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Memorandum re: evaluation of potential for colonic irritancy and/or neoplastic sequelae following
chronic use of patiromer

The sponsor, Relypsa, was granted a waiver of carcinogenicity studies based on
demonstration that the drug is not absorbed. In the absence of these studies, the
potential for colonic irritation, leading to neoplastic pathology with chronic
administration, was evaluated based on the longest toxicology studies available, the 26-
week study in rats and the 39-week study in dogs. While studies of this duration are not
considered adequate to detect slow growing tumors, they are of adequate duration to
demonstrate inflammatory responses. The details of these studies are available in the
NDA Pharm/Tox review and the original study reports can be found in the electronic
submission of NDA 205739.

The rat study is most informative due to the higher exposure (10x relative to the human,
vs 7.5x for the dog) and the longer exposure relative to lifespan (25% and 5-10% for the
rat and dog, respectively). Additionally, there were more animals in the rat study (30
dosed rats in the high dose group, vs 6 dogs). In the rat study there are no adverse
findings or signs of inflammation in the gut.

In the dog study, one dog (1/6) had slightly increased tingible body macrophages in the

Peyer’s patches of the ileum and colon, an indication of increased lymphocyte turnover.

There were no gross observations of inflammation or erosions in ileum or colon reported
in this dog.

In this reviewer’s opinion, the weight of evidence in these studies suggests that the
response of the gut, to the presence of large dose multiples of the drug product
patiromer, appears rather benign. If there were colonic irritation, evidence of erosion or
ulceration and accompanying inflammation would likely be grossly evident and seen in
more of the study animals. It is also a large jump from colonic irritation (which we do not
see convincingly) to frank carcinogenesis, and no intermediate stages (polyps,
adenomas, etc.) are reported.
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Tertiary Pharmacology Review

By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and
Toxicology, OND 10

NDA: 205739

Submission date: 10/21/2014

Drug: patiromer

Applicant: Relypsa, Inc.

Indications: hyperkalemia

Reviewing Division: Division of Cardiovascular and Renal Products, Division of
Hematology Products

Discussion: The primary and secondary pharmacology/toxicology reviewers
found the information for patiromer sufficient to support its approval for the above
indication.

Patiromer is a potassium binder which is an existing established pharmacologic
class.

Carcinogenicity studies of patiromer were not conducted. The division, in
consultation with the executive carcinogenicity assessment committee, decided
this was acceptable because the drug is not systemically absorbed, did not
produce any systemic toxicity, is not genotoxic and did not produce any
preneoplastic effects in the gastrointestinal tract in chronic rodent and non-rodent
studies.

A study in rats did not demonstrate any effect on fertility. Embryo fetal studies in
rats and rabbits showed no significant fetal effects.

Conclusions: | concur that the nonclinical information is adequate to support

approval of patiromer for the indication listed above. | have provided other
comments on labeling to the review division separately.
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Memorandum re: Xanthan gum in patiromer drug product and pediatric use (NDA 205739)

The presence of xanthan gum (®®%) in preparation of the patiromer drug product has raised concerns
for pediatric use in premature infants and the possibility of necrotizing enterocolitis. The underlying
mechanism has been postulated to involve irritation due to release of short-chain fatty acids from
metabolism of the xanthan gum by intestinal flora. Additionally, investigation of the known instances of
necrotizing enterocolitis, associated with use of xanthan gum preparations in premature infants, have
not ruled out the possibility of bacterial contamination of the product itself.

In an effort to characterize a safety factor for the total content present in the patiromer preparation ( %

&y for 0-6 mos age, or ®® for 6-24 mos), the following rationale was used:

Lin, et al. (2002), evaluated the effects of lactic, butyric and acetic acids on the intestinal mucosa of
newborn rats. These short chain fatty acids and lactic acid are colonic bacterial fermentation products
and represent the primary metabolites expected from xanthan gum breakdown.

Methods

A total of 72 newborn Sprague-Dawley rats (10 days old) were studied. A 3.5F catheter was inserted per
rectum 4.0 cm deep into the proximal colon for organic acid administration at a volume of 0.1 ml/10 g
body weight. The pH of organic acid solutions and normal saline was adjusted to 4.0. Group 1 (n = 10)
received normal saline as a control. Group 2 (n = 11) received 150 mM acetic acid. Group 3 (n = 11)
received 300 mM acetic acid. Group 4 (n = 10) received 150 mM butyric acid. Group 5 (n = 11) received
300 mM butyric acid. Group 6 (n = 7) received 150 mM lactic acid, and group 7 (n = 12) received 300 mM
lactic acid. Animals were killed 24 hours after colonic installation of test solutions.

Results

Both 300 mM acetic acid and 300 mM butyric acid were associated with impaired weight gain, increased
colon wet weight, and increased histologic injury scores in the colon and distal ileum (P < 0.05, analysis
of variance, see the author’s Figure 4 below). Both 150 mM acetic acid and butyric acid at 150 mmol/L
induced minimal injury in the colon and distal ileum. Neither 150 mM nor 300 mM lactic acid induced
any identifiable gross or microscopic intestinal mucosal injury.

Conclusions

The results, from the 150 mM groups, for butyric and acetic acid suggest that this level is close to a no-
effect level. As the dosages were based on body weight, a projected comparable exposure for a one kg
infant can be calculated as 900 mg and 1320 mg for acetic acid and butyric acid, respectively.

Therefore, as| (3 mg of xanthan gum could produce no more than| ;) mg of either of these acids, these

results suggest a safety margin of 45 and 66 for acetic and butyric acids, respectively, relative to the
exposure that produced minimal effects in newborn rats (Figure 4 below). This ratio is based upon an
assumption of complete colonic fermentation of the entire %mg of xanthan gum in the patiromer
dosage.
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Disclaimer

Except as specifically identified, all data and information discussed below and
necessary for approval of NDA 205739 are owned by Relypsa, Inc. or are data for which
Relypsa, Inc. has obtained a written right of reference.

Any information or data necessary for approval of NDA 205739 that Relypsa, Inc. does
not own or have a written right to reference constitutes one of the following: (1)
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug,
as reflected in the drug’s approved labeling. Any data or information described or
referenced below from reviews or publicly available summaries of a previously approved
application is for descriptive purposes only and is not relied upon for approval of NDA
2057309.
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1 Executive Summary

1.1 Introduction

This application is being submitted for use of RLY5016 for Oral Suspension in
the treatment of hyperkalemia. The drug product is formulated as a powder for
oral suspension in water administered  ®% daily. RLY5016 for Oral Suspension
is composed of the drug substance, RLY5016S, formulated with ®® wt% xanthan
gum, NF (National Formulary) ®® RLY5016S is a free
flowing powder composed of individual spherical beads approximately ©%

®9 in diameter. RLY5016S is synthesized from e

Each polymer bead is ®¢

that has multiple covalent crosslinks between polymer chains. A
calcium-sorbitol ®9 counterion to the negatively charged polymer
anion.

1.2 Brief Discussion of Nonclinical Findings

Nonclinical pharmacology studies conducted in support of this application used
several different forms of the drug substance, in addition to the proposed
commercial drug substance, RLY5016S. All contained the identical RLY5016
polymer anion; Ol

Pharmacology
The pharmacology testing of the RLY5016 polymer anion has focused on the

primary pharmacodynamic effect of the drug, which is to bind potassium in the
lumen of the colon and increase fecal potassium excretion, leading to removal of
potassium from the body and lowering of serum potassium levels. The
pharmacology studies showed that the RLY5016 polymer anion binds potag)%i)um
However, RLY5016S is not a specific potassium binder. The
RLY5016 polymer anion binds cations 0o

The concentration of different cations varies
depending on location within the gastrointestinal (Gl) tract; as an example, the
RLY5016 polymer anion encounters proton and sodium in the upper Gl tract
where these particular cations are the most abundant. The majority of potassium
binding occurs in the colon where potassium is the most abundant cation. By
binding potassium in the colon, RLY5016S increases fecal potassium excretion,
resulting in a net lowering of serum potassium in the hyperkalemic patient.

Safety pharmacology
Safety pharmacology studies consisted of cardiovascular, central nervous,
respiratory and Gl systems studies. Pharmacokinetic investigations included
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ADME studies in rats and dogs (i.e., the species used to characterize the toxicity
profile of RLY5016S), in vitro drug-drug interaction studies and an assessment of
absorption of fluoride from calcium fluoride (a degradation product of the
RLY5016 polymer anion). Given the size of the RLY5016 polymer anion

®¥heads), systemic absorption was not expected. The
lack of RLY5016 bioavailability was confirmed using “®RLY5016 beads.
Plasma, fecal and urinary monitoring, as well as whole body autoradiography (in
rats only), were conducted to assess possible absorption and distribution of the
drug.

The oral route of administration was used in the toxicity studies as it was the
intended route for use in clinical studies. The highest dose tested was generally
limited by the feasibility of administering multiple grams of test article per
kilogram of body weight. As agreed with the Agency, carcinogenicity testing and
peri/postnatal development studies were not conducted. Toxicity assessments
were performed on 34 possible impurities in the drug substance, including the
only degradation product, calcium fluoride. These assessments included
comprehensive literature searches, in silico computational analyses and Ames
assays (on seven of the possible impurities). The results of the toxicity
assessments were used as part of a systematic and thorough approach to
identify, categorize and control impurities in the drug substance.

The primary pharmacodynamics data demonstrate that RLY5016 binds
potassium b

of the mammalian Gl tract.

Animal models were used to confirm the mechanism of action of the polymer in
vivo. These studies showed an increase in fecal potassium excretion in both
normal renal function rat and pig models. In addition, a significant decrease in
serum potassium was detected in hyperkalemic rats treated with RLY5016,
compared to untreated hyperkalemic control animals.

Safety pharmacology studies were conducted to investigate the effects of
RLY5016 on the cardiovascular, central nervous, respiratory and Gl systems.
The maximum recommended human dose of RLY5016 is approximately ~ ®¢

. Since there is no absorption or metabolism of RLY5016, direct dose
comparison (animal/human) can be made to the g/kg NOAEL dosage,
determined in safety pharmacology toxicology studies, to establish a safety
margin.

Dogs were assigned to a 4 x 4 Latin square for this crossover design study, and
each dog received one of four doses (0, 1, 2 or 3.5 g/kg RLY5016) in a
predetermined order once weekly. No statistically significant differences were
noted for blood pressure (systolic, diastolic, mean arterial pressure and pulse
pressure), heart rate or body temperature data. All ECGs were qualitatively and
quantitatively within normal limits; no significance (Treatment or Treatment x
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Time) was noted for the QT or QTc data. No arrhythmias were found. No
abnormal ECG findings were attributed to the administration of RLY5016.

The nature of the polymeric RLY5016 precluded testing in a hERG assay.

A study of the central nervous system effects of RLY5016, including observations
of general behavior, autonomic and motor effects as assessed by the Irwin
method, was performed in rats. Single oral RLY5016 doses of 1, 3 and 6 g/kg
had no effect in this study (compared to vehicle dosed controls).

The effects of a single oral dose of RLY5016 (0, 1, 3, 6 g/kg) on respiratory
parameters (tidal volume, rate of respiration and minute volume) was assessed
in freely moving conscious rats using whole body plethysmography. The changes
in respiratory parameters observed in the RLY5016-treated groups were not
significantly different from the changes observed after vehicle treatment in this
study.

Studies were performed to determine if RLY5016 modifies Gl transit time in rats
(5 per dose) using an orally administered charcoal marker that was administered
1 hour after a single oral dose of RLY5016 (0, 1, 3, 6 g/kg). Twenty-five minutes
after the charcoal administration, rats were sacrificed and the distance traveled
by the charcoal meal within the small intestine was measured. The stomach and
contents were weighed to provide an indication of stomach emptying.

There were no RLY5016-related changes observed on Gl transit at 1 and 6 g/kg.
However, administration of RLY5016 at a dose level of 3 g/kg produced a slight,
but statistically significant, decrease of 23% in Gl transit compared to the vehicle
group. Administration of RLY5016 at 1 g/kg produced no effect on stomach
emptying; however, doses of 3 and 6 g/kg produced a statistically significant
decrease in stomach emptying, as demonstrated by an increase in stomach plus
contents weight when compared to the vehicle group. RLY5016 at doses of 3 or
6 g/kg produced an increase in stomach plus contents weight of 44%. Given the
large doses of RLY5016 administered in this study (approximately 0.5 g in the 3
g/kg dose group and 1 g in the 6 g/kg dose group), residual RLY5016 in the
stomach could be contributing to the significant increase (mean increase of 0.8 g)
in the stomach plus content weights in these dose groups. Thus, the effects
noted on stomach emptying may be physical, as opposed to pharmacological
effects.

Toxicology

Rat Studies

Repeat oral dosages as high as 17.6 g/kg/day RLY5016 for 2 weeks (TR 350-07-
009), 15 g/kg/day RLY5016 for 4 weeks (TR 350-07-010 and TR 350-07-018) or
5 g/kg/day RLY5016S (dosage expressed in terms of RLY5016) for 26 weeks
(TR-350-09-001), administered as a dietary admixture, were well tolerated by
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rats. There were no adverse clinical effects, and there were no toxicologically
meaningful changes in clinical pathology (hematology, blood chemistry and
urinalysis) or anatomic pathologic evaluations (gross pathology, organ weight
and histopathology).

In the 2-week, 4-week and 26-week studies, dosage-related increases in mean
food consumption were noted in rats given the higher dosage levels (10 and 15
g/kg/day in the 2-week study; 4, 10 and 15 g/kg/day in the 4-week study and 2.5
and 5 g/kg/day in the 26-week study). These increases in food intake during the
dosing period likely reflected the decreased nutritive aspects of the diet (on a
weight basis) resulting from the high concentrations of test article in the diet and,
as such, were not considered adverse.

In the 4-week study, total serum protein and albumin were significantly lower in
high-dosage group female rats and urinary calcium excretion was higher in high-
dosage group rats of both sexes. The elevation in urinary calcium excretion was
not unexpected since calcium is the counterion associated with the polymer in
RLY5016. With the exception of urinary calcium excretion in the high-dosage
group females, total serum protein, serum albumin and calcium excretion were
similar between control and 15 g/kg/day rats at recovery Day 15. There was no
microscopic correlate to these laboratory value differences, and the mean values
were similar to control values by recovery Day 15; therefore, the changes were
not considered adverse. There were no clinical pathology effects noted in the 26-
week chronic toxicity study.

The NOAELSs for RLY5016 administered daily in the diet to rats for 2 and 4 weeks
was > 17.6 g/kg/day and > 15 g/kg/day, respectively. The NOAEL for RLY5016S
administered daily in the diet to rats for 26 weeks was > 5.0 g/kg/day (expressed
as RLY5016). No target organ toxicity was identified.

Dog Studies

An initial range-finding study was conducted (TR 350-07-011 ) in which beagle
dogs were administered 7 g/kg/day RLY5016 for 10 days, twice daily, in gelatin
capsules. The number of capsules was found to limit the amount of drug that
could be administered to dogs. Therefore, a maximum feasible dosage of 7
g/kg/day was reached in the study. The maximum tolerated dosage of RLY5016
in this study was determined to be > 7 g/kg/day.

In the longer term repeat-dose studies in dogs, oral (gelatin capsule) dosages as
high as 7 g/kg/day RLY5016 for 4 weeks (TR 350-07-015 and TR 350-07-019 )
or 3.75 g/kg/day RLY5016S (dose expressed in terms of RLY5016) for 39 weeks
(TR 350-10-001 ), were well tolerated by dogs. There were no adverse clinical
effects, and there were no toxicologically meaningful changes in clinical
pathology (hematology, blood chemistry and urinalysis), anatomic pathologic
evaluations (gross pathology, organ weight and histopathology), ophthalmic or
ECG parameters.
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In the 39-week study, significantly lower mean food consumption occurred in the
high-dosage group females during Weeks 2, 4, 14, 15, 19 and 22 with no
adverse impact on mean body weight or body weight change. Vomiting of
capsules occurred infrequently with no adverse impact on RLY5016S dosing.

The NOAEL for RLY5016 administered daily to dogs for 4 weeks was > 7
g/kg/day; the NOAEL for RLY5016S administered daily to dogs for 39 weeks was
determined to be > 3.75 g/kg/day (expressed as RLY5016). No target organ
toxicity was identified.

Genotoxicity

The evaluation of the genotoxic potential of RLY5016S was conducted
instandardized battery of in vitro and in vivo tests.

RLY5016 was tested in the in vitro bacterial reverse mutation assay (Ames
assay) (TR 350-07-012). In the main study, Salmonella typhimurium strains
TA98, TA100, TA1535 and TA1537 and Escherichia coli strain WP2uvrA were
used as tester strains, and the RLY5016 dose levels ranged from 33.3 — 5,000
microgram/plate; the highest dose being the maximum ICH recommended
concentration (ICH S2A). The main study was conducted in the presence and
absence of microsomal enzymes derived from Aroclor-induced rat liver (S9) mix.
Based on the results, RLY5016 was not mutagenic in the in vitro bacterial
mutation assay.

The ability of RLY5016 to induce chromosome aberrations was evaluated in
cultured Chinese hamster ovary (CHO) cells. The study was conducted in two
phases: an initial assay and a confirmatory assay (TR 350-07-013). Based on the
results from the initial assay, the confirmatory chromosomal aberration assay
was conducted at RLY5016 doses of 15.6 — 500 micrograms/mL without
metabolic activation and 31.3 — 500 micrograms/mL with metabolic activation. No
significant increase in cells with chromosomal aberrations, polyploidy or
endoreduplication was observed. Thus, RLY5016 was negative for inducing
structural chromosomal aberrations in CHO cells with and without metabolic
activation.

RLY5016 was evaluated for clastogenic activity and/or disruption of the mitotic
apparatus by detecting micronuclei in polychromatic erythrocytes (PCEs) in rat
bone marrow (TR 350-07-014, titled “In Vivo Rat Bone Marrow Micronucleus
Assay with RLY5016”). Rats were administered a single dose of RLY5016 at
dosages of 0, 1, 3 and 6 g/kg via oral gavage. The frequency of micronucleated
bone marrow PCEs was assessed at 24 hours (all dose groups) and at 48 hours
(high dose group) after dosing. Cytotoxicity was assessed by scoring the number
of PCEs and normochromatic erythrocytes (NCEs) in at least the first 500 total
erythrocytes for each animal. RLY5016, administered at dosages up to 6 g/kg,
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was not cytotoxic to the bone marrow and did not induce statistically significant
increases in micronucleated PCEs. Thus, RLY5016 was non-mutagenic in the in
vivo bone marrow micronucleus test.

Carcinogenicity
The requirement for carcinogenicity testing of RLY5016S was waived by the
Division

Reproductive Toxicity

The reproductive and developmental toxicity of RLY5016S was evaluated in a rat
fertility study, and rat and rabbit teratology studies at maximum feasible dosages.
No effects, outside of nutritionally-related effects on the dams and offspring, were
noted at any treatment level, and the NOAEL was the highest dose used. These
results are as expected, given the lack of systemic exposure of this drug.

As agreed with the Division (Minutes of End-of-Phase 2 Meeting, 22 November

2011), a peri/postnatal development study of RLY5016S was not conducted.
There have also been no studies involving the treatment of juvenile animals.

1.3 Recommendations

1.3.1 Approvability

The preclinical toxicology program was well conducted and thorough. The
studies were well planned and employed sufficient numbers of dosage groups
and animals to allow proper interpretation and review.

The sponsor clearly demonstrated that the compound is not absorbed from the
gut, binds potassium in the colon, and results in a lowering of serum potassium.

Toxicity studies demonstrated that the compound is inert and non-toxic. The
potential for drug-drug interactions were sufficiently characterized.

This reviewer agrees with the sponsor’s interpretation of the toxicity data, as
presented, and recommends approval of RLY5016 for the indication sought.

1.3.2 Additional Non Clinical Recommendations
none
1.3.3 Labeling

Labelling review was conducted independently of this document. No major
changes to the label were recommended.
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2  Drug Information

2.1 Drug
CAS Registry Number: 1415477-49-4

Code Name: RLY5016S (patiromer calcium- ®®)
Chemical Name: bl
Structure or Biochemical Description:
OH OH
[Ca?'( HOLA A~y loshs * H0

m = number of 2-fluoro-2-propancale groups m=091

n, p = number of crosslinking groups n+p=0.08

' H,O = associated water

" = indicates an exlended polymeric nelwork
Molecular Formula

® @

Empirical Formula
RLY5016S: Ce13H765F1140399Cas7
Molecular Weight
Each RLY5016S crosslinked ®® pead represents B
Molecular weight of a ) RLY5016S bead: ®e

Pharmacologic Class: Potassium binding resin

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 75615
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2.3 Drug Formulation

The drug substance, RLY5016S, is an amorphous, free flowing powder that is
composed of individual spherical beads. The intended commercial formulation
(Formulation C) for the drug product is composed of RLY5016S and xanthan
gum. RLY5016 for Oral Suspension is intended to be administered orally after
suspending in water.

2.4 Comments on Novel Excipients
none

2.5 Comments on Impurities/Degradants of Concern
none

2.6 Proposed Clinical Population and Dosing Regimen

VELTASSA™ (patiromer) is indicated for the treatment of hyperkalemia. The
recommended starting dose of VELTASSAis 8.4 grams patiromer
with meals, based on serum potassium level.

3 Studies Submitted

3.1 Studies Reviewed

All GLP toxicology studies (general, genetic and reproductive) and safety
pharmacology studies were reviewed previously under IND 75615, or reviewed
herein.

(WIC]

3.2 Studies Not Reviewed

Pharmacology and pharmacokinetic studies are presented as submitted by the
sponsor, but were not formally reviewed.

3.3 Previous Reviews Referenced
IND 75615 original IND (SDN 000), also Serial #40 (rec’d 3/8/12)
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4 Pharmacology

Nonclinical pharmacology studies conducted in support of this NDA used two
different forms of the drug substance, RLY5016 and RLY5016H. The test articles
RLY5016 and RLY5016H we

. Each of these test articles
contains the polymer anion, which is the active moiety of RLY5016S.

Some of the nonclinical pharmacology studies described in this section

expressed dose in terms of RLY5016 (calcium salt of the polymer anion); o
) (4)

The nonclinical pharmacology studies described in this section include primary
pharmacodynamics and safety pharmacology studies. No secondary
pharmacodynamics studies were conducted.

Several of the studies described in this section were conducted and/or sponsored
by the previous sponsor, llypsa, Inc. (Santa Clara, CA). The development rights
to RLY5016 were transferred to Relypsa, Inc., in October 2007. The reports refer
to RLY5016 by the code number ILY 105; however, this compound is ®®
RLY5016.

4.1 Primary Pharmacology

4.1.1 Introduction
The primary pharmacology data demonstrate that RLY5016 binds potassium &
In vitro studies
were conducted to assess the extent of calcium ion exchange and the potassium
binding capacity of RLY5016 under conditions that mimic selected compartments
of the human Gl tract. In the first in vitro study, exposing RLY5016 to an acidic
environment that mimics conditions in the fasted stomach demonstrated that
calcium is exchanged for protons, providing evidence for the fundamental ion
exchange mechanism of the polymer. A second in vitro study showed that 8.5 —
8.8 mEq of potassium are bound per gram of polymer at a physiologically
relevant pH (pH 6.5). Since the potassium binding capacity of the polymer under
highly basic conditions (100 mM potassium hydroxide [KOH], pH 12) was 8.4 —
10 mEq/g (corresponding to the maximum binding capacity of the polymer),
these data suggest that > @ % of the total binding capacity of the polymer is
available for cation exchange under physiological conditions (pH 6.5).

Animal models were used to confirm the mechanism of action of the polymer in
vivo. These studies showed an increase in fecal potassium excretion in both
normal renal function rat and pig models. In addition, a significant decrease in
serum potassium was detected in hyperkalemic rats treated with RLY5016,
compared to untreated hyperkalemic control animals.
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The RLY5016 polymer encounters a series of distinct cation environments as it
traverses the Gl tract, marked by fluctuations in proton, sodium, potassium,
calcium and magnesium concentrations (Fordtran, 1966, Wrong, 1965). The

RLY5016 polymer functions

®@- yariations in the cation

environment of the Gl tract manifest as differences in the cations bound to the
polymer. Two in vitro pharmacology studies were conducted to assess the extent
of calcium counterion exchange and the potassium binding capacity of the
polymer under conditions that mimic the stomach and small intestine.

4.1.2 In vitro Pharmacodynamics

4.1.2.1 RLY5016 Calcium Cation Exchange (TR 300-07-026)

This study was designed to assess the potential for calcium to exchange with
another cation (i.e., proton). RLY5016 was exposed to USP Simulated Gastric
Fluid without Pepsin [SGF], pH 1.2 at concentrations of 1, 2, 5, 10 and 20
mg/mL, and free cation concentrations were determined after incubation at 37°C
for 2 hours. Subsequently, experiments were repeated for the 5, 10 and 20
mg/mL RLY5016 concentrations. In addition to calcium, sodium was measured in
these experiments because it is a component of SGF that can bind to the
RLY5016 polymer. The extent of sodium binding was much lower than proton
binding, since protons are the predominant cation in the exchange buffer.
Experimental results are summarized in Table 1.

Table 1: RLY5016 Polymer lonic Exchange in an Acidic Environment
?ﬁlﬁiﬁfﬂﬁon Calcium Released” Sodium Bound” | L) pH (Mean = SD)
(ng/mL) (mEq/g) (Mean = SD) | (mEq/g) (Mean + 5SD)

Experiment 1 (N=3)

1 7.31+0.33 0.01 £0.04 1.25+£0.01
2 7.08 £0.08 0.04 £0.02 1.28+£0.02
5 7.20+£0.05 0.06 £ 0.00 1.40+0.01
10 6.84 £ 0.02 0.08 £0.01 1.83 £ 0.05
20 414 +0.02 0.1 =0.01 2.70£0.01
Experiment 2 (N =3)

5 7.31+0.11 0.03+£0.01 1.42+0.02
10 6.97 = 0.02 0.07 £0.01 1.86 +0.00
20 4,19+0.01 0.1 £0.00 2.68+0.01

a

Calcium release (mEq/g) was calculated as 2 x Ca,, % dilution factor/RLY 5016 concentration, where
Caeg 1s the calcium concentration (mM) measured in the supernatant samples.

Sodium binding (mEq/g) was calculated as (Na.., — Na.,) % dilution factor/RL'Y5016 concentration,
where Na...,, 15 the sodium 1on concentration (mM) measured in the diluted control samples and Na,, 1s
the sodium ion concentration (mM) in the diluted supernatant samples after incubation with RLY5016.

