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1 Executive Summary

1.1. Product Introduction

STEGLATRO (ertugliflozin) is new molecular entity submitted for marketing approval by the
Merck Sharpe and Dohme Corp. (referred to as the Applicant throughout the remainder of this
review) as a New Drug Application (NDA 209803) in accordance with Section 505(b)(1) of the
Federal Food, Drug and Cosmetic Act (FDCA)' and Section 314 of Title 21 Code of Federal
Regulations (CFR) 314.50.2

Ertugliflozin is a sodium-glucose cotransporter 2 (SGLT2) inhibitor that reduces reabsorption of
filtered glucose and lowers the renal threshold for glucose, thereby increasing urinary glucose
excretion. During clinical development, ertugliflozin administration to subjects with type 2
diabetes mellitus (T2D) was associated with dose-dependent increases in urinary glucose and
urinary volume, and lower hemoglobin Alc (HbAlc) concentrations.

The proposed indication for STEGLATRO is as an adjunct to diet and exercise to improve glycemic
control in adults with T2D. STEGLATRO is intended for once daily oral administration, and will be
available as film-coated tablets containing 5 mg or 15 mg of ertugliflozin.

The Applicant also has submitted two new fixed combination drug products (FCDPs), STEGLUJAN
(ertugliflozin/sitagliptin) under NDA 209805, pursuant to Section 505(b)(1); and SEGLUROMET
(ertugliflozin/metformin) under NDA 209806, pursuant to Section 505(b)(2) of the FDCA. NDA
209806 relies, in part, for approval on the Food and Drug Administration’s (FDA) finding of
safety and effectiveness for the listed drug, GLucoPHAGE (metformin hydrochloride; NDA
020357, Bristol Myers Squibb).

The DPP-4 inhibitor component of STEGLUJAN (i.e., sitagliptin) is an approved antihyperglycemic
agent with the indication ‘as an adjunct to diet and exercise to improve glycemic control in
adults with T2D’. Sitagliptin is a competitive dipeptidyl peptidase-4 (DPP-4) inhibitor that slows
the inactivation of the incretin hormones, thereby increasing their concentrations in the blood,
and reducing fasting and postprandial glucose concentrations in a glucose-dependent manner
in patients with T2D.3

The proposed indication for STEGLUJAN is as an adjunct to diet and exercise to improve glycemic
control in adults with T2D when treatment with both ertugliflozin and sitagliptin is appropriate.
STEGLUJAN is intended for once daily oral administration, and will be available as film-coated
tablets in the following dosage forms: ® @

ertugliflozin 5 mg/sitagliptin 100 mg; and ertugliflozin 15 mg/sitagliptin

16

Reference ID: 4189412



Clinical Review

Frank Pucino, PharmD, MPH

NDA 209803 (Ertugliflozin) / NDA 209805 (Ertugliflozin/Sitagliptin FCDP) / NDA 209806
(Ertugliflozin/Metformin FCDP)

100 mg.

SEGLUROMET consists of ertugliflozin and metformin, a biguanide. Metformin is approved with
the indication ‘as an adjunct to diet and exercise to improve glycemic control in adults and
children with T2D’. Metformin improves glucose tolerance, decreases hepatic glucose
production and intestinal absorption of glucose, and improves insulin sensitivity.

The proposed indication for SEGLUROMET is an adjunct to diet and exercise to improve glycemic
control in adults with T2D ®) )
SEGLUROMET is intended for twice daily oral administration with meals, and will be available as
film-coated tablets in the following formulations: ertugliflozin 2.5 mg/metformin 500 mg;
ertugliflozin 2.5 mg/metformin 1000 mg; ertugliflozin 7.5 mg/metformin 500 mg; and
ertugliflozin 7.5 mg/metformin 1000 mg.

All three ertugliflozin products are not indicated for the treatment of type 1 diabetes mellitus
(T1D) or diabetic ketoacidosis (DKA), and should not be used in patients with moderate or
severe renal impairment.

1.2. Conclusions on the Substantial Evidence of Effectiveness

| believe that the Applicant has provided substantial evidence of effectiveness to support
approval of these products in adult patients with T2D and an estimated glomerular filtration
rate (eGFR) >60 mL/min/1.73 m?.

To support the proposed indication for NDA 209803 (ertugliflozin), the Applicant has provided
clinical data from seven multicenter, randomized, double-blind, placebo- or active comparator-
controlled, clinical trials involving 4,863 subjects with T2D. Six of these trials evaluated the
effects of ertugliflozin (5 and 15 mg) as monotherapy and in combination with metformin
(21500 mg/day) and/or sitagliptin (100 mg). In a dedicated moderate renal impairment trial
(P001/1016), ertugliflozin also was studied in combination with other antihyperglycemic
medications, including insulin and a sulfonylurea, in T2D subjects with moderate renal
impairment (eGFR 30 to <60 mL/min/1.73 m?). The Applicant intends to include all seven
efficacy trials in Section 14 of product labeling.

Based on the Agency analysis of the primary efficacy endpoint (i.e., mean change in HbAlc from
baseline to week 26), both ertugliflozin 5 mg and 15 mg once daily resulted in modest, but
statistically significant (all p<0.001) reductions in HbAlc concentrations compared to the
placebo or active comparator in five of these trials (P003/1022, P005/1019, P006/1015,
P007/1017, and P017/1047). For Trial P002/1013, a 52-week active-comparator trial, only the
ertugliflozin 15 mg treatment arm was determined to be noninferior to the glimepiride arm
(mean daily dose 3 mg).
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For the moderate renal impairment trial (P001/1016), the HbAlc changes from baseline to
Week 26 were not significantly different between the once daily placebo and ertugliflozin 5 mg
or 15 mg treatment arms. Therefore, | do not recommend the use of ertugliflozin-containing
products for patients with moderate to severe renal impairment.

To support marketing approval of NDA 209805 (ertugliflozin/sitagliptin FCDP), the Applicant is
relying on three of the above seven trials, which randomized 1,985 T2D subjects. In these trials,
the efficacy of ertugliflozin (5 and 15 mg) was evaluated in a factorial study in which
ertugliflozin and/or sitagliptin were administered as add-on combination therapy with
metformin (Trial P005/1019), as add-on combination therapy with metformin plus sitagliptin
(Trial PO06/1015), and as initial combination therapy with sitagliptin (Trial P017/1047). For the
factorial trial, ertugliflozin 5 mg or 15 mg used in combination with sitagliptin 100 mg provided
statistically significant improvements in HbAlc concentrations compared to the individual
components at Week 26. The other two trials provided supportive evidence of added efficacy
with combination therapy.

