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1. Executive Summary

1.1. Product Introduction

Metformin is a biguanide used as a first-line treatment for type 2 diabetes mellitus (T2DM). It
was approved in 1994 in the US, and its efficacy and safety are well known. It is currently
available in tablet form [immediate release (IR) and extended release (ER) formulations], and
liquid form (IR formulation).

The applicant has developed a formulation of Metformin Hydrochloride Extended Release Oral
Suspension 100 mg/ml, as an alternative for patients who have difficulty in swallowing such as
elderly and pediatric patients. The proposed trade name for the product is Riomet ER. The
applicant filed a 505(b)(2) application using Glucophage, and Glucophage XR as reference listed
drugs. Glucophage was approved by the US FDA on October 22, 1998, and Glucophage XR on
October 13, 2000.

The applicant is proposing the following indication for Riomet ER:

Metformin hydrochloride for extended-release oral suspension is indicated as an adjunct to
diet and exercise to improve glycemic control in adults and pediatric patients 10 years of age
and older with type 2 diabetes mellitus.

1.2 Conclusions on the Substantial Evidence of Effectiveness

No efficacy studies were performed with the drug product under review. The metformin
extended release oral suspension (Riomet ER) product was bridged to the Glucophage XR
product via a bioequivalence (BE) study, and therefore the findings of effectiveness with
Glucophage XR can be extended to Riomet ER.

Glucophage XR is only approved for use in adults, but shares approved labeling with
Glucophage IR which is metformin immediate-release and is indicated to improve glycemic
control in adult and pediatric patients 10 years of age and older with T2DM. The reason behind
Glucophage XR not being specifically approved for pediatric use is not clear but it is unrelated
to safety and efficacy, possibly pertaining to potential swallowability issues or to business
reasons by the innovator. In adults with T2DM, Glucophage XR and Glucophage IR are switched
for one another, and this is reflected by the following statement in the approved product
labeling, under the Dosage and Administration section, Adult Dosage section: “Patients
receiving [Glucophage IR] may be switched to [Glucophage XR] once daily at the same total
daily dose, up to 2000 mg once daily”. The Pharmacokinetics section, Absorption subsection
states: “The extent of metformin absorption (as measured by AUC) from [Glucophage XR] at a
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2000 mg once-daily dose is similar to the same total daily dose administered as [Glucophage IR]
tablets 1000 mg twice daily.” The Clinical Studies section describes a 24-week double-blind,
randomized study of Glucophage XR taken once daily and Glucophage IR taken twice daily. The
totality of this information allows for adequate bridging between Glucophage XR and
Glucophage in adults.

Further, Glucophage use in pediatrics is supported, per the prescribing information, “by
evidence from adequate and well-controlled studies of [Glucophage IR] in adults with additional
data from a controlled clinical study in pediatric patients 10 to 16 years old with type 2 diabetes
mellitus which demonstrated a similar response in glycemic control to that seen in adults. In
this study, adverse reactions were similar to those described in adults.” This supports the
finding that the safety and efficacy of Glucophage IR in adult and pediatric patients with T2DM
is similar.

As a result, the Riomet ER drug product was adequately bridged to Glucophage XR via a
bioequivalence bridge, and further bridged to Glucophage via clinical and clinical pharmacology
information outlined in the prescribing information. Therefore, the indication of use for
Glucophage can be extended to the drug product under review. This is supportive of an
indication for Riomet ER for use in patients with T2DM age 10 and ®®,

1.3. Benefit-Risk Assessment
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Benefit-Risk Integrated Assessment
Diabetes mellitus is a serious disease that affects 22 million people in the United States. Diabetes mellitus can lead to macrovascular and
microvascular complications that can reduce the quality of life and longevity of afflicted patients. There are currently 12 classes of diabetes
medications approved for the treatment of type 2 diabetes mellitus including multiple metformin products.

Since this is a 505(b)(2) product with the application based on a clinical pharmacology study and literature evidence to support a pediatric
indication, a standard benefit risk assessment does not apply here. The reference metformin products, both ER and IR formulations have been
approved in the US since 1994, and the risk benefit balance is well known.

The recommended approval is based on a three-way bridge between Riomet ER, Glucophage XR, and Glucophage IR. The applicant successfully
bridged the Riomet ER drug product to the currently marketed Glucophage XR via a bioequivalence study. Glucophage XR is indicated to
improve glycemic control in adult patients with T2DM. Therefore, the risk benefit profile of Glucophage XR in adults can be extended to Riomet
ER. Since Glucophage XR is not approved for use in pediatrics, for unclear reasons unrelated to safety and efficacy, a further bridge to
Glucophage IR, which is an immediate release metformin formulation approved for use in both adults and pediatric patients, had to be
achieved. This was important since Riomet ER is a drug product specifically designed for patients with potential swallowability issues, which
includes pediatric patients. Glucophage XR and Glucophage IR share the prescribing information, which is supportive of similar efficacy and
safety between metformin IR and ER formulations in adults. In adults with T2DM, Glucophage XR and Glucophage are used interchangeably
and this is reflected by the following statement in the product label: “Patients receiving Glucophage may be switched to Glucophage XR once
daily at the same total daily dose, up to 2000 mg once daily”. Additional support of the interchangeability between metformin immediate
release and extended release in adults with T2DM is provided by peer-reviewed literature submitted by the applicant, as well as professional
association guidelines such as the American Diabetes Association Standards of Medical Care in Diabetes Guidelines who do not differentiate
between metformin immediate release and extended release formulations. Additionally, available data is supportive of similar efficacy, safety,
and clinical pharmacology parameters of metformin IR between adults and pediatric patients with T2DM. Per the Glucophage IR prescribing
information, metformin IR has similar glycemic control and similar adverse profile in adults and pediatric patients 10-16-year-old with T2DM.
All this information suggests that it can be inferred that the safety and efficacy of metformin extended release will be similar between adult
and pediatric patients.

Notably, the applicant proposed two presentations for the to-be-marketed drug product, ®®@ 3 round bottle pack. ®) )
the round bottle pack can be approved at this time.
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In conclusion, the product currently under review (Riomet ER) was successfully bridged to Glucophage XR, and Glucophage IR. All immediate
release metformin drug products are approved for use in adult and pediatric patients age 10 and above with T2DM. Therefore, this 3-way
bridge allows us to infer that Riomet ER will be safe and efficacious for use in adult and pediatric patients with T2DM age 10 and| ©®®,

| recommend approval of metformin extended release oral suspension for improving glycemic control in patients with T2DM age 10 and| ®®,
in the round bottle formulation. () @)

Benefit-Risk Dimensions

Dimension Evidence and Uncertainties Conclusions and Reasons
e In 2014, the Center for Disease Control estimated that 22 million e Diabetes is a serious condition associated
people in the United States have diabetes. with chronic morbidity and premature
e Diabetes is associated with multiple complications including death.
macrovascular and microvascular complications which may shorten e Glycemic control of diabetes improves
and affect the quality of life of patients. microvascular complications.

e Studies have shown that improving glycemic control in patients with
diabetes improved clinical outcomes (e.g., reduction in
retinopathy).

e Many diabetic patients also have additional risk factors such as
smoking, obesity, hypertension and hyperlipidemia which
contribute to their overall health burden.

e Twelve classes of drugs, including multiple metformin formulations, e There are multiple effective treatment
are FDA approved in the United States to improve glycemic control options available for the treatment of type
in patients type 2 diabetes. 2 diabetes, including multiple IR and ER
e The extended release formulations are currently available only in metformin formulations.
CDER Clinical Review Template 10
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Dimension Evidence and Uncertainties

Conclusions and Reasons

tablet form, cannot be crushed, and that may limit use in patients
with swallowing issues.

¢ Oral suspension formulation would allow use in patients who cannot
swallow large pills.

e Metformin formulation (ER) allows for once daily use vs metformin IR
which is administered twice daily.

Riomet ER is the first metformin extended
release oral suspension formulation, which
can potentially expand the usability of
metformin extended release to
populations with swallowing issues such as
the elderly and pediatric populations.
Since Riomet ER is recommended for once
daily use, this could potentially increase
compliance when compared to metformin
IR (used twice daily).

e The safety of Riomet ER is expected to be similar to all other extended
release metformin products.
e The applicant proposed two container presentations, however one
container presentation raised concerns regarding patient safety
(b) (4)
e Alcohol dumping studies show that taking the drug product with
alcohol 5% or will impact the dissolution profile.

Riomet ER is a metformin extended release
product, and the risks with the reference
drug are well described in the prescribing

information.
® @

Alcohol dissolution issues can be mitigated
via labelling.
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1.4. Patient Experience Data

Not applicable.

2. Therapeutic Context

2.1. Analysis of Condition

Type 2 diabetes mellitus (T2DM) is a disease of impaired glucose homeostasis resulting in
chronic hyperglycemia that is associated with significant morbidity and mortality due to
microvascular and macrovascular pathologies, and is a major cause of hospitalization,
blindness, renal failure, amputations and cardiovascular (CV) disease. Patients have varying
degrees of insulin resistance and are unable to maintain euglycemia with endogenous insulin
secretion.

There is no cure for T2DM, but therapies aimed at improving glycemic control are available.
Currently approved therapies in T2DM aim to improve glycemic control by improving insulin
resistance, enhancing insulin secretion, or increasing glucose excretion.

2.2. Analysis of Current Treatment Options

Several classes of drugs are currently approved for the treatment of T2DM, used either alone or

in combination. These drug classes include:

) Biguanides (i.e. metformin)

J Sulfonylureas

. Thiazolidinediones (TZDs)

J Meglitinides

J Dipeptidyl peptidase-4 (DPP-4) inhibitors

. Glucagon-like peptide-1 receptor agonists (GLP-1 RA)
J SGLT2 inhibitors

J Alpha-glucosidase inhibitors

J Amylin-mimetics

) Dopamine agonist (i.e. bromocriptine)

CDER Clinical Review Template
Version date: September 6, 2017 for all NDAs and BLAs
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. Insulin and insulin analogues
J Bile acid sequestrant (i.e. colesevelam hydrochloride)

Despite the relatively large number of drugs available for the treatment of T2DM, a substantial
proportion of patients either remain under poor glycemic control or experience deterioration of
glycemic control after an initial period of successful treatment with an anti-diabetic drug.

Relevant for this application, metformin was approved by US FDA in December 1994. It is now
widely used alone as immediate release tablets, extended release tablets and oral solution; and
in combination with a range of oral hypoglycemic agents.

3. Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Riomet ER is not approved in the US.

3.2. Summary of Presubmission/Submission Regulatory Activity

The applicant submitted a pre-IND meeting request on September 29, 2015 to discuss the
proposed development plan, clinical studies, and the filing strategy for the prospective NDA for
Riomet ER. Written responses were issued by the FDA on December 1, 2015. The FDA
generally agreed with the applicant regarding the proposed cross-over bioequivalence study to
Glucophage XR. At that time, the applicant expressed the desire to claim pediatric indication
for Riomet ER based on available literatures studies demonstrating safety and efficacy of
metformin in pediatric patients and asked whether a waiver would be appropriate for this age
group. The FDA stated that there was insufficient information to agree with the proposed
waiver and advised the applicant to submit an initial pediatric study plan (iPSP).

