and time-aver-
aged plasma LY3045697 concentrations up to 37.4 and
8.13 ng/ml, respectively. However, paradoxically, an
increase in mean plasma cortisol concentration at steady
state was observed at 100 mg LY3045697 dose compared
to placebo (Figure 5(a); mean concentrations+SD: 272443
versus 212+78.0 nmol/l, respectively; p<0.0001). This
increase was not indicative of an inhibitory effect of

LY3045697 on CYP11B1. A similar pattern was observed
for plasma 11-deoxycortisol as for plasma cortisol, with
no effect after dosing with LY3045697 at doses between
0.1-10 mg versus placebo (p=0.85, p=0.72 and p=0.89
for 0.1, 1, 10 mg respectively as compared to placebo).
There was a significantly higher average concentration
of 11-deoxycortisol at steady state observed after multi-
ple dosing with 100 mg LY3045697 when compared
to placebo (average plasma concentrations of 836+465
pg/ml versus 222+113 pg/ml, respectively; p<0.0001;
Figure 5(b)).

After ACTH challenge. ACTH administered IV on Day 8
(Study ASEB) resulted in increased plasma cortisol con-
centrations in placebo-treated subjects as expected (Figure
5(c); average increased plasma concentration over the one-
hour evaluation period). Mean peak increase from pre-
challenge concentration was 466+102 nmol/l at 60 min
post-challenge. No differences in plasma cortisol concen-
trations were seen for the 0.1, 1, and 10 mg LY3045697
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doses (with associated mean peak plasma LY3045697 con-
centrations up to 37.4 ng/ml) or spironolactone compared
to placebo (Figure 5(c)). In contrast, ACTH-induced
increase in plasma cortisol concentration was substantially
lower for the 100 mg LY 3045697 dose as compared to pla-
cebo (150.3+60.4 nmol/l versus 299.1+78.2 nmol/l for
average post-challenge plasma concentration, respec-
tively; Figure 5(c); mean change from pre-challenge val-
ues), with associated mean peak LY3045697 concentrations
of 371 ng/ml, indicating an inhibitory effect of LY3045697
on CYP11B1 at a daily dose of 100 mg.

ACTH administration increased 11-deoxycortisol con-
centrations relative to pre-challenge values in placebo-
treated subjects (mean peak increase from pre-challenge
value of 1403 pg/ml). Treatment with LY3045697 at 0.1
and 1 mg doses showed a similar response to placebo, indi-
cating no effect of LY3045697 at these doses on ACTH-
induced plasma 11-deoxycortisol concentrations. After
treatment with 10 mg LY3045697 (mean peak plasma con-
centrations 37.4 ng/ml), the magnitude of increase in
plasma 11-deoxycortisol was slightly higher than at the
lower doses and placebo, with a substantial further increase

after treatment with 100 mg LY3045697 (Figure 5(d);
mean change from pre-challenge values of 3443+1,491 pg/
ml after 100 mg LY3045697 versus 982+467 pg/ml after
placebo). This phenotype was consistent with that of corti-
sol, further indicating an inhibitory effect of LY3045697
on CYPI11BI1, with initial signal of effect on CYP11B1 at
10 mg (11-deoxycortisol response) and a more prominent
effect at 100 mg.

Collectively, the cortisol and 11-deoxycortisol results
after IV ACTH challenge suggest an inhibitory effect of
LY3045697 on CYP11B1 occurring between a daily dose
of 10-100 mg.

Potassium effects

Basal serum potassium. After a single dose of LY3045697,
serum K* did not change. After multiple dose administra-
tion, there was a dose-related increase in serum K* concen-
tration over time beginning with 1 mg LY3045697
compared to placebo (Figure 6(a)). The effect of 1 mg
LY3045697 on serum K* was comparable to that of 25 mg
spironolactone, with larger effects observed at 10 mg and



10

Journal of the Renin-Angiotensin-Aldosterone System

100 mg. Effects on serum K* appeared to plateau around
72 h after initiating dosing (Figure 6(a)).