For NDA 209806 (ertugliflozin/metformin FCDP), the Applicant is relying on four of the above
trials (P002/1013, P005/1019, P006/1015, PO07/1017), which randomized 3,643 subjects with
T2D. In these trials, the efficacy of ertugliflozin (5 and 15 mg) was evaluated as add-on
combination therapy with maximally tolerated doses of background metformin therapy (21500
mg/day). These trials provide evidence of an added benefit from combination therapy of
ertugliflozin as add-on to metformin, with or without sitagliptin. The labeled indication of this
FCDP will need to reflect the supporting clinical trial data (i.e., ‘as an adjunct to diet and
exercise to improve glycemic control in adults with type 2 diabetes mellitus ®) )
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1.3. Benefit-Risk Assessment

Benefit-Risk Summary and Assessment

Type 2 diabetes mellitus (T2D) is a condition of chronic impaired glucose homeostasis that leads to chronic hyperglycemia and increases the risk
for vascular complications (both microvascular and macrovascular).*®> Therapies for T2D have focused on improving glycemic control as
assessed by change in HbAlc. While there are multiple drug products approved both as individual drugs and as FCDPs, many patients are
unable to achieve the desired glucose targets. Thus, additional therapeutic options are needed to facilitate individualization of therapy.

To support marketing approval of ertugliflozin (NDA 209803), an SGLT2 inhibitor, the Applicant has conducted seven Phase 3 clinical trials that
evaluated the efficacy and safety of ertugliflozin 5 mg and 15 mg once daily doses as monotherapy, and as add-on to metformin and/or
sitagliptin, and other antihyperglycemic agents (Trial P001/1016). Based on the Agency analysis of the primary efficacy endpoint (i.e., mean
change in HbAlc from baseline to Week 26), the ertugliflozin 5 mg and 15 mg once daily doses resulted in modest, but statistically significant
(all p<0.001) reductions in HbAlc concentrations compared to the placebo in five of these trials (P003/1022, P0O05/1019, P006/1015,
P007/1017, and P017/1047). The improvement in glycemic control for both ertugliflozin doses is considered clinically meaningful (i.e., all
placebo-subtracted reductions in HBAlc > -0.48%).% Additionally, the ertugliflozin 15 mg dose was noninferior to glimepiride (mean dose 3
mg/day) at Week 52 in Trial P002/1013), with reductions in HbAlc for both the 5 mg and 15 mg ertugliflozin doses maintained throughout the
52-week treatment period.

For NDA 209805 (ertugliflozin/sitagliptin FCDP), the two active pharmaceutical ingredients (an SGLT2 inhibitor plus a DPP-4 inhibitor) are
combined at fixed dosages (i.e., ertugliflozin 5 mg or 15 mg with sitagliptin ®® 100 mg), which allows for dosing of both via four different
tablet formulations. The contribution of both antihyperglycemic components to the claimed effect has been demonstrated at the doses studied
in a factorial trial (P005/1019), with additional support from two Phase 3 clinical trials (P006/1015 and P017/1047). These three trials also were
submitted to support NDA 209803. The results of the factorial trial provide evidence that the combination of recommended doses of
ertugliflozin and sitagliptin, added to maximum tolerated background metformin (21500 mg/day), is statistically superior to either of the
individual components in reducing HbAlc at Week 26. The other two trials demonstrated superiority over placebo with ertugliflozin as add-on
combination therapy with metformin plus sitagliptin and as initial combination therapy with sitagliptin.

For NDA 209806 (ertugliflozin/metformin FCDP), ertugliflozin plus a biguanide (metformin) are combined at fixed dosages (i.e., ertugliflozin 2.5
mg or 7.5 mg with metformin 500 mg or 1000 mg) in four different tablet formulations. Four of the seven Phase 3 trials (P002/1013,
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P005/1019, P0O06/1015, P0O07/1017) submitted to NDA 209803 also were used to support the claimed effect of this FCDP. For the two placebo-
controlled trials (P006/1015 and P007/1017), ertugliflozin 5 mg or 15 mg once daily as add-on combination therapy with metformin (21500
mg/day), with and without sitagliptin (100 mg/day), provided statistically significant reductions in HbAlc at Week 26 compared to placebo.

() @)
®©@the Applicant’s dedicated moderate renal impairment trial (P001/1016) failed to show superiority over placebo for
either the ertugliflozin 5 mg or 15 mg daily dose as add-on therapy to background antihyperglycemic therapy, ® @

The most common adverse reactions, reported in 22% of subjects and more frequently in ertugliflozin-treated subjects included female and
male genital mycotic infections, urinary tract infections, headache, vaginal symptoms, increased urination, nasopharyngitis, back pain, weight
decreased, and thirst. Additionally, the occurrence of documented hypoglycemia (i.e., blood glucose <70 mg/dL) was reported in 4.1% (21/515)
of placebo-treated subjects compared with 5.2% (27/519) and 4.9% (25/510) of subjects in the ertugliflozin 5 mg and 15 mg arms, respectively.
The incidence of severe hypoglycemia (i.e., the subject required the assistance of another person to recover, lost consciousness, or experienced
a seizure) was relatively low and similar between treatment arms (i.e., 1%, 0.4% and 0.4%, respectively). The numbers of hypoglycemic events,
particularly severe events, were limited in the clinical trials in which ertugliflozin was used as add-on/combination therapy with sitagliptin
and/or metformin. However, for the ertugliflozin plus sitagliptin factorial trial (P005/1019), hypoglycemia was observed in 9% (22/244) of
subjects in the ertugliflozin 15 mg/sitagliptin 100 mg arm compared to <5.6% in all other treatment arms (sitagliptin 100 mg, ertugliflozin 5 mg,
ertugliflozin 15 mg, and ertugliflozin 5 mg/sitagliptin 100 mg). The safety profile of ertugliflozin and the ertugliflozin FCDPs are reflective of
what would be expected of SGLT2 inhibitors as monotherapy and in combination with a DPP-4 inhibitor or biguanide.

One safety finding identified across the ertugliflozin clinical program was a numeric imbalance in the number of subjects who experienced
lower limb amputations in at-risk subjects (e.g., preexisting cardiovascular (CV), cerebrovascular and/or peripheral arterial disease), that
favored the non-ertugliflozin comparator arm. These events were reported in 11 (0.2%) ertugliflozin-treated subjects compared to one subject
(0.1%) randomized to the comparator arm. Associated serious adverse events (cellulitis, diabetic vascular disorders, diabetic foot infections,
gangrene, osteomyelitis, peripheral arterial occlusive disease, and peripheral ischemia) often preceded surgery. Although the event rate is
relatively low, another SGLT2 inhibitor carries a Boxed Warning for the risk of lower limb amputations in patients with established CV disease.

In summary, the totality of the clinical trial data suggests that ertugliflozin and each of the components of the ertugliflozin/sitagliptin and
ertugliflozin/metformin FCDPs contribute to improving glycemic control at the doses evaluated in the pivotal Phase 3 clinical trials. However,
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there is some concern regarding the potential for an increased risk of lower limb amputations in at-risk patient populations. Additionally,
efficacy has not been established in patients with moderate renal impairment, while potential use in this special population may be associated
with an increased risk for adverse outcomes. | believe that the overall benefit-risk for T2D patients is favorable, and that the identified safety
concerns can be addressed through labeling and routine pharmacovigilance. Thus, | would recommend approval of this NME (NDA 209803) and
the respective FCDPs (NDAs 209805 and 209806) with an amended indication for the ertugliflozin/metformin FCDP, and the recommendation

that all three ertugliflozin-containing products not be used in patients with moderate renal impairment.