The IND was submitted on May 17, 2017, and it contained the protocol for the proposed
bioequivalence study, as well as an iPSP with the proposal to conduct a pharmacokinetic (PK)
study in pediatric patients with T2DM to support use of the metformin extended release oral
suspension product in patients age 10-17. On August 14, 2017, the FDA sent comments to the
iPSP, and stated the following:
Assuming that you are able to demonstrate bioequivalence of your product to the proposed
listed drug in adults, we believe that you may be able to utilize the existing data bridging
metformin immediate-release to metformin extended-release to conduct an assessment of
efficacy in children for your product rather than conducting a clinical study. We note that
you are proposing to utilize existing data to support that your drug product will have an
acceptable safety profile in adolescent patients with type 2 diabetes mellitus. This approach
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is acceptable, but you should be aware that the adequacy of this data will be determined
during the NDA review. With your NDA, you should include a detailed summary of the
existing data, and also justify why data from a different population is appropriate to inform
the safety profile in the target population.

The applicant submitted revisions to the pediatric study plan on September 29, 2017 proposing
full waiver for the pediatric age group of birth to 16 years. The FDA did not agree with the
waiver, and proposed the following:

- Partial waiver for the pediatric age group of birth to <10 years
- Assessment based on existing data in pediatric patients (10 to 16 years) with type 2
diabetes mellitus

The letter of agreement with the iPSP was sent on November 16, 2017.
3.3. Foreign Regulatory Actions and Marketing History

Riomet ER is not approved for marketing in any country.

4. Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (OSI)

No inspection was performed as part of this NDA. The clinical site where the bioequivalence
study was performed was previously inspected in March 2017 and the analytical site was
inspected in January 2018, under ANDAs 209735 and 210838. These dates fall within the
surveillance interval.

4.2. Product Quality

Below are the nomenclature, molecular structure, molecular formula, CAS number, molecular
weight, and pharmacological class of the drug.

United States Adopted Name (USAN) : Metformin Hydrochloride
Recommended International Non- : Metformin Hydrochloride
Proprietary Name (rINN)
Compendial Name :  Metformin Hydrochloride
CDER Clinical Review Template 14
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Chemical Name (s) : Imidodicarbonimidic diamide, N,N-dimethyl-,
monohydrochloride
(or)
1,1-dimethylbiguanide monohydrochloride
(or)
N, N-dimethylbiguanide monohydrochloride
(or)
N’-dimethylguanylguanide monohydrochloride
Chemical  Abstracts  Service(CAS) : [1115-70-4]
Registry Number
Structure of the Molecule : NH NH
. HC1
Lo~y N NH,
| H ]
CH,
Molecular Formula : C4HuNs.HCI
Molecular Weight : Metformin Base: 129.17
Metformin Hydrochloride: 165.62
Pharmacological Class :  Antihyperglycemic agent

Sun Pharmaceutical Industries Limited’s Metformin Hydrochloride for Extended-Release Oral
Suspension 100 mg/mL, subject of this NDA, is an Extended-Release Oral Suspension
formulation with the following description:

Before reconstitution:

- Extended-Release Pellets in Top Chamber/drug pellets bottle: White to off-white pellets
- Immediate Release vehicle in bottom chamber/drug diluent bottle: White to off-white
dispersion

After reconstitution: White to off white suspension containing white to off white pellets.

Metformin Hydrochloride for extended release Oral suspension 100 mg/mL is packed as follows

1) 10 mL Physician sample
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2) 16 oz.[1®@ bottle pack (Twin Chamber pack)

3) 16 oz. Round bottle pack.
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Please see CMC review by Dr. Chris Galliford for details. Additionally, issues with the [ ®®
bottle pack will be discussed under Section 4.7 consumer study reviews.

4.3. Clinical Microbiology
Not applicable.
4.4. Nonclinical Pharmacology/Toxicology

No new studies have been performed for the drug product under review, as the nonclinical
pharmacology/toxicology profile of metformin is well known.

Dr David Carlson reported in his review:
There are no new nonclinical safety concerns about the metformin HCl drug substance.
The proposed oral suspension drug product formulation is novel but the extended release
pellets contain qualitatively similar excipients as the reference listed extended release
drug tablets. Primary issues in the nonclinical review concerned the safety of excipients
at proposed concentrations and any potential drug product impurities, including
extractable or leachable compounds in the liquid suspension formulation. A notable
potential clinical effect of the liquid oral suspension formulation is intestinal discomfort
and/or a laxative effect.

The concerns about increase in intestinal discomfort and laxative effect come from the fiber
content of the Riomet ER formulation, as well as the xylitol content. These are discussed
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separately below.

It appears that the oral suspension formulation of metformin contains high amounts of ethyl
cellulose and other non-digestible fiber, up to a total of 3.1 grams of fiber/day. However, since
the daily recommended fiber intake for adults is 25 grams, and most adults consume on
average less than the recommended amount, the addition of 3.1 grams is not likely to be a
significant issue.

Xylitol, a sugar alcohol low calorie sweetener, is added to as an excipient in the metformin
extended release oral suspension, with a maximum daily exposure of 9 grams. This is no
different from metformin immediate release solution Riomet, however, when administered all
at once it may result in increased incidence of gastrointestinal symptoms especially when
added to the non-soluble fiber.

Dr Carlson noted that although the proposed levels of ethyl cellulose, total fiber content, and
xylitol did not raise any approvability concerns based on publicly available nonclinical data,
along with current dietary guidelines, he notes that intestinal tolerability is a potential concern
with use of the new liquid formulation.

Please see full review by Dr David Carlson for details.

Reviewer comment: | believe that Dr Carson’s concerns are well justified, and that these
excipients may limit tolerability of this new metformin formulation. No clinical data is available
to evaluate the clinical impact at this time.

4.5. Clinical Pharmacology

The applicant conducted an open-label single-dose three-way crossover study to assess the
effect of food on bioavailability of Metformin Hydrochloride for extended release oral
suspension 100 mg/mL (7.5 mL) and to assess the bioequivalence of Metformin Hydrochloride
for extended release oral suspension 100 mg/mL (7.5 mL) with Glucophage XR (Metformin HCI)
Extended-Release tablets 750 mg in healthy adult human subjects under fed condition. The
study was conducted in India.

Of the 60 subjects enrolled in the study, 52 were completers. Of the remaining 8 patients, 4
were withdrawn, and 4 dropped out.

Each subject completing the study was dosed with test (Treatment A - fasting and Treatment B -
fed) and reference (Treatment R - fed) products. All periods were separated by a 6-day
washout period.

Pharmacokinetic (PK) results
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Table 1 PK parameters of test product (A or B) and reference product (R)

Tunas (1) Coas (ng/mL) AUC,.(br *ng/mL)
R A B R A B R A B
74330 | 43654 | 5.5962 | 766.48 | 1067.56 | 815.39 | 8932.2920 | 7472.0207 | 7694.7811

AUC.. (hr *ng/ml) Half-life (hr)
R A B R A B
9252.3278 7662.8521 7894.0374 3.9897 4.6352 41916

Source: Section 2.5.2 Clinical Overview

The ratios of the log transformed PK parameters for products administered under fed
conditions are presented in the table below.

Parameter Test (B) vs Reference (R)

Cumax 106.40 % (102.21 % — 110.75%)
AUCo+ 87.11 % (83.95 % —90.39 %)
AUCow 86.33 % (83.15 % — 89.64%)

Source: Section 2.5.2 Clinical Overview

The Clinical Pharmacology reviewer concluded that bioequivalence was established between
750 mg extended-release oral suspension and 750 mg Glucophage XR extended-release tablet,
as the 90% confidence interval (Cl) of geometric mean ratios of Cmax, AUCo-tand AUCo.inf Were
all within the pre-defined 0.8 to 1.25 range. In this context, it is notable that there was a
significant difference observed in the Tmax for the Riomet ER (fasting or fed) when compared
to Glucophage XR. The Tmax for the reference product Glucophage XR was 7.4330 hours, and
Tmax for the Riomet ER product was 4.3654 hours under fasting conditions, and 5.5962 hours
under fed conditions.

Reviewer comment: It is not clear how the difference in Tmax will be reflected, if at all, in the
efficacy and safety of the Riomet ER product in clinical practice.

Biopharmacology

An in vitro alcohol dissolution study was performed by the applicant, as required by the FDA for
all extended release products. The results show that in the presence of high concentration of
alcohol, the in vitro drug dissolution profiles of metformin extended-release oral suspension are
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very different from the reference profile. At 20 minutes, about 20%, 20%, 21%, 33%, and 73%
of metformin was released in the presence of 0%, 5%, 10%, 20%, and 40% alcohol. At 2 hours,
about 62%, 69%, 77%, 93%, and 99% of metformin was released in the presence of 0%, 5%,

10%, 20%, and 40% alcohol.

This indicates that co-administration of the drug product under review with alcohol above 5%
concentration would substantially accelerate the release of metformin from its extended-
release formulation, resulting in a relatively earlier Tmax with higher Cmax and a potentially
lower Ctrough. This profile may impact the efficacy of the drug product used as a once daily
extended release formulations, and therefore will be reflected in the prescribing information.

Reviewer comment: Dose dumping may affect both safety (increase gastrointestinal adverse
events) and efficacy of Riomet ER. Information will be added to the prescribing information to
adequately define and mitigate the risks of dose dumping.

Additionally, the applicant submitted clinical pharmacology literature in support of the
similarity of PK parameters between metformin IR and ER, as well as between pediatric and
adult patients as follows.

1. Comparative PK of metformin IR and ER

Per the Glucophage prescribing information, following a single oral dose of metformin
extended release, Cmax is achieved with a median value of 7 hours and a range of 4 to 8 hours.
Peak plasma levels are approximately 20% lower compared to the same dose of metformin
immediate release, however, the AUC is comparable to metformin immediate release.

Additionally, literature data suggests that the PK parameters of metformin immediate release
in pediatric patients are similar to the PK parameters of metformin IR and ER in healthy adults.
These parameters are presented in Error! Reference source not found. below.

Table 2 Comparison of Pharmacokinetic Parameters of Metformin IR in Pediatric Patients
with T2DM and Healthy Adults vs Metformin XR in Healthy Adults

Neiformin 500 mg Tablet, Deiformin S0 mg Metformin S00 mg XK
Single Dose Tablet, Single Dose Tablet, Single Dose
Source Gao X et a1. 2003 ] [(Gao X etal 2003 | ToE Approval Pa =
CGlucophapse MR
Parameters Pediatric TZDN Patients Healthy Adult Sulyects Healthy Adult Subjects
(12-16 yrs) (20-45 w1s) (15-40)
Crmax 202 o925 a45
[oE/ml.]
AU C i 6311 aa34 9666
[oelvml ]
Source: Table 2 Clinical Overview
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Reviewer comment: While it is unlikely that bioequivalence could be demonstrated between any
ER and IR metformin products due to inherent differences related to specific characteristics of
the two products, it is not necessary to demonstrate this to support the bridge between the
Riomet ER drug product and metformin IR. It is important to note that the clinical
pharmacology parameters of metformin IR appear to be similar in adults and pediatric patients
that represent the target population. By extension, it is likely that the clinical pharmacology
parameters for metformin ER will be similar between adults and pediatric patients. This further
supports the potential extrapolation of efficacy findings for metformin ER from adults to
children.