12
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The lot of RLY5016 used in these experiments (Lot No. PAX1636Ca) had a
measured calcium content of  ®® wt%, which is equivalent to O® of
calcium per gram of polymer. Results obtained in these experiments indicate that
calcium exchange from RLY5016 in SGF was more than | @% complete for
polymer concentrations of 1, 2 and 5 mg/mL (corresponding to bl

of calcium released, respectively). When higher concentrations of
polymer were tested, a smaller proportion of the calcium was exchanged from
the polymer (e.g., at 10 mg/mL RLY5016, approximately®®% of the bound
calcium was replaced and at 20 mg/mL RLY5016, approximately &% of the
calcium was replaced). In all cases, very little sodium binding was noted,
indicating that calcium release is driven by exchange with proton and not sodium.
As the test polymer concentration was increased, the total amount of calcium
released into the test solution increased and more proton was bound by the
polymer, resulting in an increase in the pH of the test solution. The elevated pH
and increased calcium concentration in the test solution both limit the extent of
calcium exchange at the highest polymer concentration.

In conclusion, this in vitro study indicates that calcium bound to the RLY5016
polymer can be exchanged for proton, providing evidence for the fundamental ion
exchange mechanism of the polymer.

4.1.2.2 RLY5016 Potassium Binding (TR 300-07-025)

As described in the preceding section, RLY5016 is a calcium-loaded polymer that
exchanges a portion of the calcium counterion for cations such as proton or
potassium that represent major cation species in the gastric and colonic
environments, respectively. In order to measure the potassium binding capacity
of the polymer in vitro under a pH condition (Fallingborg, 1989) and a residence
time (Rao, 2009, Read, 1980) characteristic of the large intestine, binding
experiments were conducted using the protonated polymer (RLY5016H; 4
mg/mL) incubated for 24 hours at room temperature in a simple potassium buffer
(200 mM 2-morpholinoethanesulfonic acid [MES], 150 mM K+) at pH 6.5. To
synthesize the protonated polymer, the calcium counterion of RLY5016 was

exchanged for proton by ®®

The results from two replicate experiments showed
no residual calcium in the supernatant, indicating that the ion exchange process
(calcium for proton) was complete. Comparative experiments were conducted
using other cation exchange resins, including the proton form of poly(methacrylic
acid) (Amberlite IRP-64H) and polystyrene sulfonate (Dowex 50WX4 and
Kayexalate H) resins. Experimental results are summarized in Table 2.

13
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Table 2: Potassium Binding by Protonated Polymers under Conditions
Mimicking Large Intestine pH and Residence Time

Polymer Potassium Bound® (mEq/g) Final 1}H"
(4 mg/mL) (Mean = SD) (Mean + 5D)
Experiment 1 (N =3)

RLYS5016H 8.53+0.13 6.21 £0.02
Amberlite IRP-64H 3.62+0.28 6.42+0.02
Kayexalate H 5.09 £ 0.05 6.35+0.02
Dowex 50WX4 525+0.11 6.34+0.02
Experiment 2 (N = 3)

RLY5016H 8.77 £0.35 6.23 +£0.01
Amberlite IRP-64H 3.75x0.05 6.43 £0.02
Kayexalate H 48=+03 6.36 £0.01
Dowex 50WX4 497 £0.03 6.35+0.02

a

Potassium (K) bound to the test polymers (mEq/g) was calculated as (K., - K,,) * dilution factor/polymer
concentration, where K.y 1s the potassium 1on concentration (mM) measured m the diluted control sample
and K, is the potassium ion concentration (mM) in the diluted test samples after incubation with polymer.

Starting pH was 6.5.

The data from this in vitro study demonstrate that RLY5016H binds 8.5 — 8.8
mEq of potassium per gram of polymer at physiologically relevant pH (pH 6.5).
The potassium binding capacity for this polymer under highly basic conditions
(100 mM KOH, pH 12) that produce the maximum binding capacity, was 8.4 — 10
mEq/g. Therefore, at physiological pH, | %% of the total binding capacity of the
polymer is available for cation exchange.

Amberlite IRP-64H, a poly(methacrylic acid) resin, had a total capacity of 10.4
mEgq/g under basic conditions (100 mM KOH, pH 12), however it bound only 3.6
— 3.8 mEq of potassium per gram of resin at physiological pH, corresponding to

& % of the total binding capacity for the polymer. Kayexalate H and Dowex
50WX4 resins contain strongly acidic sulfonate groups, which are fully ionized in
the physiological pH range and use their full capacity to bind potassium under
these conditions. However, the total capacity of these two resins in proton form is
only 4.8 — 5.3 mEqg/g. Although all the tested polymers were in proton form at the
beginning of the experiment, their final state is one of equilibrium between the
polymers and an aqueous medium containing a particular potassium
concentration at a physiological pH. The ability of RLY5016H to bind potassium
at physiological pH is an inherent property of the polymer, and is not dependent
on starting with the acid form.
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4.1.3 In Vivo Pharmacodynamics

The in vivo pharmacodynamic effects of RLY5016 potassium binding were
evaluated in three animal models: rats and pigs with normal renal function (TR
300-07-009 and TR 300-07-010, respectively) and rats with chronic renal failure
(TR 300-07-027). These models all demonstrated the ability of RLY5016 to
promote an increase in fecal potassium excretion, along with increases in the
excretion of other cations. In addition, the rat chronic renal failure model
demonstrated a reduction in elevated serum potassium in the treated animals.

4.1.3.1 Pharmacologic Effects of RLY5016 in Rats with Normal Renal Function
(TR 300-07-009)

The cation binding properties of RLY5016 were evaluated in vivo in Sprague-
Dawley rats with normal renal function. Rats (six per group) housed in metabolic
cages were fed a low calcium diet supplemented with RLY5016 at a daily dose of
approximately 0, 0.8 or 1.8 g/kg/day for 7 days. Urine and feces from Day -1 and
Days 3 — 6 (24-hour collections) were analyzed for cation content. Body weights
were measured on Days -1, 4 and 7. On Day 7, animals were euthanized and
blood was collected via cardiac puncture.

After 7 days of treatment with RLY5016, significant cation electrolyte changes
were noted in fecal (Figure 1), urine (Figure 2) and serum (Figure 3) samples,
relative to untreated controls. In all cases, significant changes were only detected
in the 1.8 g/kg/day dose group, with the exception of fecal calcium measured in
the 0.8 g/kg/day dose group. Group mean data are provided in Table 3 (fecal and
urine electrolytes) and Table 4 (serum electrolytes).

Analysis of fecal cations in rats with normal renal function treated with 1.8
g/kg/day RLY5016 revealed a significant 2.5-fold increase in potassium content
of the fecal extracts compared to untreated control animals. Similarly, significant
increases in sodium (6.9-fold), magnesium (1.3-fold) and calcium (9.6-fold) were
also noted in the fecal extracts prepared from the 1.8 g/kg/day dose group.
Substantial increases in these cations were not detected in the low dose (0.8
g/kg/day) group, with the exception of calcium (3.9-fold increase compared to
untreated controls). Given the activity of RLY5016 as an ion exchange polymer,
the increase in fecal cation content is consistent with cation binding by the
polymer supplementing normal fecal cation excretion. It is believed that an
increase in fecal calcium occurred because much of the calcium of RLY5016 was
either not exchanged or, if exchanged, was not absorbed.

Analysis of urinary cations in rats with normal renal function treated with 1.8
g/kg/day RLY5016 revealed a significant increase (2-fold) in urinary calcium and
a significant decrease (35%) in urinary magnesium; however, these changes
were not seen in the low dose (0.8 g/kg/day) group. There were no changes in
urinary potassium or sodium in either highor low-dose RLY5016 groups. The
increase in urinary calcium is expected from the absorption of some of the
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calcium exchanged from the polymer for other cations as the resin traverses the
Gl tract of the test animals. RLY5016 has an affinity for divalent cations, such as
magnesium, that could lead to a transient decrease in urinary magnesium
content such as that observed in the rats in this study.

Analysis of serum cation content after treatment with RLY5016 demonstrated a
significant reduction in serum potassium and serum magnesium in the high, but
not the low, dosage group compared to untreated controls. No changes were
noted in serum sodium or serum calcium. In rats with normal renal function, fecal
potassium was increased, but no compensatory decrease in urinary potassium
was observed, perhaps explaining the net decrease in serum potassium noted in
the high dosage group. In this rat study, a small but significant increase in fecal
magnesium was noted, accompanied by a decrease in urinary magnesium, but
the balance between these two processes was apparently not sufficient to
prevent an overall decrease in serum magnesium.

Assessment of food consumption showed that rats in the high dose group
consumed significantly more chow on Day 4 only. No differences were observed
in mean body weights between treatment groups throughout the study; all
animals gained weight and showed no signs of illness or malnourishment.

In conclusion, this study demonstrated that RLY5016 was an effective potassium
binder in the Gl tract of rats.
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Each symbol represents the average daily value for one rat from Days 3 — 6, and the horizontal
bar represents the mean value for the group. Groups whose mean values were significantly
different from the non-treated group are indicated with an asterisk (p < 0.01).
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Figure 2: Urine Electrolytes in RLY5016-treated Rats with Normal
Renal Function
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Each symbol represents the average daily value for one rat from Days 3 — 6, and the horizontal
bar represents the mean value for the group. Groups whose mean values were significantly
different from the non-treated group are indicated with an asterisk (p < 0.01).

18
Reference ID: 3781906



NDA # 205739 Reviewer: William T. Link, Ph.D.

Figure 3: Serum Electrolytes in RLY5016-treated Rats with Normal
Renal Function
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Table 3: Fecal and Urine Electrolytes after 7 Days of Treatment with
RLY5016
=
iLKY ‘g;f) Potassium Sodium Magnesium Calcium
(E\"_ zg\'ﬁ pér (mEqg/day) (mEq/day) (mEq/day) (mEgqg/day)

dose group)

(Mean + SD)

(Mean + SD)

(Mean + SD)

(Mean + SD)

Fecal Electrolytes

0 0.067 £0.026 0.047 =£0.023 1.2906 +0.177 0.288 = 0.099

0.8 0.072 £0.020 0.089 £ 0.015 1.302 = 0.137 1.109=0.172

1.8 0.165+0.038 0.324+£0.072 1.662 £ 0.151 2,774+ 0421

Urine Electrolytes

0 3.452£0.869 3.418=0.767 0.567 = 0.085 0.030 = 0.006

0.8 3.680 £ 0.486 3.582+£0.493 0.484 £ 0.097 0.037x0.015

1.8 3.001 £0441 3.673£0.452 0.373 = 0.069 0.060=0.016
Table 4: Serum Electrolytes after 7 Days of Treatment with RLY5016

;LL; 53;?) Potassigun Sodiullln Magne?.ium Calcium (mng/dL)

(N = 6 per (Inlnol- L:) (mmol/L) (mEq/ L.) (Mean + SD)

dose group) (Mean + SD) (Mean + SD) (Mean + SD)

0 7.67 £0.82 150.33+16.99 265045 12.54 +0.48"

0.8 6.62+0.87" 157.33 £ 2928 2.08x0.53 1252+ 216

1.8 6.52 £ 0.36" 13450+ 11.45 1.68 £ 0.33 11.12+0.86

a

N = 5 samples

4.1.3.2 Pharmacologic Effect of RLY5016 in Normal Renal Function Pigs (TR

300-07-010)

Because pigs provide a good model of the human Gl system, (Jensen, 1996,
Stevens, 1977), RLY5016 was evaluated in pigs with normal renal function to
assess the pharmacological effects of the polymer in binding and removing
potassium. RLY5016 was fed to a group of seven pigs for 10 days at a dose of 1
g/kg/day as a diet admixture; a group of seven control pigs were maintained on
chow alone. Twenty-four (24)-hour urine collection was performed from Days 1 —
9 and urine electrolytes (potassium, calcium, sodium and magnesium) were
assessed. The Gl transit time, determined with a ferric oxide marker in the pigs
used in this experiment, was < 60 hours; therefore, fecal cation content was
assessed in 24-hour fecal samples collected from Days 3 — 8. Serum electrolytes
were determined on Day 10 through the analysis of blood samples collected via

jugular venipuncture from each pig.
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Pigs fed a diet supplemented with 1 g/kg/day of RLY5016 showed a significant
increase in potassium, sodium and calcium levels when fecal extracts of the
treated group were compared to those of the untreated group (Figure 4 and
Table 5).

In contrast, the RLY5016-treated pigs had significantly less urinary potassium
and sodium excretion than the non-treatment group (Figure 5 and Table 5). This
result is expected in animals with normal renal function, where increases in fecal
potassium and sodium excretion are balanced by compensatory decreases in
urine elimination of the cations. As was observed in rats with normal renal
function (TR 300-07-009; summarized in Section 2.6.2.2.2.1), the RLY5016-
treated pigs also had significantly more urinary calcium excretion than the non-
treatment group (p < 0.0001).

No significant differences were observed between the treatment and non-
treatment groups for serum potassium, sodium, magnesium or calcium levels
(Figure 6 and Table 6), reflecting compensatory changes in excretion of these
cations by fecal and urinary routes in animals with normal renal function.

In conclusion, this study demonstrated that RLY5016 effectively increases fecal
potassium excretion and decreases urinary potassium excretion in pigs with
normal renal function. These results are consistent with the mechanism of action
of the drug as a potassium binder in the mammalian Gl tract.

21

Reference ID: 3781906



Reviewer: William T. Link, Ph.D.

Fecal Electrolytes in RLY5016-treated Pigs with Normal Renal

NDA # 205739
Figure 4:
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Symbols represent the average daily value from the period Day 3 — Day 8 for each individual
animal. The horizontal bar represents the group mean. Statistical significance is indicated by an
asterisk (p < 0.05).
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Figure 5: Urine Electrolytes in RLY5016-treated Pigs with Normal Renal
Function
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Figure 6: Serum Electrolytes in RLY5016-treated Pigs with Normal Renal

Function
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Table 5: Fecal and Urine Electrolytes after 8 Days of Treatment with
RLY5016
Treatment Potassium Sodium Magnesium Calcium
Grou (mEqg/day) (mEq/day) (mEqg/day) (mEq/day)
P (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)
Fecal Electrolytes
Days 1 3-8 1 3-8 1 3-8 1 3-8
Untreated 312+ 374+ 17.1 = 213=x 60.1 = 78.2 & 79.9 & 95.5%
N=T) 5.5 7.8 4.8 4.5 9.3 11.2 13.8 13.6
RLY5016 27.0+ 45.: 16.6 = 422 = 48.5 £ 754 £ 58.6 % 1503 =
N=T) 7.2 5.2 94 5.6 14.8 7.8 11.8 14.0
-V Q =< (.05 g - 3 G << (.03 < (.
p-value ns 0.0 ns 0.0001 ns ns 0.05 0.0001
Urine Electrolyfes
Days 1-8 1-8 1-8 1-8
I‘Etff;‘“d 88.0+15.5 1448+ 192 18.7 4.1 1908
RI_'Y :1016 71.8 £9.7 115.2£16.7 17.8x6.0 26.8=10.1
N=7)
p-value < 0.05 0.05 ns < 0.0001

ns = not statistically significant
p-values calculated using a 2-tailed t-test versus the untreated group

Table 6: Serum Electrolytes after 8 Days of Treatment with RLY5016
(Day 10)
Treatment Potassium Sodium Magnesium Calcium
Crou (mmol/'L) (mmol/L) (mmol/L) (mmol/L)
P (Mean = SD) (Mean = SD) (Mean + SD) (Mean + SD)
Untreated -
4907 147.2x1.3 0.8=x0.1 28=x0.1
(N=6)
RLYS5016
4606 146.5 £ 1.0 0.8x0.1 29x0.2
N=4
p-value 13 ns ns ns

ns = not statistically significant
p-values calculated using a 2-tailed t-test versus the untreated group

4.1.2.3 Pharmacologic Effects of RLY5016 in a Chronic Renal Failure Rat Model
(TR 300-07-027)
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A variety of animal models have been used to mimic the pathogenesis of chronic
renal failure; however, few models are available for chronic renal failure-
associated hyperkalemia. Therefore, Relypsa developed a new rat hyperkalemia
model, designated NADR-TQ, in which chronic renal failure was induced via
subtotal (5/6 th) nephrectomy followed by a single intravenous injection of
Adriamycin (3.5 mg/kg) at 2 weeks post-nephrectomy. A hyperkalemic state was
induced by treatment with trimethoprim (0.3% w/w in the chow) and quinapril (30
mg/L in the drinking water) immediately after Adriamycin injection. Rats with
normal renal function have a serum potassium level of 6.00 £ 0.65 mmol/L, while
nephrectomized rats injected with Adriamycin that were not exposed to quinapril
and trimethoprim showed a slight but significant elevation of serum potassium at
2 weeks post-Adriamycin injection, 6.58 + 0.65 mmol/L (p < 0.01 relative to
normal controls). The combination of trimethoprim and quinapril as supplements
to the diet of the nephrectomized rats injected with Adriamycin further
exacerbated the hyperkalemia, resulting in a persistent and progressive
hyperkalemia. The serum potassium level in the NADR-TQ rats, at Days 7 and
14, was 7.08 £ 0.89 and 7.26 £ 0.68 mmol/L, respectively (p < 0.001 relative to
normal controls).

Male Sprague-Dawley rats in which chronic renal failure had been induced by
subtotal nephrectomy (10 per group) were randomly assigned to receive
RLY5016 (4% w/w [2.6 g/kg/day] in chow) or chow alone. Serum samples were
collected from all rats 5 days prior to Adriamycin injection and on Days 7 and 14
post-Adriamycin injection. Twenty-four (24)-hour urine and fecal samples were
collected, and body weight and food and water consumption were assessed at
Days -1, 7 and 14 post-Adriamycin injection.

At Day 7, RLY5016-treated NADR-TQ rats demonstrated significantly lower
serum potassium levels than untreated NADR-TQ rats (6.4 + 0.8 versus 7.6 £ 0.7
mmol/L, p < 0.001). Serum potassium levels were within the normal range (6.00
+ 0.65 mmol/L) in the treated animals, while untreated NADR-TQ rats became
hyperkalemic (Figure 7). At Day 14, the serum potassium levels in the RLY5016-
treated group were also lower than untreated NADR-TQ rats, but the difference
was not statistically significant (data not shown).
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Figure 7: RLY5016 Attenuates Hyperkalemia in NADR-TQ Rats
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Open bars = NADR-TQ rats; Closed bars = NADR-TQ rats treated with 4% w/w RLY5016 in chow
Mean + SD; N = 10 per group
Horizontal dotted lines mark the normal serum potassium range for male Sprague-Dawley rats of
the same age.

After 14 days of treatment, NADR-TQ rats receiving RLY5016 had significantly (p
< 0.001) greater fecal potassium excretion than untreated NADR-TQ rats (0.33
0.06 mEq potassium/day vs. 0.15 + 0.08 mEq potassium/day; Figure 8A). For
purposes of comparison, rats with normal renal function excrete approximately
0.04 mEq potassium/day, whereas nephrectomized animals injected with
Adriamycin without trimethoprim and quinapril supplements excrete
approximately 0.12 mEq potassium/day (data not shown). In contrast, there was
no effect of RLY5016 treatment on urinary potassium excretion in NADR-TQ rats
(Figure 8B). Thus, the increased fecal potassium excretion observed in
RLY5016-treated animals was not a compensation for decreased urinary
secretion, the net effect being reduction in total body potassium and
normalization of serum potassium levels. These results suggest that RLY5016
acts as a potassium “sink” to augment the adaptive potassium secretion in the
colon noted during chronic renal failure.
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Figure 8: RLY5016 Effects on Fecal and Urinary Potassium Excretion in
NADR-TQ Rats
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Open bars = NADR-TQ rats; Closed bars = NADR-TQ rats treated with 4% w/w RLY5016 in chow
Mean + SD; N = 10 per group
Data are from Day 14

There were no significant effects of RLY5016 on food or water consumption or on
body weight, urine volume or fecal volume in this study.

4.2 Secondary Pharmacology
No secondary pharmacodynamic studies were conducted.

4.3 Safety Pharmacology

Five safety pharmacology studies compliant with Good Laboratory Practices
(GLP) were conducted with oral administration of RLY5016 at doses up to 6 g/kg
in rats or 3.5 g/kg in dogs. All studies were reviewed under IND 75615.

A study of the central nervous system effects of RLY5016, including observations
of general behavior, autonomic and motor effects as assessed by the Irwin

method (Irwin, 1968), was performed in male Wistar rats. Studies of the potential
effects of RLY5016 on pulmonary function and GI motility were also conducted in
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male Wistar rats, and the effects of the drug on cardiovascular parameters were
explored in telemetry-implanted beagle dogs.

Results of these studies indicated no adverse effects in any of the safety
parameters tested. However, in the rat, RLY5016 at a dose of 3 g/kg produced a
slight, but statistically significant decrease in Gl transit, and doses of 3 and 6 g/kg
produced a statistically significant inhibitory effect on stomach emptying. These
doses are approximately 3- and 6-fold higher (on weight to weight basis) than the
proposed maximum daily clinical dose of RLY5016 for Oral Suspension ( ®“).
Given the very large doses of RLY5016 administered in this study, residual
polymer in the stomach could be contributing to the significant increase in the
stomach plus content weights observed.
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5 Pharmacokinetics/ADME/Toxicokinetics

Brief Summary

RLY5016 for Oral Suspension is a powder dosage form that has been developed
by Relypsa for the treatment of hyperkalemia. RLY5016S is the drug substance
used in the manufacture of the drug product, which comprises’ ®®% RLY5016S
and ®®% xanthan gum. RLY5016S is a free-flowing powder of small (on average
approximately ®® spherical beads. The drug
substance consists of the polymer anion (the active moiety) and a calcium-

P9 The active moiety is a nonabsorbed cation-
exchange polymer that binds potassium in the lumen of the colon and increases
fecal potassium excretion, leading to removal of potassium from the body and
lowering of serum potassium levels.

In addition to RLY5016S, pharmacokinetic (PK) studies conducted in support of
this application used ®®other forms of the drug substance. The test articles
RLY5016 and RLY5016 { refer to the polymer anion P2

, respectively. Each of these test articles contains the
polymer anion, which is the active moiety of RLY5016S. The nomenclature used
for expressing the dose of drug product administered changed during the
development program. Some of the nonclinical studies described in this section
expressed dose in terms of RLY5016 e

5.1 PK/ADME
5.1.1 Brief summary

5.1.1.1 PK/ADME

Two studies have been conducted to assess the extent of RLY5016
bioavailability, one in rats (TR 350-07-007) and one in dogs (TR 350-07-008).
RLY5016 was radiolabelled with @9 crosslinking
agent that is a component of the finished ®®peads. The labeled polymer
was administered to the test animals and plasma, fecal and urinary monitoring
was conducted to assess possible absorption and distribution of the drug.
Analysis showed that 0.004% and 0.002% of the administered radiolabel was
present in plasma in the rat and dog, respectively. Quantitative whole body
autoradiography in rats did not detect any radiolabel outside the gastrointestinal
(Gl) tract. Recovery of the radiolabel in feces and urine was 84.1% and 0.15%,
respectively, in rats and 99.9% and < 0.1%, respectively, in dogs. The lower fecal
recovery observed in rats was attributed to difficulty collecting and homogenizing
rat feces. The amount of radiolabel recovered in the urine of both species was
consistent with the level of unincorporated

extracted o@
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the total specific activity). Furthermore, the majority of the unincorporated
radiolabel (97.87%) was found in a single peak that co-eluted with the
?%sed in the synthesis of the RLY5016 bead, providing evidence
that the radioactivity observed in the urine of rats and dogs was due to
unincorporated ®@rather than absorbed RLY5016
beads (Report No. 670402, titled “Determination of o
®®and its Related Impurities in ILY105 Beads”). Therefore, studies in both
the rat and the dog demonstrated the nonabsorbed nature of the polymer and its
lack of systemic bioavailability.

(b @

RLY5016 is stable and does not degrade during passage through the Gl tract. As
described in RLY-TR-0054, titled “Analysis of Cation Content in RLY5016
Isolated from Human Feces”, the physical stability of the RLY5016 beads during
transit through the Gl tract was demonstrated by recovering the product from
fecal samples collected from human subjects in Study RLY5016-101, titled “A
Double-Blind, Randomized, Placebo-Controlled, Parallel-Group Single and
Multiple Dose Escalation Study to Evaluate the Safety and Tolerability of
RLY5016 in Healthy Volunteers”. The beads recovered from feces remain as
intact, ®@ spheres. The metabolic stability of the beads was
demonstrated by analysis of cation content of the recovered RLY5016 beads: at
all doses, the sum of the major physiologic cations (Na+, NH4 +, K+, Mg2+ and
Caz+) bound to the recovered polymer beads equaled the amount of
contained on beads that had not passed through the Gl tract. Thus, RLY5016 is
not metabolized or changed by Gl passage, as loss of cation binding moieties
due to such metabolism would be reflected in altered cation content.

(®) (4

5.1.1.2 Drug-drug Interactions

Since RLY5016S is not systemically absorbed, drug-drug interactions (DDIs), if
they occur, would occur through binding of the polymer to another orally
administered drug in the Gl tract leading to a change in the absorption of the
interacting drug. As agreed with the Agency at the pre-NDA Meeting (Minutes of
04 Mar 2014 pre-NDA Meeting), a biologically-relevant in vitro test system was
used to evaluate potential interactions between RLY5016S and a set of 28 orally
administered compounds commonly used in the target patient population for
RLY5016 for Oral Suspension (Study RLY-TR-0130). The set of compounds
tested included prototypical drugs from many drug classes, as well as vitamins
and a hormone. The set of Test Drugs used for assessing DDIs with RLY5016S
was agreed with the Agency at the pre-NDA meeting held 04 March 2014
(Minutes of 04 Mar 2014 pre-NDA Meeting). In addition, a quantitative structure-
property relationship (QSPR) based model was developed that reliably predicts
the binding of drugs to RLY5016S.
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The conclusions from these two studies are that binding of other orally
administered compounds to RLY5016S can be predicted based on a small
number of readily computed parameters from the molecular structure of the drug
alone. These are the:

* computed surface area of acceptor atoms (i.e., summation of the total
surface area of atoms identified to be hydrogen bond acceptors),

* ionization potential (the energy of the highest occupied molecular orbital),
and electron affinity (the energy of the lowest unoccupied molecular orbital),
and

* lipophilicity.

Given the nature of RLY5016S (i.e., a cation binder), the parameters found to be
significant in the models are physically reasonable because they describe both
the polarity and lipophilicity of the molecules, both of which have long been
implicated in small molecule interactions with various proteins and polymers.