Dimension Evidence and Uncertainties Conclusions and Reasons
Type 2 diabetes mellitus (T2D) is a condition of chronic impaired glucose Type 2 diabetes mellitus is a serious and
homeostasis leading to chronic hyperglycemia and an increased risk for life-threatening condition that if left
Analysis of microvascular (e.g., retinopathy, nephropathy, and neuropathy) and untreated leads to an increased risk for
Condition macrovascular (e.g., myocardial infarction, stroke) complications.*> The morbidity and mortality.
Center for Disease Control (CDC) estimates that there are nearly 30
million patients with T2D in the United States.’
Based on the results of the Diabetes Control and Complication Trial Despite the many available treatment
(DCCT),%14 the United Kingdom Prospective Diabetes (UKPD) study,>1>18 options, many patients continue to have
and the Kumamoto Study,® improved glycemic control (as measured difficulty with achieving the desired degree
using hemoglobin Alc [HbAlc]) is believed to result in improved clinical of glycemic control. Further, T2D is a
outcomes (i.e., reduced microvascular complications). progressive disorder and patients typically
There are currently 12 pharmacologic classes of antihyperglycemic need additional agents added as the course
Current medications (generally with multiple members within each class), of the disease progresses.
Treatment approved to improve glycemic control in patients with T2D. Many of
Options these medications are also approved as fixed combination drug products
(FCDPs).
There are different safety concerns for each class. Metformin is often
considered first-line therapy with the choice of subsequent therapies
individualized by prescribers based on the patient.2%2!
While all approved antihyperglycemic medications have been shown to
improve glycemic control, data on the ability of individual agents to
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

improve clinical outcomes is generally limited or not available.

Benefit

Seven Phase 3 trials, that met the criteria for adequate and well-
controlled studies (21 CFR 314.126),22 were submitted to support
marketing approval of ertugliflozin, and the ertugliflozin/sitagliptin and
ertugliflozin/ metformin FCDPs. The results from six of the seven Phase 3
clinical trials demonstrated that administration of ertugliflozin 5 mg or 15
mg once daily as monotherapy or as add-on to sitagliptin and/or
metformin results in greater HbAlc reductions compared to adding
placebo or the individual components at the doses evaluated in these
trials. Secondary efficacy endpoints for these trials (e.g., proportions of
subjects with HbAlc concentrations <7%, and reductions in fasting
plasma glucose, body weight, and systolic blood pressure) were
supportive and consistent with the effects observed with other SGLT2
inhibitors.

The totality of Phase 3 clinical trial data
provides evidence to support the efficacy of
ertugliflozin for the proposed indication, ‘as
adjunct to diet and exercise to improve
glycemic control in adults with T2D’. Further,
in accordance with 21 CFR Section 300.50,2
one of these trials (P005/1019) was a full
factorial trial that showed that each
component of the ertugliflozin/sitagliptin FCDP
makes a contribution to the claimed effects of
this product. Two additional trials provided
supportive evidence that combination therapy
has added benefit on glycemic control over
the individual components at the doses
used in these trials. Four of the seven trials
also were used to support efficacy of the
ertugliflozin/metformin FCDP. Since these
trials were designed as add-on to
background metformin therapy, benefit of
this product would be most relevant to the
population of T2D patients with inadequate
glycemic control despite maximum tolerated
treatment with metformin (21500 mg/day)
or in patients already receiving ertugliflozin
plus metformin as combination therapy, as
these patient populations were evaluated in
the pivotal Phase 3 clinical trials.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

=
1)
=

e The risks associated with ertugliflozin and the ertugliflozin/sitagliptin and

ertugliflozin/metformin FCDPs are consistent with what is expected with
other SGLT2 inhibitors (e.g., female and male genital mycotic infections,
urinary tract infections, and increased urination), and with what would be
anticipated from combining the two individual products of each FCDP. The
WARNINGS AND PRECAUTIONS section of proposed product labeling will include
additional adverse reactions included in class labeling for other SGLT2
inhibitors (e.g., hypotension, ketoacidosis, acute kidney injury and
impairment of renal function, urosepsis and pyelonephritis, and
hypoglycemia).

The main safety issue identified in these Applications was a numeric
imbalance in the number of ertugliflozin-treated subjects who
experienced lower limb amputations (i.e., 11/3409 subjects vs. 1/1450
subjects in the comparator arm), of which one individual underwent two
separate amputations, and a second had both a revascularization
procedure and an amputation. All cases had preexisting risk factors, and
precipitating medical events (e.g., limb infection, peripheral artery
disease, and gangrene) were common. Since this safety concern is already
included as a Boxed Warning for one other SGLT2 inhibitor, it will be
important that product labeling adequately inform prescribers and
patients of this risk, and that routine monitoring for associated signs and
symptoms be recommended.

Although hypoglycemia is a risk with any antihyperglycemic medication,
the occurrence of hypoglycemic events when ertugliflozin was
administered as monotherapy was relatively low (2.6%), with higher rates
observed in combination with sitagliptin and/or metformin. Events of

The clinical risks associated with use of the
ertugliflozin and ertugliflozin plus sitagliptin
or metformin are what would be expected
with the use of SGLT2 inhibitors or
combination therapy with these drugs,
respectively. However, a numeric imbalance
in the number of cases of lower limb
amputations was observed in subjects
randomized to the ertugliflozin treatment
arms. Preexisting risks and precipitating
medical conditions were reported in the
identified cases. This potential safety signal
can be addressed with appropriate labeling
and continued pharmacovigilance.

Based on the totality of the safety data
submitted, and the observed adverse event
findings, no new safety signals were
identified. The risks associated with the use
of ertugliflozin as monotherapy or in
combination with sitagliptin or metformin
are anticipated, monitorable, and similar to
those observed in other SGLT2 inhibitor
clinical programs, including combination
therapy with a DPP-4 inhibitor and/or
metformin.
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Dimension Evidence and Uncertainties Conclusions and Reasons

severe hypoglycemia (i.e., requiring assistance, lost consciousness, or

experienced a seizure regardless of blood glucose) were limited.
®) @

(b) (4)

®®hased on the results of the
Applicant’s dedicated moderate renal impairment trial (P001/1016),
efficacy at this level of renal function has not been established. Further,
across the clinical program, use of ertugliflozin in individuals with this level
of renal function was associated with numerically higher incidences of
adverse outcomes, including deaths, serious adverse events (SAEs), and
discontinuations due to AEs. Therefore, the use of ertugliflozin-containing
products in patients with an eGFR <60 mL/min/1.73 m? is not
recommended.

e The risk of ketoacidosis, a potentially fatal condition, has recently been
added to the WARNINGS AND PRECAUTIONS sections of approved SGLT2
inhibitor products.?*?® Across the ertugliflozin clinical program,
ketoacidosis was identified in three of 3,409 (0.1%) ertugliflozin-treated
subjects, with no events occurring in the non-ertugliflozin treatment arm.
These cases were each associated with intercurrent illness
(infection/sepsis, gastroenteritis). As with SGLT2 inhibitor class labeling,
the proposed product labeling includes information on ketoacidosis in the
WARNINGS AND PRECAUTIONS section. Based on the existing data, this should
be adequate.

e No risk evaluation and mitigation strategy is recommended for this The adverse reactions and safety profile of

product. ertugliflozin and the ertugliflozin FCDPs can
be adequately labeled to communicate the
above safety concerns.
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1.4. Patient Experience Data

Not applicable. Patient experience data (e.g., experiences with a disease or condition, including
the impact of such disease or condition, or a related therapy, on patients’ lives; and patient
preferences with respect to treatment of such disease or condition) were not submitted nor
reviewed as part of the three NDAs that are the subject of this review.