2. Comparative PK of metformin in adult and pediatric patients

For Metformin IR, the PK parameters were similar in pediatric patients age 12-16, and healthy
adult volunteers as evidenced in Error! Reference source not found..

Reviewer comment: The information in the Glucophage prescribing information is also
supportive of similar PK parameters following metformin IR exposure between pediatric patients
and adults, suggesting that no dose adjustment is needed. The sponsor submitted additional
literature supportive of this. This further supports the potential extrapolation of efficacy
findings for metformin ER from adults to children.

In conclusion, the Riomet ER drug product was successfully bridged to Glucophage XR, and
further to Glucophage IR. Additionally, the clinical pharmacology parameters are similar
between metformin IR and ER, both in adults and pediatric patients. Please see Clinical
Pharmacology review by Dr Yunzhao Ren for details and refer to biopharmaceutical reviewer Dr
Sarah lbrahim.

4.6. Devices and Companion Diagnostic Issues
Not applicable.

4.7. Consumer Study Reviews

Human factors (HF) studies conducted to evaluate the usability of the device were reviewed by
the Division of Medication Error Prevention and Analysis (DMEPA). Per the review, the purpose
of this HF validation study was to demonstrate that the|" ®® bottle design and its associated
materials supports safe and effective use by the intended user populations, in the intended use
environments, for the intended use scenarios; and ensure that use-related risks associated with
the[ " ®® hottle design have been effectively mitigated. The HF validation study included four
groups of representative users of the product: 15 pharmacists, 15 pharmacy technicians, 15
patients, and 15 caregivers. Participants did not receive training.
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The study results showed several use errors, close calls, and use difficulties that occurred with
critical tasks for healthcare providers reconstituting the metformin hydrochloride extended
release oral suspension that may result in harm to the patient, pertaining to the " ®® bottle
container presentation. Communication between the FDA and the applicant did not reconcile
the issues, although the applicant proposed changes to the Instructions for Pharmacists to
mitigate the errors. The DMEPA team concluded that, in the absence of new HF validation
data, they do not find that product user interface of the " "®® bottle design supports safe and
effective use by the intended users. As a result, DMEPA recommends approval for the round
bottle container only at this time, and a Complete Response for the[ " ®® pottle and physician
sample designs.

Please see DMEPA review for details.

5. Sources of Clinical Data and Review Strategy

5.1.Table of Clinical Studies
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Trial Identity Trial Design Regimen/ schedule/ route Study Endpoints | No. of patients | Study Population
enrolled/compl
eted
Bioequivalence | Open label, Reference product: Glucophage PK parameters 60/52 Healthy adults
study- randomized, three XR 750 mg tablets
treatment, three
period, six sequence, Test product: Metformin
single dose crossover Hydrochloride extended release
food effect and oral suspension 100 mg/mL, 7.5
bioequivalence study ml
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5.2.Review Strategy

The clinical program only included a clinical pharmacology study bridging the oral suspension to
the metformin extended release tablet. | briefly discussed this study in Section 4.5, and a
detailed review can be found in the Clinical Pharmacology review by Dr Yunzhao Ren.

Additionally, per agreement with the FDA the applicant submitted literature to support use of
Riomet ER in pediatric patients with T2DM. | reviewed selected relevant studies in support of a
bridge between Riomet ER and metformin IR in support of a pediatric indication for Riomet ER
in the integrated review of efficacy section.

6. Review of Relevant Individual Trials Used to Support Efficacy

Not applicable as no efficacy trials have been conducted with Riomet ER.

7. Integrated Review of Effectiveness

7.1. Assessment of Efficacy Across Trials
Not applicable as no efficacy trials have been conducted with Riomet ER.
7.1.1. Primary Endpoints
Not applicable.
7.1.2. Secondary and Other Endpoints
Not applicable.
7.1.3. Subpopulations
Not applicable.
7.1.4. Dose and Dose-Response
Not applicable.
7.1.5. Onset, Duration, and Durability of Efficacy Effects

Not applicable.
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7.2. Additional Efficacy Considerations
7.2.1. Considerations on Benefit in the Postmarket Setting

Riomet ER is an oral suspension extended release metformin product which could be used by
patients who have issues swallowing the large metformin extended release tablets currently
marketed. While many other metformin formulations are currently marketed, the extended
release formulations are all in tablet form, and the tablets are quite large and cannot be
crushed. This change in formulation may allow more patients to switch from immediate release
metformin (twice a day) to extended release metformin (once a day) and may lead to better
medication compliance.

7.2.2. Other Relevant Benefits

None.
7.3. Integrated Assessment of Effectiveness

The efficacy of Riomet ER in adults can be inferred from the BE bridge between Riomet ER and
Glucophage XR. As Riomet ER was found to be bioequivalent to the first reference product,
Glucophage XR, the findings of safety and efficacy of Glucophage XR in adults can be extended
to the Riomet ER product.

Glucophage XR is not approved in pediatrics for reasons that are not related to safety or
efficacy concerns. While the reasons are not clear, it is likely that they are due to issues of
swallowability of the non-crushable Glucophage XR tablet in this patient population, and also
possibly due to innovator business decisions. As a result, the efficacy of Riomet ER in pediatrics
is based on a further bridge between Glucophage XR and Glucophage IR, as well as supportive
literature data.

Bridge between Glucophage XR and Glucophage IR

Glucophage XR shares approved labeling (the prescribing information) with Glucophage, which
is metformin immediate-release (Glucophage IR), which is indicated to improve glycemic
control in adult and pediatric patients 10 years of age and older with T2DM. In adults with
T2DM, Glucophage XR and Glucophage IR are switched for one another, and this is reflected by
the following statement in the approved product labeling, under the Dosage and
Administration section, Adult Dosage section: “Patients receiving [Glucophage IR] may be
switched to [Glucophage XR] once daily at the same total daily dose, up to 2000 mg once daily”.
The Pharmacokinetics section, Absorption subsection states: “The extent of metformin
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absorption (as measured by AUC) from [Glucophage XR] at a 2000 mg once-daily dose is similar
to the same total daily dose administered as [Glucophage IR] tablets 1000 mg twice daily.” The
Clinical Studies section describes a 24-week double-blind, randomized study of Glucophage XR
taken once daily and Glucophage IR taken twice daily. Thus, there is adequate bridging
information for Glucophage XR and Glucophage IR for adult use.

The Pediatric Use section, Glucophage IR subsection, states: “The use of [Glucophage IR] in
pediatric patients 10-16 years old for the treatment of type 2 diabetes mellitus is supported by
evidence from adequate and well-controlled studies of [Glucophage IR] in adults with additional
data from a controlled clinical study in pediatric patients 10 to 16 years old with type 2 diabetes
mellitus which demonstrated a similar response in glycemic control to that seen in adults. In
this study, adverse reactions were similar to those described in adults.” This supports this
Agency’s finding that the safety and efficacy of Glucophage IR in adult and pediatric patients
with T2DM is similar.

Given the findings above, the Agency can conclude that the applicant can appropriately rely on
Glucophage IR given the relationship between Glucophage XR and Glucophage IR described in
the approved labeling with respect to adult use; and that Glucophage IR has similar glycemic
control and similar adverse event profile in adults and pediatric patients 10-16 years old for
treatment of T2DM. Therefore, it is reasonable to further conclude that the safety and efficacy
of Glucophage XR is similar between adult and pediatric patients.

In conclusion, Riomet ER can be considered adequately bridged to both Glucophage XR and
Glucophage, and this constitutes the basis for my findings of efficacy.

Supportive literature data

Additionally, per the agreed iPSP, the applicant compiled available data to support a clinical
bridge between metformin ER and metformin IR, to ultimately justify a pediatric indication for
Riomet ER. This information is supportive and does not constitute a basis for the conclusion of
efficacy.

A summary of the information submitted by the applicant with reviewer comments is
presented below.

The applicant used the following arguments in support of the required bridge:

1. Similar disease progression and response to intervention between adult and pediatric
patients with T2DM

The applicant argues that pediatric and adult patients with T2DM have similar disease
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presentation, pathophysiology, progression, and similar efficacy outcome measures. In both
adult and pediatric populations, the phenotype of T2DM appears similar, with insulin
resistance, dyslipidemia, and obesity. The applicant states that there is currently no information
in the literature to suggest fundamental differences exist between the adult and pediatric
populations in disease characteristics or outcomes.

Reviewer comment: The information provided by the applicant is not entirely correct. It is not
clear whether the disease is similar in adults and pediatric patients with T2DM, as the data in
children is limited. The only large study in pediatric patients with T2DM, the TODAY study,
suggested that, although the pathophysiology of the disease may be the same, T2DM in
pediatric patients may have more aggressive rate of progression compared to patients
diagnosed later in life. Specifically, treatment failure with metformin was seen in approximately
half of the TODAY study participants over the course of 5 years, compared to 21% reported in
adults (ADOPT trial). Regardless of whether such differences exist, metformin IR is used in
treatment of T2DM in pediatric patients with similar efficacy and safety as for adult patients as
reflected in the prescribing information.

2. Comparable efficacy and safety between metformin ER and IR

Adult patients
The applicant submitted an abstract of a systematic review?! of 9 studies including 6316 adult

patients to assess the efficacy, safety, and treatment adherence of metformin extended release
in prediabetes or T2DM. It appears that the comparator was metformin IR in at least 4 studies,
and the authors’ conclusion was that there are no significant differences between metformin IR
and XR regarding efficacy. The review concludes that metformin XR has at least similar efficacy
and improved safety and adherence compared to metformin IR.

A multicenter study? evaluating the glycemic effects of a switch from metformin IR to ER in
adults with T2DM age 27-77 years, concluded that the patients who were switched achieved
comparable glycemic control on either metformin formulation.

In another study?, adults with newly diagnosed T2DM were randomly assighed to receive
extended release, or immediate release metformin in a double blind, 24-week trial. The safety
and efficacy of the two metformin formulations was found to be similar.

To summarize these findings, a publication by Jabbour S and Ziring B, 2011 compared the
glycemic effects of metformin IR and ER in patients with T2DM (Table 3).