After oral K* challenge. The oral K* challenge was con-
ducted on Day 7 approximately 3 h after dosing study drug
and results are shown in Figures 6(b) and (c). Due to the
increase in serum K* from daily LY3045697 dosing (Figure
6(a)), the serum K* concentrations prior to the oral K* chal-
lenge on Day 7 were higher for the 10 mg and 100 mg
doses versus placebo (see pre-challenge values, Figure
6(b)). As expected, there was an increase in serum K' in
response to the oral K* challenge. This was observed after
all treatments, with peak increase observed at 1 h post-chal-
lenge with a progression back toward pre-challenge values
over the 5 h post-challenge evaluation period. After pla-
cebo treatment, where the average serum K* concentration
over 5 h post-challenge (C,,, meantSD) was 4.4+0.2
mmol/l (Figure 6(b)). LY3045697 dose-dependently
increased serum K* concentrations after the oral K* chal-
lenge. Compared to placebo treatment, no statistically sig-
nificant difference in serum K* was observed after 0.1 mg
LY3045697 treatment (4.5+0.9 mmol/l, p=0.31). However,
statistically significant increases in serum K* were observed
after all other active treatments relative to placebo, with
average serum K* after spironolactone treatment of 4.5+0.2
mmol/l (p=0.04); and 4.5+0.2 mmol/l (p=0.008), 4.8+0.2
mmol/l (p<0.0001) and 4.9+0.3 mmol/l (p<0.0001) after 1,
10 and 100 mg of LY3045697 treatment, respectively.
Comparing serum K* response of LY3045697 treatment to
spironolactone, there was no clear separation for the 0.1
and 1 mg LY3045697 doses after oral K challenge
(p>0.05); while serum K* concentrations were significantly
higher after 10 and 100 mg LY3045697 treatment (p=0.02
and p<0.0001, respectively).

Urine potassium

Unstimulated. For K* renal clearance after single dosing,
the majority of the LY3045697 dose groups (0.1-30 mg)
had similar mean clearance values, with a subtle trend for
reduction at doses between 100 mg and 300 mg. Potassium
clearance was lower at the 100 mg and 300 mg doses
(0.0092 and 0.0082 1/min, respectively) compared to the
other LY3045697dose groups and placebo (Supplemen-
tary Material, Table S2).

Renal clearance of K* was assessed on Days 3 and 7 of
the ASEB study using 24-hour urine collection (Figure
6(c)). Compared to urinary K* excretion in placebo-treated
subjects (mean+SD values of 99+19 and 110£23 mmol for
Days 3 and 7, respectively), urinary K* excretion was sim-
ilar after spironolactone treatment (974+20 and 117+17
mmol for Days 3 and 7, respectively) and after LY3045697
treatment up to 10 mg (urinary potassium excretion rang-
ing from 103+19 to 94+17 mmol on Day 3, and 134+15 to
11616 mmol on Day 7). A subtle trend for reduction in
urinary K* excretion was observed after 100 mg
LY3045697 treatment (80£15 mmol) on Day 3, but it

seemed to normalize on Day 7 (117423 mmol). As a result,
no trends were noted for urine excretion of K™ on Day 7.

After oral K* challenge. Renal clearance of K* (CL, 5;,) was
also assessed after the oral K* challenge on Day 7. After
oral K* challenge, K* clearance in subjects randomized to
placebo (mean+SD values of 1.78+0.39 1/h) and spironol-
actone (1.7£0.3 1/h) was similar (p=0.50), as were the
clearance values in subjects randomized to LY3045697 at
0.1 mg (1.840.1 1/h, p=0.42) and 1 mg (1.6+0.3 1/h,
p=0.15) doses. Renal clearance of K* was significantly
lower in subjects randomized to LY3045697 at 10 mg
(1.5+£0.2, p=0.03) and 100 mg (1.5+0.3 I/h, p=0.004).
Subjects who received 100 mg LY3045697 also had sig-
nificantly lower K* clearance compared to spironolactone
(p=0.03).

Sodium effects

There were no significant changes in serum sodium ion
(Na*) concentration or Na' renal clearance after a single
dose of LY3045697. After multiple daily dosing with
LY3045697, there was a dose-related reduction in serum
Na* beginning at | mg (Supplementary Material, Figure S3
(a)). An increase in urine excretion of Na* was seen begin-
ning at 10 mg on Day 3, which was on track to normalize
on Day 7. However, within the first 5 h of oral K* challenge
(on Day 7), urine excretion of Na* increased at doses as low
as at 1 mg LY3045697. In addition, a reduction on body
weight over time after administration of 100 mg LY3045697
was seen which is most likely due to its natriuretic effect.
The effects of spironolactone on renal Na® clearance
followed a similar trend in that the Na® clearance in
spironolactone-treated subjects was comparable to that in
placebo-treated subjects on Days 3 and 7 (24-h urine col-
lections), while greater natriuresis was observed within 5 h
of oral K* challenge (Supplementary Material, Figure S3
(b)). It is well known that the natriuretic effects of diuretics
are most prominent within days of initiation of treatment,
and renal Na* clearance commonly normalize within one
week. Our observation was consistent with the literature,
and implies that the natriuretic effects of LY3045697 may
be clinically relevant at doses at low as 1 mg.