2 Therapeutic Context

2.1. Analysis of Condition

Diabetes mellitus is a disease of impaired glucose homeostasis that results in chronic
hyperglycemia. There are two main types of diabetes mellitus: type 1 diabetes mellitus (T1D;
characterized by autoimmune destruction of pancreatic B-cells and loss of insulin secretion) and
type 2 diabetes mellitus (T2D; characterized by resistance to insulin activity with inadequate
insulin production to maintain euglycemia).?’ According to the 2017 National Diabetes Statistics
Report, diabetes affects an estimated 30.3 million people within the United States (U.S.),” of
which T2D accounts for 90-95% of all diagnosed cases.*” As of 2013, diabetes also is the most
expensive medical condition to diagnose and treat in the U.S., accounting for $101.4 billion in
healthcare spending.?®

Patients with T1D may present with classic symptoms of hyperglycemia (e.g., polyuria,
polydipsia, nocturia, blurred vision, and diabetic ketoacidosis), while patients with T2D can be
asymptomatic. As a result of chronic hyperglycemia, patients with diabetes mellitus are at an
increased risk for microvascular (e.g., retinopathy, nephropathy) and macrovascular (e.g.,
myocardial infarction, stroke) complications. For patients with T2D, the presence of
microvascular and macrovascular disease are independently associated with a 10-year risk of
death, major adverse cardiovascular events (MACE: nonfatal myocardial infarction, nonfatal
stroke, or CV death) and major clinical microvascular events (end-stage renal disease, death
due to renal disease, retinal photocoagulation, or diabetes-related blindness), while
coexistence of both micro- and macrovascular disease is associated with a 2.0-, 2.9- and 6.3-
fold greater risk of these complications, respectively.?®> Diabetes remains a leading cause of
kidney failure, adult-onset blindness, and non-traumatic lower limb amputations in the U.S.*
Additionally, people with diabetes are twice as likely to have cardiovascular disease (CVD) or
stroke as nondiabetic individuals—and at an earlier age.* Diabetes was the seventh leading
cause of death in 2015,” and CVD remains a major cause of death among diabetics. Based on
the results of the Diabetes Control and Complication Trial (DCCT),2* the United Kingdom
Prospective Diabetes Study (UKPDS),>>8 and the Kumamoto Study,'® improved glycemic
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control (as measured using hemoglobin Alc [HbAlc]) is believed to result in improved clinical
outcomes.

2.2. Analysis of Current Treatment Options

Type 2 diabetes mellitus can be treated with a combination of proper diet, exercise, and one or
more of the drug products presented in Table 1 (a more detailed listing of available products,
including FCDPs, and associated safety concerns is presented in Table 42, Appendix 13.2). The
2015 American Diabetes Association (ADA)/European Association for the Study of Diabetes
(EASD) position statement advocates the use of a patient-centered approach for the
management of T2D, which includes the assessment of glycemic efficacy, hypoglycemia risk,
impact on weight, adverse effects, costs, and patient preference.?° The 2017 clinical practice
guidelines issued by the U.S. Department of Veterans Affairs/U.S. Department of Defense also
support individualized treatment plans based on many of these same factors.3° In the
ADA/EASD report, they recommend initiating antihyperglycemic therapy for the management
of T2D with metformin as monotherapy. Should a single agent alone fail to achieve/maintain
the HbA1c target over three months, the next step would be to add a second agent (e.g., GLP-1
receptor agonist, SGLT2 inhibitor, DPP-4 inhibitor, thiazolidinedione, basal insulin, or
sulfonylurea), with addition of a third agent should dual antihyperglycemic therapy fail to
achieve the desired HbAlc target over the subsequent three-month period.?° Similar
recommendations also have been published in the ADA’s Standards of Medical Care in
Diabetes—2017,%! and suggested by the American College of Physicians (ACP),33? and the
American Association of Clinical Endocrinologists (AACE)/American College of Endocrinology
(ACE).33 Several studies have also reported advantages from adding a third noninsulin agent to
a two-drug combination that is not yet or no longer achieving the glycemic target,?%3*3> as well
as triple therapy with both oral and injectable antihyperglycemic agents.3¢3% Intensive
treatment with triple oral antihyperglycemic therapy in newly diagnosed T2D patients also has
been shown to have a durable antihyperglycemic effect (i.e., maintenance of B-cell function and
glycemic control for >6 years).3? Additionally, two FCDPs that contain an SGLT2 inhibitor plus a
DPP-4 inhibitor (i.e., empagliflozin/linagliptin®4! and dapagliflozin/saxagliptin*?) were approved
primarily based on Phase 3 trials which demonstrated improved glycemic control as add-on
therapy in combination with metformin.

Despite the number of drugs approved for the treatment of T2D (i.e., 12 antihyperglycemic
pharmacologic classes), 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 antihyperglycemic drug. Several published reports suggest that
approximately half of U.S. adults with diabetes do not meet the recommended glycemic
goals.*** Further, many pharmacologic classes may not be tolerated or have limited usefulness
in certain populations (please refer to Table 42).23133 For example, thiazolidinediones may be
associated with increased bone fracture risk in postmenopausal women or elderly men, edema,
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and weight gain and are not recommended for use in many patients with congestive heart
failure, while DPP-4 inhibitors carry a class warning for a risk of heart failure and
severe/disabling arthralgia. Metformin and SGLT2 inhibitors are contraindicated in patients
with severe renal dysfunction. Additionally, SGLT2 inhibitors may be associated with genital
mycotic infections and urinary tract infections (including urosepsis and pyelonephritis), as well
as volume depletion/orthostatic hypotension and acute kidney injury. Use of insulin and insulin
analogues, meglitinides and sulfonylureas may be associated with hypoglycemia and weight
gain. Amylin mimetics, alpha-glucosidase inhibitors, biguanides, bile acid sequestrants, and
GLP-1 receptor agonists may cause intolerable gastrointestinal side effects, and pancreatitis
and allergic reactions have been reported with DPP-4 inhibitors and GLP-1 receptor agonists.
Additionally, metabolic acidosis (e.g., lactic acidosis, and ketoacidosis) has occurred with the
use of metformin and SGLT2 inhibitors, and the thiazolidinedione, rosiglitazone, has been linked
with a possible risk of bladder cancer. Antihyperglycemic products administered by inhalation
or injection require training, and patients may be reluctant to self-inject (e.g., aversion to
needles). More recently, the FDA issued a Drug Safety Communication confirming an increased
risk of leg and foot amputations with one other SGLT2 inhibitor (i.e., canagliflozin).464’

Diabetes disease progression and nonadherence to the prescribed antihyperglycemic regimen
influence the potential to achieve/maintain adequate glycemic control. Progressive B-cell
dysfunction in patients with T2D may lead to secondary treatment failures over time, such that
approximately half of these patients require more than one antihyperglycemic agent within
three years following diagnosis.*® Nonadherence to oral antihyperglycemic agents has been
reported in 7%-64% of patients with T2D,*>°° and has been associated with poor glycemic
control,”>>? diabetes-related hospitalizations®*>* and increased mortality.>®> For patients
requiring combination antihyperglycemic therapy, adherence may improve with a reduction in
pill burden through the use of FCDPs.>>>7

For these reasons, and because T2D is a disease that is heterogeneous in both pathogenesis
and clinical manifestation, there remains a need for new antihyperglycemic treatment options,
as well as the use of combination therapy. In the NDAs included in this review, the Applicant
has provided results from seven Phase 3 clinical trials intended to determine whether
ertugliflozin as monotherapy or in combination with sitagliptin or with metformin would
improve glycemic response compared to placebo or active comparators. Additional supportive
safety and efficacy data are also included.