The results of the in vitro DDI study and the QSPR modeling are adequate to
propose specific dosing recommendations in the label to avoid untoward drug
interactions with RLY5016 for Oral Suspension.

5.1.1.3 Fluoride Absorption

The anion of RLY5016S is a crosslinked polymer of 2-fluorc ®® Fluoride
degradation of RLY5016 for Oral Suspension has been demonstrated in stability
studies to occur at a rate of approximately ®® ppm per month under refrigerated
conditions. o8

Any fluorine that
dissociates from the polymer will likely form the insoluble calcium fluoride (CaF2)
salt. Calcium fluoride is much less bioavailable than sodium fluoride (NaF)
because it is much less water soluble ( O®
respectively). In human and animal studies, the bioavailability of fluoride from

CaF2is lower than that of NaF (Trautner, 1987; Jowsey, 1978; Whitford, 1994).

Studies using a rat model were conducted to test the hypothesis that minimal
fluoride absorption would result from the oral administration of RLY5016 (TR
300-07-028). Rats were orally administered RLY501€ ( and RLY5016 ®¢

such that
they received a comparable level of fluoride impurity from each compound, and
the PK profiles of fluoride were subsequently assessed in plasma. The results
demonstrated that RLY5016 gave a  ®“ lower maximum fluoride concentration
(Cmax) and a. ®® lower fluoride area under the curve (AUC) compared to
RLY5016 @& when analyzing equivalent doses. These data demonstrate that oral
administration of the polymer anion complexed with calcium results in systemic
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absorption of fluoride that is substantially lower than that observed with the
sodium salt form of the drug. This is consistent with previous studies using
fluoride co-administered with calcium ®®

5.1.2 Methods of Analysis

5.1.2.1 Radiochemical Procedures

Biological samples obtained from rat and dog studies conducted with [14C]-
RLY5016 were used to determine the extent of absorption, distribution and
excretion of the radiolabel (TR 350-07-007 and TR 350-07-008). Samples were
assessed for 'C content by combustion analysis using a Model ®“ Sample
Oxidizer ®® and the resulting *CO2was trapped in a
mixture of ®®@ scintillation cocktail was
used for samples analyzed directly. All samples were analyzed for radioactivity in
a Model ®9 Jiquid scintillation counter ( @9 for at
least 5 minutes or 100,000 counts. Each sample was homogenized before
radioanalysis (unless the entire sample was used for analysis). All samples were
tested in duplicate if sample size allowed. If results from sample duplicates
(calculated as 4c dpm/g sample) differed by more than 10% from the mean
value, the sample was re-homogenized and reanalyzed (if the sample size
permitted). Scintillation counting data (cpm) were automatically corrected for
counting efficiency using the external standardization technique and an
instrument-stored quench curve generated from a series of sealed quenched
standards.

Whole body autoradiography for the rat ADME study was conducted as follows.
Prior to section collection, quality control standards fortified with 4c radioactivity
were placed into the frozen block containing the rat carcass and were used for
monitoring the uniformity of section thickness. Appropriate sections were
collected on adhesive tape at 40 micrometer thickness, using a Leica
cryomicrotome in accordance with ®® standard Operating Procedures.
Sections were collected at five levels of interest in the sagittal plane. All major
tissues, organs and biological fluids were represented. Collected sections were
dried at approximately -20°C. A section set from each rat was prepared by
mounting a representative section from each level of interest. Mounted sections
were tightly wrapped with Mylar film and exposed on phosphorimaging screens
along with plastic-embedded autoradiographic standards purchased from
Y@ for subsequent calibration of the image

analysis software. Screens were exposed for 4 days and then scanned using an

®® The autoradiographic standard image data were
sampled using ®@ AIS software to create a calibrated
standard curve. Using this standard curve, a lower limit of detection based on the
lowest readable concentration was calculated (reported as the lower limit of
guantitation based on the mean). Specified tissues, organs and fluids were
analyzed. Using AIS software, tissue concentrations were interpolated from each
standard curve as nanocuries/g and then converted to microgram equivalents/g

® @
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on the basis of the test article specific activity. Tissue concentration data were
summarized in tabular format. Autoradiographs were annotated and printed on a
FUJIX Pictography 3000 digital image printer.

5.1.2.2 High-Performance Liquid Chromatographic Procedures
For 24 of the Test Drugs (allopurinol, amlodipine, amoxicillin, apixaban, aspirin,
cephalexin, cinacalcet, ciprofloxacin, clopidogrel, furosemide, glipizide, lisinopril,
metformin, metoprolol, phenytoin, quinidine, riboflavin, rivaroxaban,
spironolactone, thiamin, trimethoprim, valsartan, verapamil and warfarin), a
reversed phase high performance liquid chromatography (HPLC) method
(Method 13RA01) was used for analysis in the three test matrices. The method
utilized two different HPLC gradients, depending on the chromatographic
properties of the Test Drug, and UV detection at 214 or 270 nm. Quantitation was
performed for each Test Drug using a single-point calibration standard. A
®® HPLC system equipped with an autosampler and dual-

wavelength detector was used. The columns used were: 50 x 2.0 mm Luna
C18(2), 3 um ®® and 50 x 2.0 mm Proto 200 C18, 5 ym ®e

. Qualification of the assay was performed for each Test Drug for the
following parameters: specificity, linearity, accuracy and precision, and stability
for each analyte; results are presented in RLY-TR-0130, Attachment 2 (RA-001-
RPT), Attachment 3 (RA-024-RPT) and Attachment 4 (RA-028-RPT).

Atorvastatin and digoxin were measured in the three test matrices using liquid
chromatography-mass spectrometry (LCMSMS) methods in positive electrospray
ionization mode (ESI+; Method RA-012-TMA for atorvastatin and Method RA-

005-TMA for digoxin). The methods used an bl
tandem quadrupole mass spectrometer equipped with a
TurbolonSpray probe for ESI+ ionization and a @9 HpPLC

equipped with an SIL-HT autosampler. The columns were: Proto C18 ®® 20
X 2.1 mm, 5 ym ®® and Proto C18, 20 x 2.1 mm, 5 ym guard
cartridge )- The atorvastatin method incorporated the
processing of 5-pL aliquots of sample

®®@
® @

Quantitation was
performed using a single point calibration standard in both the atorvastatin and
digoxin methods. Qualification of the two LCMSMS assays was performed for the
following parameters: specificity, linearity, accuracy and precision, and stability;
results are presented in RLY-TR- 0130, Attachment 5 (RA-009-RPT; digoxin) and
Attachment 6 (RA-017-RPT; atorvastatin).
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®® was measured in the three test matrices using ion chromatography (IC)
%)

with isocratic conditions (Method RLY-AM-0029). The method used a
autosampler, conductivity detector
CD25 and DS3 flow cell. The column was a ®® 250 x 4 mm
analytical column with a ®® 50 x 4 mm guard column. ®¢
samples were not diluted prior to analysis. Quantitation was performed using a
single-point calibration standard. Qualification of the IC method was performed
for the following parameters: specificity, linearity, accuracy and precision, and
stability; results are presented in RLY-TR-0130, Attachment 8 (RLY-TR-0146).

5.1.2.3 lon-specific Electrode Procedure

Plasma fluoride was analyzed using a fluoride ion-specific electrode following
hexamethyldisiloxane (HMDS)-facilitated diffusion (Taves, 1968; Whitford, 1996).
Briefly, HMDS-facilitated diffusion transfers N

A fluoride ion-specific electrode is
used to measure the fluoride content in the adjusted sample.

5.1.3 Absorption
RLY5016S was designed to be a nhonabsorbed polymeric drug that binds

potassium in the lumen of the colon. The polymer is synthesized using a
®@

RLY5016S is manufactured as spherical beads that are approximately
®9 in diameter. This particle size is large enough to prevent
absorption via transcellular or paracellular routes through intestinal epithelial cells
(the cells themselves are approximately 50 — 100 micrometers in diameter), but
small enough to prevent the grittiness often associated with polymer materials
made by e
There is an extensive body of literature examining the absorption
kinetics of various sized ®®heads that demonstrates that particles greater
than approximately one micrometer in size are not detected in the blood and do
not accumulate in the liver, spleen, bone marrow or kidney (Jani, 1989; Jani,
1990; Jung, 2000). As shown in Figure 1, the particle size distribution of
RLY5016 manufactured for the absorptlon studies ranged from approximately &
. Specifically, the bead sizes
ranged from o6
which is
also within current specification limits for RLY5016S. Thus, the size distribution of
RLY5016 beads is well in excess of the maximum size for intestinal absorption of
a 9 pead.
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Figure 1: Particle Size Distribution of RLY5016 Beads

® @

Given the size of the RLY5016 polymer, systemic absorption of the drug was not
expected. However, two ADME studies were conducted to verify this expectation,
one in rats (TR 350-07-007) and one in doas (TR 350-07-008). RLY5016 was

. . ® @ L .
radiolabelled with crosslinking agent that is a
component of the finished ®® peads (see Section 3.2.5.2.2 [RLY5016S,

®@1). The specific activity of the radiolabeled beads (Lot No. EPPS-05-032-
31-24, Certificate of Analysis can be found in Report No. 675500), determined by

combustion analysis, was ®®@ Plasma, fecal and urinary
monitoring was conducted to assess possible absorption and distribution of the
drug.

5.1.3.1 Single Dose Rat ADME Study (TR 350-07-007)

Nine male Sprague Dawley rats were administered a single dose of 4c-
RLY5016 at 313 mg/kg (107 pCi/kg) via oral gavage. Blood was collected from
three rats per collection time point, at 0.25, 0.5, 1, 2, 4, 8, 24, 48 and 72 hours
postdose. Whole blood and plasma were analyzed for radioactivity by liquid
scintillation counting (LSC). In whole blood, all time points yielded levels of
radioactivity that were below the limit of quantitation (BLQ; set at twice the
background level of radiation in this study), with the exception of one rat at each
of three time points. No individual rat showed more than one whole blood
measurement that was above the quantitation limit. Very low levels of
radioactivity were detected in plasma samples (Table 1) beginning at 1 hour
post-dose and returning to BLQ levels after 24 hours post-dose. The highest
average plasma level was observed 8 hours after dosing. Assuming an average
plasma volume of 4.16 mL/100 g (Lee, 1985) and an average rat body weight of
205 g (TR 350-07-007, Table 1), the highest average total plasma level of
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radiolabel observed in the study was 0.004% of the dose administered (2.78
micrograms compared to a 64.2 mg dose). The chromatographic data provide
evidence that the small amount of radiolabel detected in plasma is from
unincorporated labeled crosslinker ( ®® and not from the
labeled polymer itself. Thus, physiologically relevant PK parameters could not be
derived for RLY5016 from the data obtained in this study.

Table 1: Radioactivity in Plasma after Single Oral Dose **C-RLY5016
Administration in Rats

Microgram Equivalents YC-RLY501 6/c Plasma
Time Point Individual
(hours) Mean (SD)
1 2 3

0.25° BLQ BLQ BLQ -

0.5° BLQ BLQ BLQ -

1° 0.209 0.170 0.204 0.194 (0.021)
2® 0.282 0.139 0.376 0.266 (0.119)
4° 0.309 0.139 0.171 0.207 (0.090)
8" 0.384 0.346 0.248 0326 (0.070)
247 0.0969 BLQ 0.161 0.0861 (0.0812)
48° BLQ BLQ BLQ -

72" BLQ BLQ BLQ -
BLQ = below limat of quantitation (set to < 2x background and replaced with zero for calculation of
means); SD = standard deviation: “-” = mean not calculated

*  Blood collected from animal numbers B00621 — BO0&23
®  Blood collected from animal numbers B00624 — B00626
¢ Blood collected from animal numbers B00627 — BO0&29

5.1.3.2 Single Dose Dog ADME Study (TR 350-07-008)

Three male and three female beagle dogs were administered a single oral dose
of “C-RLY5016 (350 mg/kg; 105 microCi/kg). Blood samples were collected
predose and at 0.25, 0.5, 1, 2, 4, 8, 24, 48, 72, 96, 120 and 168 hours postdose.
Whole blood and plasma were analyzed for radioactivity by LSC.

Oral absorption of "C-RLY5016 following the single dose administration was
minimal. In whole blood samples, radioactivity was detected sporadically, with
levels above the quantitation limit observed in all six dogs at only the 4-hour
postdose time point. Very low levels of radioactivity were detected in plasma
samples (Table 2). The mean plasma Cmax values were 0.339 and 0.406
microgram equivalents '*C-RLY5016/g for males and females, respectively, at 8
and 4 hours postdose (Tmax). The maximum amount of radioactivity in plasma
was estimated to be approximately 0.002% of the total administered dose. As
was discussed for the rat study, chromatographic data provide evidence that the
small amount of radiolabel detected in dog plasma is from unincorporated
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were calculated in the dog study and are presented here in Table 3.

) and not from the labeled polymer
itself. Despite the fact that the plasma concentration data observed in this study
are likely not a measure of absorption of the RLY5016 beads, PK parameters

Table 2: Radioactivity in Plasma after Single Oral Dose **C-RLY5016
Administration in Dogs
Microgram Equivalents ”E'—RLY:T-ﬂlﬁ-’g Plasma
}u:ne Males Females
olnt
(hour) 1 " 3 Mean 1 . Mean
B (5D) B (5D)
0.25 BLQ | BLQ | BLQ - BLQ [ BLQ | BLQ -
05 BLQ | BLQ | BLQ - BLQ | BLQ | BLQ -
0.0198
1 BLQ | BLQ | BLQ - 00594 | BLQ | BLQ (0.0343)
R R 0.0928 . . - 0.151
2 0176 | 0.103 | BLQ (0.0882) 0.263 | 0.124 | 0.0667 (0.101)
4 0256 | 0.394 | 0240 | 0.297(0.0850) | 0.598 | 0.324 | 0296 (g:gf]
- N 0271
"'|"':| ¥ |I 'J. }"1
8 0.185 | 0.509 | 0323 | 0339(0.163) | 0.378 | 0.203 | 0233 (0.0030)
0.180
2 37 2 3 2 T W7 72
24 0227 | 0312 | 0304 | 0.281(0.0470) | 0.207 | 0.172 | 0.163 (0.0230)
N 0.125
7 317 2 ¥ 7
48 0.191 | 0227 | 0312 | 0.244(0.0620) | 0.151 | 0.104 | 0.121 (0.0240)
_ 0.0986
T i 2 i ¥ 2
72 0125 | 0.188 | 0249 | 0.187(0.0620) | 0.123 | 0.0885 | 0.0840 (0.0216)
96 0122 | 0159 | 0201 | 0.160(0.0390) | 0.109 |0.0762 | 0.0688 {g'gfﬁ]
0.0479
2 T 3 ¥ 2T 7 702
120 0.102 | 0.130 | 0156 | 0.129(0.0270) | 0.0734 | BLQ | 0.0702 (0.0415)
- 0.0213
7 3 7
168 | 0.0823 [ 0.105 | 0.132 | 0.106(0.0250) | 0.0638 | BLQ | BLQ (0.0368)

BLQ = below limit of quantitation (replaced with zero for caleulation of means); SD = standard deviation; *-"

mean not caleulated

Limit of quantitation in plasma is 00617 microgram equivalents “C-RLY5016/z=.

Table 3: Plasma Pharmacokinetic Parameters in Dogs

Parameter Males Females

. Mean (5D) Mean (5D)
T e (BouE) 7(2) 4(0)
C oy (microgram equivalents 'T'—RLYﬁDlﬁ:’g} 0363 (0.131) | 0406 (0.167)
ty2 (hout) 127 (3) 079 (82T
AUCy (microgram equivalents ~C-RLY5016 x hour/g) 31.6(7.1) 16.6 (6.1)
AUC; o, (microgram equivalents PCRLYS016x howr/g) 51.0(11.2) 26.5(5.1)
AUIC,, = area under the plasma concentration fime curve from zero to tme t; AUC,, ., = area under the
plasma concentration time curve from zero to iwfimity; C,,, = maximmum plasma concentration; S0 =
standard deviation: tis = half-life; T, = time to maximum plasma concentration
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5.1.4 Distribution

Tissue distribution of radioactivity associated with single dose administration of
“C-RLY5016 (313 mg/kg; 107 microCi/kg) was measured in rats using whole
body autoradiography and analysis of tissue samples (TR 350-07-007).
Radioactivity was detected in the following compartments, which correspond to
various lumenal segments of the Gl tract: cecum contents, large intestinal
contents, small intestinal contents and stomach contents. No radioactivity was
detected in any other tissues, indicating that the labeled RLY5016 did not cross
tissue barriers and stayed within the chyme and fluid moving through the Gl tract.
After dosing, the earliest radiolabel detection was seen in stomach and small
intestinal contents at 0.25 hour postdose and diminished thereafter in these
compartments such that no signal was detected after 4 hours postdose.
Radioactivity was observed in cecum and large intestinal contents at 1 and 4
hours postdose, slightly overlapping with the upper GI content detection. In all
cases, radioactivity was eliminated from the collective Gl compartments after 4
hours postdose, and no signal was detected thereafter out to 72 hours postdose.

5.1.5 Metabolism (Interspecies Comparison)

Since RLY5016 is not systemically absorbed, metabolism of the compound does
not occur in blood and tissues, and these were not evaluated for metabolites in
the rat and dog ADME studies. Instead, the metabolic stability of the RLY5016
polymer was assessed by measuring the cation content O
recovered from fecal samples obtained from clinical trial subjects (Study
RLY5016-101) and comparing this content with the calcium content of the
administered RLY5016 dose.

In Study RLY5016-101, 33 healthy subjects on a diet that was controlled for
potassium, sodium, calcium and magnesium were administered RLY5016 at
doses of 1, 5, 10 or 20 g three times daily (TID) and total urine and feces were
collected. This clinical study demonstrated that administration of RLY5016
resulted in a significant dose-dependent increase in fecal potassium excretion
(Figure 2), with a corresponding decrease in urinary this potassium excretion
(Figure 3).
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Figure 2: Fecal Potassium Excretion (All Treated Subjects); Clinical
Study RLY5016-101
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Figure 3: Urinary Potassium Excretion (All Treated Subjects); Clinical
Study RLY5016-101
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The metabolic stability of the RLY5016 beads can be inferred from assessment
of the binding capacity of the polymer before and after transit through the Gl
tract. The binding capacity of the polymer is dependent upon the carboxylate
groups derived from the @ that forms the majority
of the polymer backbone. Degradation of the polymer, and consequent loss of
the carboxylate binding moiety, would result in a loss of binding capacity. In
contrast, the beads isolated from subjects administered RLY5016 in Study
RLY5016-101 retained their binding capacity after Gl transit (Figure 4 and Table
4). The aggregate sum of sodium, ammonium, potassium, magnesium and
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calcium bound to the recovered beads was equal to the cation capacity of the
unpassaged beads (i.e., prior to administration).

Figure 4: Cation Binding to RLY5016 Beads Isolated from the Feces of
Subjects in Clinical Study RLY5016-101
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Mean = standard deviation; TID = three times daily

Table 4: Cation Binding to RLY5016 Beads Isolated from the Feces of
Subjects in Clinical Study RLY5016-101

Daose Sodinm | Ammonium | Potassimm | Magnesium | Calcinm Total
Group (mEq/g) | (mEq'g) | (mEg/g) | (mEgg) | (mEgy) | (mEg'g)
1gTID 005=003 | 026000 [ 132=049 | 1.44=041 | 330020 | 638026
5gTID 007001 | 028011 | 118042 | 079018 | 431020 | 664009

10 g TID 013002 | 020008 | 108039 | 061022 | 461030 | 564038
20 g TID 009002 | 015£005 | 101037 | 041 =010 | 496037 | 663 £028
RLY5016,

unpassaged
Mean = standard deviation; TID = three times daily

0.01=000 [ 0.00=000 | 000=000 | 001=000 | 662007 | 662008

These results demonstrate that RLY5016 serves as a cation-exchange polymer
with no net overall cation accumulation or loss during passage through the
human Gl tract, but with a net binding and uptake of ~1 to 1.3 mEq of potassium
per gram of drug administered (Figure 4). Further, the fact that the cation content
of the un-passaged beads (6.62 mEqg/g polymer) matched that of the recovered
beads from the various dose groups (6.38 - 6.64 mEq/g polymer) suggests that
there is no net change in the structure of RLY5016 as it passes through the Gl
tract. Any loss or discontinuity of the @ binding units within
the polymer structure would result in a measurable loss of cation binding
capacity, which was not observed. Thus, RLY5016 is metabolically stable and is
not chemically changed during passage through the Gl system.
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The physical stability of the RLY5016 beads during transit through the Gl tract
was demonstrated by recovering the test article from fecal samples collected in
Study RLY5016-101 (Figure 5). The beads recovered from feces remained as
intact spheres of approximately B

Figure 5: RLYS5016 Beads Isolated from Feces of a Representative
Subject in Clinical Study RLY5016-101

5.1.6 Excretion

In the rat ADME study (TR-350-07-007), radioactivity was assessed in urine,
feces, cage wash, cage wipe and carcasses. Elimination kinetics through urine
and feces are shown in Figure 6. Following oral administration of C-RLY5016
(313 mg/kg; 107 uCi/kg), the mean total recovery of radioactivity was 84.3%, with
84.1% excreted in feces and 0.15% in urine. Most of the radioactivity was
excreted within 48 hours postdose. There was no detectable radioactivity in
carcasses by 168 hours postdose. The lower than expected fecal recovery of
radioactivity in this study was attributed to difficulty collecting and homogenizing
the rat fecal samples; this conclusion is corroborated by the negative (outside the
Gl tract) results of the whole-body autoradiography described above. There was
high variability in the recoveries of radioactivity in feces, suggesting that samples
were not homogeneous.

42
Reference ID: 3781906



NDA # 205739 Reviewer: William T. Link, Ph.D.

Figure 6:  Radioactivity in Urine and Feces after **C-RLY5016
Administration to Rats
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In the dog ADME study (TR 350-07-008), radioactivity in urine, feces,
vomitus/emesis, cage debris, cage wash and cage wipe were measured.
Following the oral administration of *C-RLY5016 (350 mg/kg; 105 pCi/kg),
radioactivity was readily eliminated, with most of the radioactive signal excreted
from the animals in the urine and feces by 48 hours postdose. Elimination
kinetics through urine and feces are shown in Figure 7. Following oral
administration of radiolabeled RLY5016, the mean total recovery of radioactivity
was 102% in male dogs and 107% in female dogs, with 99.9% of the dose
excreted in the feces and < 0.1% excreted in the urine.
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Radioactivity in Urine and Feces after "*C-RLY5016

Figure 7:
Administration to Dogs
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Both the rat and dog ADME studies showed very low levels of radioactivity
eliminated in the urine. The following data support the conclusion that the 4c
® @

recovered in urine appeared to be unincorporated labeled
crosslinker that was systemically absorbed. For these studies, RLY5016 was
radiolabeled using a ®®crosslinker incorporated into the
RLY5016 beads. o
consistent with the observed percentage of

radioactivity found excreted into the urine in both the rat and the dog. An analysis
of impurities in the 4C-labeled RLY5016 beads (Report No. 670402) showed that

the majority of the unincorporated radiolabel ( ©“%) was found in a single peak

(Figure 8). This peak co-eluted with the used in the
synthesis of the beads, providing evidence that the radioactivity observed in the
® @

urine of rats and dogs was due to unincorporated
crosslinker, rather than to absorption of RLY5016 beads.
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Figure 8: HPLC Radiochromatogram from an Acetonitrile Extract of
[**C]-RLY5016 Beads
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5.1.7 Pharmacokinetic Drug Interactions

Since RLY5016S is not systemically absorbed, DDIs, if they occur, would occur
through binding of the polymer to another orally administered drug in the Gl tract.
The most likely effect of binding of RLY5016S to a co-administered drug would
be to affect the target compound’s absorption through the gastric and/or small
intestine compartments. As agreed with the Agency at the pre-NDA Meeting
(Minutes of 04 Mar 2014 pre-NDA Meeting), a biologically-relevant in vitro test
system was used to evaluate potential interactions between RLY5016S and a set
of 28 orally administered compounds commonly used in the target patient
population for RLY5016 for Oral Suspension. In addition, a QSPR based model
was developed that reliably predicts the binding of drugs to RLY5016S.

5.1.7.1 In vitro DDI Study

The objective of Study RLY-TR-0130 was to assess the potential for interaction
between RLY5016S and a set of 28 orally administered compounds commonly
taken by patients who could be prescribed RLY5016 for Oral Suspension. The
set of compounds included prototypical drugs from many drug classes, as well as
vitamins and a hormone (hereafter all referred to as drugs; see Table 5). Some
drugs were included for testing because they have a narrow therapeutic index
(e.g., digoxin, levothyroxine, lithium, phenytoin, quinidine and warfarin) or, based
on our preliminary understanding of the QSPRs of RLY5016S DDI, they might
have been expected to interact with the polymer (i.e., Test Drugs that are basic
with pKa(s) > 9.0, have cationic charges, and/or are hydrophilic); Test Drugs
without these features were also included in the set of compounds assessed.
The drugs evaluated for interaction with RLY5016S included examples from all
four Biopharmaceutics Classification System (BCS) classes and a wide range of
solubility and lipophilicity. The set of Test Drugs used for assessing DDIs with
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RLY5016S was agreed with the Agency at the pre-NDA meeting held 04 March
2014 (Minutes of 04 Mar 2014 pre-NDA Meeting).