! Fujii RK et al, 2015
2 Fujioka K et al, 2003
3 Schwartz S et al, 2006
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Table 3 Effects of Metformin Immediate Release and Extended-Release Metformin on
Glycemic Parameters in Patients with Type 2 Diabetes Mellitus

Product Treatment o* Study hiean BL MAean Change Mean BT hiean Change
Duration HhbAie From BL Fr From BL FP
[mrealks) (%) HbAae (38} {m=/di.) {1ng/dl}
Patents mznagad previcusly with diat
Clucophage® Metformin {up 14] 29 B4 —1.4b 2415 —53.00
fo 2250 malday)
Plzcabo 145 B2 04 2377 6.3
Clucophage™ Watformin EE 115 16 B2 —0.Ar 1827 —15.20
AR 500 mz gd
Matformin ER. || 115 B4 —0.6b 183.7 —19.3"
1000 mg ad
detformin ER 111 B3 —0.9% 1739 —2B_5"
1500 mz gd
atformin ER. || 125 B4 —0.8k 181.0 =291t
2000 mg ad
atformin ER 112 B4 —1ar® 1814 —53.8"
1000 mgz bid
Plzcabo 11T B4 0.1 1796 76
FPatients mznagad previously with diat andfer other 0 A"
Clucophage® | Aetformin 500 T3 14 101 0.39 2R3 =77,
mgldzy
hfeiformin 1000 e 10.0 0.0ir 281 —3o¢
mgfday
hiedormin 1500 T 97 —0.5" 262 —49®
mz/day
hieiformin 2000 T3 101 —0_3" 28 —86"
mglday
hiedormin 2500 T 100 —04% 3BT —70"
mglday
Plzcabo EE] 9.9 1.3 299 —3
Clumeatza® Hfatfoomin EE. 1569 24 B2 0.7 190.0 —3BI5
1500 mz ad
Watformin EE 175 B3 07 1925 —318
500 mg amd
1000 mz pm
Hfetformin ER. 159 B3 —-11 1839 —420
2000 mg ad
Bdeiformin 500 170 BT 0.7 1865 —32.1
mz am)
1000 ms pm
Pabents frezfed previcusly wath meiformin (FCswzich studies™)
Clucophage™ | Metformin 500 &7 24 71 014 1272 140
mz hid {—0.04 to 0.31)5F {70210
Clucophage® Nfatformin EE. T2 7.0 027 131.0 11.5
AR 1000 mz ad (0L1-043) {44186
datformin EFR -1 7.0 013 131.4 1.6
1500 mz ad (—0.02 ic 028} {1.0—147
Afstformin hiaiformin bid 332 20 71 014 14356 4.3
{otrated)
Fortamet™ Watformin EE 327 7.0 040 14568 100
ad (hireied)
Tiiffarance 025 5.43
batwzen (014037 {0.57-12297*
frezimenis

“n indicates the mmmber of vatients with data for HbAa..
bP = 0001 ws placebo.
& These studies included pabents managed previously with diet as well as pefienis previously frezied with othar
QATe (Othar oral Anti-dizhefics Diups). Prior madicafions ware fivst discontinued dwing 2 washout permod bafore
pzfianfs ware randomized to sfudy freztmant.
49 = 001 vs placabo.
5% confidence interval.

h=g8.

Abbrawiations: bid, fadee daily; BL, basaline; EE and 3B aexfandad-release; FP(, fasfing placma glucose; Hbf le,
glycated hemogzlobin; ad, once daily.
FReferenca: Tebbowr S5 znd Zirinzg B, 2011

Source: Table 1 Clinical Overview

Additional studies supporting comparable safety and efficacy of metformin IR and ER in adults

with T2DM were included by the sponsor, but not included here as the information is

redundant.
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Reviewer comment: | agree with the applicant that there is a large body of literature pointing to
the similarity in efficacy and safety between metformin IR and ER in adults. Most importantly,
the similar efficacy and safety between metformin IR and ER in adults with T2DM is also
supported by the Glucophage and Glucophage XR prescribing information. The Glucophage and
Glucophage XR label also contains the following wording in support of the two metformin
formulations being used interchangeably: “Patients receiving Glucophage may be switched to
Glucophage XR once daily at the same total daily dose, up to 2000 mg once daily”.

Pediatric patients
No efficacy studies have been performed using metformin ER in pediatric patients with T2DM.

The available data for the safety of metformin ER in pediatric patients without diabetes is
summarized in Section 8.10.

This, in addition to the clinical pharmacology information presented in Section 4.5, is supportive
of the similarity between adults and pediatric patients with T2DM regarding clinical efficacy and
clinical pharmacology parameters when using metformin formulations (IR or ER).

In summary, the Riomet ER drug product was successfully bridged via a BE study to the
reference drug Glucophage XR, which is, in turn, bridged to the Glucophage IR product via the
shared prescribing information, which includes clinical and clinical pharmacology data. Since
metformin IR is approved for use in children with T2DM, with efficacy and safety similar to what
was observed in adult patients with T2DM, it may be reasonable to infer Riomet ER safety and
efficacy in pediatric patients with T2DM.

8. Review of Safety

8.1. Safety Review Approach
No clinical studies were performed by the applicant in support of this application.
8.2. Review of the Safety Database
8.2.1. Overall Exposure
Not applicable.
8.2.2. Relevant characteristics of the safety population:
Not applicable.

8.2.3. Adequacy of the safety database:
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Not applicable.
8.3. Adequacy of Applicant’s Clinical Safety Assessments

8.3.1. Issues Regarding Data Integrity and Submission Quality
Not applicable.

8.3.2. Categorization of Adverse Events
Not applicable.

8.3.3. Routine Clinical Tests
Not applicable.

8.4. Safety Results

8.4.1. Deaths
Not applicable.

8.4.2. Serious Adverse Events
Not applicable.

8.4.3. Dropouts and/or Discontinuations Due to Adverse Effects
Not applicable.

8.4.4. Significant Adverse Events
Not applicable.

8.4.5. Treatment Emergent Adverse Events and Adverse Reactions
Not applicable.

8.4.6. Laboratory Findings
Not applicable.

8.4.7. Vital Signs

Not applicable.

CDER Clinical Review Template
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4484753



Clinical Review

Andreea O Lungu

NDA 212595

Metformin hydrochloride extended release (Riomet ER)

8.4.8. Electrocardiograms (ECGs)
Not applicable.
8.4.9. QT
Not applicable.
8.4.10.Immunogenicity
Not applicable.
8.5. Analysis of Submission-Specific Safety Issues
Not applicable.
8.6.Safety Analyses by Demographic Subgroups
Not applicable.
8.7. Specific Safety Studies/Clinical Trials
Not applicable.
8.8. Additional Safety Explorations
8.8.1. Human Carcinogenicity or Tumor Development
Not applicable.
8.8.2. Human Reproduction and Pregnancy
Not applicable.
8.8.3. Pediatrics and Assessment of Effects on Growth

No assessment has been performed, however, metformin IR is a widely used drug in the
proposed pediatric population (T2DM, age 10-18), and the safety is well described in the
literature and prescribing information.

8.8.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Not applicable.

8.9. Safety in the Postmarket Setting
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8.9.1. Safety Concerns Identified Through Postmarket Experience
Riomet ER is not approved in any country.
8.9.2. Expectations on Safety in the Postmarket Setting

The safety of Riomet ER is expected to be similar to the safety of the reference product
Glucophage XR.

8.9.3. Additional Safety Issues From Other Disciplines

None.

8.10. Integrated Assessment of Safety

In adults, the safety of Riomet ER in adults can be inferred from the BE bridge between Riomet
ER and Glucophage XR. Therefore, the safety of Riomet ER is expected to be similar to the
safety of Glucophage XR in this patient population.

No direct safety information is available for metformin ER in pediatric patients with T2DM.
However, Glucophage XR and Glucophage share the prescribing information which states that
the products can be switched for one another. This statement is supported by both clinical and
clinical pharmacology information outlined in the prescribing information and presented in
Section 7.3 of this review. Additionally, the Glucophage safety in adults and pediatric patients
age 10-16 with T2DM was found to be similar as confirmed by a similar adverse events profile in
a controlled clinical study in pediatric patients. The totality of this information allows us to
conclude that the safety profile of Glucophage XR in similar in adults and pediatric patients 10-
16 years of age with T2DM, and extend these safety findings to Riomet ER, the drug product
under review. This constitutes the basis of the safety bridge between Riomet ER and the listed
drugs.

The applicant submitted additional supportive literature outlining the use of metformin ER in
obese adolescents, without T2DM.

In one study?*, 69 obese adolescents age 10-16 were randomized to receiving metformin ER
2000 mg or placebo with either moderate or vigorous exercise. The study did not report any
serious adverse events (SAEs), the only adverse events (AEs) reported were a transient increase
in transaminases, and temporary discontinuation of the study drug in one patient due to
diarrhea. In addition, 6 patients were unable to tolerate the 2000 mg of metformin ER and the
dose had to be reduced.

4 Clarson CL et al, 2014

CDER Clinical Review Template 32
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4484753



Clinical Review

Andreea O Lungu

NDA 212595

Metformin hydrochloride extended release (Riomet ER)

A second study® evaluated the effect of 48 weeks of metformin ER treatment on weight loss in
77 obese adolescents ages 13-18 (39 of which received metformin ER). Nausea, vomiting and
headache were more common with metformin ER compared to placebo, which is consistent
with the known safety profile of metformin ER. One SAE of appendectomy was reported in a
patient who received metformin but was considered unrelated to the study drug. Another SAE
was reported in the follow up period (the patients were followed for additional 48 weeks after
discontinuation of the study drug), leg vein thrombosis, considered to be unrelated to previous
study drug use (metformin ER).

Reviewer comment: The information submitted by the applicant is further supportive of similar
safety and tolerability of metformin ER in children and adults.

9. Advisory Committee Meeting and Other External Consultations

Not applicable.

10. Labeling Recommendations

10.1. Prescription Drug Labeling

The applicant submitted a label based on the label of the reference drug, Glucophage XR. The
indication of the Riomet ER product extends beyond that of Glucophage XR to pediatric patients
age 10-18. This is adequate as it is supported by the literature allowing a bridge between
Riomet ER and metformin IR which is approved for use in pediatrics.

Additionally, other changes were made to the prescribing information submitted by the
applicant as follows:

- Drug Interactions: Added wording to reflect the results of the in vitro alcohol dissolution
study showing that alcohol >5% increased the release and absorption of Riomet ER.

- Container presentations: The sponsor proposed 2 presentations for the Riomet ER drug
product (a[" ®® bottle pack, and a round bottle pack). Based on the results of the
human factors study, DMEPA deemed the [""®® container to be prone to errors that
could not be mitigated by the sponsor’s proposal. As such, only the round bottle pack
can be approved at this time.

5 Wilson DM et al, 2010
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10.2. Nonprescription Drug Labeling

Not applicable.

11. Risk Evaluation and Mitigation Strategies (REMS)

No REMS was recommended for this application.

12. Postmarketing Requirements and Commitments

No postmarketing requirements or commitments were recommended for this application.

13. Appendices

13.1. References

1. Glucophage and Glucophage XR prescribing information US
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020357s034,021202s018l
bl.pdf

Clarson CL et al, 2014

Fujii RK et al, 2015

Fujioka K et al, 2003

Gao X et al, 2003

Jabbour S and Ziring B, 2011

Schwartz S et al, 2006

Wilson DM et al, 2010

O NOWULRAEWN

13.2. Financial Disclosure

The bioequivalence study was conducted at a single site, with only one investigator.