27

Reference ID: 4189412



Clinical Review

Frank Pucino, PharmD, MPH

NDA 209803 (Ertugliflozin) / NDA 209805 (Ertugliflozin/Sitagliptin FCDP) / NDA 209806

(Ertugliflozin/Metformin FCDP)

Table 1: Approved Therapeutic Options for the Management of Type 2 Diabetes Mellitus

Pharmacologic Class

Antihyperglycemic Drug Products*

ALPHA-GLUCOSIDASE INHIBITORS

Acarbose; Meglitol

AMYLIN MIMETICS

Pramlintide

BIGUANIDES

Metformin

BILE ACID SEQUESTRANTS

Colesevelam

DOPAMINE-2 AGONISTS

Bromocriptine

DPP-4 INHIBITORS

Alogliptin; Linagliptin; Saxagliptin; Sitagliptin

Albiglutide; Dulaglutide; Exenatide; Exenatide extended-

GLP-1 RECEPTOR AGONISTS release; Liraglutide; Lixisenatide

Inhaled insulin human; Insulin aspart: Insulin aspart protamine
plus insulin aspart; Insulin degludec; Insulin degludec plus
insulin aspart; Insulin detemir; Insulin glargine; Insulin
glulisine; Insulin isophane (NPH); Insulin isophane plus regular;
Insulin lispro; Insulin lispro protamine plus insulin lispro;
Insulin regular (human); Pre-mixed insulins (various)

INSULINS AND INSULIN ANALOGUES

MEGLITINIDES Nateglinide; Repaglinide

SGLT2 INHIBITORS Canagliflozin; Dapafliflozin; Empagliflozin

SULFONYLUREAS Chlorpropamide; Glimepiride; Glipizide; Glipizide extended-
release; Glyburide; Tolazamide; Tolbutamide

THIAZOLIDINEDIONES Pioglitazone; Rosiglitazone

Source: Drugs@FDA: FDA Approved Drug Products, available at: http://www.accessdata.fda.gov/scripts/cder/daf/.58
Abbreviations: DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; and SGLT2, sodium-glucose cotransporter 2.
*Insulin plus non-insulin FCDPs (e.g., insulin degludec/liraglutide and insulin glargine/lixisenatide) and non-insulin FCDPs are
presented in Appendix 13.2, Table 42.

3 Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

STEGLATRO (ertugliflozin)

STEGLATRO is a new molecular entity that inhibits sodium-glucose cotransporter 2 (SGLT2).>° This
product is selective for SGLT2, with approximately a 2000-fold in vitro selectivity for human
SGLT2 over SGLT1.%° The sodium-dependent glucose transport protein is expressed in the
proximal renal tubules, and is responsible for the majority of the reabsorption of filtered
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glucose from the tubular lumen. By inhibiting SGLT2, ertugliflozin reduces reabsorption of
filtered glucose and lowers the renal threshold for glucose, and thereby increases urinary
glucose excretion. In patients with T2D, ertugliflozin administration is associated with dose-
dependent increases in urinary glucose and urinary volume, lower HbAlc and fasting plasma
glucose concentrations, and reductions in body weight and systolic blood pressure (SBP).

The Applicant states that ertugliflozin “improves glycemic control via a mechanism independent
of insulin and pancreatic B-cell function and its durability is not dependent on B-cell function”
and “represents a potentially effective and durable therapy across the typical disease
progression of T2D.” Further, since the extent of urinary glucose excretion (UGE) is dependent
on ambient blood glucose levels (i.e., UGE decreases as blood glucose concentrations
decrease), ® @,

Ertugliflozin or ertugliflozin containing products are currently not marketed in any country.
Approved SGLT2 inhibitors include canagliflozin (approved in 2013),5! dapagliflozin (approved in
2014),%2 and empagliflozin (approved in 2014).%3

STEGLATRO is formulated as ertugliflozin 5 mg and 15 mg film-coated tablets.

The Applicant has proposed a recommended starting dose of Steglatro 5 mg once daily, taken in
the morning, with or without food. The dose may be increased to 15 mg once daily in those

tolerating the 5 mg dose but needing additional glycemic control. The Applicant © @
() @)

() (@) T . . .
contraindicates its use in those with severe renal

impairment (i.e., eGFR <30 mL/min/1.73 m?), end-stage renal disease, or dialysis.

Based on the results of the Applicant’s dedicated moderate renal impairment trial (P001/1016;
please refer to Section 6) which did not show improved glycemic control compared to placebo,
as well as numerically higher rates of adverse clinical outcomes (i.e., deaths, SAEs, and
discontinuations due to AEs) reported for subjects in this trial and across the ertugliflozin
clinical program (see Sections 8 and 10), this reviewer would not recommend the use of
ertugliflozin in patients with an eGFR <60 mL/min/1.73 mZ2. This recommendation also applies
to the FCDPs discussed below.

STEGLUJAN (ertugliflozin/sitagliptin)

Steglujan is a FCDP that contains ertugliflozin plus sitagliptin. Although this product is not
marketed within or outside of the U.S., one of the individual active moieties, sitagliptin (JANUVIA;
NDA 21995), was approved by the Food and Drug Administration (FDA) in 2006 at the proposed
doses to be used for this FCDP.%* There is extensive experience worldwide with this DPP-4
inhibitor.

Sitagliptin belongs to the class of antihyperglycemic agents known as dipeptidyl peptidase-4
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(DPP-4) inhibitors, and is administered orally once daily. This product is approved as an adjunct
to diet and exercise to improve glycemic control in adults with T2D.%> Other approved DPP-4
inhibitors include alogliptin (NEsINA, approved in 2013),%° linagliptin (TRADJENTA, approved in
2011),%” and saxagliptin (ONGLYzA, approved in 2006).68 Additionally, other SGLT2 inhibitor/DPP-
4 inhibitor combination products have been approved, and include empagliflozin/linagliptin
(GLyxamsl, approved in 2015),%° and dapagliflozin/saxagliptin (QTERN, approved in 2017).7°

In patients with T2D, DPP-4 enzyme activity is inhibited for a 24-hour period following oral
administration of sitagliptin. Inhibition of DPP-4 slows inactivation of incretin hormones (e.g.,
glucagon-like peptide-1 [GLP-1] and glucose-dependent insulinotropic polypeptide [GIP]),
resulting in a two- to three-fold increase in incretin blood concentrations. Subsequently,
glucagon concentrations decrease and glucose-dependent insulin secretion from pancreatic
beta cells increases. These pharmacodynamics changes are associated with lower HbAlc and
fasting glucose concentrations, and reduced glucose excursion following an oral glucose load or
meal.%>71

The Applicant notes that the pathogenesis of T2D involves multiple metabolic defects, and
therefore, combination therapy with antihyperglycemic agents that have different mechanisms
of action may achieve greater reductions in HbAlc and enable patients to achieve target
glycemic goals. They also claim that their ertugliflozin/sitagliptin FCDP could result in improved
glycemic control ® @

The proposed formulations for STEGLUIAN include: (ertugliflozin/sitagliptin) ®) )
5 mg/100 mg, and 15 mg/100 mg film-coated tablets.