Table 5: Drugs Tested in vitro for Interaction with RLY5016S
Test Drug Drmp Class BCS Class pKa LogP
Alloperinol Xaxching coxidass imhibitor m B1EA 121324 0.3 (M)

f I
Amlodipine bewylate | Calcinm chamal blocker 1 el ] 3.38 (N,
. 1445
s L 2504 7338, -0.0Z (W
Ampxicillin Punicillin asiibdntic I 5504 218{C)
Apixaban Facior Xa inhibitor I HA = 140 (M)
Aspirin falicylam I isca 0.50 (N}
Atorastatin alonm Smtin o 4474 .01 (N).
’ o 104 {A)
Caphalexin Caphalosporin anthiotc I 13564 7108 -1.0% (M)
1 f I
Cinacalcat HC] Calcimimatic i BE5E ".i. _1_3 :L:_',:I
2414
Ciprofloxacin HC1 Cminclons anthiotic W 6354 8338 027 (M
] T
Clopidogal bisalfats Antiplatalat 1 4.66H 0% ().
= - 0.83{0
Dipnxin Cardiac ghycoside o HA 164 (H)
Furossczide Tiuratic v 3624, 10064 | 22009
Furoseosi e I Ko 1 082 (A)
_— . 281 (),
Glipizids Sulfomylerca I 50Ea D40 {_{:‘
= 3
Lavothyroxing Synthetic oml hormsono o "Ej';;;g"i' 344 (W)
.- . Angictensin comrarting 1.634 3134, .
£ = A - - 2 31 (M
—asmeps smzyma inhibdor = 7.13B, 10.758 03
Lithinm carbonats Bipaolar Treatment 1 HA HNA
M etfoamin FC1 Biguanide Im 1548, 13.7H = -1.50 )
Meatoprolal taroate Bata blockar 1 bELE 1.81 (M)
. Axticoznmlzant 243 (N
Fhenytoin sodiem Ammarhirame s I £134 009 {_{]
e Antiarrinythmic - 3.73 (H),
i Booma . I 4358, 5058 s
Quiniding ghaconats Ansimzlazal 0.85(C0)
Riboflavin B Virapin I 2E7A ==1.30{C)
Rivarnmaban Factor Xa inhihitor o HA 1.43 (N}
Spirsmolactons Aldostarons recaptor I HA 253 ()
antagaomist
Thizmis HE] B Vitansin m 4.83E =-1.50{C)
Trimethoprim CHFE. imhibdtor antibicotic o 1.14B .78 (N}
- Angiotensin II recuptor - 308 (N
Valsarian bliockar I 173A, 4404 1.48 (A)
£.20 (M}
Varpamil HC] Calcinm chammal blockes 1 E.53EB :l":, iy
i L
ar Axticoagulaxnt (Vitazin K o 3.23 (N
w = amiagonist) I w44 .77 (A

A=pod, B = base; B = Bwopharmacancs Lanabcanon Sysienr, NOPK = dibrpdmiolyie renciss; Bl =
ptrochionide; MA = not spplicable; (4} = amionic; (C) = catiomc; (W) = nauiral
MNoter pE2a and logP vangs are from Begport No. SIRIUTERELYPSAD], tiled “pEla amd logP smdy for Robhypea™
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It was assumed that the likelihood of identifying a drug interaction would be
greatest at the maximum dose of RLY5016S and the minimum dose of the Test
Drug. Therefore, the study used the maximum single dose of RLY5016S used in
human clinical trials (equivalent to 25.2 g polymer anion) and the lowest single
human dose of Test Drug, where feasible. In cases where the Test Drug was not
soluble in the test matrices, the concentration of the Test Drug was reduced from
the lowest single human dose until solubility was achieved. While the
concentration of an orally administered drug varies dynamically on a temporal,
inter- and intra-individual basis, based on publications (Metcalf, 1987; Read,
1980; Thelen, 2011), a volume of 1 liter was considered an appropriate
representative volume for dispersion of an orally administered drug in the upper
Gl tract. Therefore, the study was performed at concentrations of 25.2 g/L
polymer anion and the lowest single human dose of Test Drug described in US
prescribing information, per liter. Smaller or larger volumes would not change the
relative concentrations of RLY5016S and the co-administered drugs.

Interactions between RLY5016S and the drugs listed in Table 5 (Test Drugs)
were assessed by measuring the free Test Drug concentration after incubation in
the presence or absence of RLY5016S.

Three test matrices were used: SGF + 0.05% Tween-20 (pH 1.2), Acetate Buffer
+ 0.05% Tween-20 (pH 4.5) and SIF + 0.05% Tween-20 (pH 6.8). These
matrices have previously been used for in vitro DDI evaluations of another
polymer therapeutic, Welchol™ (colesevelam HCI) (Walker, 2009); all three
matrices are representative of pH conditions in the gut. When RLY5016S is
added to the matrix at the test concentration of 25.2 mg/mL polymer anion, the
pH of the matrix changes; this effect of RLY5016S varies depending upon the
concentration of RLY5016S and the concentration of the acidic, basic and other
neutral species in the matrix (Burke, 2003; Vink, 1986). In the presence of 25.2
mg/mL polymer anion, the pHs of the three matrices are 3.0, 4.6 and 5.9 for SGF
+ 0.05% Tween-20, Acetate Buffer + 0.05% Tween-20 and SIF + 0.05% Tween-
20, respectively. Since RLY5016 for Oral Suspension is intended to be taken with
food, the binding matrices used in this study provide a useful representation of
pH conditions in the fed stomach and upper small intestine, which are the
conditions and location most important for evaluation of RLY5016S DDlIs
(Clarysse, 2008; Dressman, 1990; Kalantzi, 2006; Jantratid, 2008).

Based on results from pilot studies, Tween-20 was selected as the surfactant to
be included in the test matrices to aid in the solubility of the Test Drugs. The
concentration of Tween-20 used was 0.05%, which is close to the critical micelle
concentration of 0.01%; this concentration was chosen because it was unlikely to
interfere with the analysis of Test Drug concentrations. The use of 0.05% Tween-
20 in the test matrices was agreed with the Agency (Minutes of 04 Mar 2014 pre-
NDA Meeting) provided that it could be demonstrated that Tween-20 does not
impact the binding of BCS Class Il and IV drugs to RLY5016S. This was verified
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in Study RLY-TR-0155, titled “Effect of Tween-20 on In vitro RLY5016S Drug
Interactions.”

Each Test Drug was evaluated in 12 replicates in the presence or absence of
RLY5016S. The binding reactions were incubated with rotation at 37°C for 3
hours. After incubation, RLY5016S was allowed to settle for 5 minutes, which is
sufficient to clear the supernatant of RLY5016S particles for sampling. As shown
in Study RLY-TR-0156 titled, “Effect of Filtration Method and Sampling Time on
Concentration of Test Drug Not Bound to RLY5016S”, there is no perturbation of
the binding equilibrium between RLY5016S and a Test Drug during the 5-minute
settling period. Supernatant samples were filtered, collected by centrifugation,
and filtrates were analyzed for unbound Test Drug using a qualified method.

As recommended in the FDA draft guidance Drug Interaction Studies — Study
Design, Data Analysis, Implications for Dosing, and Labeling Recommendations,
February 2012, results from this study were reported as 90% confidence intervals
(Cl) about the geometric mean ratio of the recovered Test Drug with and without
RLY5016S. An in vitro interaction of less than 30% was defined as a clinically
insignificant interaction. However, if the Cls fell outside the range of 70 — 143%, it
was concluded that an in vitro interaction between the Test Drug and RLY5016S
had occurred. This is consistent with previous guidance from the Agency
(Minutes of 18 Jun 2010 Type C Meeting).

The results from Study RLY-TR-0130 are summarized in Table 6.
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Table 6: In vitro Drug-Drug Interaction: 90% CI of Test Drug Recovery
TextDrugz: | 5GF + 0.05% Tween | Acetate Buffer + 0.05% Tween | SIF = 0.05% Tween
Group 1: ~45 — $3% in all three test matrices
Amlodipine 103,114 353,380 125,136
Cinacalce: 130,138 190,197 17.7, 190
Ciprofiexacin 174,186 238, 158 63.7.5
Levothyroxine. WD WD ND
Quinidine 119,133 312 #0 326 237
Thiamin 286,289 50.0, 513 421,435
Trmethoprim 354,371 548, 55. 170 280

_Erm;:l 1: ~30 - 50% in ene test matriz; = 30% im fwo fest matmices
[ Clopidegrel” 635, 66.5 ®D ND
Furosacide 667,618 540,851 743,841
Lithium 919,937 854, 851 6.8, 57.
Metform= 279,459 BO.1, B33 T84, 82.0
Metoprelal 713,722 N §7.7,69.6
Varapamil 50.7, 527 851, 891 71.0, 788
Warfarin 6355, 67.2 917,933 958,988
Group 3: < 30% in all three fect matmices
Allopurinol §5.2, 86.2 862,943 90.0,98.6
Amoxicillin’ ND 973, 1012 940 1042
Apixaban 733,760 97.0, 975 97.6,95.0
Aspirin 100.5, 100.8 989, 100.7 99.5, 100.4
Aronvastats 90,934 gIz 544 96.4, 106.0
Cephalaxiz ES3 E0.1 913, 974 1023, 1063
Digoxin® ND 107.5, 111.1 100.7, 1063
Glipizide 722, 73.6 9521 069 97.0, 100.0
Lismopril 775, 78.3 983, 103.1 7.0, 100.0
Phenytoin 81.7,85.2 89.6,590.7 £4.6, 101.7
Riboflavin” 035,078 ND S2E 964
Rivaroxaban 71.5, 723 927, 931 940 934
Spircmolactons 78.0,79.4 97.2, 999 95.2,98.5
Valsastan 855,673 1009, 1019 971,989

‘ID zot detarmemed; SCF = wnelated gystmic fiuid, no pepaix SIF = wxmalyted mtectimal fiemd no pancreartin

Lavotinroxne is chelated by the calcians of & ELY501 ﬁ-cm‘cuq:lnl'- yohroid”
Devotinroxing sadizm mhles, UEP] Package [recer M)13)

¥ Clopidogss] was unstsbl during bimding assay conditions '3"':2'5::3 boems) I Acwaie Baffa — 003"
Tuwean-J0 2nd 5IF + 0.05% Tomee-20 (Kepart Mo. RA-JM-RPT, Section 3. £.4 amd Raport No. E.-‘L-ET i
EFT, Saction 3.10.T).

*  Amewicillin (Hidaka, 2010) and digoocs (Stemson, 157E) a degraded s pH 1.2
¢ Ribolavin is webject to photohais in acetrte buffer (Ahnmd et al., 2014).

Under the conditions of this in vitro study, RLY5016S showed a ~45 — 95%
interaction with the seven Test Drugs in Table 6, Group 1. All of these drugs are
positively charged and, according to the QSPR model, would be expected to bind
to RLY5016S. Levothyroxine, which is known to be chelated by calcium (see
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Synthroide [levothyroxine sodium tablets, USP] Package Insert, 2013), becomes
insoluble in the presence of the calcium counterion of RLY5016S. Since
levothyroxine interacts with calcium, and calcium is a component of RLY5016S,
there is a DDI between RLY5016S and levothyroxine.

The seven Test Drugs in Table 6, Group 2 showed a weak (~30 — 50%)
interaction (i.e., 90% Cls about the geometric mean ratio of the recovered Test
Drug with and without RLY5016S were ~50 — 70%) with RLY5016S in one test
matrix and no interaction in the other two matrices.

- Clopidogrel is positively charged under the conditions where it showed
weak binding to RLY5016S and neutral under the two conditions where it
could not be tested due to instability.

- Lithium is a cation that competes with other matrix cations for binding to
the RLY5016 polymer anion. Lithium binding to the polymer increased with
increasing pH as the polymer became more negatively charged.

- Although they are positively charged, metoprolol, metformin and verapamil
show limited interaction with RLY5016S compared to more strongly basic
compounds, which is consistent with the predictions from the QSPR model
(see QSPR-RLY-001).

- A very weak interaction, only occurring in SGF + 0.05% Tween-20, was
observed between RLY5016S and furosemide and RLY5016S and warfarin.
These two Test Drugs are relatively hydrophobic under the conditions of the
SGF + 0.05% binding experiments, and the results observed were predicted
by the QSPR model because hydrophobicity is also a factor that contributes,
albeit weaker than charge (see QSPR-RLY-001).

Finally, no interaction (i.e., < 30%) with RLY5016S was observed with the 14
Test Drugs indicated in Table 6, Group 3 (i.e., 90% Cls about the geometric
mean ratio of the recovered Test Drug with and without RLY5016S were > 70%).
None of these drugs is positively charged under the conditions of the binding
assays; since RLY5016S is a cation binder, the lack of interaction with this group
of drugs was expected.

5.1.7.2 QSPR Based Model for Binding of Drugs to RLY5016S

At the pre-NDA Meeting held on 04 March 4 2014, the Agency requested that
Relypsa use the data from its in vitro binding studies to develop a QSPR based
model to predict binding of drugs to RLY5016S. To this end, Relypsa contracted
with ®® to build linear regression models for
the three In vitro systems used to assess binding of Test Drugs to RLY5016S.
This work is described in Report No. QSPR-RLY-001.
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®@ first computed 121 physical descriptors for the set of Test
Drugs for which measured drug binding to RLY5016S was available from Study
RLY-TR-0130 (i.e., the training set). Next, a regression model was constructed
for each test matrix (i.e., SGF + 0.05% Tween-20, Acetate Buffer + 0.05%
Tween-20 and SIF + 0.05% Tween-20) using a subset of these descriptors
(chosen via a stepwise model selection). The models were then used to predict
binding to RLY5016S for a Test Drug that was not included in the model building
experiment. Given the relatively small number of Test Drugs used in the present
study, the models were cross-validated using the leave-one-out procedure
(cross-validated correlation coefficients were calculated and reported as Qz2). This
approach is similar to a published QSPR study that modeled the binding of drugs
to the bile sequestrant, colesevelam (Welchol; Walker, 2009). In that study, the
authors constructed a multivariate model with the partial least squares regression
technique and a total of 11 computed compound descriptors. The leave-one-out
cross validation technique was also employed in our study to judge the goodness
of fit.

Due to limitations of the computational methodology, thiamin and lithium were
excluded from the model building due to methodology limitations (see QSPR-
RLY-001). Levothyroxine was excluded from the model building because in vitro
binding to RLY5016S could not be measured due to precipitation of levothyroxine
in the presence of the calcium in the RLY5016S counterion complex (see Report
No. RLY-TR-0130).

The three linear regression models developed by ®@ enable the
prediction of potential RLY5016S drug-drug interactions for various compounds
of interest. The models contain a few physically meaningful descriptors that are
readily computed from the molecular structure. All three models were able to be
built using a relatively small number of computed parameters (six in total for all
three models). All of the models yielded a traditional R2 of ca. 0.7 and a cross
validated Q2 of ca. 0.6. R2is the square of the coefficient of multiple correlation; it
is a measure of fit and ranges between 0 (no correlation, or predictability) to 1
(explains all variability). An R2= 0.7 may be interpreted as explaining 70% of the
variation in the response variable (i.e., binding to RLY5016S). The remaining
30% can be attributed to unknown variables (likely in the present study) or
inherent variability in the system. The small difference between R2and Q2 values
suggests that the models are not over-fit and should be predictive for compounds
that have not been included in the current study (i.e., R2- Q2< 0.3; Veerasamy,
2011).

The models uncover the factors that have the most influence on binding of drugs
to RLY5016S (extent of surface area of acceptor atoms, lipophilicity, functional
group counts and energies of various molecular orbitals). The factors that enable
a reasonably accurate model to be built can then be interpreted to understand
why some compounds interact with RLY5016S, while others do not. The model
allows a systematic approach to understanding and/or anticipating potential DDI.
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Most of the linear regression terms that were found to be significant related to:

* the computed surface area of acceptor atoms (SAAA1—summation of the total
surface area of atoms identified to be hydrogen bond acceptors),

* the ionization potential (1P, energy of the highest occupied molecular orbital),
and electron affinity (EA, energy of the lowest unoccupied molecular orbital),

and

* the lipophilicity of the compounds as given by X.noncon (which is a count of the
number of ring atoms not able to form conjugated aromatic systems, e.g. sps
carbon atoms) and QPlogPw (predicted water/gas partition coefficient).

In this study, the surface area of all atoms was computed, and then each atom
was classified (as a donor, acceptor, neutral, etc.). The surface area for each
type was then partitioned in different ways in an attempt to differentiate various
features of each drug. For the molecular orbital terms, the IP and EA (or the
energy levels of the HOMO and LUMO molecular orbitals) energies are thought

to be related to how easily one molecular system can interact with another.

These later quantities can be useful in developing QSPR models, but do not
readily lend themselves to simple interpretations. Additional terms that describe
the “lipophilicity” of the compounds, such as X.noncon (which is a count of the
number of ring atoms not able to form conjugated aromatic systems, e.g. sp3
carbon atoms) and QPlogPw (predicted water/gas partition coefficient) were also
included in some of the models. The final term X.amide (number of non-
conjugated amide groups) handles a common functional group in a general way
to account for its effect on binding to the polymer.

Given the nature of RLY5016S (i.e., a cation binding polymer), the parameters
found to be significant in the models are physically reasonable because they
describe both the polarity and lipophilicity of the molecules which have long been
implicated in small molecule interactions with various proteins and polymers.
Table 7 provides a summary of the regression coefficients for each of the three
linear regression models developed for RLY5016S DDI.

Table 7: Comparison of the Coefficients for Linear Regression Models
hladel Intercepr | 54441 IFe¥ EA =V QJFlesPw | X momcon | X.amide
= E =30 39] HAa 46,4825 HA 40182 -2, 1771 -
AR -16% 947 03ELTS 263812 -146.801 HAa -1 60166 HAa
EF -204 420 043712 158472 -13.3446 HAa -2 21710 HAa
AR = Acstain Bufier + 0007% Tween-2{); MA = not applicable; 55F = 5GF + 007 Tomen-20; 5IF = 51F T

0.05% Taman-20

Table 7 indicates as the surface area of acceptor atoms is increased, the binding
of drugs to the polymer decreases. As the pH increases (SGF < Acetate Buffer <
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SIF), RLY5016S becomes more negatively charged, and thus one would expect
for drugs with a greater number of acceptor atoms (larger surface area) to bind
less favorably. Likewise, the contribution of QPlogPw and X.noncon both suggest
that as the compounds become more lipophilic (QPlogPw becomes smaller and
X.noncon becomes greater), binding to the polymer may also increase (which, of
course, depends on the other parameters such as SAAA1).

The compounds evaluated in Study QSPR-RLY-001 can be categorized as
strong binders, non-binders or weak binders to RLY5016S under the current
assay conditions. Strong binders to RLY5016S tend to be drugs with basic
amines that do not contain balancing polar functionality (such as a carboxylate,
cyano, multiple amides) in close proximity to the basic group. Drugs such as
amlodipine, cinacalcet, trimethoprim and quinidine are examples that illustrate
this class of interacting drugs.

In contrast, a characteristic of nonbinding compounds is the presence of multiple
polar functional groups (such as amides, carboxylates, sulfonamides, hydroxyls,
etc.). Examples of this class of drugs are amoxicillin, cephalexin, riboflavin,
atorvastatin, digoxin, apixaban, furosemide, glipizide, lisinopril, valsartan,
rivaroxaban, spironolactone and relatively small, highly polar compounds, such
as metformin, aspirin, allopurinol, warfarin and phenytoin. In particular, the
inclusion of carboxylates and multiple hydroxyl groups in drugs greatly decreases
interaction with RLY5016S. All of the drugs mentioned above possess multiple,
highly polar groups that, as the models predict, are essentially nonbinders.

As the number of polar groups decreases, or the lipophilicity of the drug
increases, there can be weak binding to RLY5016S. Examples of this include the
drugs clopidogrel, metoprolol and verapamil. Drugs in this class tend to be
neutral to weakly basic, with limited polar functionality.

It has been shown that the presence of calcium reduces the bioavailability of
ciprofloxacin (Stojkovi¢, 2014). RLY5016S is a calcium-sorbitol complex of the
polymer anion. The interaction between ciprofloxacin and RLY5016S observed in
vitro could be a combination of interactions between ciprofloxacin and the
polymer anion, and ciprofloxacin and calcium. The QSPR models developed do
not address the potential interaction between ciprofloxacin and calcium. This may
be the reason for the larger than expected difference in the predicted vs. actual
binding of ciprofloxacin (see QSPR-RLY-001).

In summary, we have constructed several linear regression models to predict the
binding of drugs to RLY5016S based on a small number of readily computed
parameters from the molecular structure of the drug alone. Both the accuracy
and interpretability of the models suggest that they will be useful for the
prediction of drug interactions with RLY5016S for compounds that have not been
studied previously.
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5.1.8 Other Pharmacokinetic Studies

The anion of RLY5016S is a crosslinked polymer of 2-fluorc ®® Fluoride
degradation of RLY5016 for Oral Suspension has been demonstrated in stability
studies to occur at a rate of approximately ®® ppm per month under refrigerated
conditions. The driving force for the fluoride elimination is a reaction between the
calcium ion and fluoride due to the electropositive nature of calcium and its
relative proximity to an electronegative fluorine bl

5.1.8.1 Plasma Fluoride Levels in Rats after Oral Administration of RLY5016 and
RLY501€ { (TR 300-07-028)
Prior to conducting human clinical studies, the PK properties of the fluoride
degradation product in RLY5016 were explored in rat studies (TR 300-07-028)
that measured the absorption of fluoride released from the polymer containing
defined amounts of fluoride. In order to calibrate the studies, a pilot study was
conducted in nine male rats exposed to NaF and CaF2at doses of ®a

via oral gavage, and plasma fluoride levels were measured over 480
minutes postdose. In the pilot study, peak plasma fluoride levels were attained 15
— 30 minutes postdose, with approximately ®% lower fluoride bioavailability
(as assessed by AUC) observed in animals given CaF2versus NaF. These
results were consistent with the available literature, which indicates that CaF2
ingestion results in ®@ lower systemic fluoride exposure than NaF
ingestion (Trautner, 1987; Whitford, 1991). CaFz2is nearly insoluble in water ®%

, accounting for its low relative bioavailability compared to NaF ®¢

In the next series of experiments, RLY5016 (the o

and RLY5016 & (the ®®) “each
containing various fluoride levels, were administered to rats via oral gavage, and
systemic exposure to fluoride was assessed over 480 minutes postdose. The
dose groups in these experiments were expressed as fluoride dose per kg animal
weight (in mg/kg). The mean plasma fluoride concentration-time profiles for
animals receiving oral doses of RLY5016 and RLY5016 & at various fluoride
dose levels are shown in Figure 9 and Figure 10.
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Figure 9: Mean Plasma Fluoride Concentrations after Administration to

Rats of RLY5016 Containing a Range of Fluoride Levels
® @

Plasma fluoride (ug/mlL)

0 60 120 180 240 300 350 420 480
Time (min)

Figure 10: Mean Plasma Fluoride Concentrations after Administration to
Rats of RLY5016 { Containing a Range of Fluoride Levels

® @

Plasma fluoride (ug/ml)

Results from these experiments demonstrated that fluoride bioavailability from
RLY5016 was lower than fluoride bioavailability from RLY501€ . Peak plasma
fluoride levels occurred at 30 minutes after administration of RLY5016 & and 30
— 60 minutes after administration of RLY5016. When similar fluoride doses were
compared (e.g., ®® RLY5016 { versus ®® RLY5016), fluoride
AUC values were approximately &times lower in animals dosed with RLY5016
compared with RLY5016 ®“ (Table 8). Similarly, fluoride Cmax values were
approximately ®® lower with RLY5016 versus RLY5016 (& (Table 8). These
data demonstrate that dosing with the RLY5016 polymer anion that has a
calcium counterion generates fluoride absorption that is substantially lower than

that seen with the polymer anion ®@with a sodium counterion.
Table 8: Pharmacokinetic Parameters for Fluoride after Administration

of RLY5016 and RLY5016 { to Rats
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Flueride Dece AUC ;0 Co.
(mg'ks) (mcg » min/mL) (mcg/mL)
RILY5016

@
RILY50]6Na

®) (4I)

AUC = ama wdar aumrve; C., = maudinmm plawm concensation; I = MidoEam
Sorce: adapted froms TR 300-07-028, Tablk 3 and Table 4
Comparable fracode doses shown = beld

5.1.9 Discussion and Conclusions

The extent of RLY5016 bioavailability has been assessed in rats and dogs using
C-labeled RLY5016 beads. Plasma, fecal, and urinary monitoring was
conducted to assess possible absorption and distribution of the drug. Analysis
showed that 0.004% and 0.002% of the administered radiolabel was present in
plasma in the rat and dog, respectively. Quantitative whole body autoradiography
in rats did not detect any radiolabel outside the Gl tract. Recovery of the
radiolabel in feces and urine was 84.1% and 0.15%, respectively, in rats and
99.9% and < 0.1%, respectively, in dogs. The lower fecal recovery observed in
rats was attributed to difficulty collecting and homogenizing rat feces. The
amount of radiolabel recovered in the urine of both species was consistent with
the level of unincorporated radiolabeled crosslinker present in the radiolabeled
polymer, and the majority of the unincoroorated radiolabel (%) was found in
a single peak that co-eluted with the used in the synthesis
of the bead. Therefore, studies in both the rat and the dog demonstrated the
nonabsorbed nature of the polymer and its lack of systemic bioavailability.

RLY5016 is stable and does not degrade during passage through the Gl tract.
The physical stability of the RLY5016 beads during transit through the Gl tract
was demonstrated by recovering the product from fecal samples collected from
human subjects (RLY-TR-0054). The beads recovered from feces remain as
intact, ®® spheres. The metabolic stability of the beads was
demonstrated by analysis of cation content of the recovered RLY5016 beads: at
all doses, the sum of the major physiologic cations (Na+, NH4 +, K+, Mg2+ and
Caz+) bound to the recovered ®®heads equaled the amount of calcium ion
bound to beads that had not passed through the Gl tract. Thus, RLY5016 is not
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metabolized or changed by Gl passage, as loss of cation-binding units due to
such metabolism would be reflected in altered cation content.

As agreed with the Agency at the pre-NDA Meeting (Minutes of 04 Mar 2014 pre-
NDA Meeting), a biologically-relevant in vitro test system was used to evaluate
potential interactions between RLY5016S and a set of orally administered
compounds commonly used in the target patient population for RLY5016 for Oral
Suspension. In addition, a QSPR based model was developed that reliably
predicts the binding of drugs to RLY5016S. Binding to RLY5016S can be
predicted based on a small number of readily computed parameters from the
molecular structure of the potentially interacting drug alone. These are the (1)
computed surface area of hydrogen bond acceptor atoms, (2) ionization potential
and electron affinity, and (3) lipophilicity of the potentially interacting drug. Given
the nature of RLY5016S (i.e., a cation binder), the parameters found to be
significant are physically reasonable because they describe both the polarity and
lipophilicity of the molecules, both of which have long been implicated in small
molecule interactions with various proteins and polymers. The results of the in
vitro DDI study and the QSPR modeling are adequate to propose specific dosing
recommendations in the label to avoid untoward drug interactions with RLY5016
for Oral Suspension.

Finally, a rat model was used to test the hypothesis that minimal fluoride
absorption would result from the oral administration of RLY5016, due to the
presence of fluoride in RLY5016 as a CaF2 ®® which has low solubility and
bioavailability. Rats were orally administered RLY5016 {3 and RLY5016 such
that they received a range of dose levels of fluoride from each compound, and
the PK of fluoride was subsequently assessed in plasma. The results
demonstrated that at comparable doses, RLY5016 gave a. " lower Cmaxand
a % lower fluoride AUC compared to RLY5016 (. These data demonstrate
that dosing with the RLY5016 polymer anion that has a calcium counterion
generates fluoride absorption that is substantially lower than that seen with the
polymer anion ®@@ with a sodium counterion.