Dose and concentration-response relationships

Models were established for basal (unstimulated) plasma
aldosterone and serum K* after single and multiple dose
administrations, as well as post-challenge plasma aldoster-
one and K* after multiple dose administration (Figures
7(a) and 7(b)). The key model parameter estimates are
summarized in Supplementary Material, Table S3.

The effects of LY3045697 on basal (unstimulated
plasma aldosterone and serum K') aldosterone and K*
show that multiple daily dosing resulted in a different pro-
file than after a single dose (Figures 7(a) and 7(b)). Upon
repeat dosing, the effect of LY3045697 on PAC appears to
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Figure 7.

Model-fitted (with 90% Prediction Intervals) relationships between LY3045697 plasma concentration and basal

aldosterone and potassium after a single LY3045697 dose administration (a) and after multiple LY3045697 dose administration (b).
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(a) and based on LY3045697 plasma concentration (b).

lose potency (higher ICs,) without a substantial difference
in the maximum inhibition possible (I,,,,), whereas there
is an increase in maximal serum K* effect (E_,,) effect
with no evidence of change to potency (ECs), albeit a
poor estimate of EC, after a single dose administration
duetoalowE, .

Similarly, the effects of LY3045697 and spironolactone
on PAC following stimulated production of aldosterone
(via IV ACTH administration on Day 8) and serum K*
(following an oral K* challenge on Day 7) are illustrated in
Figures 8(a) and 8(b) respectively. These relationships
suggest that the potency (ICs,) of LY3045697 to inhibit
post-challenge PAC remains very high after multiple daily
dosing (0.38 ng/ml), similar to the potency of inhibiting
basal (unstimulated) PAC after the first dose (0.60 ng/ml).
No direct comparison for post-challenge potency can be
made between single and multiple dose administrations, as
the challenge test was administered only after multiple
daily administration.

Discussion

Aldosterone synthesis inhibition is a promising new mode
of MR antagonism. It offers the potential for added effi-
cacy through reduction of non-MR related aldosterone
effects, and can circumvent anti-androgenic selectivity
issues associated with current MR antagonists. However,
this mode also comes with its own challenges, including
selectivity for CYP11B2 (aldosterone synthesis route) rel-
ative to CYP11B1 (cortisol synthesis route), and uncer-
tainty regarding the magnitude of hyperkalemic effect.
The studies discussed herein comprehensively probed the
pharmacology of the potent AS inhibitor LY3045697, its
selectivity for CYP11B2 relative to CYP11B1, and its
impact on serum and urine K*, uncovering interesting fac-
ets of the dynamics of AS inhibition.

LY3045697 is a potent and highly effective AS inhibi-
tor, as evident by suppression of PAC to below the limit of
quantitation in both ACTH-stimulated and unstimulated
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states at doses as low as 0.1 mg. These results confirm that
AS is the primary, if not the only, de novo synthesis route
of circulating aldosterone.

Selectivity of AS (CYP11B2) inhibitors against the
highly homologous CYP11B1 enzyme is of key impor-
tance to therapeutic utility, due to the detrimental effect on
the body’s natural response to stress via inhibition of corti-
sol synthesis. By design, LY3045697 is a potent inhibitor
of AS with 39-fold less in vitro potency for CYP11B1
(data on file at Lilly). The results from these studies clearly
demonstrate selectivity for AS in humans, as LY3045697
resulted in some blunting of cortisol response to ACTH
challenge at doses that are 2—3 orders of magnitude higher
than those demonstrating significant aldosterone blunting.
Since the inhibition of cortisol production did not reach a
maximum, precise estimation of the ICs, for CYP11B1 is
not possible from these data. Therefore, the relative in vivo
selectivity (i.e. ICs,ratio) cannot be estimated. Nonetheless,
it is clear that LY3045697 demonstrates a CYP11B2/
CYP11BI selectivity in vivo that is consistent with the in
vitro data. Thus, a wide range of LY3045697 doses with
high AS inhibition can be administered with little risk of
blunting cortisol production.