This product will be dosed once daily, with or without food, and the recommended starting
dose is ertugliflozin 5 mg/sitagliptin 100 mg, which may be increased to 15 mg/100 mg once

daily in those tolerating the current dose, but need additional glycemic control. ®) @)
() @)
) @)

() @)

it is contraindicated in patients
with severe renal impairment (i.e., eGFR <30 mL/min/1.73 m?), end-stage renal disease or
dialysis. As noted above, | do not recommend the use of ertugliflozin products in patients with
an eGFR <60 mL/min/1.73 m2.

SEGLUROMET (ertugliflozin/metformin)

SEGLUROMET is a FCDP that contains ertugliflozin plus metformin. This FCDP is not approved in
any country. However, metformin is approved in the U.S., Europe and other countries, and
there is extensive experience worldwide with this antihyperglycemic agent. For this 505(b)(2)
Application, the Applicant intends to use GLUCOPHAGE (metformin hydrochloride; NDA 020357,
approved in 1995) as the listed drug product. This product belongs to the pharmacologic class
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known as biguanides, and is approved as an adjunct to diet and exercise to improve glycemic
control in adults and children with T2D.”? Additionally, other SGLT2 inhibitor/metformin FCDPs
are approved in the U.S., and include: canagliflozin/metformin (INVOKAMET, approved August 8,
2014,” and INVOKAMET XR, approved September 20, 20167%); dapagliflozin/metformin (XiGbuo
XR, approved October 29, 20147°); and empagliflozin/metformin (SYNJARDY, approved August 26,
2015,76 and SYNJARDY XR, approved December 9, 201677).

Metformin improves glucose tolerance, lowering both basal and postprandial plasma glucose.
Additionally, metformin decreases hepatic glucose production and intestinal absorption of
glucose, and improves insulin sensitivity by increasing peripheral glucose uptake and utilization.
Metformin does not typically produce hypoglycemia in patients with T2D or in healthy subjects
except in unusual circumstances and is not associated with hyperinsulinemia. With metformin
therapy, insulin secretion remains unchanged while fasting insulin levels and day-long plasma
insulin response may decrease.’?

The Applicant’s rationale for the development of this FCDP was similar to that proposed for the
STEGLUJAN clinical program.

The following dosage strengths are proposed for this FCDP: (ertugliflozin/metformin) 2.5
mg/500 mg, 2.5 mg/1000 mg, 7.5 mg/500 mg, and 7.5 mg/1000 mg film-coated tablets.

SEGLUROMET is dosed twice daily with meals. The initial dose should be individualized based on
the patient’s current regimen, with a maximum recommended dose of ertugliflozin 7.5 mg
/metformin 1000 mg twice daily. The Applicant proposes to contraindicate the use of this
product for patients with an eGFR <30 mL/min/1.73 m2, ©) @

As noted above, | do not recommend the use of
ertugliflozin products in patients with an eGFR <60 mL/min/1.73 m2.

3.2. Summary of Presubmission/Submission Regulatory Activity

The relevant regulatory history for ertugliflozin and the FCDPs is presented in Table 2 below.

Table 2: Summary of Relevant Presubmission/Submission Regulatory History

Summary of Relevant Agency

Date Event/Description .
Interactions

NDA 209803/ IND 106447 (Ertugliflozin)

September 28, 2012 Initial Investigational New Drug —
Application
December 17, 2012 End of Phase 2 Meeting e The Applicant was encouraged to

study at least two doses in your
Phase 3 clinical program.
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Summary of Relevant Agency
Interactions

e The FCDPs would need to be
submitted under separate INDs.

e For Trial P001/1016, the Agency
recommended that enrollment of
>50% of the population have an eGFR
<45 mL/min/1.73 m?; and that subjects
with moderate renal impairment be
enrolled into the Phase 2/3 clinical
development program.

Date Event/Description

July 21, 2013 Transfer of Sponsorship from Pfizer —
to Merck
August 26, 2013 Final Agreed Initial Pediatric Study e The Applicant proposed to request
Plan a waiver for children under age 10,
and a deferral for children between

the ages of 10-17 years, | ®®
(b) (4)

September 10, 2013 FDA Type C Written Response e The Applicant proposed to evaluate
the ertugliflozin 5 mg and 15 mg
doses in their clinical development
program.

e The Agency informed the Applicant
that a decision whether the
proposed dedicated moderate
renal impairment study and pooled
data analysis of subjects with
Stage 3 CKD from the Phase 3
studies will be adequate to support
registration of ertugliflozin for
subjects with an eGFR of | (b) @)

would be a
review issue at the time of NDA
submission, and depend on the
efficacy and safety findings in this
patient population.

September 6, 2016 Pre-NDA Meeting e The Applicant informed FDA
regarding surreptitious metformin
use in Trial P001/1016, and
potential confounding of the
primary efficacy analysis.

e Inthe 4 MSU, the Applicant
proposed to provide the following
exposure data: 3128 subjects with
exposures >25 weeks; 2670 subjects
with exposures 250 weeks; and 786
subjects with 276 weeks.

e The Applicant was informed that for
the ertugliflozin/metformin FCDP,
all of the supporting Phase 3 clinical
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Date

Event/Description

Summary of Relevant Agency
Interactions

trials (P007/1017, P002/1013,
P005/1019, and P006/1015) were
designed as add-on to background
metformin, and therefore may need
to be reflected in the labeled
indication (e.g., as an adjunct to diet
and exercise to improve glycemic
control in adults with type 2
diabetes mellitus who are not
adequately controlled on a regimen
containing ertugliflozin or
metformin, orin patients already
being treated with both ertugliflozin
and metformin).

Amputations and revascularization
procedures were to be designated
as adverse events of special interest
(AESI).

The Agency reiterated that
estimations of the treatment effect
should be based on the intent-to-
treat (de facto) estimand, which
considers the actual measurements
of subjects regardless of adherence
to treatment or use of subsequent
therapy, including use of glycemic
rescue therapy, bariatric surgery, or
bone mineral density rescue
therapy.

NDA 209

805/ IND 122330 (Ertugliflozin/Sitagli

tin FCDP)

June 12,2014

PIND Meeting Written Response
(Phase 1 and 3 clinical development
plan)

The Applicant was cautioned
regarding the risk with institution of
clinical trials for a FCDP prior to
approval of all the component
drugs.

July 30, 2014

Initial Investigational New Drug
Application

August 20, 2015

Final Agreed Initial Pediatric Study
Plan

The Applicant proposed to request
a waiver for all pediatric
populations.