5.1.10 References

1. Ahmad |, Anwar Z, Igbal K, et al. Effect of Acetate and Carbonate Buffers on the Photolysis of
Riboflavin in Aqueous Solution: a Kinetic Study. AAPS PharmSciTech, 15[3], 550-559, 2014.

2. Burke SE, Barrett CJ. Acid-Base Equilibria of Weak Polyelectrolytes in Multilayer Thin Films.
Langmuir, 19[8], 3297-3303, 2003.

3. Clarysse S, Tack J, Lammert F, et al. Pharmacokinetics, Pharmacodynamics and Drug
Metabolism. Journal of Pharmaceutical Sciences, 98[3], 1177-1192, 2008.

4. Dressman JB, Berardi RR, Dermentzoglou LC, et al. Upper Gastrointestinal (Gl) PH in Young,
Healthy Men and Women. Pharm Res, 7[7], 756-761, 1990.

57
Reference ID: 3781906



NDA # 205739 Reviewer: William T. Link, Ph.D.

5. Hidaka S, Tokumura T, Tomono K, et al. Effect of Beta-Cyclodextrin on the Degradation Rate
of Amoxicillin in Acidic Solution. Yakugaku Zasshi, 130[6], 889- 893, 2010.

6. Jani P, Halbert GW, Langridge J, Florence AT. The Uptake and Translocation of Latex
Nanospheres and Microspheres After Oral Administration to Rats. J Pharm Pharmacol, 41[12],
809-812, 1989.

7. Jani P, Halbert GW, Langridge J, Florence AT. Nanoparticle Uptake by the Rat Gastrointestinal
Mucosa: Quantitation and Particle Size Dependency. J Pharm Pharmacol, 42[12], 821-826, 1990.

8. Jantratid E, Janssen N, Reppas C, Dressman JB. Dissolution Media Simulating Conditions in
the Proximal Human Gastrointestinal Tract: an Update. Pharm Res, 25[7], 1663-1676, 2008.

9. Jowsey J, Riggs BL. Effect of Concurrent Calcium Ingestion on Intestinal Absorption of
Fluoride. Metabolism, 27[8], 971-974, 1978.

10. Jung T, Kamm W, Breitenbach A, et al. Biodegradable Nanoparticles for Oral Delivery of
Peptides: Is There a Role for Polymers to Affect Mucosal Uptake? Eur J Pharm Biopharm, 50[1],
147-160, 2000.

11. Kalantzi L, Goumas K, Kalioras V, et al. Characterization of the Human Upper
Gastrointestinal Contents Under Conditions Simulating Bioavailability/Bioequivalence Studies.
Pharm Res, 23[1], 165-176, 2006.

12. Lee HB, Blaufox MD. Blood Volume in the Rat. J Nucl Med, 26[1], 72-76, 1985.

13. Metcalf AM, Phillips SF, Zinsmeister AR, et al. Simplified Assessment of Segmental Colonic
Transit. Gastroenterology, 92[1], 40-47, 1987.

14. Read NW, Miles CA, Fisher D, et al. Transit of a Meal Through the Stomach, Small Intestine,
and Colon in Normal Subjects and Its Role in the Pathogenesis of Diarrhea. Gastroenterology,
79[6], 1276-1282, 1980.

15. Sternson LA, Shaffer RD. Kinetics of Digoxin Stability in Aqueous Solution. Journal of the
American Pharmaceutical Association, 67[3], 327-330, 1978.

16. Stojkovic A, Tajber L, Paluch KJ, et al. Biopharmaceutical Characterisation of Ciprofloxacin-
Metallic lon Interactions: Comparative Study into the Effect of Aluminium, Calcium, Zinc and lron
on Drug Solubility and Dissolution. Acta Pharm, 64[1], 77-88, 2014.

17. Synthroid PI. Synthroid (Levothroxine Sodium) [Package Insert]. AbbVie Inc., 2013.

18. Taves DR. Determination of Submicromolar Concentrations of Fluoride in Biological Samples.
Talanta, 15[10], 1015-1023, 1968.

19. Thelen K, Coboeken K, Willmann S, et al. Evolution of a Detailed Physiological Model to
Simulate the Gastrointestinal Transit and Absorption Process in Humans, Part 1: Oral Solutions.
Journal of Pharmaceutical Sciences, 100[12], 5324-5345, 2011.

20. Trautner K, Einwag J. Factors Influencing the Bioavailability of Fluoride From Calcium-Rich,
Health-Food Products and CaF2 in Man. Arch Oral Biol, 32[6], 401- 406, 1987.

21. Veerasamy R, Rajak H, Jain A, et al. Validation of QSAR Models-Strategies and Importance.
International Journal of Drug Design & Discovery, 3, 511-519, 2011. 22. Vink H. Acid-Base
Equilibria in Polyelectrolyte Systems. Journal of the Chemical Society, Faraday Transactions 1:
Physical Chemistry in Condensed Phases, 82[8], 2353-2365, 1986.

58
Reference ID: 3781906



NDA # 205739 Reviewer: William T. Link, Ph.D.

23. Walker JR, Brown K, Rohatagi S, et al. Quantitative Structure-Property Relationships
Modeling to Predict in vitro and in Vivo Binding of Drugs to the Bile Sequestrant, Colesevelam
(Welchol). J Clin Pharmacol, 49[10], 1185-1195, 2009.

24. Welchol PI. Welchol (Colesevelam Hydrochloride) [Package Insert]. Daiichi Sankyo, Inc,
2012.

25. Whitford GM. Effects of Plasma Fluoride and Dietary Calcium Concentrations on Gl
Absorption and Secretion of Fluoride in the Rat. Calcified Tissue International, 54[5], 421-425,
1994,

26. Whitford GM. Some Characteristics of Fluoride Analysis With the Electrode. In: Whitford GM,
editor. The Metabolism and Toxicity of Fluoride. 2nd, rev. ed. Karger, p. 24-9. 1996.

27. Whitford GM, Birdsong-Whitford NL, Augeri JM. Fluoride Balance and Tissue Concentrations:
Effect of Dose Frequency. Proc Finn Dent Soc, 87[4], 561-569, 1991.

5.2 Toxicokinetics

As RLY5016S is not absorbed from the gastrointestinal tract, toxicokinetic
measurements were not made in the toxicology studies.
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6.1 Single-Dose Toxicity
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RLY5016S is not absorbed from the gastrointestinal tract. Consistent with other
polymeric drugs, minimal toxicity was expected; therefore, single dose (acute)
toxicity studies were not conducted.

6.2 Repeat-Dose Toxicity

Repeat-dose toxicity studies were performed in rats and dogs. These are
summarized in Table 1 and are summarized below. Animals in the in vivo studies
were administered oral doses of the drug substance, either as a dietary
admixture, via oral gavage in carboxymethylcellulose (CMC) or in capsules. As
part of the toxicity studies, the stability of the polymer in the dosing formulations
was assessed using comparisons of the total calcium content of the formulated
dose over time.

Table 1: Repeat-dose Toxicity Studies

;{’mll):r R: ul te. of Species Gender: No./Group Duration Target Doses NOAEL
TR 350-07- Oral (diet M:5 2 weeks plus 2- Moo/ . PP
009 adnuxture) Rat F:5 week recovery 0.4.8.10, 15 ghkg/day 17.6 g/ke/day
TR 350-07- Oral (diet 0. 15 g’kg/day: M:15. F:15 | 4 weeks, plus 2- /
. Ra = . 4, 10, 15 g/kg/day s
010 admuxture) at 4, 10 g’kg/day: M:10, F:10 week recovery 0 > glkg/day N
TR 350-07- Oral (diet 0, 15 g/lkg/day: M:15, F:15 4 weeks, plus 2- P ) Neo/das
018 admuxture) Rat 4. 10 g’kg/day: M:10, F:10 week recovery 0.4, 10, 15 g/kg/day > 15 glkg/day
TR 350-09- Oral (diet 0.5 g/kg/day: M:20.F:20 | 26 weeks, plus - Tea/da 5 ofko/dav
001 adnuxture) M 1. 2.5 ghkg/day: M:15. F:15 | 4-week recovery %, 18,25, 50 gfky/clay 5 g/ke/day
TR 350-07- Ph1:M:1.F:1 Ph1: 1 day Ph1:2.4. 7 gkg/day o7 Pt
011 Oral (capsule) |  Dog Ph2- M2 F2 Ph2: 10 days Ph 2- 7 glkg/day 7 g/kg/day
- Control & high-dose: M:5, g
gﬁ3>0-07» Oral (capsule) | Dog F:5 4“"“;15' plus 2 0. 1. 3,7 gkg/day NOEL =3 g/kg/day*
’ Low- & mid-dose: M:3, F:3 | Weor (ecovery
- Control & high-dose: M:5, g
32350—07- Oral (capsule) Dog F:5 4:“35' plus : 0. 1. 3, 7 gkg/day =7 g/kg/day
Low- & mid-dose: M:3, F:3 | oK FeCOVErY
- Control & high-dose: M:5, i )
3350'10' Oral (capsule) Dog F:5 439'“:16' phs i 0. 1.2, 3.75 ghkg/day 3.75 gkg/day
Low- & mid-dose: M:3, F:3 | 7 eor (CCOVETy

F = female; M = male; ND = not determined;: NOAEL = no observed adverse effect level; NOEL = no observed effect level. Ph = phase; TR = Technical Report

®@

Studies TR 350-07-018 (4 week) and TR 350-09-001 (26 week) were the pivotal
rat toxicology studies, while TR 350-07-019 (4 week) and TR 350-10-001 (39
week) are the pivotal dog studies.

The pivotal 4 week rat and dog studies were previously reviewed at the IND
submission, and summarized below. The 26 and 39 week studies are reviewed

herein.
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6.2.1 2-Week Dose Range-Finding Repeat-Dose Toxicity Study in Rats
(TR 350-07-009)

The purpose of this study (TR 350-07-009, titled “2-Week Dietary Dose Range-
Finding Toxicity Study with RLY5016 in Rats with a 2-Week Recovery”) was to
evaluate the palatability of dietary admixes containing RLY5016 (i.e., polymer
anion ®@ with calcium counterion), as well as the potential toxicity of the
test article when administered daily in the diet to rats for 2 weeks. In addition, the
study assessed the reversibility, persistence and delayed occurrence of any
effects after a 2-week recovery.

Groups of five Crl:CD(SD) rats per sex were administered RLY5016 orally via
diet admixture at target dose levels of 0, 4, 8, 10 and 15 g/kg/day for 14 days.
After the 14-day dosing period, two rats per sex per group were placed on a 14-
day observation period. Assessment of toxicity was based on mortality, clinical
observations, body weight, food consumption and clinical pathology results.

The following mean doses were achieved, as calculated from food consumption
and body weight data: 0, 4.3, 8.8, 11.3 and 18.2 g/kg/day for males and 0, 4.1,
8.4, 11.0 and 17.0 g/kg/day for females.

All rats survived to scheduled sacrifice. There were no test article-related effects
in any of the parameters examined, with the exception of dose-related increases
in mean food consumption in rats administered target dose levels of 10 and 15
g/kg/day RLY5016 during the dosing phase. These increases likely reflect the
decreased nutritive aspects of the diet (on a weight/weight basis) resulting from
the high concentrations of test article in the diet and, as such, were not
considered adverse. There were no adverse test article-related clinical pathology
findings or anatomic pathology findings (macroscopic and microscopic
observations and/or organ weight changes) observed after the dosing or
recovery phases.

In conclusion, dietary admixtures of RLY5016 were palatable up to and including
a target dose of 15 g/kg/day. In this study, the NOAEL for RLY5016 when
provided in dietary admixes to rats for 2 weeks was > 17.6 g/kg/day.

6.2.2 4-Week Repeat-Dose Toxicity Study in Rats (TR 350-07-010)

The purpose of this study (TR 350-07-010, titled “RLY5016: 4-Week Dietary
Toxicity Study in Rats with a 2-Week Recovery”) was to evaluate the toxicity of
RLY5016 (i.e., polymer anion ®® with calcium counterion) when
administered daily in the diet to rats for at least 4 weeks and to assess the
reversibility, persistence or delayed occurrence of any effects after a 2-week
recovery. This study was conducted with a RLY5016 lot (Lot No. CHTL00263)
that was produced ®® (TR 350-07-010,
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Appendix 3). Consequently, it was strongly suspected that the toxicological
findings in this study were related to ®® in the final drug substance.
®@ is not used in the current drug substance manufacturing process.

Male and female Crl:CD(SD) rats were assigned to four groups (15
rats/sex/group in the control and high-dose groups and 10 rats/sex/group in the
low- and mid-dose groups). The control group (Group 1) received the diet only
(no RLY5016). The test groups (Groups 2, 3 and 4) received a target daily dose
of RLY5016 at 4, 10 or 15 g/kg/day, respectively, mixed with the chow. Ten (10)
rats/sex/group were designated for terminal sacrifice after 4 weeks of treatment;
an additional five rats/sex in Group 1 and four rats/sex in Group 4 were
designated for recovery sacrifice after a 2-week non-treatment phase following
dosing. Assessment of toxicity was based on mortality, clinical observations,
body weight, food consumption, ophthalmic examinations, and clinical and
anatomic pathology results.

Due to decreased food consumption (particularly at the mid- and high-dose
levels), the actual mean doses achieved for Groups 2, 3 and 4 were 4.0, 7.5 and
8.9 g/kg/day for the males and 4.1, 8.0 and 11.8 g/kg/day for the females,
respectively.

Two high-dose rats were sacrificed in moribund condition: one male on Day 10
and one female on Day 16. Corresponding clinical signs included hypoactivity
and hunched appearance. Treatment-related clinical signs were noted primarily
in the high-dose rats and included thin appearance, rough hair coat and squinted
eyes. It was speculated that the presence of the test article in the diet adversely
affected the palatability of the diet based on the dose-related decrease in food
consumption, which was significantly lower for the low- (88%), mid- (68%) and
high-dose (51%) males and the mid- (97%) and high-dose (76%) females. There
was a corresponding decrease in mean body weight gain. After 4 weeks of
treatment, the mean body weights for low-, mid- and high-dose rats were 82%,
66% and 48% of control for the males and 94%, 84% and 73% of control for the
females, respectively. During the 2-week recovery phase, there was a marked
increase in food consumption and body weight gain in the high-dose rats as
compared to the dosing phase.

Treatment-related alterations in the clinical pathology data were observed
primarily in the mid- and high-dose rats, with a few changes seen in individual
low-dose rats. The values for these parameters were generally comparable
between control and high-dose rats following 2 weeks of recovery. Following 4
weeks of treatment, microscopic findings ascribed to RLY5016 in the diet were
present in the kidney, femur and sternum bones and marrow, stomach and testes
of the low- and/or high-dose rats. Secondary changes likely relating to stress
and/or poor condition included atrophy in the prostate, seminal vesicle, uterus,
salivary gland and pancreas, and lymphoid depletion/necrosis in the spleen and
thymus in the high-dose rats. Following a 2-week recovery period, treatment-
related kidney, stomach, testes, femur and sternum bones and marrow changes
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were noted. There was a decrease or absence of all of the secondary
microscopic changes that were considered related to poor condition or stress in
the high-dose recovery rats.

In conclusion, a NOAEL for RLY5016 (Lot No. CHTL00263) could not be
determined following 4 weeks of treatment based, in part, on microscopic
findings in the kidney and stomach of rats that received diets containing
RLY5016. Based on a lack of similar findings in the 2-week dose range-finding
study (TR 350-07-009), it was strongly suspected that the findings in this study
were related to a contaminant (i.e., ®%) present in this lot of RLY5016. The
presence of ®® could also account for the decreased food
consumption (i.e., decreased palatability) noted in this study.

6.2.3 4-Week Repeat-Dose Toxicity Study in Rats (TR 350-07-018)

Due to the unexpected findings in the initial 4-week rat toxicity study (TR 350-07-
010), the study was repeated with a RLY5016 lot for which bl

(Lot No. CHZC009681), rather than. ',
which was used in the previous 4-week rat toxicity study. The purpose of this
study (TR 350-07-018, titled “RLY5016: 4-Week Dietary Toxicity Study in Rats
with a 2-Week Recovery”) was to evaluate the toxicity of RLY5016 (i.e., polymer
anion ®®@ with calcium counterion) when administered daily in the diet to
rats for at least 4 weeks and to assess the reversibility, persistence or delayed
occurrence of any effects after a 2-week recovery.

Male and female Crl:CD(SD) rats were assigned to four groups (15
rats/sex/group in the control and high-dosage groups and 10 rats/sex/group in
the low- and mid-dosage groups). The control group (Group 1) received the diet
only (no RLY5016). The test groups (Groups 2, 3 and 4) received a target daily
dose of RLY5016 at 4, 10 or 15 g/kg/day, respectively, mixed with the chow. Ten
rats/sex/group were designated for terminal sacrifice after 4 weeks of treatment;
an additional five rats/sex in Group 1 and four rats/sex in Group 4 were
designated for recovery sacrifice after a 2-week non-treatment phase following
dosing. Assessment of toxicity was based on mortality, clinical observations,
body weight, food consumption, ophthalmic examinations, and clinical and
anatomic pathology results.

In this admixture repeat-dose study, no adverse effect on food consumption was
observed; the mean dosage levels of RLY5016 achieved over the 4-week period
for Groups 2, 3 and 4 were 3.4, 8.6 and 12.8 g/kg/day for the males and 3.7, 9.0
and 13.9 g/kg/day for the females, respectively.

Assessment of toxicity was based on mortality, clinical signs, body weight
changes, food consumption, ophthalmic examinations and clinical and anatomic
pathology. In this study, there were no RLY5016-related mortalities, clinical or
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ophthalmic observations or adverse effects on body weight or body weight gain
during the dosing or recovery phase. Significant dosage-related increases in
mean food consumption were noted in rats given target dosage levels of 4, 10
and 15 g/kg/day RLY5016; these results are similar to those observed in the 10
and 15 g/kg/day dosage groups in the 2-week study, TR 350-07-009. These
increases likely reflect the decreased nutritive aspects of the diet (on a weight
basis) due to the high concentrations of test article in the diet and, as such, were
not considered adverse. The mean food consumption in the high-dose group rats
was not significantly different from control rats during the recovery phase. There
were no RLY5016-related effects on hematologic parameters. Total protein and
albumin were significantly lower in high-dose group female rats and urinary
calcium excretion was higher in high-dose group rats of both sexes. The
elevation in urinary calcium excretion was not unexpected since calcium is the
counterion associated with the polymer in RLY5016. With the exception of
urinary calcium excretion in the high-dosage group females, total protein,
albumin and calcium excretion were similar between control and 15 g/kg/day rats
at recovery Day 15. There was no microscopic correlate to these laboratory value
differences, and the mean values were similar to control values by recovery Day
15; therefore, the changes were not considered adverse. There were no
RLY5016-related alterations in organ weight, macroscopic or microscopic
findings in rats sacrificed after the dosing or recovery phases.

In summary, rats administered RLY5016 (target dosages of 0, 4, 10 and 15
g/kg/day) daily in the diet for 4 weeks showed no RLY5016-related changes in
mortality or clinical/ophthalmic observations and no adverse effects on body
weight, body weight gain, food consumption or clinical pathology and no
macroscopic or microscopic changes. Therefore, the NOAEL for RLY5016 in the
study was > 15 g/kg/day.
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6.2.4 26-Week Dietary Toxicity Study with RLY5016S in Rats

Study title: 26-Week Dietary Toxicity Study with RLY5016S in Rats with a 4-
Week Recovery Period
Study no.: TR 350-09-001
Study report location:  NDA 205739 SDN 0001
Conducting laboratory and location: oa

Date of study initiation:  12/16/2008
GLP compliance: yes
QA statement:  yes
Drug, lot #, and % purity:  See chart below

The duration of use for the lots of RLY5016S used in this study was not provided
in the report. These data are provided below.

Study Week(s) RLY5016S Lot Number Comments

Weeks 1 -3 CHZE204947

Week 4 CHZE204947 Both lots were used in this
CHZE205749 weekly preparation.

Weeks 5§ —22 CHZE205749

Week 23 CHZE205749 Both lots were used in this
LTFLAA1003 weekly preparation.

Weeks 24 -26 LTFLAA1003

Key Study Findings

There was no RLY5016S-related mortality. There were no dose-dependent
clinical signs of toxicity, ophthalmic findings, or RLY5016S-effects on mean body
weight or mean body weight change, clinical pathology, organ weight changes,
macroscopic observations, or microscopic findings. Based on the lack of adverse
test article related findings in the study data, the NOAEL for RLY5016S
administered daily in the diet to rats for 26 weeks was determined to be > 5.0
g/kg/day (expressed as RLY5016).

There was a RLY5016S-related increase in food consumption at 2.5 (primarily
females) and 5.0 g/kg/day for both sexes when compared to control during the
dosing phase and during the first two weeks of the recovery phase for 5.0
g/kg/day males. These increases in food intake likely reflected the decreased
nutritive aspects of the diet (on a weight basis) due to the high concentrations of
test article in the diet
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Methods
Doses: 1, 2.5 and 5.0 g/kg/day
Frequency of dosing: daily
Route of administration: Dietary admixture
Dose volume: na
Formulation/Vehicle: na
Species/Strain: Crl:CD(SD) rats

Number/Sex/Group: 15

Age: 7 weeks
Weight: 178 to 228 g for males and 154 to 203 g for
females

Satellite groups: 5/sex for recovery, Control and HD only
Unique study design: no
Deviation from study protocol: The study deviations neither affected the overall
interpretation of study findings nor compromised
the integrity of the study.

Observations and Results

Mortality

Animals were checked twice daily (a.m. and p.m.) for mortality, abnormalities,
and signs of pain or distress; findings were recorded as they were observed.

There was no RLY5016S-related mortality. A moribund male dosed at 2.5
g/kg/day (B49131) was euthanized on Day 122 of the dosing phase. The cause
of this animal’s moribundity was a skull fracture in the region of the facial bones.

Clinical Signs

Daily cageside observations were performed during the dosing and recovery
phases at the a.m. room check; abnormal findings were recorded. Detailed
observations were performed at least once during the predose phase, before
dosing on Dosing Phase Day 1, weekly thereafter, and on the day of scheduled
sacrifice.

There were no dose-dependent clinical signs of toxicity during either the dosing
or recovery phase.

Body Weights
Body weight was recorded at least once during the predose phase, before dosing
on Dosing Phase Day 1, and weekly thereafter.

There were no RLY5016S-related changes in male mean body weight or mean
body weight change during either the dosing or recovery phase, with the
exception of a decrease in mean weight gain for Week 24 at 2.5 and 5.0
g/kg/day. For females, a significant decrease in mean weight change for Dosing
Phase Week 10 followed by a significant increase for Dosing Phase Week 11 of
the dosing phase was noted when compared with control.
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Feed Consumption

Measured weekly during the dosing and recovery phases. The last week of food
consumption for the treatment phase was measured at Dosing Phase Week 27

(Day 183). The first week of untreated food consumption for the recovery phase
was a 6-day food consumption measured at Recovery Phase Week 1 on Day 7.

There was a RLY5016S-related increase in food consumption at 2.5 and 5.0
g/kg/day when compared with control. These increases generally reached
statistical significance at 5.0 g/kg/day for both sexes and were sporadically
significant at 2.5 g/kg/day (primarily in females) over the dosing phase of the
study. During the first 2 weeks of the recovery phase, significant increases in
food consumption were noted for 5.0 g/kg/day males, decreasing to values
similar to control for the final 2 weeks of recovery.

Female rats previously dosed at 5.0 g/kg/day had mean food consumption similar
to control for the entire recovery phase. These increases in food intake likely
reflected the decreased nutritive aspects of the diet (on a weight basis) due to
the high concentrations of test article in the diet and were anticipated based on
an earlier study since the 2.5 and 5.0 g/kg/day dosages approached or exceeded
nutritional recommendations of additives to diets not to exceed 5% of the dietary
composition.

Ophthalmoscopy

Performed on Predose Phase Day 4, on Dosing Phase Day 182, within 7 days of
the terminal necropsy, and on Recovery Phase Day 27 within 7 days of the final
necropsy. Animals were examined by a staff veterinarian using an indirect
ophthalmoscope.

There were no predose ophthalmology findings. During the dosing phase, pale
linear streaks were noted in one control male and in one female at each of the
treated dose levels. During the recovery phase, pale linear streaks were noted in
one control male and were absent in control and 5.0 g/kg/day females. These
findings in the groups administered RLY5016S were unrelated to treatment since
no dose response was observed.

Hematology
Parameters:
differential mean mean mean white blood cell
blood cell count | corpuscular corpuscular corpuscular (leukocyte)
volume hemoglobin hemoglobin count
concentration
hematocrit platelet count hemoglobin differential blood | blood smear
cell count
reticulocyte red blood cell
count (erythrocyte)
count
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Coagulation parameters:
prothrombin time, activated partial thromboplastin time

Clinical Chemistry

Blood samples were collected for hematology, coagulation, and clinical chemistry
from fasted animals (all surviving rats) via a jugular vein during Dosing Phase
Week 13 (Day 88) and at scheduled sacrifices during Dosing Phase Week 27
(Day 184) and Recovery Phase Week 5 (Day 29).

Parameters:

glucose globulin albumin calcium

chloride potassium sodium urea nitrogen

urea nitrogen total protein cholesterol triglycerides
creatinine alkaline phosphatase | total bilirubin inorganic phosphorus
albumin/globulin alanine aspartate gamma

ratio aminotransferase aminotransferase glutamyltransferase
serum protein

electrophoresis

Urinalysis
Urine samples were collected from the fasted animals overnight chilled before
scheduled blood collection intervals for urinalysis and urine chemistry.

Parameters:
volume specific gravity protein pH
glucose ketones bilirubin urobilinogen
sodium potassium chloride blood
sodium excretion potassium excretion | chloride excretion
appearance (clarity microscopic
and color) examination of
sediment

RLY5016S administration had no obvious effects on clinical pathology test
results during either the dosing or recovery phase. Several statistically significant
differences in clinical pathology parameters were observed between the control
and treated groups, but they were not considered obvious effects of RLY5016S
because they were of small magnitude, often transient, inconsistent between the
sexes, and/or lacked a dose-dependent response.