Covered Clinical Study (Name and/or Number): FM_100S_0508_17

Was a list of clinical investigators provided: Yes |E No |:| (Request list from
Applicant)

Total number of investigators identified: 1
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employees): 0

Number of investigators who are Sponsor employees (including both full-time and part-time

0

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):

54.2(a), (b), (c) and (f)):

influenced by the outcome of the study:

Significant payments of other sorts: 0

0

If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR

Compensation to the investigator for conducting the study where the value could be

Proprietary interest in the product tested held by investigator: 0

Significant equity interest held by investigator in Sponsor of covered study: 0

Is an attachment provided with details

Yes |:|

No [_| (Request details from

of the disclosable financial Not Applicant)
interests/arrangements: applicable
Is a description of the steps taken to Yes[ | No [_| (Request information
minimize potential bias provided: Not from Applicant)

applicable

Number of investigators with certification of du

e diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the
reason:

Yes |:|

Not
applicable

No |:| (Request explanation
from Applicant)
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	1. Executive Summary 
	1. Executive Summary 
	Product Introduction 
	Product Introduction 
	Figure

	Metformin is a biguanide used as a first-line treatment for type 2 diabetes mellitus (T2DM). It was approved in 1994 in the US, and its efficacy and safety are well known.  It is currently available in tablet form [immediate release (IR) and extended release (ER) formulations], and liquid form (IR formulation). 
	The applicant has developed a formulation of Metformin Hydrochloride Extended Release Oral Suspension 100 mg/ml, as an alternative for patients who have difficulty in swallowing such as elderly and pediatric patients. The proposed trade name for the product is Riomet ER. The applicant filed a 505(b)(2) application using Glucophage, and Glucophage XR as reference listed drugs. Glucophage was approved by the US FDA on October 22, 1998, and Glucophage XR on October 13, 2000. 
	The applicant is proposing the following indication for Riomet ER: 
	Metformin hydrochloride for extended-release oral suspension is indicated as an adjunct to diet and exercise to improve glycemic control in adults and pediatric patients 10 years of age and older with type 2 diabetes mellitus. 

	Conclusions on the Substantial Evidence of Effectiveness 
	Conclusions on the Substantial Evidence of Effectiveness 
	Figure

	No efficacy studies were performed with the drug product under review. The metformin extended release oral suspension (Riomet ER) product was bridged to the Glucophage XR product via a bioequivalence (BE) study, and therefore the findings of effectiveness with Glucophage XR can be extended to Riomet ER. 
	Glucophage XR is only approved for use in adults, but shares approved labeling with Glucophage IR which is metformin immediate-release and is indicated to improve glycemic control in adult and pediatric patients 10 years of age and older with T2DM. The reason behind Glucophage XR not being specifically approved for pediatric use is not clear but it is unrelated to safety and efficacy, possibly pertaining to potential swallowability issues or to business reasons by the innovator. In adults with T2DM, Glucoph
	ΫΓϮ̀͘ Ϋ̡̎ίϦ ͆̚ ̫̎ Ϯͽͽͽ ̆ϡ ̎̇Ρί ΫΓϮ̀͘ϰϩ  ϵϫί PϫΓ̝̆ΓΡ̎ϽϮ̇ί̫ϮΡ̡ ̡ίΡ̫Ϯ̎̇Ϧ !Π̡̝̫̎̚Ϯ̎̇ ̡͆Π̡ίΡ̫Ϯ̎̇ ̡̫Γ̫ί̡Ϩ ϯϵϫί ί̫͗ί̫̇ ̎ι ̆ί̫ι̝̎̆Ϯ̇ ΓΠ̡̝̫̎̚Ϯ̎̇ ̏Γ̡ ̆ίΓ̡̝͆ίΫ Π͘ !ϹC) from [Glucophage XR] at a 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Clinical Review Andreea O Lungu NDA 212595 Metformin hydrochloride extended release (Riomet ER) 
	2000 mg once-daily dose is similar to the same total daily dose administered as [Glucophage IR] ̫ΓΠ̀ί̡̫ ϭͽͽͽ ̆ϡ ̫͒ϮΡί ΫΓϮ̀͘ϩϰ ϵϫί C̀Ϯ̇ϮΡΓ̀ ϯ̫͆ΫϮί̡ ̡ίΡ̫Ϯ̎̇ Ϋί̡Ρ̝ϮΠί̡ Γ Ϯ4-week double-blind, randomized study of Glucophage XR taken once daily and Glucophage IR taken twice daily. The totality of this information allows for adequate bridging between Glucophage XR and Glucophage in adults. 
	Further, Glucophage use in pediatrics is supported, per the prescribing information, ϯby evidence from adequate and well-controlled studies of [Glucophage IR] in adults with additional data from a controlled clinical study in pediatric patients 10 to 16 years old with type 2 diabetes mellitus which demonstrated a similar response in glycemic control to that seen in adults. In ̫ϫϮ̡ ̡̫͆Ϋ͘Ϧ ΓΫ͑ί̡̝ί ̝ίΓΡ̫Ϯ̡̎̇ ͒ί̝ί ̡Ϯ̆Ϯ̀Γ̝ ̫̎ ̫ϫ̡̎ί Ϋί̡Ρ̝ϮΠίΫ Ϯ̇ ΓΫ̡̫͆̀ϩϰ ϵϫϮ̡ ̡̡̝̫͆̎̚̚ the finding that the safety and efficacy of G
	As a result, the Riomet ER drug product was adequately bridged to Glucophage XR via a bioequivalence bridge, and further bridged to Glucophage via clinical and clinical pharmacology information outlined in the prescribing information.  Therefore, the indication of use for Glucophage can be extended to the drug product under review. This is supportive of an 
	indication for Riomet ER for use in patients with T2DM age 10 and 
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	Diabetes mellitus is a serious disease that affects 22 million people in the United States. Diabetes mellitus can lead to macrovascular and microvascular complications that can reduce the quality of life and longevity of afflicted patients. There are currently 12 classes of diabetes medications approved for the treatment of type 2 diabetes mellitus including multiple metformin products. 
	Benefit-Risk Integrated Assessment 

	Since this is a 505(b)(2) product with the application based on a clinical pharmacology study and literature evidence to support a pediatric indication, a standard benefit risk assessment does not apply here. The reference metformin products, both ER and IR formulations have been approved in the US since 1994, and the risk benefit balance is well known. 
	The recommended approval is based on a three-way bridge between Riomet ER, Glucophage XR, and Glucophage IR.  The applicant successfully bridged the Riomet ER drug product to the currently marketed Glucophage XR via a bioequivalence study. Glucophage XR is indicated to improve glycemic control in adult patients with T2DM. Therefore, the risk benefit profile of Glucophage XR in adults can be extended to Riomet ER. Since Glucophage XR is not approved for use in pediatrics, for unclear reasons unrelated to saf
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	Analysis of Condition 
	Analysis of Condition 
	• In 2014, the Center for Disease Control estimated that 22 million people in the United States have diabetes. • Diabetes is associated with multiple complications including macrovascular and microvascular complications which may shorten and affect the quality of life of patients. • Studies have shown that improving glycemic control in patients with diabetes improved clinical outcomes (e.g., reduction in retinopathy). • Many diabetic patients also have additional risk factors such as smoking, obesity, hyper
	• Diabetes is a serious condition associated with chronic morbidity and premature death. • Glycemic control of diabetes improves microvascular complications. 

	Current Treatment Options 
	Current Treatment Options 
	• Twelve classes of drugs, including multiple metformin formulations, are FDA approved in the United States to improve glycemic control in patients type 2 diabetes. • The extended release formulations are currently available only in 
	• There are multiple effective treatment options available for the treatment of type 2 diabetes, including multiple IR and ER metformin formulations. 
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	Dimension 
	Dimension 
	Dimension 
	Evidence and Uncertainties 
	Conclusions and Reasons 

	TR
	tablet form, cannot be crushed, and that may limit use in patients with swallowing issues. 
	• 

	Benefit 
	Benefit 
	• Oral suspension formulation would allow use in patients who cannot swallow large pills. • Metformin formulation (ER) allows for once daily use vs metformin IR which is administered twice daily. 
	• Riomet ER is the first metformin extended release oral suspension formulation, which can potentially expand the usability of metformin extended release to populations with swallowing issues such as the elderly and pediatric populations. • Since Riomet ER is recommended for once daily use, this could potentially increase compliance when compared to metformin IR (used twice daily). 

	Risk and Risk Management 
	Risk and Risk Management 
	• The safety of Riomet ER is expected to be similar to all other extended release metformin products. • The applicant proposed two container presentations, however one container presentation raised concerns regarding patient safety • Alcohol dumping studies show that taking the drug product with alcohol 5% or will impact the dissolution profile. 
	• Riomet ER is a metformin extended release product, and the risks with the reference drug are well described in the prescribing information. • • Alcohol dissolution issues can be mitigated via labelling. 
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	Patient Experience Data 
	Patient Experience Data 
	Figure

	Not applicable. 


	2. Therapeutic Context 
	2. Therapeutic Context 
	Analysis of Condition 
	Analysis of Condition 
	Figure

	Type 2 diabetes mellitus (T2DM) is a disease of impaired glucose homeostasis resulting in chronic hyperglycemia that is associated with significant morbidity and mortality due to microvascular and macrovascular pathologies, and is a major cause of hospitalization, blindness, renal failure, amputations and cardiovascular (CV) disease. Patients have varying degrees of insulin resistance and are unable to maintain euglycemia with endogenous insulin secretion. 
	There is no cure for T2DM, but therapies aimed at improving glycemic control are available. Currently approved therapies in T2DM aim to improve glycemic control by improving insulin resistance, enhancing insulin secretion, or increasing glucose excretion. 

	Analysis of Current Treatment Options 
	Analysis of Current Treatment Options 
	Figure

	Several classes of drugs are currently approved for the treatment of T2DM, used either alone or in combination. These drug classes include: ̌ Biguanides (i.e. metformin) ̌ Sulfonylureas ̌ Thiazolidinediones (TZDs) ̌ Meglitinides ̌ Dipeptidyl peptidase-4 (DPP-4) inhibitors ̌ Glucagon-like peptide-1 receptor agonists (GLP-1 RA) ̌ SGLT2 inhibitors ̌ Alpha-glucosidase inhibitors ̌ Amylin-mimetics ̌ Dopamine agonist (i.e. bromocriptine) CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
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	̌ Insulin and insulin analogues 
	̌ Bile acid sequestrant (i.e. colesevelam hydrochloride) 
	Despite the relatively large number of drugs available for the treatment of T2DM, a substantial proportion of patients either remain under poor glycemic control or experience deterioration of glycemic control after an initial period of successful treatment with an anti-diabetic drug. 
	Relevant for this application, metformin was approved by US FDA in December 1994. It is now widely used alone as immediate release tablets, extended release tablets and oral solution; and in combination with a range of oral hypoglycemic agents. 


	3. Regulatory Background 
	3. Regulatory Background 
	U.S. Regulatory Actions and Marketing History 
	U.S. Regulatory Actions and Marketing History 
	Figure

	Riomet ER is not approved in the US. 