June 8, 2015

FDA Type C Written Response
(revised clinical pharmacology and
biopharmaceutics plan)

FDA recommended that the BE
studies be conducted on the highest
and lowest strengths of the FCDP
(i.e., ertugliflozin 15 mg/sitagliptin
100 mg and ertugliflozin 5
mg/sitagliptin %ng, respectively).

October 20, 2016

FDA Proprietary Name Request
Conditionally Acceptable

FDA concluded that the proposed
name, STEGLUJAN would be
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Summary of Relevant Agency

Date Event/Description .
Interactions
conditionally acceptable.
NDA 209806/ IND 122329 (Ertugliflozin/Metformin FCDP)
July 3,2014 PIND Meeting Written Response e Phase 1 and 3 clinical development

plan: The Applicant was cautioned
regarding the risk with institution of
clinical trials for a FCDP prior to
approval of all the component
drugs.

e The Applicant was informed that all
of Phase 3 trials intended to support
the ertugliflozin/ metformin FCDP
evaluate the superiority of
ertugliflozin as add-on to
background metformin therapy and
not in treatment-naive patients,
which may affect the wording of an
eventual indication, and need to be
reflected in product labeling.

August 13, 2014

Initial Investigational New Drug
Application

August 20, 2015

Final Agreed Initial Pediatric Study
Plan

e The Applicant proposed to request
a waiver for children under age 10,
and a deferral for children between
the ages of 10-17 years.

June 8, 2015

FDA Type C Written Response
(Revised clinical pharmacology and
biopharmaceutics plan)

e The Agency recommended that the
BE studies be conducted on the
highest and lowest strengths of the
FCDP (i.e., ertugliflozin 7.5
mg/metformin 1000 mg and
ertugliflozin 2.5 mg/metformin 500
mg, respectively).

November 16, 2016

FDA Proprietary Name Request
Conditionally Acceptable

e FDA concluded that the proposed
name, SEGLUROMET would be
conditionally acceptable.

Source: Adapted from the Applicant’s Regulatory History document, available at:

\\cdsesub1\evsprod\nda209803\0000\m1\us\regulatory-history.pdf

Abbreviations: 4-MSU, Four Month Safety Update; AESI, adverse events of special interest; BE, bioequivalence; CKD, chronic
kidney disease; eGFR, estimated glomerular filtration rate; FCDP, fixed combination drug product; FDA, Food and Drug
Administration; IND, Investigational New Drug; NDA, New Drug Application; PIND, pre-Investigational New Drug; and T2D, type

2 diabetes mellitus.
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3.3. Foreign Regulatory Actions and Marketing History

Not applicable — ertugliflozin and the ertugliflozin FCDPs are not marketed 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)

Dr. Cynthia Kleppinger, from the Office of Scientific Investigations (OSl), was asked to inspect
five domestic and five foreign clinical sites (accounting for four [i.e., P001/1016, P003/1022,
P006/1015, and P007/1017] of the seven supporting Phase 3 clinical trials, 10 clinical
investigators, and 171 enrolled subjects), the contract research organization (i.e., Covance), and
the co-sponsor (i.e., Pfizer). The clinical site inspections primarily focused on review of informed
consent documents (ICDs), institutional review board (IRB)/ethics committee (EC)
correspondences, 1572s/investigator agreements, financial disclosures, training records,
curricula vitae and licenses, delegation of duties, monitoring logs and reports,
inclusion/exclusion criteria, enrollment logs, and subject source documents (e.g., medical
history records, drug accountability, concomitant medication records, and AE reports). The
source records also were compared to the Applicant’s data line listings.

Regulatory violations were noted for the co-sponsor and for one of the clinical investigators (Dr.
Gilbert Martinez). The classification for the co-sponsor was Voluntary Action Indicated (VAI)
because the study monitors did not always ensure the completion of protocol training prior to
research involvement by study staff (i.e., clinical investigators, sub-investigators, and study
coordinators), as required by the monitoring plan. Dr. Kleppinger felt that the regulatory
violations reported were unlikely to impact the primary efficacy and safety analyses. The
classification for Dr. Martinez also was VAI, and a Form FDA-483 was issued for ‘an investigation
that was not conducted in accordance with the investigational plan’. This involved two protocol
deviations (i.e., 2 subjects enrolled prior to the required 8-week dose stabilization period of
metformin and sitagliptin, and enrollment of an additional subject who did not meet the
inclusion criteria for the wash-off/titration/dose-stabilization period). Dr. Kleppinger felt that
these deviations would not significantly impact the primary efficacy and safety analyses, and
that the “reliability of data from the involved study site was acceptable for use in support of the
indication for this Application.” It is noted that all classifications are considered preliminary
until the final communication letter is sent to the inspected entity.

Based on the inspections of the clinical sites, the co-sponsor and the contract research
organization, Dr. Kleppinger felt that the inspectional findings support the validity of data as
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reported by the Applicant under these NDAs. For more detailed information, please refer to her
review (dated August 18, 2017, filed under NDA 209803, 209805, and 209806).

4.2. Product Quality

Dr. Suong Tran is the Product Quality Application Technical Lead for all three Applications. The
Active Pharmaceutical Ingredients (API) review was completed by Erika Englund, drug product
review by Elise Luong, the manufacturing process and microbiology review by Chaoying Ma
(NDA 209803) and Hong Yang (NDA 209806), the manufacturing facilities review by Allison
Aldridge (NDA 209803) and Michael Klapal (NDA 209806), and the biopharmaceutics review by
Hansong Chen (NDA 209803) and Kalpan Paudel (NDA 209806). During the review cycle, major
deficiencies were observed during inspection of one of the manufacturing facilities ®) @)

of sitagliptin phosphate monohydrate for NDA 209805. However,
following a repeat inspection of this site on ®® the facility compliance
status was changed to Compliant. The reviewers from the Office of Product Quality (OPQ)
recommended approval for all three Applications, and there are no significant quality issues
pending at this time. Please refer to the respective reviews for detailed information related to
product quality.

Since ertugliflozin is unstable, it was developed as a co-crystal with L-pyroglutamic acid (LPGA)
to improve its physical and chemical properties (e.g., stability). ) 4)

All
specified impurities were evaluated for mutagenicity and none were found to be positive.

The drug product for NDA 209803 is an immediate-release oral 5 mg (6.477 mg ertugliflozin-
LPGA) and a 15 mg (19.431 ertugliflozin-LPGA) film-coated tablet, which differs in tablet weight
and size. For NDA 209805, the drug product is an immediate-release oral film-coated tablet,
consisting of the following fixed ratio ertugliflozin/sitagliptin combinations: ®@ 5
mg/100 mg, ®@ and 15 mg/100 mg. The drug product for NDA 209806 is an
immediate release oral film-coated tablet, consisting of the following fixed ratio combinations
of ertugliflozin/metformin hydrochloride (HCI): 2.5 mg/500 mg, 2.5 mg/1000 mg, 7.5 mg/®®
mg, and 7.5 mg/1000 mg.

For all three products, there were no novel or human/animal-derived excipients, the
ertugliflozin-related degradants were determined not to be mutagenic, and the regulatory drug

product specifications were considered adequate. The shelf-life of each product is 24 months at
room temperature.