Gross Pathology

After at least 26 weeks of treatment (Dosing Phase Week 27, Day 184), all
surviving rats designated for scheduled sacrifice were fasted overnight (15
rats/sex/group except for 14 males in Group 3) then anesthetized with sodium
pentobarbital, exsanguinated, and necropsied. Terminal body weights were
recorded
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Protocol-specified organs (when present) were weighed at each scheduled
sacrifice; paired organs were weighed together.

adrenal (2) brain epididymis (2) prostate
salivary gland spleen heart kidney (2)
[mandibular (2)]
liver lung ovary (2) pituitary gland
testis (2) thymus thyroid (2 lobes) uterus

with parathyroid

No treatment-related organ weight changes were noted at the end of the dosing
or recovery phase. The few statistically significant organ weight changes lacked
a macroscopic and/or microscopic correlation and were attributed to normal

biological variation.

Histopathology

The following tissues (when present) from each animal will be preserved in 10%
neutral-buffered formalin, unless otherwise indicated below.

adrenal (2)

aorta

brain

cecum

Cenvix

colon

duodenum

epididymis (2)?

esophagus

eye (2)°

femur with bone marrow (articular
surface of the distal end)

Harderian gland®

heart

ileum

Jjejunum

kidney (2)

lesions

liver

lung with large bronchi

lymph node (mandibular)

lymph node (mesenteric)

mammary gland (females)

optic nerve (2)°

ovary (2)

pancreas

Peyer's patch (gut associated lymphoid
tissue)

pituitary gland

prostate

rectum

salivary gland [mandibular (2]

sciatic nerve

seminal vesicle

skeletal muscle (thigh)

skin/subcutis

spinal cord (cervical, thoracic, and
lumbar)

spleen

sternum with bone marrow

stomach

testis (2)°

thymus

thyroid (2 lobes) with parathyroid

tongue

trachea

urinary bladder

uterus

vagina

aPreserved in modified Davidson's fixative.
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Adequate Battery
yes

Peer Review
There was no mention of peer review. This may be related to the lack of any
microscopic findings.

Histological Findings
There were no RLY5016S-related macrocopic or microscopic findings.
Toxicokinetics na

Dosing Analysis

Results of concentration verification show that diet preparations were generally
within acceptable limits and suitable for dose administration in rats during Weeks
1,2,3,4,5,6, 8,9, 13, 18, and 26 of the dosing phase.

6.2.5 Escalating-Dose Range-Finding Study in Dogs (TR 350-07-011)

The purpose of this study (TR 350-07-011, titled “Escalating Oral Capsule Dose
Range-Finding Toxicity Study with RLY5016 in Dogs”) was to evaluate the
toxicity, the maximum tolerated dose or the maximum feasible dose, of RLY5016
(i.e., polymer anion complexed with calcium counterion) when given as
escalating doses (Phase 1) and for 10 consecutive days (Phase 2) to purebred
male and female beagle dogs.

In Phase 1, one male and one female dog were administered escalating doses of
RLY5016 via oral capsule twice daily (approximately 4 hours apart) on Day 1 (2
g/kg/day), Day 4 (4 g/kg/day) and Day 7 (7 g/kg/day). In Phase 2, two male and
two female dogs were administered 7 g/kg/day RLY5016 via oral capsule twice
daily (approximately 4 hours apart) for 10 days. In both phases, dogs were
evaluated for mortality, clinical signs, body weight, food consumption, and clinical
and anatomic pathology (Phase 2 only).

In Phase 1 of the study, both dogs survived to scheduled termination on Day 9.
Unformed feces were noted in the male after each escalating dose (Days 2, 6
and 8). Body weight and food consumption were not affected, although food
consumption was slightly lower for both dogs on Day 8. There were no RLY5016-
related changes in clinical pathology parameters.

In Phase 2 of the study, all dogs survived to scheduled necropsy on Day 11. Dry
and granular feces were noted in one male and both females near the end of the
study. Liquid and mucoid feces were also observed in one female on Day 9.
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These clinical observations were considered treatment-related but not adverse.
The body weight of one female was decreased by 9%, with significantly reduced
mean food consumption during Days 1 — 11. There were no remarkable changes
in individual body weight and food consumption in the other dogs in Phase 2.
There were no test article-related clinical pathology, macroscopic or microscopic
findings.

Dogs administered 7 g/kg/day for 10 days were given 4 — 6 (size 12) gelatin
capsules, capable of holding 4.2 — 5.5 g of RLY5016 per capsule, twice daily.
This number of capsules was found to be the limit that could be administered to
dogs. Therefore, a maximum feasible dosage of 7 g/kg/day was reached in the
study. The maximum tolerated dosage of RLY5016 in beagle dogs was
determined to be > 7 g/kg/day.

6.2.6 4-Week Repeat-Dose Toxicity Study in Dogs (TR 350-07-015)

The purpose of this study (TR 350-07-015, titled “4-Week Oral Capsule Toxicity
Study with RLY5016 in Dogs with a 2-Week Recovery”) was to evaluate the
toxicity of RLY5016 when administered at 1, 3 and 7 g/kg/day daily via oral (size
12) gelatin capsule for 4 weeks to purebred male and female beagle dogs, and to
assess the reversibility, persistence or delayed occurrence of any effects after a
2-week recovery period. This study was conducted with RLY5016 lots (Lot Nos.
CHTL00261 and CHTL00262) that were produced N
(TR 350-07-015, Appendix 3). Consequently, it was strongly

suspected that the toxicological findings in this study were related to N

in RLY5016. ®® is not used in the current drug substance
manufacturing process.

Dogs (N = 32) were assigned to one of four groups (5/sex/group in Groups 1 and
4; 3/sex/group in Groups 2 and 3). Group 1 received empty capsules (control).
Groups 2, 3 and 4 received oral capsules containing 1, 3 and 7 g/kg/day
RLY5016, respectively. All dogs were dosed twice daily (approximately 4 hours
apart) for at least 4 weeks (dosing phase). Dogs designated for recovery sacrifice
underwent 2 weeks of recovery following dose administration. Assessment of
toxicity was based on mortality, clinical observations, body weights, food
consumption, ophthalmic findings, electrocardiographic findings, and clinical and
anatomic pathology.

All dogs survived to scheduled termination. There were no remarkable clinical
signs in dogs in the low-dosage (1 g/kg/day) and mid-dosage (3 g/kg/day)
groups. Remarkable clinical signs were observed in the majority of dogs in the
high-dosage (7 g/kg/day) group after 8 days of dosing; these included
dehydration, thin appearance, hypoactivity and granulated and/or dry feces.
Based on these clinical signs, as well as significantly decreased body weight on
Day 9, dosing in the high-dose group ceased until Day 15 when dosing was
resumed at 5 g/kg/day. Higher frequencies of vomiting and granulated and/or dry
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feces were observed in dogs in the high-dose group, and two females in this
group were noted to be dehydrated and thin. These clinical signs were not
remarkable during the recovery phase.

There were no RLY5016-related effects on body weight, body weight change or
food consumption in dogs dosed up to 3 g/kg/day. Significantly reduced body
weights and body weight gain were noted on Day 8 in dogs receiving 7 g/kg/day
RLY5016. During the dose cessation period, body weights increased in this
group, indicating recovery. During the resumed dosing phase (5 g/kg/day), body
weights increased or remained unchanged (with the exception of two females).
The mean body weight of dogs in the high-dosage group increased during the
recovery phase and the effect on food consumption correlated with body weight
changes.

No RLY5016-related ophthalmic or electrocardiographic findings were noted.

Reversible, RLY5016-related, effects were noted in the clinical pathology data at
Days 30 and/or 43. These included slightly lower erythrocyte count, hemoglobin
and hematocrit values and reticulocyte counts in a few dogs in the high-dosage
group and slightly lower lymphocyte counts in two female high-dose group dogs.
Reversible changes in the serum chemistry data included slightly higher alanine
aminotransferase activity in a few dogs in the high-dosage group and slightly
lower total protein, albumin and calcium values seen in a few males and most
females in this group. A treatment-associated decrease in inorganic phosphorous
was also observed in a few high-dosage group dogs.

There were no RLY5016-related macroscopic findings in the study. RLY5016-
related microscopic changes were confined to the liver and thymus in high-
dosage group dogs. These changes consisted of minimal to slight vacuolation of
hepatocytes and minimal to moderate thymic involution, both of which were
slightly more prevalent in the females and did not persist during recovery.

In summary, beagle dogs were administered RLY5016 twice daily via oral
capsules for at least 4 weeks at 0, 1, 3 and 7 (reduced to 5) g/kg/day. RLY5016-
related clinical signs, reduction in body weight and food consumption, clinical
pathology changes and microscopic pathology changes were noted in the high
dose group. The NOEL in this study was 3 g/kg/day RLY5016.
Given that analysis of the RLY5016 lots used in this study revealed o

, a second 4-week dog toxicity study was conducted (TR 350-07-
019).

6.2.7 4-Week Repeat-Dose Toxicity Study in Dogs (TR 350-07-019)

After it was discovered that the previous 4-week repeat-dose toxicity study in
dogs had been conducted with RLY5016 containing ®@ this
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additional study (TR 350-07-019, titled “4-Week Oral Capsule Toxicity Study with
RLY5016 in Dogs with a 2-Week Recovery”) was performed. The objectives and
design were the same as those of the previous 4-week study in dogs; however,
this study used a drug substance lot (Lot No. CHZC009681) that was produced
by incorporating .

Male and female purebred beagle dogs were administered 0, 1, 3 or 7 g/kg/day
RLY5016 for 4 weeks. A total of 32 animals were administered oral capsules
twice daily. The low- and mid-dosage groups (1 and 3 g/kg/day RLY5016,
respectively) comprised 3 dogs/sex/group and the control (no RLY5016) and
high-dose group (7 g/kg/day RLY5016) comprised 5 dogs/sex/group. After 4
weeks of treatment, 3 dogs/group/sex were sacrificed. The remaining two
dogs/sex in the control and high-dosage groups were sacrificed after 2 weeks of
recovery. Assessment of toxicity was based on mortality, clinical observations,
body weights, food consumption, ophthalmic findings, electrocardiographic
findings and clinical and anatomic pathology.

There were no RLY5016-related mortalities, or effects on ophthalmologic,
electrocardiographic or clinical pathology parameters, organ weights, or
macroscopic or microscopic pathology.

There were no RLY5016-related effects on body weight or food consumption,
with the exception of one female dog in the high-dose group. This dog exhibited
body weight loss due to a reduced food consumption during Week 1 of the study.
Dosing of this dog was discontinued on Day 8 and resumed on Day 11. Since the
body weight loss was rapidly reversible and occurred without pathological
findings, the weight loss and reduced food consumption in this dog were
considered treatment-related but not adverse. Clinical observations were limited
to several incidences of granular and dry feces noted in the dogs in the mid- and
high-dosage groups; these findings were considered related to treatment but not
adverse. The NOAEL in this study was > 7 g/kg/day.
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6.2.8 39-Week Repeat-Dose Toxicity Study in Dogs (TR 350-10-001)

Study title: 39-Week Oral (Capsule) Toxicity Study with RLY5016S in Dogs with
a 4-Week Recovery Period
Study no.: TR 350-10-001
Study report location:  NDA 205739 SDN 0001
Conducting laboratory e
and location:

Date of study initiation:  12/17/2008

GLP compliance: The study design was based on Japanese Ministry of
Health, Labor and Welfare Guidelines for Toxicity
Studies of Drugs (Notification No. 88, Pharmaceutical
Affairs Bureau, 10 August 1993, and Notification No.
655, 05 April 1999) and on Organization for Economic
Co-operation and Development (OECD) Guidelines
for the Testing of Chemicals, Section 4, Health
Effects, No. 409 (1998).

QA statement:  yes

o Test Article® Lot No. Storage Purity Retest Date
Drug, lot #, and. A) RLY5016S  LTFLAA1001  Refrigerated, B — ®®
purltY- LTFLAA1003 protected from light,
CHZE206020 and stored on
CHZE205751 desiccant
CHZE205152

Key Study Findings

RLY5016S-related clinical signs included dry and orange- and/or yellow-colored
feces that were dose-related based on their incidence as the dose level
increased. These clinical signs were not observed during the recovery phase.
They are not considered adverse based on the lack of impact on dogs health.

No RLY5016S-related effects were observed in the mean body weight, body
weight change, mean food consumption values, ophthalmic,
electrocardiographic, hematology, coagulation, clinical chemistry, urinalysis
parameters, organ weight changes or macroscopic observations.

There were no potentially RLY5016S-related microscopic findings at the recovery
sacrifice. Remaining microscopic observations in this study occurred at similar
incidences and severities in control and RLY5016S-treated dogs and/or are
common findings in untreated dogs of this age and breed; none are considered
related to RLY5016S.
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Methods
Doses: 1, 2, 3.75 g/kg/day
Frequency of dosing: daily
Route of administration: Oral by multiple capsules (6 maximum)
Dose volume: na
Formulation/Vehicle: no formulation
Species/Strain: Dog, purebred beagle
Number/Sex/Group: 3
Age: 5 to 6 months
Weight: 7.0 to 9.7 kg for males
5.6 to 8.0 kg for females
Satellite groups: 2/sex/group Control and High Dose, for recovery
Unique study design: no
Deviation from study protocol: Deviations reported did not alter the study
interpretation

Observations and Results

Mortality
Dogs were checked twice daily (a.m. and p.m.) for mortality, abnormalities, and
signs of pain or distress.

One control male (No. H49652) was euthanized for humane reasons on Day 273
(Week 39) due to a sudden onset of seizures that were refractory to treatment.
The cause of death was brain injury that was identified microscopically as
spongiosis and pallor in the cerebral cortex and hippocampus and was
secondary to a hemorrhagic and neutrophilic inflammatory lesion on the mitral
valve of the heart.

All other dogs survived to their scheduled sacrifice.
Clinical Signs

On dosing days, daily cageside observations were made for each dog at
approximately 1 hour after each dose (based on the last animal dosed);
abnormal findings were recorded. Cageside observations were discontinued on
Dosing Phase Day 17. At least once during the predose phase, before dosing on
Day 1, weekly thereafter, and on the day of scheduled sacrifice, detailed
observations were made for each dog; abnormal findings or an indication the dog
appeared normal was recorded.

RLY5016S-related clinical signs included dry and orange- and/or yellow-colored
feces that were dose-related based on their incidence as the dose level
increased. These clinical signs are not adverse based on the lack of impact on
animal health and nonoccurrence during the recovery phase. In addition, the
color of different lots of RLY5016S used in the study varied from yellow, yellow-
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orange, slightly red to red-brown in color. Since RLY5016S is not absorbed, the
coloration of the feces may reflect the color of RLY5016S. Other clinical signs
occurred at low incidence or frequency, and lacked a dose-related response.

Body Weights

Recorded at least once during the predose phase, on Day -1 during the predose
phase, before dosing on Day 1 of the dosing phase, and weekly thereafter.

No notable effects on body weight were reported.

Feed Consumption
Quantitative food consumption was measured weekly during the dosing and
recovery phases.

Significantly lower mean food consumption occurred in the 3.75 g/kg/day females
during Weeks 2, 4, 14, 15, 19, and 22 with no adverse impact on mean body
weight or body weight change.

Ophthalmoscopy

Performed once for all dogs during Predose Week 2 (Day 8), during Week 39
(Day 273) of the dosing phase, and during Week 4 (Day 27) of the recovery
phase.

No adverse ophthalmoscopic findings were reported.

ECG

Recorded for all dogs once during Predose Week 1 (Day 7), during Week 39
(Day 273) of the dosing phase, and during Week 4 (Day 27) of the recovery
phase.

No ECG abnormalities associated with treatment were reported.

Hematology

Blood samples were collected from fasted dogs for hematology, coagulation, and
clinical chemistry twice during the predose phase, during Week 20 (Day 136) and

during Week 40 (Day 275) of the dosing phase, and during Week 5 (Day 29) of
the recovery phase.

red blood cell (erythrocyte) count hemoglobin
hematocrit mean corpuscular volume
mean corpuscular hemoglobin concentration
mean corpuscular hemoglobin platelet count
white blood cell (leukocyte) count differential blood cell count
blood smear reticulocyte count
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No significant changes in hematology parameters were noted in response to
treatment.

Clinical Chemistry

glucose urea nitrogen

creatinine total protein

albumin globulin

albumin/globulin ratio cholesterol

triglycerides total bilirubin

alanine aminotransferase alkaline phosphatase
aspartate aminotransferase calcium

inorganic phosphorus sodium

potassium chloride

serum protein electrophoresis gamma glutamyltransferase

No treatment-related abnormalities in clinical chemistry parameters were
noted.

Urinalysis
Urine was collected once during the predose phase, during Week 40 (Day 275)
of the dosing phase, and during Week 5 (Day 29) of the recovery phase from all

dogs.

appearance (clarity and color) volume

specific gravity ketones

bilirubin urobilinogen

pH protein

glucose blood

microscopic examination of sediment sodium

potassium chloride

sodium excretion potassium excretion
chloride excretion

A mild, but significant, decrease in urine sodium excretion was observed on Day
275 of the dosing phase in males dosed at 3.75 g/kg/day. A similar but
nonsignificant trend was observed in females administered the same dose.
These changes resolved by Day 29 of the recovery phase and were not
considered adverse.

Gross Pathology
Organ Weights

At scheduled sacrifices, the following organs (when present) were weighed; paired
organs were weighed together.

| adrenal (2) | brain
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epididymis (2) heart

kidney (2) lung

ovary (2) prostate

salivary gland [mandibular (2)] spleen

testis (2) thymus

thyroid (2 lobes) with parathyroid uterus

pituitary gland liver with gallbladder (drained)

Histopathology

adrenal (2) aorta brain

cecum cervix colon

duodenum epididymis (2)a esophagus

eye (2)a femur with bone marrow of the distal end)
(articular surface

gallbladder heart ileum

jejunum kidney (2) lacrimal gland

lesions liver lung with large bronchi

lymph node (mandibular) | lymph node (mesenteric) | mammary gland (females)

optic nerve (2)a ovary (2) pancreas

Peyer's patch (gut tissue) pituitary gland

associated lymphoid

prostate rectum salivary gland [mandibular

(2)]

sciatic nerve

skeletal muscle (thigh)

skin/subcutis

spinal cord (cervical,
thoracic, and lumbar)

spleen

sternum with bone marrow

stomach testis (2)a thymus
thyroid (2 lobes) with tongue trachea
parathyroid

urinary bladder uterus vagina

a Preserved in modified Davidson's fixative.

Preserved tissues listed above (as appropriate) from each animal will be embedded
in paraffin, sectioned, stained with hematoxylin and eosin, and examined

microscopically.

The only organ weight change of statistical significance was increased
mandibular salivary gland-to-body weight ratios in the 1.0 and 3.75 g/kg/day
females. Because of the lack of a dose relationship and the absence of
correlating histologic findings, this is considered toxicologically insignificant. No
macroscopic observations associated with RLY5016S were present.

Histological Findings

A few non-adverse microscopic findings were present only in dosing phase dogs
that received RLY5016S. Dosing phase 3.75 g/kg/day female H49676 had
moderate neutrophilic inflammation in the cecum that was characterized by
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infiltrates of neutrophils in the submucosa, muscularis, and mesentery. Any
association with RLY5016S administration of this focal lesion is uncertain, but
because of the lack of similar findings in other dogs administered RLY5016S, an
association is considered unlikely.

Dosing phase 3.75 g/kg/day male H49659 had slightly increased tingible body
macrophages in the Peyer’s patches of the ileum and colon. This is an indication
of increased lymphocyte turnover. In the absence of other gastrointestinal or
lymphatic system findings, a direct association with RLY5016S is considered
unlikely but uncertain.

In the pancreas, minimally to slightly increased individual cell necrosis was noted
in two dosing phase 3.75 g/kg/day males. This change was characterized by an
increased number of individual acinar cells with karyorrhexis or fragmentation.
Because individual cell acinar necrosis is present in untreated dogs, the
toxicologic significance of this increased number of necrotic cells is uncertain.

In the testis, two dosing phase 3.75 g/kg/day males and one dosing phase

2.0 g/kg/day male had slight segmental atrophy of seminiferous tubules. This is
a commonly reported finding in untreated male beagles of this age and is
considered unrelated to RLY5016S.

Dosing phase 3.75 g/kg/day female H49675 had slight chronic inflammation of
the coronary arteries of the heart. This is another common spontaneous finding
in beagles and similarly considered unrelated to RLY5016S.

There were no potentially RLY5016S-related microscopic findings at the recovery
sacrifice.

Toxicokinetics
na
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7  Genetic Toxicology

An evaluation of the genotoxic potential of RLY5016 was conducted in a
standard battery of in vitro and in vivo tests as summarized below. These studies
were reviewed earlier under IND 75615, and copies are appended.

7.1 In vitro Reverse Mutation Assay in Bacterial Cells (Ames)

The in vitro bacterial reverse mutation assay was conducted in two phases, a
dose range-finding study and a definitive mutagenicity assay (TR 350-07-012,
titted “Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation
Assay with a Confirmatory Assay with RLY5016”). The doses tested in the
mutagenicity assay were selected based on the results from the dose range-
finding study using tester strains Salmonella typhimurium TA100 and Escherichia
coli WP2uvrA. Ten doses of RLY5016 ranging from 6.67 — 5,000 microgram/plate
in the presence and absence of microsomal enzymes derived from Aroclor-
induced rat liver (S9) mix were evaluated in the tester strains.

In the main study, Salmonella typhimurium strains TA98, TA100, TA1535 and
TA1537 and Escherichia coli strain WP2uvrA were used as tester strains and the
RLY5016 dose levels ranged from 33.3 — 5,000 microgram/plate. The main study
was also conducted in the presence and absence of S9 mix. The results of the
initial mutagenicity assay were confirmed in an independent experiment. Based
on the results, RLY5016 and any leachates were not mutagenic in the in vitro
bacterial mutation assay.

7.2 Invitro Assays in Mammalian Cells

The ability of RLY5016 to induce chromosome aberrations was evaluated in
cultured CHO cells. The study was conducted in two phases: an initial assay and
a confirmatory assay (TR 350-07-013, titled “Chromosomal Aberrations in
Chinese Hamster Ovary (CHO) Cells with RLY5016”).

In the initial chromosomal aberrations assay, the treatment period was 3 hours
and cultures were harvested approximately 20 hours after initiation of treatment.
Concentrations of 15.6, 31.3, 62.5, 125, 250 and 500 microgram/mL were tested
without and with metabolic activation. No significant increase in cells with
chromosomal aberrations, polyploidy or endoreduplication was observed with or
without metabolic activation in the initial assay.

Based on the results from the initial assay, the confirmatory chromosomal
aberration assay was conducted at RLY5016 doses of 15.6, 31.3, 62.5, 125, 250
and 500 pg/mL, without metabolic activation, and 31.3, 62.5, 125, 250 and 500
Mg/mL with metabolic activation. Treatment periods were approximately 18 hours
without metabolic activation and 3 hours with metabolic activation, and cultures
were harvested approximately 20 hours after the initiation of treatment.
Particulates were observed at dosing at all dose levels, at wash at all dose levels
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in cultures with metabolic activation and at dose levels = 62.5 microgram/mL in
cultures without metabolic activation, and at harvest at doses = 125 ug/mL. No
significant increase in cells with chromosomal aberrations, polyploidy or
endoreduplication was observed with or without metabolic activation in the
confirmatory assay.

The conclusion from this study was that RLY5016 and potential leachates were
negative for inducing structural chromosomal aberrations in CHO cells with and
without metabolic activation.

7.3 Clastogenicity Assay in Rodent (Micronucleus Assay)

This study (TR 350-07-014, titled “In Vivo Rat Bone Marrow Micronucleus Assay
with RLY5016”) evaluated RLY5016 for clastogenic activity and/or disruption of
the mitotic apparatus by detecting micronuclei in polychromatic erythrocytes
(PCESs) in rat bone marrow. Male CD (SD)IGS BR rats were administered a
single dose of RLY5016 at dosages of 0, 1, 3 and 6 g/kg (5 animals/group) via
oral gavage. These dosages were chosen based on the data from the 2-week rat
range-finding study (TR 350-07-009), as well as the maximum feasible
concentration of the drug in 1% CMC. The frequency of micronucleated PCEs in
the bone marrow of the rats was assessed at 24 hours (all dose groups) and at
48 hours (high dose group) after dosing. Cytotoxicity was assessed by scoring
the number of PCEs and normochromatic erythrocytes (NCEs) in at least the first
500 total erythrocytes for each animal.

At the 6 g/kg dose, a clear oral discharge was observed in two rats immediately
post dose, but the rats appeared normal by 1-hour post dose. All remaining rats
in the RLY5016-treated groups appeared normal immediately after dosing and
remained healthy until the appropriate harvest time point.

RLY5016, administered at dosages up to 6 g/kg, was not cytotoxic to the bone
marrow (i.e., no statistically significant decreases in the PCE:NCE ratios) and did
not induce statistically significant increases in micronucleated PCEs. The vehicle
control (1% CMC) group had less than approximately 0.15% micronucleated
PCEs, and the group mean was within the historical control range. The positive
control, cyclophosphamide, induced a statistically significant increase in
micronucleated PCEs as compared to that of the vehicle control, with a mean
and standard error of 3.15 + 0.23%.

In conclusion, RLY5016 did not cause a positive increase in micronuclei in
polychromatic erythrocytes in rat bone marrow.

8 Carcinogenicity

The requirement for carcinogenicity testing of RLY5016S was waived by the
Agency 29 March 2012).
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9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development

Study title: Dietary Study of Fertility and Early Embryonic Development to
Implantation with RL Y5016S in Rats
Study no.: RLY-TR-0006
Study report location: NDA 205739 SDN 0001
Conducting laboratory and location: 0N

Date of study initiation: 9/28/2010 (males)
10/12/2010 (females)
GLP compliance: yes
QA statement: yes
Drug, lot #, and % purity: LTFLAA2002 ,55%

Key Study Findings

There were no effects on mating or the percentage of females that were
impregnated, or on any cesarean section parameters, including corpora lutea,
implantation sites, and fetal viability.

There were no treatment-related differences in mean absolute organ weights or
organ weights as a percent of body weight.

There were no RLY5016S effects on estrous cycles or fertility parameters. The
NOAEL for fertility and early embryonic development was determined to be 5
g/kg/day.

Methods
Doses: 1, 2.5 or 5 g/kg/day
Frequency of dosing: daily
Dose volume: na
Route of administration: dietary
Formulation/Vehicle: na
Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: 22
Satellite groups: no
Deviation from study protocol: The study deviations did not affect the overall
interpretation of study findings or compromise
the integrity of the study.
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Observations and Results
At initiation of dosing, the animals were 9 weeks old and body weights ranged
from 254 to 322 g for males and 182 to 233 g for females.