	Summary of Presubmission/Submission Regulatory Activity 
	Summary of Presubmission/Submission Regulatory Activity 
	Figure

	The applicant submitted a pre-IND meeting request on September 29, 2015 to discuss the proposed development plan, clinical studies, and the filing strategy for the prospective NDA for Riomet ER. Written responses were issued by the FDA on December 1, 2015.  The FDA generally agreed with the applicant regarding the proposed cross-over bioequivalence study to Glucophage XR. At that time, the applicant expressed the desire to claim pediatric indication for Riomet ER based on available literatures studies demon
	The IND was submitted on May 17, 2017, and it contained the protocol for the proposed bioequivalence study, as well as an iPSP with the proposal to conduct a pharmacokinetic (PK) study in pediatric patients with T2DM to support use of the metformin extended release oral suspension product in patients age 10-17. On August 14, 2017, the FDA sent comments to the iPSP, and stated the following: 
	Assuming that you are able to demonstrate bioequivalence of your product to the proposed listed drug in adults, we believe that you may be able to utilize the existing data bridging metformin immediate-release to metformin extended-release to conduct an assessment of efficacy in children for your product rather than conducting a clinical study. We note that you are proposing to utilize existing data to support that your drug product will have an acceptable safety profile in adolescent patients with type 2 d
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Clinical Review Andreea O Lungu NDA 212595 Metformin hydrochloride extended release (Riomet ER) 
	is acceptable, but you should be aware that the adequacy of this data will be determined during the NDA review. With your NDA, you should include a detailed summary of the existing data, and also justify why data from a different population is appropriate to inform the safety profile in the target population. 
	The applicant submitted revisions to the pediatric study plan on September 29, 2017 proposing full waiver for the pediatric age group of birth to 16 years. The FDA did not agree with the waiver, and proposed the following: 
	-Partial waiver for the pediatric age group of birth to <10 years -Assessment based on existing data in pediatric patients (10 to 16 years) with type 2 diabetes mellitus 
	The letter of agreement with the iPSP was sent on November 16, 2017. 

	Foreign Regulatory Actions and Marketing History 
	Foreign Regulatory Actions and Marketing History 
	Figure

	Riomet ER is not approved for marketing in any country. 


	4.. Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	4.. Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on Efficacy and Safety 
	Office of Scientific Investigations (OSI) 
	Office of Scientific Investigations (OSI) 
	No inspection was performed as part of this NDA. The clinical site where the bioequivalence study was performed was previously inspected in March 2017 and the analytical site was inspected in January 2018, under ANDAs 209735 and 210838. These dates fall within the surveillance interval. 

	Product Quality 
	Product Quality 
	Below are the nomenclature, molecular structure, molecular formula, CAS number, molecular weight, and pharmacological class of the drug. 
	United States Adopted Name (USAN) 
	United States Adopted Name (USAN) 
	United States Adopted Name (USAN) 
	: 
	Metformin Hydrochloride 

	Recommended International Non
	Recommended International Non
	-

	: 
	Metformin Hydrochloride 

	Proprietary Name (rINN) 
	Proprietary Name (rINN) 

	Compendial Name 
	Compendial Name 
	: 
	Metformin Hydrochloride 
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	Chemical Name (s) 
	Chemical Name (s) 
	Chemical Name (s) 
	: 
	Imidodicarbonimidic diamide, N,N-dimethyl-, 

	TR
	monohydrochloride 

	TR
	(or) 

	TR
	1,1-dimethylbiguanide monohydrochloride 

	TR
	(or) 

	TR
	N, N-dimethylbiguanide monohydrochloride 

	TR
	(or) 

	TR
	N’-dimethylguanylguanide monohydrochloride 

	Chemical 
	Chemical 
	Abstracts 
	Service(CAS) 
	: 
	[1115-70-4] 

	Registry Number 
	Registry Number 

	Structure of the Molecule 
	Structure of the Molecule 
	: 


	C4H11N5.HCl
	Molecular Formula 
	Molecular Formula 
	Molecular Formula 
	: 

	Molecular Weight 
	Molecular Weight 
	: 
	Metformin Base: 129.17 

	TR
	Metformin Hydrochloride: 165.62 

	Pharmacological Class 
	Pharmacological Class 
	: 
	Antihyperglycemic agent 


	ϯ͆̇ PϫΓ̝̆ΓΡί̫͆ϮΡΓ̀ İΫ̡̫̝͆Ϯί̡ LϮ̆Ϯ̫ίΫϬ̡ Mί̫ι̝̎̆Ϯ̇ H͘Ϋ̝̎Ρϫ̝̀̎ϮΫί ι̝̎ E̫͗ί̇ΫίΫ-Release Oral Suspension 100 mg/mL, subject of this NDA, is an Extended-Release Oral Suspension formulation with the following description: 
	Before reconstitution: -Extended-Release Pellets in Top Chamber/drug pellets bottle: White to off-white pellets -Immediate Release vehicle in bottom chamber/drug diluent bottle: White to off-white 
	dispersion White to off white suspension containing white to off white pellets. Metformin Hydrochloride for extended release Oral suspension 100 mg/mL is packed as follows 
	After reconstitution: 

	1) 10 mL Physician sample 
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	Figure
	2) 16 oz. 
	bottle pack (Twin Chamber pack) 
	Figure

	Figure
	3) 16 oz. Round bottle pack. 
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	Figure
	Please see CMC review by Dr. Chris Galliford for details. Additionally, issues with the bottle pack will be discussed under Section 4.7 consumer study reviews. 
	Figure

	Clinical Microbiology 
	Clinical Microbiology 
	Figure

	Not applicable. 

	Nonclinical Pharmacology/Toxicology 
	Nonclinical Pharmacology/Toxicology 
	Figure

	No new studies have been performed for the drug product under review, as the nonclinical pharmacology/toxicology profile of metformin is well known. 
	Dr David Carlson reported in his review: 
	There are no new nonclinical safety concerns about the metformin HCl drug substance. The proposed oral suspension drug product formulation is novel but the extended release pellets contain qualitatively similar excipients as the reference listed extended release drug tablets. Primary issues in the nonclinical review concerned the safety of excipients at proposed concentrations and any potential drug product impurities, including extractable or leachable compounds in the liquid suspension formulation. A nota
	The concerns about increase in intestinal discomfort and laxative effect come from the fiber content of the Riomet ER formulation, as well as the xylitol content.  These are discussed 
	CDER Clinical Review Template 
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	separately below. 
	It appears that the oral suspension formulation of metformin contains high amounts of ethyl cellulose and other non-digestible fiber, up to a total of 3.1 grams of fiber/day. However, since the daily recommended fiber intake for adults is 25 grams, and most adults consume on average less than the recommended amount, the addition of 3.1 grams is not likely to be a significant issue. 
	Xylitol, a sugar alcohol low calorie sweetener, is added to as an excipient in the metformin extended release oral suspension, with a maximum daily exposure of 9 grams.  This is no different from metformin immediate release solution Riomet, however, when administered all at once it may result in increased incidence of gastrointestinal symptoms especially when added to the non-soluble fiber. 
	Dr Carlson noted that although the proposed levels of ethyl cellulose, total fiber content, and xylitol did not raise any approvability concerns based on publicly available nonclinical data, along with current dietary guidelines, he notes that intestinal tolerability is a potential concern with use of the new liquid formulation. 
	Please see full review by Dr David Carlson for details. 
	Reviewer comment: I believe that Dr Carson’s concerns are well justified, and that these excipients may limit tolerability of this new metformin formulation.  No clinical data is available to evaluate the clinical impact at this time. 

	Clinical Pharmacology 
	Clinical Pharmacology 
	Figure

	The applicant conducted an open-label single-dose three-way crossover study to assess the effect of food on bioavailability of Metformin Hydrochloride for extended release oral suspension 100 mg/mL (7.5 mL) and to assess the bioequivalence of Metformin Hydrochloride for extended release oral suspension 100 mg/mL (7.5 mL) with Glucophage XR (Metformin HCl) Extended-Release tablets 750 mg in healthy adult human subjects under fed condition. The study was conducted in India. 
	Of the 60 subjects enrolled in the study, 52 were completers.  Of the remaining 8 patients, 4 were withdrawn, and 4 dropped out. 
	Each subject completing the study was dosed with test (Treatment A -fasting and Treatment B fed) and reference (Treatment R -fed) products. All periods were separated by a 6-day washout period. 
	-

	Pharmacokinetic (PK) results 
	Pharmacokinetic (PK) results 
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	Table 1 PK parameters of test product (A or B) and reference product (R) 
	Figure
	Source: Section 2.5.2 Clinical Overview 
	The ratios of the log transformed PK parameters for products administered under fed conditions are presented in the table below. 
	Figure
	Source: Section 2.5.2 Clinical Overview 
	The Clinical Pharmacology reviewer concluded that bioequivalence was established between 750 mg extended-release oral suspension and 750 mg Glucophage XR extended-release tablet, as the 90% confidence interval (CI) of geometric mean ratios of Cmax, AUC0-t and AUC0-inf were all within the pre-defined 0.8 to 1.25 range. In this context, it is notable that there was a significant difference observed in the Tmax for the Riomet ER (fasting or fed) when compared to Glucophage XR. The Tmax for the reference produc
	Reviewer comment: It is not clear how the difference in Tmax will be reflected, if at all, in the efficacy and safety of the Riomet ER product in clinical practice. 
	Biopharmacology 
	Biopharmacology 

	An in vitro alcohol dissolution study was performed by the applicant, as required by the FDA for all extended release products. The results show that in the presence of high concentration of alcohol, the in vitro drug dissolution profiles of metformin extended-release oral suspension are 
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	very different from the reference profile. At 20 minutes, about 20%, 20%, 21%, 33%, and 73% of metformin was released in the presence of 0%, 5%, 10%, 20%, and 40% alcohol. At 2 hours, about 62%, 69%, 77%, 93%, and 99% of metformin was released in the presence of 0%, 5%, 10%, 20%, and 40% alcohol. 
	This indicates that co-administration of the drug product under review with alcohol above 5% concentration would substantially accelerate the release of metformin from its extended-release formulation, resulting in a relatively earlier Tmax with higher Cmax and a potentially lower Ctrough. This profile may impact the efficacy of the drug product used as a once daily extended release formulations, and therefore will be reflected in the prescribing information. 
	Reviewer comment: Dose dumping may affect both safety (increase gastrointestinal adverse events) and efficacy of Riomet ER. Information will be added to the prescribing information to adequately define and mitigate the risks of dose dumping. 
	Additionally, the applicant submitted clinical pharmacology literature in support of the similarity of PK parameters between metformin IR and ER, as well as between pediatric and adult patients as follows. 
	1. 
	Comparative PK of metformin IR and ER 

	Per the Glucophage prescribing information, following a single oral dose of metformin extended release, Cmax is achieved with a median value of 7 hours and a range of 4 to 8 hours. Peak plasma levels are approximately 20% lower compared to the same dose of metformin immediate release, however, the AUC is comparable to metformin immediate release. 
	Additionally, literature data suggests that the PK parameters of metformin immediate release in pediatric patients are similar to the PK parameters of metformin IR and ER in healthy adults. These parameters are presented in Error! Reference source not found. below. 
	Table 2 Comparison of Pharmacokinetic Parameters of Metformin IR in Pediatric Patients with T2DM and Healthy Adults vs Metformin XR in Healthy Adults 
	Figure
	Source: Table 2 Clinical Overview CDER Clinical Review Template 
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	Reviewer comment: While it is unlikely that bioequivalence could be demonstrated between any ER and IR metformin products due to inherent differences related to specific characteristics of the two products, it is not necessary to demonstrate this to support the bridge between the Riomet ER drug product and metformin IR.  It is important to note that the clinical pharmacology parameters of metformin IR appear to be similar in adults and pediatric patients that represent the target population.  By extension, 
	2. 
	Comparative PK of metformin in adult and pediatric patients 

	For Metformin IR, the PK parameters were similar in pediatric patients age 12-16, and healthy adult volunteers as evidenced in Error! Reference source not found.. 
	Reviewer comment: The information in the Glucophage prescribing information is also supportive of similar PK parameters following metformin IR exposure between pediatric patients and adults, suggesting that no dose adjustment is needed. The sponsor submitted additional literature supportive of this. This further supports the potential extrapolation of efficacy findings for metformin ER from adults to children. 
	In conclusion, the Riomet ER drug product was successfully bridged to Glucophage XR, and further to Glucophage IR. Additionally, the clinical pharmacology parameters are similar between metformin IR and ER, both in adults and pediatric patients. Please see Clinical Pharmacology review by Dr Yunzhao Ren for details and refer to biopharmaceutical reviewer Dr Sarah Ibrahim. 
	Devices and Companion Diagnostic Issues 
	Figure

	Not applicable. 