This level of selectivity far exceeds that of LC1699. In
Na*-depleted healthy volunteers, LCI699 decreased both
plasma and 24-h urinary aldosterone in a dose-dependent
manner. In these subjects, the adrenocorticotropic hor-
mone (ACTH)-challenge test inhibited ACTH-stimulated
aldosterone elevation at all three doses (0.5, 1 and 3 mg) of
LCI699. However, the compound also significantly inhib-
ited ACTH-stimulated cortisol production and induced
accumulation of the cortisol precursor, 11-deoxycortisol,
at the higher dose of 3 mg.?? In a study of patients with
primary hypertension, LCI1699 was dosed for eight weeks
at 0.25 mg, 0.5 mg, and 1 mg once daily, as well as 0.5 mg
twice daily (BID). All doses of LCI699 significantly
reduced ambulatory blood pressure compared to placebo.?*
At 1 mg once daily dosing, the reduction of blood pressure
was comparable to that achieved by eplerenone at 50 mg
BID. However, LCI699 significantly inhibited ACTH-
stimulated cortisol production at all doses tested®
LY3045697 has other desirable drug properties, as it was
also safe and well-tolerated in healthy volunteers over the
range and duration of dosing, and demonstrated dose-pro-
portional pharmacokinetics. In this population, we found
no evidence of reduction in blood pressure by LY3045697
relative to placebo, which is likely due to the fact that
blood pressure is normal to begin with. Spironolactone
also failed to show a reduction.

LY3045697 actions result in perturbation in the K*
homeostasis, likely secondary to its aldosterone reducing
effect. LY3045697 increases basal K* in a time and dose/
concentration dependent manner, with a negligible effect
after the first dose, reaching up to a maximum of 5.3
mmol/l after seven days of treatment at the top dose of 100
mg. Upon repeat dosing, the magnitude (E,,,,) of K* rise

max.

increases. The PK/PD model predicts a maximum drug
effect of 0.8 mmol/l increase in basal K* on Day 8, and an
LY3045697 ECs, (achieving half maximum response)
of 4.3 ng/ml. The steady state for serum K+ effect of
LY3045697 cannot be deduced due to relatively short
treatment duration of the ASEB study. Average K* levels
after the oral K* challenge (Day 7) were also higher for
LY3045697-treated subjects in a dose and concentration-
dependent fashion. The maximum magnitude of differ-
ence from placebo was estimated to be 0.58 mmol/l,
which is similar to the magnitude of the increase in basal
K* predicted by the model (0.7 mmol/l). The potency
(ECsy) by which LY3045697 increases basal and post-
challenge serum K™ is also similar. Collectively, this sug-
gests that LY3045697 increases basal K* while having a
negligible effect on the acute response to K* ingestion.
This effect of LY3045697 on K* is to be expected given
the normal inter-regulatory relationship between aldos-
terone and K*. An LY3045697 dose of 1 mg is roughly
equipotent to 25 mg of spironolactone with respect to the
effect on K* after the oral K™ challenge, which was
administered close to the expected peak levels of both
drugs. In contrast, 50 mg spironolactone showed a mar-
ginal effect on basal (unstimulated) K™ measured at
trough drug levels prior to dosing. Of note, the 25 mg
dose of spironolactone is considered low, as doses as high
as 200 mg or more are used in practice. A comparison of
LY3045697 effect on K* relative to LCI699 cannot be
made, due to the different populations and experimental
conditions of the studies in which this has been assessed
for the two compounds.

The dynamics of aldosterone reduction in single vs
repeated dosing and in the presence and absence of ACTH
stimulation provides interesting insights into the regula-
tory interrelationship between aldosterone and K*. The
reduction in unstimulated PAC was rapid and observed at
the first post-dose time point (4 h). The relationship
between LY3045697 and PAC showed no clear evidence
of hysteresis, indicating a nearly direct PK/PD relation-
ship. The within-day time course of PAC was not meas-
ured with great frequency, hindering the ability to discern
a rapid hysteresis. However, if a hysteresis exists, its mag-
nitude is minor. In a system where drug effect is on the
input rate of aldosterone production, a near direct PK/PD
relationship is consistent with rapid equilibration of PAC
upon inhibition of production, which suggests a rather fast
aldosterone clearance rate, consistent with previously
reported rapid disappearance half-life of radiolabeled
aldosterone of only 35 min.28

The analyses provided herein uncovers an interesting
phenomenon, where the concentration of LY3045697
needed to reduce PAC in the unstimulated state are much
smaller after first LY3045697 administration compared
to repetitive daily dosing, as illustrated in Figure 7. The
ICy, is 47 times higher (28 vs 0.60 ng/ml) after multiple
dosing than after single dosing (Table 2). Thus, LY 3045697
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Table 2. Key parameter estimates (coefficient of variation (CV)%) of LY3045697 plasma concentration-response models for

various basal and stimulated pharmacodynamic (PD) endpoints.