Mortality

Animals were checked twice daily (a.m. and p.m.) for mortality, abnormalities,
and signs of pain and distress. Once daily, cageside observations were done in
conjunction with the a.m. room check.

There was no RLY5016S-related mortality.
Body Weight

All males were weighed at least once prior to treatment at randomization, on the
first day of treatment prior to dosing, twice weekly during treatment, and at
termination. All females were weighed at least once prior to treatment at
randomization, on the first day of treatment prior to dosing, twice weekly during
the premating treatment phase, and during mating. Female body weights were
also recorded on GD 0, 3, 7, 10, and 13. For those females not confirmed to
have mated, twice-weekly body weight measurements continued after the
cessation of cohabitation.

There was a slight, dose-related decrease in male mean body weight and body
weight gain at 5 g/lkg/day when compared with control over the course of the
study. Although the decreases did not reach statistical significance at individual
intervals, they did culminate in a significant decrease in mean terminal body
weight (Study Day 71) for males at 5 g/kg/day. By Study Day 71, mean male
body weight at 5 g/kg/day was 7.7% less than the concurrent control weight and
these males had gained 15.6% less than controls during the 70-day dosing
period.

No effects on male body weight or body weight gain were noted at the 1 and 2.5
g/kg/day dose levels.

Female mean body weight and weight gain were similar to control during the
premating phase with the exception of a decreased weight gain at 2.5 g/kg/day
(1.7 g versus 5.4 g) during the Study Day 17 to 21 interval, which recovered by
the Study Day 21 to 24 interval. This effect was considered to be spurious and
unrelated to test article treatment as there were no changes in body weight or
body weight gain at 5 g/kg/day in females.

There were no RLY5016S effects on mean body weight or weight gain for
females during gestation.
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Feed Consumption

During the premating phase, food consumption was determined weekly for both
males and females. Food consumption was not determined during mating for the
males or females.

After the first week of mating, males that successfully mated were placed on
measured food consumption. Food consumption was measured weekly during
the post-mating phase for the males. Males that successfully mated during the
second and third weeks of mating resumed measured food consumption at the
beginning of the next food consumption interval. Beginning on GD 0, food
consumption was measured at gestation body weight intervals for the females.

There were no test article-related effects on male food consumption.

For females, mean food consumption was significantly increased over control in
the 5 g/kg/day group during the Study Day 7 to 14 and 0 to 21 intervals
(premating period). During gestation, mean maternal food consumption was also
significantly increased at 5 g/kg day during the GD 0 to 7 and GD 0 to 13
intervals. However, these increases did not affect mean body weight or weight
gain.

Mating Procedures

Animals from respective groups were mated by placing one female in the
breeding cage of a male from the same dose group. A record of mating pairs was
maintained. Once mating had occurred, the males and females were separated.
The maximum mating phase was 3 weeks.

During mating, a daily inspection was made for the presence of a retained
copulatory plug or obvious copulatory plugs on the tray liner. Females not found
with either retained or dropped copulatory plugs were evaluated for vaginal
sperm by lavage. The day that sperm or plug was observed was designated GD
0.

Necropsy
Organ Weights The following tissues were weighed from males at scheduled

sacrifice: epididymis (left and right), prostate, seminal vesicles (with coagulating
gland), and testis (left and right).

A significant decrease in mean male terminal body weight (7.7% less than
control) was observed at 5 g/kg/day when compared with control over the course
of the study. There were no significant differences in mean organ weights. The
significant increases in mean right and left testis weights relative to final body
weight at 5 g/kg/day were attributed to the decrease in mean body weight at
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termination. There were no other significant changes in organ weights as a
percent of body weight.

Male Sperm Assessment

At the scheduled sacrifice, the first 10 surviving males from each dose group
were evaluated for sperm count and motility (average path velocity, straight line
velocity, curvilinear velocity, straightness, and percent motility).

Sperm motility effects were limited to a significant decrease in straight-line
velocity at 5 g/kg/day when compared with control (103.1 um/s versus 110.0
pMm/s), but no other treatment-related effects on sperm motility data were
observed and pregnancy rates at this dose were within historical limits.

Dose Analysis

For males, week 1 diet preparations did not meet concentration specifications. At
the mid and high dose, samples were 78.6% and 83% of target, respectively.
Homogeneity was also outside of specifications for the high-dose preparation
from week 1. Based on these low concentrations and nonhomogenous results,
concentration analyses were conducted weekly from week 3 through the
remainder of the study (week 10). In addition, the premating dosing period was
extended by 1 week in males and females to 5 weeks and 3 weeks, respectively.
This ensured that all animals were dosed for a sufficient amount of time prior to
mating.

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation
Loss, etc.)

Estrous Cycle
There were no RLY5016S effects on estrous cycles.

Overall reproductive performance data are presented in the Table below.

0 g'kgiday 1ghkgiday 25 ghkgday 5 gkgday

Mo. of males paired with at least one femake 22 22 22 xr

Mo. of Females mated 21 22 22 x
Capital rate (%) 85 100 100 100
Mo. of Females Pregnant | 22 2 0
Conception Index (%) 100 100 a5 g
Fertiity Index (% }* ] 100 g5 2

* Index calculation given in Attachment Me. | which is found after the Finall Protocal

There were no treatment-related effects on the coital rate, conception, or fertility
index. The fertility index was slightly decreased compared with control (91 versus
95%); however, this was well within the historical control range (84 to 100%).

Pregnancy rate was 100% for control and 1-g/kg/day dams, 95% at 2.5 g/kg/day,
and 91% at 5 g/kg/day; all were within historical limits. The percent pregnant
females surviving at cesarean section was 100, 95, 95, and 86, respectively.
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Summary of Cesarean Section Data

)OSE LEVEL GROUP 1

sliversed Early

9.2 Embryonic Fetal Development

Study title: Oral Gavage Study for Effects on Embryo-fetal Development with
RLY5016 in Rats
Study no.: TR 350-08-001
Study report location:  NDA 205739 SDN 0001
Conducting laboratory and location: @

Date of study initiation:  7/23/2008
GLP compliance: yes

QA statement:  yes
Drug, lot #, and % purity: CHZD202626

Key Study Findings

There was no RLY5016-related toxicity noted in dams or litters of dams.
Therefore, the NOAEL for maternal and embryo/fetal toxicity of RLY5016 is

>6000 mg/kg/day.

There were no RLY5016-related clinical observations. There were no RLY5016-
related effects on mean body weight, mean body weight gain, or mean food
consumption.

There were no RY5016-related necropsy findings, nor effects on gravid uterine
weights, corrected weights or net change weights from day 4.
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At cesarean section, all females were confirmed to be pregnant with litters of
viable fetuses. The number of corpora lutea, implantation sites, preimplantation
loss, post-implantation loss, live fetuses, fetal sex ratio and mean fetal weights
were not remarkable.

Methods
Doses: 1, 3 or 6 g/kg
Frequency of dosing: daily
Dose volume: 20 mL/kg
Route of administration: oral
Formulation/Vehicle: suspension in water
Species/Strain: female Crl:CD(SD) rats, timed pregnant
Number/Sex/Group: 25
Satellite groups: no
Study design: daily dosing GD-6 to GD-17
Deviation from study protocol: The study deviations did not affect the overall
interpretation of study findings.

Observations and Results
Mortality and Clinical Signs

Rats were checked twice daily (a.m. and p.m.) for mortality, abnormalities, and
signs of pain and distress; findings were recorded as they were observed.

On dosing days, cageside observations were made approximately 1 hour
postdose based on the last rat dosed in each group; abnormal findings were
recorded. On non-dosing days, cageside observations were made for each rat
during the a.m. room check; abnormal findings were recorded.

At each body weight interval, detailed observations were made for each rat;
abnormal findings or an indication of normal was recorded.

All rats survived to the scheduled sacrifice.

There were no RLY5016-related clinical observations. Clinical observations of a
sporadic nature included: swollen paw, swollen digits, damaged tip of tail,
sore/scab, and alopecia.

Body Weight / Feed Consumption

Body weight was recorded on GD 4, 6, 8, 10, 12, 14, 16, 18, and 21. Beginning
on GD 4, food consumption was measured at body weight intervals.

There were no RLY5016-related effects on mean body weight, mean body weight
gain, and mean food consumption.
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Toxicokinetics
Not determined.

Dosing Solution Analysis

All concentration verification results met acceptance criteria (range 91.7 to 108%)
with the exception of the 150 mg/mL samples at Week 2 which were 113% of
target. This was not considered to be a biologically important deviation because
there was no toxicity seen at this dose level. All homogeneity results met
acceptance criteria (range 98.2 to 102%).

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation
Loss, etc.)

On GD 21, rats were sacrificed by carbon dioxide inhalation and exsanguination.
Uterine contents were examined.

The fetuses were taken immediately by cesarean section and uterine contents
were examined. Any grossly abnormal cervical, thoracic or abdominal viscera
observations were noted. Abnormalities of the placenta or amniotic sac were
described. The uterus from each gravid rat was excised, weighed, and examined
for the number and placement of live and dead fetuses, the number of early or
late resorptions, and any abnormalities. The uterus was not reweighed after the
contents were removed. The right and left ovaries from each gravid female were
examined for the number of corpora lutea. For apparently nongravid females, the
uterus was pressed between two glass slides and examined for implantation
sites.

Offspring (Malformations, Variations, etc.)

Approximately one-half of all fetuses from each litter were processed for visceral
examination. The heads were removed, frozen on dry ice, and cross-sectioned
using the Wilson's sectioning technique. The internal organs of the thoracic and
abdominal cavities of the fetuses were examined in the fresh state using modified
Staples’ technique. Viscera and carcasses were then discarded.

The remaining fetuses were eviscerated, processed for skeletal examination
using the Alizarin Red S staining method, and evaluated. Findings were judged
to be variations or malformations. Malformations are developmental deviations
which (1) are gross structural changes, (2) are incompatible with life, or (3) may
affect the quality of life. Variations are structural deviations which are thought to
have no effect on body conformity or the well-being of the rat.

Abnormal viscera were saved in 10% neutral-buffered formalin. Fetuses

processed for skeletal evaluation were retained in ®@
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At cesarean section, all females were confirmed to be pregnant with litters of
viable fetuses. The number of corpora lutea, implantation sites, preimplantation
loss, post-implantation loss, live fetuses, and fetal sex ratio were not remarkable.

There were no RLY5016-related effects on mean fetal weights.

There were no fetal external variations. Fetal external malformations were
considered to be sporadic and were not considered to be related to RLY5016.
Fetal soft tissue variations were considered to be sporadic and within the
historical control data of this laboratory thus were not considered to be related to
RLY5016. There were no soft tissue malformations.

Skeletal variations and malformation were the type commonly seen in this strain
of rat and were not attributed to RLY5016.

DOSE LEVEL
E 2z 25 25
% 1 100 100 al
N c
% 0
b :
] c
% [
K 5 5 25 25
K 5 25 25 25
% 1 100 100 oo
Corpo MEZN 14.0 13.8 13.8 14.1
5.D. 1.7 2.2 z.2 2.1
N 25 5 4 25
TOTAL 343 344 331 352
Implantation Sites MERN 13.2 13.0 13.2 13.4
5.D. 1.7 l.¢ 1.7 2.3
N 25 25 25 25
TOTAL 328 324 331 336
Preimplantation Loss MEZNT 4.3 1 -5
STATISTICAL RMALYSES WERE CONDUCTED. = DE0.05 4¢ o= PE0.01
DOSE LEVEL
&l
Pregnant at C-section K 25 25 2 25
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Early MERN -1 0.5 3
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N 25 25 z 25
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STATISTICAL BMALYSES WERE CONDUCTED. IF SIGNIFICANT DIFFERENCES OQCCUR, THEY BRE DENOTED AS FOLLOWS: * = PZ0.05 +* = P<0.01.
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Summary of Mean Fetal Weights (g)
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DOSE LEVEL GRO 1
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OF o

Litters Evaluated
Fetuses Evaluated

Study title: Oral Gavage Dose Range-finding Developmental Toxicity Study
with RLY5016S in Rabbits
Study no.: TR 350-11-001
Study report location:  NDA 205739 SDN 000

1
Conducting laboratory and location: ®@

Date of study initiation:  9/27/2010
GLP compliance: yes
QA statement:  yes
Drug, lot #, and % purity:  Lot. No. LTFLAA2002, 55% purity

Key Study Findings

There were no abortions, early deliveries, dead fetuses, or any RLY5016S-
related effects on the number of corpora lutea or implantation sites, mean
percent resorptions, or post-implantation loss. Dose-dependent covariate-
adjusted fetal weight decreases of 7.0 and 9.2% less than control were observed
at 1000 and 3000 mg/kg/day RLY5016, respectively. There were no fetal external
variations or malformations.

Methods
Doses: 1 or 3 g/kg (total daily dose)
Frequency of dosing: Twice dalily, at least 6 hr apart
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Dose volume: 5 ml/kg — low dose
10 mL/kg — high dose
Route of administration: oral
Formulation/Vehicle: suspension in water
Species/Strain: female Hra:(NZW)SPF rabbits
Number/Sex/Group: 5
Satellite groups: no
Study design: Dosing from Gestation Day 7 through 20
Deviation from study protocol: no protocol deviations

Observations and Results
Mortality / Clinical Signs

Rabbits were observed twice daily (a.m. and p.m.) for mortality, abnormalities,
and signs of pain and distress. Once daily, cageside observations were
performed on all rabbits in conjunction with the a.m. room check. In addition,
postdose observations were made for each rabbit on GD 7 through 20 at
approximately 1 hour postdose (after each dose) based on the last rabbit dosed
per group. At each body weight interval, detailed observations were made for
each rabbit.

All rabbits survived to scheduled necropsy.

There were no RLY5016S-related clinical observations. Sporadic findings of few
or no feces were noted in one control and one 3000 mg/kg/day rabbit.

Body Weight
Recorded prior to dosing and on GD 0, 4, 7, 9, 11, 13, 15, 18, 21, 24, 27, and 29.

Mean maternal body weights were similar to control for both treated groups.
Mean weight change data were highly variable during the study. After dosing
began on GD 7, mean weight gain at 1000 and 3000 mg/kg/day was generally
higher than control with an overall weight gain of 147.6, 185.8, and 224.2 g, for
the three groups over the GD 7 to 21 interval. The increase in mean body weight
gain over control observed in the treated groups can largely be attributed to low
body weight and food consumption noted for a single Control Dam (No. F72570).

Feed Consumption
Consumption was measured quantitatively daily beginning on GD 4.
Mean food consumption for rabbits dosed at 1000 and 3000 mg/kg/day were

generally higher than control: Dam No. F72570, discussed above, was primarily
responsible for the low overall mean food consumption noted in the control group
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from GD 9 through 17. This rabbit ate 86 g of food for the GD 9 to10 interval with
food consumption of 1 or 2 g from GD 11 through 15. Vegetable supplements
were given to this rabbit over these intervals.

After GD 18, mean food consumption was generally 10 to 12% less than control
at 1000 mg/kg/day and was generally 5 to 9% less than control at 3000
mg/kg/day.

Toxicokinetics

Not determined.

Dosing Solution Analysis

All formulations were considered acceptable for use under the conditions of this
study. Results were within 10% of target concentrations.

Necropsy

There were no macroscopic findings in dams at necropsy.

Cesarean Section Data

There was a nonpregnant rabbit in each treated group, resulting in a pregnancy
rate of 80% for both groups (pregnancy rate was 100% for control, however,
since implantation occurs prior to GD 7, the reduction in pregnancy rate is not
attributed to RLY5016S.

There were no abortions, early deliveries, or dead fetuses and no RLY5016S-
related effects on the number of corpora lutea, implantation sites, number or
mean percent resorptions, or post-implantation loss.

Fetal Weights

Dose-dependent fetal weight decreases of 7.0 and 9.2% less than control were
observed at 1000 and 3000 mg/kg/day, respectively.

Offspring (Malformations, Variations, etc.)

Fetal External Evaluations

There were no fetal external variations or malformations
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9.3 Prenatal and Postnatal Development

Prenatal and postnatal reproductive toxicology studies were not conducted.

10 Special Toxicology Studies

No special toxicology studies were conducted.

95
Reference ID: 3781906



NDA # 205739 Reviewer: William T. Link, Ph.D.

11 Appendix/Attachments
From review of IND 75,615 SDN 000

Genetic Toxicology Studies

Study title. Salmonella-Escherichia coliiMammalian- Microsome Reverse
Mutation Assay with a Confirmatory Assay with ILY105

Key findings: No positive increase in the mean number of revertants per plate
with any of the tester strains were detected, either in the presence or absence of
S9 metabolic activation

Study no.: TR 350-07-012; 27616-0-4090ECD; ®9 study No. 7578-120
Volume #, and page #: Vol. 5.712: pg 001
Conducting laboratory and location: e
Date of study initiation: 5/23/06

GLP compliance: yes

QA reports: yes

Drug, lot #, and % purity: ILY105 Batch No. CHTLO0261

Methods
The tester strains used were the Salmonella typhimurium histidine auxotrophs

TA98, TA100, TA1535 and TA1537 and the Escherichia coli tryptophan
auxotroph WP2uvrA. The specific genotypes of the strains are shown in Table .

The combinations of positive controls, activation conditions, and tester strains
plated concurrently with the assay are indicated in Table II.

Reference ID: 3781906

Table |. Tester Strain Genotypes
) hisltn Additional Mutations .

Tester Strain Mutatign Repair LPS Plasmid

TA98 hisD3052 uvrd rfa pKM101

TA100 hisG46 uvrd rfa pKM101
TA1535 hisG46 uvrd rfa -
TA1637 hisC3076 uvrB fa -
WP2uvrA trp uvrA - -
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Table ll. Positive Controls
Tester Strain S9 Mix | Positive Control Dose (ug/plate)
TA98 + benzo[a]pyrene 2.
TA98 - 2-nitrofluorene 1.0
TA100 B 2-aminoanthracene 2.5
TA100 - sodium azide 2.0
| TA1535 + 2-aminoanthracene 2.5
TA1535 - sodium azide 2.0
TA1537 i 2-aminoanthracene 29
TA1537 = ICR-191 2.0
WP2uvrA + 2-aminoanthracene 25.0
WP2uvrA - 4-nitroquinoline-N-oxide 1.0

Liver microsomal enzymes (S9 homogenate) were purchased from &

, Lot No. 2001 (40.5 mg protein/mL). The homogenate was
prepared from male Sprague-Dawley rats that had been injected (i.p.) with
Aroclor™ 1254 (200 mg/mL in corn oil) at 500 mg/kg. The S9 mix was prepared
immediately prior to its use in any experimental procedure.

Dose Rangefinding Study: The growth inhibitory effect (cytotoxicity) of the test
article to the test system was determined in order to allow the selection of
appropriate doses to be tested in the mutagenicity assay. The dose rangefinding
study was performed using tester strains TA100 and WP2uvrA in both the
presence and absence of S9 mix. Ten doses of ILY105 were tested at one plate
per dose and checked for cytotoxicity up to a maximum concentration of 5000
ug/plate. Since no cytotoxicity was observed in the dose rangefinding study, the
highest dose level of test article used in the mutagenicity assay was the same
dose as that tested in the rangefinding study.

Results

Dose Rangefinding Study

Doses tested in the mutagenicity assay were selected based on the results of the
dose rangefinding assay conducted on the test article using tester strains TA100
and WP2uvrA in both the presence and absence of S9 mix with one plate per
dose. Ten doses of ILY105 ranging from 6.67 to 5000 pg/plate were tested and
results are presented in Table 1. No cytotoxicity was observed with either tester
strain in the presence or absence of S9 mix.

Mutagenicity Assay

Mutagenicity results for ILY105 are presented in Tables 2 through 6. These data
were generated in Trials 27616-B1, 27616-C1, and 27616-01. Data are
presented as individual plate counts (Tables 2 and 4, not shown) and as mean
revertants per plate + standard deviation (Tables 3, 5, and 6) for each treatment
and control group.

Results of the dose rangefinding study were used to select doses tested in the
mutagenicity assay. Doses tested in the mutagenicity assay with all tester strains
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in both the presence and absence of S9 mix were 33.3, 100, 333, 1000, 3330,
and 5000 pg/plate.

In the initial mutagenicity assay, Trial 27616-B1 (Table 3), the mean positive
control value for TA100 in the presence of S9 mix did not exhibit at least a 3-fold
increase over the mean vehicle control value. In addition, the mean positive
control values for TA 1535 and TA1537 in the presence of S9 mix were lower
than routinely observed (although they did exhibit >3-fold increases over the
appropriate mean vehicle control values). For these reasons, the test article was
re-tested in the presence of S9 mix with tester strains TA100, TA 1535, and
TA1537 in Trial 27616-01. All other data generated in Trial 27616-81 were
acceptable and no positive increases in the mean number of revertants per plate
were observed with any of the remaining tester strain/activation condition
combinations.

In the confirmatory mutagenicity assay, Trial 27616-C1 (Table 5), all data were
acceptable and no positive increases in the mean number of revertants per plate
were observed with any of the tester strains in either the presence or absence of
S9 mix.

In the repeat mutagenicity assay, Trial 27616-01 (Table 6), all data were
acceptable and no positive increases in the mean number of revertants per plate
were observed with tester strains TA100, TA1535, or TA1537 in the presence of
S9 mix.

Conclusions

ILY105 tested in the Salmonella-Escherichia coli/Mammalian-Microsome
Reverse Mutation Assay with a Confirmatory Assay did not cause a positive
increase in the mean number of revertants per plate with any of the tester strains
either in the presence or absence of S9 metabolic activation.
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Table 1: Dose Rangefinding Study

Test Article ID; ILY105

Assay No.: 27616-0-4090ECD Trial No.: A1
Date Plated: 13-Jun-06 Vehicle: Saline
Date Counted: 16-Jun-06 Plating Aliquot: 1000 pL

Revertants per Plate

Background Background
Dose/Plate TA100 Lawn" WP2uvrA Lawn®
Microsomes: Rat Liver
Vehicle Control 122 N 10 N
Test Article 6.67 ug 115 N 19 N
10.0 ug 91 N 12 N
33.3 pg 93 N 14 N
66.7 g a7 N 19 NP
100 g 124 N 16 NP
333 g 114 N 14 NP
B67 g 103 NP 8 NP
1000 ug 114 NP 17 NP
3330 g 86 NP 10 NP
5000 ug 108 NP 9 NP
Microsomes: None
Vehicle Control 38 N 15 N
Test Article 6.67 ug 84 N 18 N
10.0 pg 85 N 16 N
333 g 61 N 1 N
66.7 ug 9 N 17 N
100 ng Fid N 21 NP
333 ug 95 N 15 NP
667 g 85 NP 10 NP
1000 g 53 NP 17 NP
3330 g 87 NP 10 NP
5000 ug 60 NP 16 NP

® Background Lawn Evaluation Codes:
N=normal R =reduced O =obscured A=absent P = precipitale
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Table 3 : Mutagenicity Assay Results — Summary

Test Article ID: ILY105

Assay No.: 27616-0-4090ECD Trial No.: B1
Date Plated: 29-Jun-06 Vehicle: Saline
Date Counted: 07-Jul-06 Plating Aliquot: 1000 pL
Mean Revertants Per Plate with Standard Deviation Back-
ground
Dose/Plate TA9B TA100 TA1535 TA1537 WP2uvrA Lawn"
Mean S.D. Mean 8SD. Mean SD. Mean S.D. Mean S.D.
Microsomes: Ral Liver
Vehicle Control 16 2 99 2 1 5 6 2 19 2 N
Test Article 33.3 pg 17 & 80 6 " 2 7 1 16 2 N
100 g 20 6 96 12 9 3 5 5 19 6 N
333 g 16 3 89 11 11 1 10 2 16 5 NP
1000 g 28 6 94 11 10 1 7 2 20 3 NP
3330 g 22 7 9 10 10 4 5 2 21 5 NP
5000 pg 20 5 98 5 12 4 4 3 21 -] NP
Positive Control” 170 11 258 a8 54 9 67 48 366 25 N
Microsomes: None
Vehicle Control 15 0 90 5 10 5 4 3 11 6 N
Test Article 33.3 pg 1 5 88 3 12 7 6 3 12 5 N
100 g 12 6 90 9 15 4 4 2 13 4 N
333 g 10 2 81 1 6 1 B 4 15 5 NP
1000 pg 13 2 76 16 B 3 4 3 18 4 NP
3330 g B 3 87 16 8 1 6 4 7 2 NP
5000 pg 14 8 90 4 L) 3 & 3 14 ] NP
Positive Control® 148 25 1125 120 752 117 205 57 132 [ N
" Background Lawn Evaluation Codes:
N =normal R =reduced O =obscured A =absent P = precipitate
® TAQ8 benzo[alpyrene 25uglplate  © TAG8 2-nitrofluorene 1.0 pg/plate
TA100 2-aminocanthracene 2.5 pgiplate TA100 sodium azide 2.0 pglplate
TA1535  2-aminoanthracene 2.5 pg/plate TA1535 sodium azide 2.0 pg/plate
TA1537  2-aminoanthracene 2.5 pgiplate TA1537 ICR-181 2.0 pg/plate

WP2uwrA 2-aminoanthracene  25.0 ug/plate WP2uvrA  4-nitroquinoline-N-oxide 1.0 ug/plate
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Table 5 : Mutagenicity Assay Results - Summary

Test Article ID: ILY105

Assay No.: 27616-0-4090ECD Trial No.; C1
Date Plated: 14-Jul-06 Vehicle: Saline

Date Counted: 19-Jul-06 Plating Aliquot: 1000 pL
Mean Revertants Per Plate with Standard Deviation Back-
ground
Dose/Plate TA98 TA100 TA1535 TA1537 WP2uvrA  Lawn®

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean SD.
Microsomes: Rat Liver

Vehicle Control 15 4 97 N 14 10 4 2 20 6 N

Test Article 33.3 yg 11 5 93 4 9 3 7 2 13 3 N

00 pg 15 3 115 16 10 1 7 3 16 6 N

333 ug 17 3 115 3 13 5 10 4 15 4 NP

1000 pg 19 3 106 5 7 2 9 2 15 3 NP

3330 g Al 2 106 8 10 2 3 2 19 5 NP

5000 ug 12 8§ 113 6 8 2 2 1 21 3 NP

Positive Control” 454 11 1035 267 149 19 117 10 302 77 N

Microsomes: None

Vehicle Control 11 4 89 1 10 2 6 3 16 5 N

Test Article 33.3 yg 14 2 85 9 1 7 2 17 5 N

100 g 13 2 % 12 10 6 5 3 20 2 N

333 g 14 3101 16 2 8 1 17 2 NP

1000 g 13 7 83 7 9 3 7 5 16 2 NP

3330 g 11 2 90 8 9 1 § 2 13 4 NP

5000 g 11 1 97 16 " 2 3 2 17 1 NP

Positive Control” 36 23 1255 130 &0 33 32 B 18 10 N

* Background Lawn Evaluation Codes:
N=normal R=reduced O=obscured A=absent P =precipitate

" TA98 benzo[a]pyrene 25uglplate  © TA9S 2-nitrofluorene 1.0 pg/plate
TA100  2-aminoanthracene 2.5 ug/plate TA100  sodium azide 2.0 pg/plate
TA1535  2-aminoanthracene 2.5 pg/plate TA1535  sodium azide 2.0 ug/plate
TA1537  2-aminoanthracene 2.5 pglplate TA1537  ICR-191 2.0 pglplate

WP2uvrA  2-aminoanthracene 25,0 ug/plate WP2uvrA 4-nitroquinoline-N-oxide 1.0 pg/plate
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Table 6 : Mutagenicity Assay Results - Individual Plate Counts and Summary

Test Article ID: ILY105

Assay No.: 27616-0-4090ECD Trial No.: D1
Date Plated: 04-Aug-06 Vehicle: Saline
Date Counted: 07-Aug-06 Plating Aliquot: 1000 pL

Revertants Per Plate

Background
Dose/Plate TA100 TA1535 TA1537 Lawn®
1~ 2 3 1 2 3 1 2 3

Microsomes: Rat Liver

Vehicle Control 91 101 114 0 11 15 2 9 10 N

Test Article 33.3 ug 122 123 104 14 13 15 3 8 10 N
100 g 114 102 91 10 8 12 8 3 10 NP
333 g 108 111 124 10 10 14 1 5 5 NP
1000 g 116 122 112 15 9 12 12 4 6 NP
3330 g 89 120 96 13 11 14 7 11 12 NP
5000 pg 125 133 116 8 12 1 8 8 4 NP

Positive Control” 723 689 542 122 113 126 101 123 108 N

Mean Revertants Per Plate with Standard Deviation
Background
Dose/Plate TA100 TA1535 TA1537 Lawn®
Mean S.D. Mean S.D. Mean S.D.