	Consumer Study Reviews 
	Consumer Study Reviews 
	Figure

	Human factors (HF) studies conducted to evaluate the usability of the device were reviewed by the Division of Medication Error Prevention and Analysis (DMEPA). Per the review, the purpose of this HF validation study was to demonstrate that the 
	bottle design and its associated materials supports safe and effective use by the intended user populations, in the intended use environments, for the intended use scenarios; and ensure that use-related risks associated with the 
	Figure

	bottle design have been effectively mitigated. The HF validation study included four groups of representative users of the product: 15 pharmacists, 15 pharmacy technicians, 15 patients, and 15 caregivers. Participants did not receive training. 
	Figure
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	The study results showed several use errors, close calls, and use difficulties that occurred with critical tasks for healthcare providers reconstituting the metformin hydrochloride extended 
	release oral suspension that may result in harm to the patient, pertaining to the 
	bottle 
	Figure

	container presentation.  Communication between the FDA and the applicant did not reconcile the issues, although the applicant proposed changes to the Instructions for Pharmacists to mitigate the errors. The DMEPA team concluded that, in the absence of new HF validation 
	data, they do not find that product user interface of the 
	bottle design supports safe and 
	Figure

	effective use by the intended users. As a result, DMEPA recommends approval for the round 
	bottle container only at this time, and a Complete Response for the 
	bottle and physician 
	Figure

	sample designs.. Please see DMEPA review for details.. 


	5. Sources of Clinical Data and Review Strategy 
	5. Sources of Clinical Data and Review Strategy 
	Figure
	Table of Clinical Studies 
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	Trial Identity 
	Trial Identity 
	Trial Identity 
	Trial Design 
	Regimen/ schedule/ route 
	Study Endpoints 
	No. of patients enrolled/compl eted 
	Study Population 

	Bioequivalence study-
	Bioequivalence study-
	Open label, randomized, three treatment, three period, six sequence, single dose crossover food effect and bioequivalence study 
	Reference product: Glucophage XR 750 mg tablets Test product: Metformin Hydrochloride extended release oral suspension 100 mg/mL, 7.5 ml 
	PK parameters 
	60/52 
	Healthy adults 
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	Review Strategy 
	Figure

	The clinical program only included a clinical pharmacology study bridging the oral suspension to the metformin extended release tablet.  I briefly discussed this study in Section 4.5, and a detailed review can be found in the Clinical Pharmacology review by Dr Yunzhao Ren. 
	Additionally, per agreement with the FDA the applicant submitted literature to support use of Riomet ER in pediatric patients with T2DM. I reviewed selected relevant studies in support of a bridge between Riomet ER and metformin IR in support of a pediatric indication for Riomet ER in the integrated review of efficacy section. 

	6. Review of Relevant Individual Trials Used to Support Efficacy 
	6. Review of Relevant Individual Trials Used to Support Efficacy 
	Not applicable as no efficacy trials have been conducted with Riomet ER. 

	7. Integrated Review of Effectiveness 
	7. Integrated Review of Effectiveness 
	Assessment of Efficacy Across Trials 
	Assessment of Efficacy Across Trials 
	Figure

	Not applicable as no efficacy trials have been conducted with Riomet ER. 
	Primary Endpoints 
	Primary Endpoints 
	Figure

	Not applicable. 

	Secondary and Other Endpoints 
	Secondary and Other Endpoints 
	Figure

	Not applicable. 

	Subpopulations 
	Subpopulations 
	Figure

	Not applicable. 

	Dose and Dose-Response 
	Dose and Dose-Response 
	Figure

	Not applicable. 

	Onset, Duration, and Durability of Efficacy Effects 
	Onset, Duration, and Durability of Efficacy Effects 
	Figure

	Not applicable. 
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	Additional Efficacy Considerations 
	Additional Efficacy Considerations 
	Figure

	Considerations on Benefit in the Postmarket Setting 
	Considerations on Benefit in the Postmarket Setting 
	Riomet ER is an oral suspension extended release metformin product which could be used by patients who have issues swallowing the large metformin extended release tablets currently marketed. While many other metformin formulations are currently marketed, the extended release formulations are all in tablet form, and the tablets are quite large and cannot be crushed. This change in formulation may allow more patients to switch from immediate release metformin (twice a day) to extended release metformin (once 

	Other Relevant Benefits 
	Other Relevant Benefits 
	Figure

	None. 


	Integrated Assessment of Effectiveness 
	Integrated Assessment of Effectiveness 
	Figure

	The efficacy of Riomet ER in adults can be inferred from the BE bridge between Riomet ER and Glucophage XR. As Riomet ER was found to be bioequivalent to the first reference product, Glucophage XR, the findings of safety and efficacy of Glucophage XR in adults can be extended to the Riomet ER product. 
	Glucophage XR is not approved in pediatrics for reasons that are not related to safety or efficacy concerns. While the reasons are not clear, it is likely that they are due to issues of swallowability of the non-crushable Glucophage XR tablet in this patient population, and also possibly due to innovator business decisions. As a result, the efficacy of Riomet ER in pediatrics is based on a further bridge between Glucophage XR and Glucophage IR, as well as supportive literature data. 
	Bridge between Glucophage XR and Glucophage IR 
	Bridge between Glucophage XR and Glucophage IR 

	Glucophage XR shares approved labeling (the prescribing information) with Glucophage, which is metformin immediate-release (Glucophage IR), which is indicated to improve glycemic control in adult and pediatric patients 10 years of age and older with T2DM. In adults with T2DM, Glucophage XR and Glucophage IR are switched for one another, and this is reflected by the following statement in the approved product labeling, under the Dosage and !Ϋ̆Ϯ̇Ϯ̡̫̝Γ̫Ϯ̎̇ ̡ίΡ̫Ϯ̎̇Ϧ !Ϋ̫͆̀ D̡̎Γϡί ̡ίΡ̫Ϯ̎̇Ϩ ϯPΓ̫Ϯί̡̫̇ ̝ίΡίϮ͑Ϯ̇ϡ ̑Gl
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	absorption (as measured by AUC) from [Glucophage XR] at a 2000 mg once-daily dose is similar ̫̎ ̫ϫί ̡Γ̆ί ̫̫̎Γ̀ ΫΓϮ̀͘ Ϋ̡̎ί ΓΫ̆Ϯ̇Ϯ̡̫ί̝ίΫ Γ̡ ̑G̀͆Ρ̎̚ϫΓϡί IR̒ ̫ΓΠ̀ί̡̫ ϭͽͽͽ ̆ϡ ̫͒ϮΡί ΫΓϮ̀͘ϩϰ The Clinical Studies section describes a 24-week double-blind, randomized study of Glucophage XR taken once daily and Glucophage IR taken twice daily. Thus, there is adequate bridging information for Glucophage XR and Glucophage IR for adult use. 
	ϵϫί PίΫϮΓ̫̝ϮΡ Ϲ̡ί ̡ίΡ̫Ϯ̎̇Ϧ G̀͆Ρ̎̚ϫΓϡί IR ̡͆Π̡ίΡ̫Ϯ̎̇Ϧ ̡̫Γ̫ί̡Ϩ ϯϵϫί ̡͆ί ̎ι ̑G̀͆Ρ̎̚ϫΓϡί IR̒ Ϯ̇ 
	pediatric patients 10-16 years old for the treatment of type 2 diabetes mellitus is supported by evidence from adequate and well-controlled studies of [Glucophage IR] in adults with additional data from a controlled clinical study in pediatric patients 10 to 16 years old with type 2 diabetes mellitus which demonstrated a similar response in glycemic control to that seen in adults. In 
	̫ϫϮ̡ ̡̫͆Ϋ͘Ϧ ΓΫ͑ί̡̝ί ̝ίΓΡ̫Ϯ̡̎̇ ͒ί̝ί ̡Ϯ̆Ϯ̀Γ̝ ̫̎ ̫ϫ̡̎ί Ϋί̡Ρ̝ϮΠίΫ Ϯ̇ ΓΫ̡̫͆̀ϩϰ ϵϫϮ̡ ̡̡̝̫͆̎̚̚ ̫ϫϮ̡ !ϡί̇Ρ͘Ϭ̡ ιϮ̇ΫϮ̇ϡ ̫ϫΓ̫ ̫ϫί ̡Γιί̫͘ Γ̇Ϋ ίιιϮΡΓΡ͘ ̎ι G̀͆Ρ̎̚ϫΓϡί IR Ϯ̇ ΓΫult and pediatric patients with T2DM is similar. 
	Given the findings above, the Agency can conclude that the applicant can appropriately rely on Glucophage IR given the relationship between Glucophage XR and Glucophage IR described in the approved labeling with respect to adult use; and that Glucophage IR has similar glycemic control and similar adverse event profile in adults and pediatric patients 10-16 years old for treatment of T2DM.  Therefore, it is reasonable to further conclude that the safety and efficacy of Glucophage XR is similar between adult 
	In conclusion, Riomet ER can be considered adequately bridged to both Glucophage XR and Glucophage, and this constitutes the basis for my findings of efficacy. 
	Supportive literature data 
	Supportive literature data 

	Additionally, per the agreed iPSP, the applicant compiled available data to support a clinical bridge between metformin ER and metformin IR, to ultimately justify a pediatric indication for Riomet ER. This information is supportive and does not constitute a basis for the conclusion of efficacy. 
	A summary of the information submitted by the applicant with reviewer comments is presented below. 
	The applicant used the following arguments in support of the required bridge: 
	1.. 
	Similar disease progression and response to intervention between adult and pediatric patients with T2DM 

	The applicant argues that pediatric and adult patients with T2DM have similar disease 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Clinical Review Andreea O Lungu NDA 212595 Metformin hydrochloride extended release (Riomet ER) 
	presentation, pathophysiology, progression, and similar efficacy outcome measures. In both adult and pediatric populations, the phenotype of T2DM appears similar, with insulin resistance, dyslipidemia, and obesity. The applicant states that there is currently no information in the literature to suggest fundamental differences exist between the adult and pediatric populations in disease characteristics or outcomes. 
	Reviewer comment: The information provided by the applicant is not entirely correct. It is not clear whether the disease is similar in adults and pediatric patients with T2DM, as the data in children is limited. The only large study in pediatric patients with T2DM, the TODAY study, suggested that, although the pathophysiology of the disease may be the same, T2DM in pediatric patients may have more aggressive rate of progression compared to patients diagnosed later in life. Specifically, treatment failure wi
	2. 
	Comparable efficacy and safety between metformin ER and IR 