Basal Stimulated
Single dose Multiple dose Post-ACTH  Post-K* challenge
PAC K* PAC K+ PAC K*
Placebo response 52 (5.9%) 4.5 (0.8%) 98 (8.3%) 4.3 (1.2%) 73 (18%) 4.4 (1.1%)
(pg/ml for PAC; mM for K*)
Maximum LY3045697 effect? 0.90 (0.8%) 0.12 (47%)  0.94 (1.4%) 0.70 (14%) I.1 (4.1%) 0.58 (12%)
(fractional reduction for PAC; mM for K*)
LY3045697 C° 0.60 (18%) 1.3 (180%)c 28 (20%) 4.3 (46%) 0.38 (32%) 10 (50%)
(ng/ml)
Spironolactone (50 mg) effect NA NA 49 (19%) 0.02 (232%) 18 (89%)  0.09 (68%)

(pg/ml for PAC; mM for K*)2

ACTH: adrenocorticotropic hormone; K*: potassium ion; PAC: plasma concentration of aldosterone.

aMaximum drug effect for PAC (l,.,,) was modeled as a fractional reduction (e.g. 0.9 means 90% reduction) relative to placebo response, while for K*
(Ex) as an additive effect above placebo response (e.g. 0.2 mM means 0.12 mM above that observed for placebo).

bThe plasma concentration at 50% of the effect (i.e. IC;, for inhibitory effect on PAC or ECg, for stimulatory effect on K¥).

Poorly estimated due to low maximum response.

aldosterone-reducing potency appears to drop precipi-
tously upon daily dosing. This large potency shift cannot be
explained based on the pharmacokinetics of LY3045697,
as the potency estimates are already based on plasma
concentrations. Furthermore, the pharmacokinetics of
LY3045697 after single and multiple dose administration
are comparable, with only minor accumulation of drug
concentrations. The potency of LY3045697 in blunting the
IV ACTH-stimulated aldosterone production on Day 8
remained quite high, with slightly smaller ICy, compared
to the IC;, for inhibition of basal aldosterone on Day 1 of
dosing. The IV ACTH test was only conducted on the last
day of dosing, precluding a comparison to LY3045697
response to this test in the acute setting.

Aldosterone precursor 11-deoxycorticosterone was pre-
dictably dose-dependently increased upon LY3045697
administration, as its formation is independent of AS
(CYPI11B2) or CYP11B1, while it is metabolized to corti-
costerone via both enzymes.!8 Corticosterone, on the other
hand, is formed from 11-deoxycorticosterone by both AS
and CYPI11BI1, and is converted to aldosterone by AS.
Thus, our expectation was that corticosterone levels would
drop as a result of LY3045697 inhibition of AS (and
CYP11B1 at much higher concentrations). However, the
opposite was inexplicably observed.

The phenomenon of time-dependent potency reduction
(IC4, increase) may be explained by the fact that serum K*
levels slowly increased upon daily dosing. Potassium is a
known potent stimulator of aldosterone production, inde-
pendent of its effects on the renin-angiotensin system.2%-30
An increase in the amount of active AS or its substrate
would naturally require a higher LY3045697 concentration
to inhibit aldosterone production. We observed a few-fold
increase in the aldosterone precursors, corticosterone and
11-deoxycortecosterone on Day 7 just prior to LY3045697

dosing, as would be expected from the inhibition of their
conversion to aldosterone by AS, but only at the 10 and
100 mg doses. However, the increase would not seem ade-
quate to explain the drop in potency also observed at lower
doses of LY3045697 where precursor levels were not ele-
vated. Therefore, it is more likely that a significant increase
in AS enzyme activity occurs over days of dosing with the
AS inhibitor LY3045697.

Of note, the studies and conclusions reported herein are
limited by two factors. First, the studies are conducted in
healthy volunteers, and the translation of the conclusion to
therapeutic contexts in patient populations should be made
with caution. Second, the studies were small in size, typi-
cal of phase one studies.

In summary, LY3045697 demonstrated potent inhibi-
tion of AS at doses that are highly selective relative to
activity toward CYP11B1 and, therefore, LY3045697 is a
cortisol sparing AS inhibitor. Doses of LY3045697 in the
0.1-1 mg range would be expected to provide complete
blunting of the aldosterone response with a K* elevation
response significantly lower than that of low dose spirono-
lactone. This relationship between the effects on aldos-
terone and K* is likely inherent to the AS inhibition
regardless of the inhibitor, as the K* response is secondary
to changes in aldosterone levels. In contrast to spironolac-
tone, LY3045697 has potential to potently reduce both
MR-mediated and non-MR mediated aldosterone effects,
without anti-androgenic adverse effects.
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