Microsomes: Rat Liver

Vehicle Control 102 12 12 3 7 4 N

Test Article 33.3 pg 116 " 14 1 7 4 N
100 pg 102 12 10 2 7 4 NP
333 g 114 9 1 2 4 2 NP
1000 pg 117 5 12 3 7 4 NP
3330 g 102 16 13 2 10 3 NP
5000 g 126 9 10 2 7 2 NP

Positive Control® 651 96 120 T LN 1 N

* Background Lawn Evaluation Codes:
N = normal R=reduced O =obscured A=absent P = precipitate

" TA100 2-aminoanthracene 2.5 uglplate
TA1535 2-aminoanthracene 2.5 pg/plate
TA1537 2-aminoanthracene 2.5 pg/plate
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Study title: Chromosomal Aberrations in Chinese Hamster Ovary (CHO) Cells
with ILY105

Key findings: Negative for inducing chromosomal aberrations, polyploidy, and
endoreduplication with or without metabolic activation.

Study no.: TR 350-07-013; 27616-0-4370ECD; ®® study Number 7578-
121

Volume #, and page #: Vol. 5.12; pg. 54

Conducting laboratory and location: e

Date of study initiation: 6/1/06

GLP compliance: yes

QA reports: yes

Drug, lot #, and % purity: ILY105, Batch No. CHTL00261

Methods

Test System: Chinese hamster ovary cells (CHO-WBL) were used in this@e}gsay.

Controls

Negative and Vehicle Controls: In the nonactivation assays, negative controls
were cultures, which contained only cells and culture medium. Vehicle controls
were cultures containing saline at 100 pL/mL, the highest concentration used in
test cultures. In the activation assays, the negative and vehicle controls were the
same as described in the nonactivation assays but with the S9 activation mix
included.

Positive Control Agents: The positive control agents which were used in the
chromosomal aberrations assays were mitomycin C (MMC) for the nonactivation
series and cyclophosphamide (CP) in the metabolic activation series. Two
concentrations of MMC (0.750 and 1.50 pg/mL, for the 3-hour treatment, 0.200
and 0.400 pg/mL, for approximately 18-hour treatment) and CP (7.50 and 12.5
ng/mL) were used to induce chromosomal aberrations in the CHO cells. One of
the concentrations was analyzed in each of the aberration assays. Both MMC
and CP were dissolved in water.
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S9 Metabolic Activation System: The metabolic activation system consisted of a
rat liver post-mitochondrial fraction (S9) after treatment of the rats with Aroclor™
1254 (single concentration of 500 mg/kg) and sacrificed 5 days later.

In the chromosomal aberrations assay, replicate cultures were used at each
concentration, the negative and vehicle controls, and for each of two
concentrations of the positive control articles. A single approximately 20-hour
harvest time without and with S9 was conducted. This harvest time corresponds
to 1.5 times a cell cycle time of approximately 13 hours.

In the confirmatory chromosomal aberrations assays, replicate cultures were
used at each concentration, the negative and vehicle controls, and for each of
two concentrations of the positive control articles. In the confirmatory aberrations
assay without and with S9, approximately 20-hour harvests were conducted.

One hundred cells, if possible, from each replicate culture from four
concentrations of the test article, the vehicle, negative, and one dose of the
positive control cultures were analyzed for the different types of chromosomal
aberrations (Evans, 1962, 1976). At least 25 cells were analyzed from those
cultures that had greater than 25% of cells with one or more aberrations. Mitotic
index was evaluated from the negative and vehicle control, and a range of
concentrations by analyzing the number of mitotic cells in 1000 cells and the ratio
expressed as a percentage of mitotic cells. Percent polyploidy and
endoreduplication were also analyzed by evaluating at least 100 metaphases, if
available, and tabulated. For control of bias, all slides were coded prior to
analysis.

Results

Initial Chromosomal Aberrations Assay

In the assay without metabolic activation, a particulate was observed at dosing
and at wash at all dose levels, and at harvest at 500 ug/mL. Chromosomal
aberrations were analyzed from the cultures treated with 62.5, 125, 250, and 500
ug/mL (Table 3). No significant increase in cells with chromosomal aberrations,
polyploidy, or endoreduplication was observed in the cultures analyzed.

In the assay with metabolic activation, a particulate was observed at dosing and
at wash at all dose levels, and at harvest at >250 ug/mL. Chromosomal
aberrations were analyzed from the cultures treated with 62.5, 125, 250, and 500
ug/mL (Table 6). No significant increase in cells with chromosomal aberrations,
polyploidy, or endoreduplication was observed in the cultures analyzed.
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Confirmatory Chromosomal Aberrations Assay

Based on the results from the initial assay, the confirmatory chromosomal
aberrations assay was conducted at doses of 15.6, 31.3, 62.5, 125, 250, and 500
ug/mL without metabolic activation and 31.3, 62.5, 125, 250, and 500 pg/mL with
metabolic activation. Treatment periods were approximately 18 hours without
metabolic activation and 3 hours with metabolic activation. Cultures were
harvested approximately 20 hours from the initiation of treatment.

In the assay without metabolic activation, a particulate was observed at dosing at
all dose levels, at wash at > 62.5 ug/mL, and at harvest at > 125 pug/mL.
Chromosomal aberrations were analyzed from the cultures treated with 62.5,
125, 250, and 500 ug/mL (Table 9). No significant increase in cells with
chromosomal aberrations, polyploidy, or endoreduplication was observed in the
cultures analyzed.

In the assay with metabolic activation, a particulate was observed at dosing and
at wash at all dose levels, and at harvest at > 125 ng/mL. Chromosomal
aberrations were analyzed from the cultures treated with 62.5, 125,250, and 500
ug/mL (Table 12). No significant increase in cells with chromosomal aberrations,
polyploidy, or endoreduplication was observed in the cultures analyzed.

Under nonactivation conditions, the sensitivity of the cell cultures for induction of
chromosomal aberrations is shown by the increased frequency of aberrations in
the cells exposed to mitomycin C, the positive control agent. The test article,
ILY1 05, was considered negative for inducing chromosomal aberrations,
polyploidy, and endoreduplication without metabolic activation.

The successful activation by the metabolic system is illustrated by the increased
incidence of cells with chromosomal aberrations in the cultures induced with
cyclophosphamide, the positive control agent. The test article, ILY105, was
considered negative for inducing chromosomal aberrations, polyploidy, and
endoreduplication with metabolic activation.

Conclusions

ILY105 was considered negative for inducing structural chromosomal aberrations
in CHO cells without and with metabolic activation.
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IND No. 75,615

Table 3: Chromosomal Aberrations in Chinese Hamster Ovary Cells -
Without Metabolic Activation - 3-Hour Treatment, ~20-Hour Harvest

Assay No.: 27616-0-4370ECD Trial No.: B1 Date: 06/01/06 Lab No.: CY052906A Test Article: ILY105

# Cells Numbers and Percentages of Cells
# Cells % Mitotic  Scored Judge- Showing Structural Chromosome Aberrations Judge-
Scored for Index for #ofpp #ofer ment simple Totals” ment
Aberrations Reduction® ppander Cells Cells (+-)° gaps  breaks chte chre mab 9 | +g (+-)°
Controls
Negative: McCoy's 5a A 100 100 4 0 2 1 2 v
B 100 100 3 0 1 0 1
Total 200 200 1 2 1 2 3
Average % - 35 0.0 0.5 1.0 0.5 1.0 1.5
Vehicle:  0.9% saline 100 pul/mL A 100 100 2 0 0 0
B 100 100 2 0 1 1 1
Total 200 200 1 1 1
Average % 0 2.0 0.0 0.5 0.5 0.5
Positive: MMC 0.750 ug/mL. A 50 100 5 0 1 7 10 : 1 16 16
B 50 100 3 0 1 5 16 1 21 21
Total 100 200 2 12 26 1 2 37 37
Average % - 4.0 0.0 - 2.0 12.0 26.0 1.0 2.0 37.0 37.0 +
Test Article 62.5 pg/mL A 100 100 1 0 i 0 1
B 100 100 2 0 1 1 1
Total 200 200 1 1 1 2
Average % 0 1.5 0.0 - 0.5 0.5 0.5 1.0 -
125 pg/mL A 100 100 6 0 2 0 2
B 100 100 3 0 1 2 2 3
Total 200 200 3 2 2 5
Average % 12 4.5 0.0 - 15 1.0 1.0 25 -
250 pg/mL A 100 100 2 0 2 0
B 100 100 2 0 1 0 1
Total 200 200 0 3
Average % 13 2.0 0.0 - 15 0.0 1.5 -
500 pg/mL A 100 100 2 0 0 0
B 100 100 3 0 2 1 1 3
Total 200 200 2 1 1 3
Average % 15 25 0.0 - 1.0 0.5 0.5 1.5 -

chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations  pp: polyploidy
2% Mitotic index reduction as compared to the vehicle control.

"Signiﬁcantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.

°-g= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.
? Significantly greater in -g than the vehicle control, p <0.01. McCoy's 5a = culture medium  MMC = Mitomycin C
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Table 6: Chromosomal Aberrations in Chinese Hamster Ovary Cells -
With Metabolic Activation - 3-Hour Treatment, ~20-Hour Harvest

Assay No.: 27616-0-437T0ECD  Trial No.: B1 Date: 06/01/06 Lab No.: CY052906A Test Article: ILY105

# Cells Numbers and Percentages of Cells
#Cells % Mitotic  Scored Judge- Showing Structural Chromosome Aberrations Judge-
Scored for  Index for #ofpp #ofer ment simple Totals® ment
Aberrations Reduction® pp and er Cells Cells (+1-)° gaps breaks chte chre mab g9 | +g (+-)*
Controls
Negative: McCoy's 5a A 100 100 6 0 1 0 1
B 100 100 5 0 2 0 2
Total 200 200 3 0 3
Average % - 5.5 0.0 1.5 0.0 1.5
Vehicle:  0.9% saline 100 puL/mL A 100 100 3 0 2 0 2
B 100 100 7 0 1 1 1 2
Total 200 200 3 1 1 4
Average % 0 5.0 0.0 1.5 0.5 0.5 2.0
Positive:  CP 12.5 pg/mL A 31 100 6 2 4 12 10 1 14 14
B 33 100 4 0 4 T 1 1" 11
Total 64 200 4 16 17 2 25 25
Average % - 5.0 1.0 - 6.3 25.0 26.6 31 39.1 39.1 +
Test Article 625 pg/mL A 100 100 6 2 1 0 1
B 100 100 3 0 2 0 2
Total 200 200 3 0 3
Average % 0 4.5 1.0 - 15 0.0 1.5 -
125 pg/ml A 100 100 6 0 0 0
B 100 100 4 1 1 0 1
Total 200 200 1 0 1
Average % 0 5.0 0.5 - 0.5 0.0 0.5 -
250 pg/mL A 100 100 3 0 2 2
B 100 100 4 0 1 1 1 2
Total 200 200 3 1 1 4
Average % 0 3.5 0.0 - 1.5 0.5 0.5 2.0 -
500 pug/mL A 100 100 8 0 1 1 2 2
B 100 100 4 0 1 0 1
Total 200 200 1 1 1 2 3
Average % 0 6.0 0.0 B 0.5 0.5 0.5 1.0 1.5 -
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations  pp: polyploidy er: endoreduplication

e % Mitotic index reduction as compared to the vehicle control.
S;gnlf cantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.
-g # or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.
° Signifi icantly greater in -g than the vehicle contral, p<0.01.  McCoy's 5a = culture medium  CP = Cyclophosphamide

107
Reference ID: 3781906



Reviewer: William T. Link, Ph.D. IND No. 75,615

Table 9: Chromosomal Aberrations in Chinese Hamster Ovary Cells -
Without Metabolic Activation - ~18-Hour Treatment, ~20-Hour Harvest

Assay No.: 27616-0-4370ECD Trial No.: C1 Date: 06/27/06 Lab No.: CY062606A Test Article: ILY105

# Cells Numbers and Percentages of Cells
#Cells % Mitotic  Scored Judge- Showing Structural Chromosome Aberrations Judge-
Scored for  Index for #ofpp #ofer ment simple Totals® ment
Aberrations Reduction® ppander Cells Cells  (+-)° | gaps breaks chte chre mab g | +g (+-)°
Controls
Negative: McCoy's 5a A 100 100 4 0 2 2 2 4
B 100 100 6 0 5 1 1 5
Total 200 200 i 3 3 9
Average % - 5.0 0.0 35 1.5 1.5 4.5
Vehicle: 0.9% saline 100 ulL/mL A 100 100 5 0 2 0 2
B 100 100 5 0 2 3 el 4
Total 200 200 2 2 3 4 6
Average % 0 5.0 0.0 1.0 1.0 15 2.0 3.0
Positive: MMC 0.200 ug/mL A 75 100 1 0 22 9 15 1 21 37
B 50 100 4 0 7 5 12 1 16 20
Total 125 200 29 14 27 2 37 57
Average % - 2.5 0.0 - 23.2 11.2 21.6 1.6 29.6 45.6 +
Test Article 625 ug/iml. A 100 100 2 0 3 0 3
B 100 100 3 0 4 1 1 5
Total 200 200 7 1 1 8
Average % 11 25 0.0 - as 0.5 0.5 4.0 -
125 ug/mL A 100 100 5 0 2 3 3 5
B 100 100 5 0 3 5 5 8
Total 200 200 5 8 8 13
Average % 0 5.0 0.0 - 2.5 4.0 4.0 6.5 -
250 pg/mL A 100 100 1 1 2 4 4 6
B 100 100 g 0 4 3 3 7
Total 200 200 6 i 7 13
Average % 0 2.0 0.5 - 3.0 35 3as 6.5 -
500 pg/mL A 100 100 3 0 2 0 2
B 100 100 2 0 3 1 1 4
Total 200 200 5 1 1 6
Average % 0 25 0.0 - 25 0.5 0.5 30 -

chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations pp: polyploidy er: endoreduplication
#9% Mitotic index reduction as compared to the vehicle control.

B Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p <0.01.

°-g= #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.

dSigniﬁcanlly greater in -g than the vehicle control, p<0.01.  McCoy's 5a = culture medium  MMC = Mitomycin C
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IND No. 75,615

Table 12: Chromosomal Aberrations in Chinese Hamster Ovary Cells -
With Metabolic Activation - 3-Hour Treatment, ~20-Hour Harvest

Assay No.: 27616-0-4370ECD Trial No.: C1 Date: 06/27/06 Lab No.: CY062606A Test Article: ILY105
# Cells Numbers and Percentages of Cells
# Cells % Mitotic  Scored Judge- Showing Structural Chromosome Aberrations Judge-
Scored for Index for #ofpp #ofer ment simple Totals® ment
Aberrations Reduction® ppander Cells  Cells (+-)° gaps breaks chte chre mab g | +g (+-)"*
Controls
Negative: McCoy's 5a A 100 100 3 0 2 1 3 4 6
B 100 100 5 0 5 5 5 10
Total 200 200 7 1 8 9 16
Average % - 4.0 0.0 35 0.5 4.0 4.5 8.0
Vehicle: 0.9% saline 100 uL/mL A 100 100 2 0 1 1 1 2
B 100 100 3 0 a 0 3
Total 200 200 4 1 1 5
Average % 0 2.5 0.0 2.0 0.5 0.5 25
Positive: CP 12.5 pg/mL A 50 100 5 0 10 8 7 11 22 28
B 50 100 6 0 13 12 11 1 9 28 37
Total 100 200 23 20 18 1 20 50 65
Average % - 55 0.0 - 23.0 20.0 18.0 1.0 20.0 50.0 65.0 %
Test Article 62.5 pg/mL A 100 100 4 0 2 1 1 2 4 5
B 100 100 3 0 2 3 3 5
Total 200 200 4 1 1 5 F 10
Average % 0 35 0.0 - 2.0 0.5 0.5 25 35 5.0 -
125 ug/mL A 100 100 5 1 3 2 2 5
B 100 100 4 1 1 1 1 2
Total 200 200 4 3 3 i
Average % 2 4.5 1.0 - 2.0 1.5 1.5 3.5 -
250 pg/mL A 100 100 5 1 0 0
B 100 100 6 0 3 L 4 6
Total 200 200 3 4 4 6
Average % 0 5.5 0.5 - 1.5 20 2.0 3.0 -
500 ug/mL A 100 100 5 1 1 1 1 2
B 100 100 9 3 4 1 1 o
Total 200 200 5 2 2 7
Average % 4 7.0 2.0 - 25 1.0 1.0 3.5 -
chte: chromatid exchange chre: chromosome exchange mab: multiple aberrations, greater than 4 aberrations  pp: polyploidy er: endoreduplication

» % Mitotic index reduction as compared to the vehicle control.

Reference ID: 3781906

® Significantly greater in % polyploidy and % endoreduplication than the vehicle control, p < 0.01.
g #or % of cells with chromosome aberrations; +g= # or % of cells with chromosome aberrations + # or % of cells with gaps.
4 Significantly greater in -g than the vehicle control, p<0.01.

McCoy's 5a = culture medium
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Study title: /n Vivo Rat Bone Marrow Micronucleus Assay with ILY105

Key findings: ILY105 did not cause a positive increase in micronuclei in polychromatic
erythrocytes in rat bone marrow at single oral doses up to 6000 mg/kg.

Study no.: TR 350-07-014: 27616-0-4540ECD; ®9 study Number 7578-122
Volume #, and page #. Vol. 5.12: pg. 114

Conducting laboratory and location: b
Date of study initiation: 5/30/06

GLP compliance: yes

QA reports: yes

Drug, lot #, and % purity: CHTL00261

Methods

Young adult male CD (SD)IGS BR rats were used. Animals were acclimated to
laboratory conditions for at least 5 days, and released for study use by a staff
veterinarian.

Based on the data from a 2-week range-finding study ( ®® 7578-116), as well as
the determination of the maximum feasible concentration of ILY105 in 1% CMC, the
doses selected for the micronucleus assay were 1000, 3000, and 6000 mg/kg. At
initiation of treatment, the rats were approximately 8 weeks old, and their body weights
ranged from 255 to 297g.

Rats were assigned to study groups as follows.

Target Stock Dosing Animals/Harvest Timepoint
Dose Level Concentration Volume Route of 24 Hour 48 Hour
(mg/kg) (mg/mL) (mL/kg) Administration Male Male
Positive Control, 60 6 10 Oral Gavage 5 -
Vehicle Control, 0 0 20 Oral Gavage D 5
1000 50 20 Oral Gavage 5 -
3000 150 20 Oral Gavage 5 -
6000 300 20 Oral Gavage ) 5

Vehicle Control = 1% aqueous carboxymethyl cellulose solution, Positive Control = Cyclophosphamide

The treatment regimen was single oral gavage dose administration. The oral route was
selected because it is the intended route of administration in humans. Prior to dosing,
the top stock of ILY105 was prepared by adding the appropriate volume of the vehicle,
1.0% aqueous carboxymethyl cellulose solution, to a pre-weighed quantity of ILY105
and mixed, forming a homogeneous suspension. Lower concentrations were obtained
by dilution with the vehicle.

All surviving rats were euthanized by CO; inhalation followed by incision of the
diaphragm, and discarded without necropsy.

Extraction of Bone Marrow: The hind limb bones (tibias) were removed for marrow
extraction from all surviving rats in each treatment and control group. For each rat, the
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marrow flushed from the bones was combined in an individual centrifuge tube
containing 3 to 5 mL fetal bovine serum (one tube per animal).

Preparation of Slides: Following centrifugation to pellet the marrow, the supernatant
was removed by aspiration and portions of the pellet were spread on slides and air-
dried. The slides were fixed in methanol, stained in acridine orange, and analyzed under
fluorescent microscopy. For control of bias, all slides were coded prior to analysis.

Slides prepared from the bone marrow collected from all surviving rats per group at the
designated harvest timepoints were scored for micronuclei and the PCE to NCE cell
ratio. The micronucleus frequency (expressed as percent micronucleated cells) was
determined by analyzing the number of micronucleated PCEs from at least 2000 PCEs
per animal. The PCE:NCE ratio was determined by scoring the number of PCEs and
NCEs observed while scoring at least 500 erythrocytes per animal.

The 1000, 3000, and 6000 mg/kg dose groups, as well as the positive control group,
were compared with the vehicle control group at the 5%, one-tailed probability level.

Results

Two rats in the 6000 mg/kg dose group were observed with a clear oral discharge
immediately post dose, but appeared normal by the 1-hour post dose observation
interval. All remaining rats in the ILY 105-treated groups appeared normal immediately
after dosing and remained healthy until the appropriate harvest timepoint. All rats in the
vehicle and positive control groups appeared normal after dosing and remained healthy
until the appropriate harvest timepoint.

ILY105, administered at doses up to 6000 mg/kg was not cytotoxic to the bone marrow
(i.e., no statistically significant decreases in the PCE:NCE ratios), and did not induce
statistically significant increases in micronucleated PCEs.

The vehicle control group had less than approximately 0.15% micronucleated PCEs and
the group mean was within the historical control range. The positive control,
cyclophosphamide, induced a statistically significant increase in micronucleated PCEs
as compared to that of the vehicle control, with a mean and standard error of 3.15 %
0.23%.

Conclusion
Male rats were administered a single dose of ILY105 by oral gavage at 0, 1000, 3000,

and 6000 mg/kg. ILY105 did not cause a positive increase in micronuclei in
polychromatic erythrocytes in rat bone marrow.
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Table 1: Micronucleus Assay — Summary Table

Assay No.: 27616-0-4540ECD
Test Article: ILY105
Initiation of Dosing: 30 May 2006

% Micronucleated PCEs
Mean of 2000 per Ratio PCE:NCE
Harvest Animal £ S.E. Mean + S.E.
Treatment Dose Time Males Males

Controls

Vehicle 1% CMC 20 mL/kg 24 hr 0.06 +0.03 0.88 +0.09

48 hr 0.06 +0.01 0.97 +0.07

Positive CP 60 mg/kg 24 hr 3.5 023" 0.75 £0.06

Test Article 1000 mg/kg 24 hr 0.08 £0.03 0.80 £0.06

3000 mg/kg 24 hr 0.08 +0.05 0.96 +0.08

6000 mg/kg 24 hr 0.02 +£0.01 0.79 £0.07

48 hr 0.07 +£0.03 0.82 +0.03

* Significantly greater than the corresponding vehicle contral, p < 0.01.
CMC = Carboxymethylcellulose

CP = Cyclophosphamide

PCE = Polychromatic erythrocyte

NCE = Normochromatic erythrocyte

112
Reference ID: 3781906



This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

WILLIAM T LINK
06/19/2015

ALBERT F DEFELICE
06/19/2015

Reference ID: 3781906



PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR

NDA/BLA or Supplement
NDA/BLA Number: 205739  Applicant: Relypsa, Inc. Stamp Date:
Drug Name: NDA/BLA Type:

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes | No Comment

1 |[Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and contentina | yes
manner to allow substantive review to
begin?

2 |Is the pharmacology/toxicology section
indexed and paginated in a manner allowing| yes
substantive review to begin?

3 |Is the pharmacology/toxicology section
legible so that substantive review can
begin?

yes

4 |Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on yes
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?

5 |If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
appropriate route been conducted with
appropriate formulations? (For other than | no
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).

6 |Does the route of administration used in the
animal studies appear to be the same as the
intended human exposure route? If not, has
the applicant submitted a rationale to justify
the alternative route?

yes

7 |Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the
GLP regulations (21 CFR 58) or an yes
explanation for any significant deviations?

8 |Has the applicant submitted all special
studies/data requested by the Division

: . . . yes
during pre-submission discussions?

File name: 5 Pharmacology Toxicology Filing Checklist for NDA BLA or Supplement
010908
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement

Content Parameter

Yes

No

Comment

Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m?2 or comparative
serum/plasma levels) and in accordance
with 201.57?

A direct mg/kg comparison (animal/man) is
appropriate as the drug product is not
absorbed.

10

Have any impurity — etc. issues been
addressed? (New toxicity studies may not
be needed.)

yes

11

Has the applicant addressed any abuse
potential issues in the submission?

Abuse potential is highly unlikely

12

If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been
submitted?

n/a

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? _yes

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons
and provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

Reviewing Pharmacologist

Date

Team Leader/Supervisor

Date

File name: 5 Pharmacology Toxicology Filing Checklist for NDA BLA or Supplement
010908
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