	The applicant submitted an abstract of a systematic reviewof 9 studies including 6316 adult patients to assess the efficacy, safety, and treatment adherence of metformin extended release in prediabetes or T2DM. It appears that the comparator was metformin IR in at least 4 studies, 
	Adult patients 
	1 

	Γ̇Ϋ ̫ϫί Γ̫͆ϫ̡̝̎Ϭ Ρ̎̇Ρ̡̀͆Ϯ̎̇ ͒Γ̡ ̫ϫΓ̫ ̫ϫί̝ί Γ̝ί ̇̎ ̡Ϯϡ̇ϮιϮΡΓ̫̇ ΫϮιιί̝ί̇Ρί̡ Πί̫͒ίί̇ ̆ί̫ι̝̎̆Ϯ̇ IR 
	and XR regarding efficacy. The review concludes that metformin XR has at least similar efficacy and improved safety and adherence compared to metformin IR.  
	A multicenter studyevaluating the glycemic effects of a switch from metformin IR to ER in adults with T2DM age 27-77 years, concluded that the patients who were switched achieved comparable glycemic control on either metformin formulation. 
	2 

	In another study, adults with newly diagnosed T2DM were randomly assigned to receive extended release, or immediate release metformin in a double blind, 24-week trial. The safety and efficacy of the two metformin formulations was found to be similar. 
	3

	To summarize these findings, a publication by Jabbour S and Ziring B, 2011 compared the . 
	glycemic effects of metformin IR and ER in patients with T2DM (Table 3)
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	Table 3 Effects of Metformin Immediate Release and Extended-Release Metformin on Glycemic Parameters in Patients with Type 2 Diabetes Mellitus 
	Figure
	Source: Table 1 Clinical Overview Additional studies supporting comparable safety and efficacy of metformin IR and ER in adults with T2DM were included by the sponsor, but not included here as the information is redundant. 
	CDER Clinical Review Template 
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	Clinical Review Andreea O Lungu NDA 212595 Metformin hydrochloride extended release (Riomet ER) 
	Reviewer comment: I agree with the applicant that there is a large body of literature pointing to the similarity in efficacy and safety between metformin IR and ER in adults.  Most importantly, the similar efficacy and safety between metformin IR and ER in adults with T2DM is also supported by the Glucophage and Glucophage XR prescribing information. The Glucophage and Glucophage XR label also contains the following wording in support of the two metformin formulations being used interchangeably: “Patients r
	No efficacy studies have been performed using metformin ER in pediatric patients with T2DM. .
	Pediatric patients. 

	The available data for the safety of metformin ER in pediatric patients without diabetes is summarized in Section 8.10. 
	This, in addition to the clinical pharmacology information presented in Section 4.5, is supportive of the similarity between adults and pediatric patients with T2DM regarding clinical efficacy and clinical pharmacology parameters when using metformin formulations (IR or ER). 
	In summary, the Riomet ER drug product was successfully bridged via a BE study to the reference drug Glucophage XR, which is, in turn, bridged to the Glucophage IR product via the shared prescribing information, which includes clinical and clinical pharmacology data. Since metformin IR is approved for use in children with T2DM, with efficacy and safety similar to what was observed in adult patients with T2DM, it may be reasonable to infer Riomet ER safety and efficacy in pediatric patients with T2DM.  
	Fujii RK et al, 2015 Fujioka K et al, 2003 Schwartz S et al, 2006 
	1 
	2 
	3 



	8. Review of Safety 
	8. Review of Safety 
	Safety Review Approach 
	Safety Review Approach 
	Figure

	No clinical studies were performed by the applicant in support of this application.  

	Review of the Safety Database. Overall Exposure. 
	Review of the Safety Database. Overall Exposure. 
	Figure

	Not applicable. 
	Relevant characteristics of the safety population: 
	Relevant characteristics of the safety population: 
	Figure

	Not applicable. 

	Adequacy of the safety database: 
	Adequacy of the safety database: 
	Figure
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	Not applicable. 

	!dequacy of !pplicant’s Clinical Safety !ssessments 
	!dequacy of !pplicant’s Clinical Safety !ssessments 
	Figure

	Issues Regarding Data Integrity and Submission Quality 
	Not applicable. 

	Categorization of Adverse Events 
	Categorization of Adverse Events 
	Figure

	Not applicable. 

	Routine Clinical Tests 
	Routine Clinical Tests 
	Figure

	Not applicable. 


	Safety Results. Deaths. 
	Safety Results. Deaths. 
	Figure

	Not applicable. 
	Serious Adverse Events 
	Serious Adverse Events 
	Figure

	Not applicable. 

	Dropouts and/or Discontinuations Due to Adverse Effects 
	Dropouts and/or Discontinuations Due to Adverse Effects 
	Figure

	Not applicable. 
	Significant Adverse Events 
	Figure

	Not applicable. 
	Treatment Emergent Adverse Events and Adverse Reactions 
	Figure

	Not applicable. 
	Laboratory Findings 
	Figure

	Not applicable. 
	Vital Signs 
	Figure

	Not applicable. 
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	Electrocardiograms (ECGs) 
	Electrocardiograms (ECGs) 
	Figure

	Not applicable. 
	QT 
	Figure

	Not applicable. 

	Immunogenicity 
	Immunogenicity 
	Figure

	Not applicable. 


	Analysis of Submission-Specific Safety Issues 
	Analysis of Submission-Specific Safety Issues 
	Figure

	Not applicable. 

	Safety Analyses by Demographic Subgroups 
	Safety Analyses by Demographic Subgroups 
	Figure

	Not applicable. 

	Specific Safety Studies/Clinical Trials 
	Specific Safety Studies/Clinical Trials 
	Figure

	Not applicable. 
	Additional Safety Explorations Human Carcinogenicity or Tumor Development 
	Figure

	Not applicable. 
	Human Reproduction and Pregnancy 
	Figure

	Not applicable. 
	Pediatrics and Assessment of Effects on Growth 
	Pediatrics and Assessment of Effects on Growth 
	Figure

	No assessment has been performed, however, metformin IR is a widely used drug in the proposed pediatric population (T2DM, age 10-18), and the safety is well described in the literature and prescribing information. 
	Overdose, Drug Abuse Potential, Withdrawal, and Rebound 
	Figure

	Not applicable. 
	Safety in the Postmarket Setting 
	Figure
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	Safety Concerns Identified Through Postmarket Experience 
	Safety Concerns Identified Through Postmarket Experience 
	Figure

	Riomet ER is not approved in any country. 

	Expectations on Safety in the Postmarket Setting 
	Expectations on Safety in the Postmarket Setting 
	Figure

	The safety of Riomet ER is expected to be similar to the safety of the reference product Glucophage XR. 

	Additional Safety Issues From Other Disciplines 
	Additional Safety Issues From Other Disciplines 
	Figure

	None. 


	Integrated Assessment of Safety 
	Integrated Assessment of Safety 
	Figure

	In adults, the safety of Riomet ER in adults can be inferred from the BE bridge between Riomet ER and Glucophage XR. Therefore, the safety of Riomet ER is expected to be similar to the safety of Glucophage XR in this patient population. 
	No direct safety information is available for metformin ER in pediatric patients with T2DM. However, Glucophage XR and Glucophage share the prescribing information which states that the products can be switched for one another. This statement is supported by both clinical and clinical pharmacology information outlined in the prescribing information and presented in Section 7.3 of this review.  Additionally, the Glucophage safety in adults and pediatric patients age 10-16 with T2DM was found to be similar as
	-

	The applicant submitted additional supportive literature outlining the use of metformin ER in obese adolescents, without T2DM. 
	In one study, 69 obese adolescents age 10-16 were randomized to receiving metformin ER 2000 mg or placebo with either moderate or vigorous exercise. The study did not report any serious adverse events (SAEs), the only adverse events (AEs) reported were a transient increase in transaminases, and temporary discontinuation of the study drug in one patient due to diarrhea.  In addition, 6 patients were unable to tolerate the 2000 mg of metformin ER and the dose had to be reduced. 
	4
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	A second studyevaluated the effect of 48 weeks of metformin ER treatment on weight loss in 77 obese adolescents ages 13-18 (39 of which received metformin ER).  Nausea, vomiting and headache were more common with metformin ER compared to placebo, which is consistent with the known safety profile of metformin ER. One SAE of appendectomy was reported in a patient who received metformin but was considered unrelated to the study drug. Another SAE was reported in the follow up period (the patients were followed 
	5 

	Reviewer comment: The information submitted by the applicant is further supportive of similar safety and tolerability of metformin ER in children and adults.  
	Clarson CL et al, 2014 
	4 

	Wilson DM et al, 2010 
	5 



	9. Advisory Committee Meeting and Other External Consultations 
	9. Advisory Committee Meeting and Other External Consultations 
	Not applicable. 

	10. Labeling Recommendations 
	10. Labeling Recommendations 
	Prescription Drug Labeling 
	Prescription Drug Labeling 
	Figure

	The applicant submitted a label based on the label of the reference drug, Glucophage XR. The indication of the Riomet ER product extends beyond that of Glucophage XR to pediatric patients age 10-18. This is adequate as it is supported by the literature allowing a bridge between Riomet ER and metformin IR which is approved for use in pediatrics. 
	Additionally, other changes were made to the prescribing information submitted by the applicant as follows: -Drug Interactions: Added wording to reflect the results of the in vitro alcohol dissolution study showing that alcohol >5% increased the release and absorption of Riomet ER. -Container presentations: The sponsor proposed 2 presentations for the Riomet ER drug 
	product (a 
	bottle pack, and a round bottle pack). Based on the results of the 
	Figure

	human factors study, DMEPA deemed the 
	container to be prone to errors that 
	Figure

	Ρ̎͆̀Ϋ ̫̇̎ Πί ̆Ϯ̫ϮϡΓ̫ίΫ Π͘ ̫ϫί ̡̡̝̎̇̎̚Ϭ̡ ̡̝̎̎̚̚Γ̀. As such, only the round bottle pack can be approved at this time. 
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	Nonprescription Drug Labeling 
	Nonprescription Drug Labeling 
	Figure

	Not applicable. 


	11. Risk Evaluation and Mitigation Strategies (REMS) 
	11. Risk Evaluation and Mitigation Strategies (REMS) 
	No REMS was recommended for this application. 

	12. Postmarketing Requirements and Commitments 
	12. Postmarketing Requirements and Commitments 
	No postmarketing requirements or commitments were recommended for this application. 

	13. Appendices 
	13. Appendices 
	References 
	References 
	Figure

	1.. 
	1.. 
	1.. 
	Glucophage and Glucophage XR prescribing information US bl.pdf 
	https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020357s034,021202s018l 


	2. 
	2. 
	Clarson CL et al, 2014 

	3. 
	3. 
	Fujii RK et al, 2015 

	4. 
	4. 
	Fujioka K et al, 2003 

	5. 
	5. 
	Gao X et al, 2003 

	6. 
	6. 
	Jabbour S and Ziring B, 2011 

	7. 
	7. 
	Schwartz S et al, 2006 

	8. 
	8. 
	Wilson DM et al, 2010 



	Financial Disclosure 
	Financial Disclosure 
	Figure

	The bioequivalence study was conducted at a single site, with only one investigator. 
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