36

Reference ID: 4189412



Clinical Review

Frank Pucino, PharmD, MPH

NDA 209803 (Ertugliflozin) / NDA 209805 (Ertugliflozin/Sitagliptin FCDP) / NDA 209806
(Ertugliflozin/Metformin FCDP)

4.3. Clinical Microbiology

Not applicable.

4.4, Nonclinical Pharmacology/Toxicology

The Pharmacology/Toxicology reviewer for all three NDAs was Dr. Jessica Hawes. Please refer
to her reviews (dated August 17 and 31, 2017) for detailed discussion of the nonclinical
findings.

Dr. Hawes noted that ertugliflozin is selective for SGLT2 in humans, and that off-target effects
(i.e., adverse drug-related nonclinical findings on bone or the gastrointestinal system by SGLT1
inhibition) observed in rats and dogs are not likely to occur at clinical exposures of 15 mg/day,
and may be related to species differences in relative receptor binding affinities. Based on the
area-under-the-curve from time 0 to 24 hours at steady state [AUCo-24,], the Applicant claims
that the highest proposed ertugliflozin dose (15 mg daily) represents a clinical exposure that is
approximately 12-fold lower than the exposure at the no observed adverse effect level (NOAEL)
in the rat 6-month toxicology study (the most sensitive species). Additionally, the O-glucuronide
metabolites of ertugliflozin (i.e., M5a and M5c) do not appear to have significant SGLT2 or
SGLT1 inhibitory activity at the proposed human doses, and have been sufficiently qualified in
the Applicant’s nonclinical program. At clinically relevant doses, ertugliflozin and its glucuronide
metabolites also do not meaningfully inhibit or induce major drug metabolizing isoenzymes and
transporting proteins (e.g., cytochrome P450 isoenzymes, organic anion transporting
polypeptides, and diphosphate-glucuronsyltransferase), and therefore significant drug
interactions with concomitant medications that are substrates for these proteins are not
anticipated.

Dr. Hawes stated that the primary drug-related nonclinical effects involved the renal system.
Although these SGLT2 inhibitor-related AEs (e.g., glucosuria and osmotic diuresis) were
considered monitorable, treatable, and reversible at the proposed human doses, irreversible
renal findings were observed in juvenile rats during renal development (corresponding to the
2" and 3™ trimesters of pregnancy in humans) following ertugliflozin exposures that were 17-
fold higher than the anticipated clinical exposure. No additional concerns for drug-related fetal
developmental effects or reproductive fertility were observed at clinically relevant exposures.

In the Applicant’s two-year carcinogenicity studies (CD-1 mice and Sprague-Dawley rats), there
were no ertugliflozin-related neoplastic findings in mice at doses up to 50 times the human
exposure of 15 mg/day; however, an increased incidence of benign and combined benign and
malignant adrenal medullary pheochromocytoma occurred in male rats at approximately 18
times the anticipated human exposure. Dr. Hawes noted that this may be an off-target SGLT1
inhibitory effect (e.g., altered calcium homeostasis in a species sensitive to these changes), of
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which the relevance to humans is unclear. Ertugliflozin was not mutagenic or clastogenic (i.e.,
microbial reverse mutation, in vitro cytogenetic, and in vivo rat micronucleus assays).

Dr. Hawes felt that the existing nonclinical data support approval of NDA 209803, and that no
additional nonclinical studies would be recommended.

For the ertugliflozin/sitagliptin FCDP and the ertugliflozin/metformin FCDP, Dr. Hawes felt that
coadministration of ertugliflozin plus either sitagliptin or metformin in the respective 13-week
repeat-dose toxicity studies in rats was generally tolerated, safety margins were sufficient, and
no synergistic toxicities were observed. Combination genetic toxicology and carcinogenicity
studies for these FCDPs were not conducted or required. For both FCDPs the nonclinical data
were considered sufficient to support clinical dosing and market approval.

4.5. Clinical Pharmacology/Biopharmaceutics

The Clinical Pharmacology reviewers were Drs. Suryanarayana Sista (NDA 209803) and Lei He
(NDA 209805 and NDA 209806). Please refer to the respective reviews (dated August 18, 2017,
August 7, 2017) for detailed discussion of the clinical pharmacology findings.

In total, the Applicant conducted 38 clinical studies including 29 clinical pharmacology and
biopharmaceutic studies, two Phase 2 studies, and seven Phase 3 studies to support the efficacy
and safety of ertugliflozin and the two FCDPs. Additionally, Trial P023/1037 (the dedicated BE
bridging study) demonstrated that the to-be-marketed formulation and the formulation used in
the Phase 3 clinical trials were bioequivalent.

Based on dose-response model-predicted responses of HbAlc, fasting plasma glucose, body
weight, and 24-hour urine glucose excretion (UGEo.4) data from their Phase 2 studies
(P016/1006, a 12-week dose-ranging study, and P042/1004, a 4-week study) the Applicant
believes that the ertugliflozin 5 mg and 15 mg doses achieve >80% and >90% of the maximum
response, respectively for these endpoints. Dr. Sista felt that from a clinical pharmacology
perspective the proposed dosing regimen (i.e., ertugliflozin 5 mg once daily, followed by an
increase to 15 mg once daily if additional glycemic control is needed), was acceptable, and that
dosing was not altered by intrinsic and extrinsic factors. However, ertugliflozin is not
recommended in patients with severe hepatic impairment (i.e., there is no clinical experience in
subjects with Child-Pugh class C hepatic impairment) or in individuals with moderate to severe
renal impairment (eGFR <60 mL/min/1.73 m?).

Dr. He was the reviewer for the two ertugliflozin FCDPs. For the ertugliflozin/sitagliptin FCDP,
she felt that the PK/PD data provided by the Applicant indicate that each strength of the FCDP
is bioequivalent to the individual components (as used in the Phase 3 clinical trials). Further,
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there was no clinically meaningful drug-drug interactions between ertugliflozin and sitagliptin,
as systemic exposures of both components of the FCDP were similar to the individual
components administered as separate doses. To support the ertugliflozin/metformin FCDP, the
Applicant submitted six clinical pharmacology studies (two BE, one PK interaction, one food
effect, and two PK/PD studies). The Applicant’s pivotal PK/PD trial (P035/1051) showed similar
steady-state (SS) PK and PD when ertugliflozin was administered as a single or split dose
(intended to provide a bridge between a QD and BID dosing regimens).

Based on these reviews, the Office of Clinical Pharmacology felt that the results of the
submitted studies supported approval of all three NDAs.

4.5.1. Mechanism of Action/Pharmacodynamics

Ertugliflozin:

By inhibiting SGLT2 (the transporter in the proximal tubules responsible for approximately 90%
of the reabsorption of glucose filtered through the glomerulus), ertugliflozin increases renal
glucose excretion and improves glycemic control. The amount of glucose removed is dependent
on the blood glucose concentration and the glomerular filtration rate. Ertugliflozin increases
the amount of glucose excreted in the urine in both healthy subjects and T2D patients following
oral administration, and 5 and 15 mg doses in T2D patients result in excretion of approximately
70 grams/day of glucose in the urine. This urinary glucose excretion is associated with increases
in urinary volume.

Please refer to Sections 8.4.8 and 8.4.9 for discussion regarding the pharmacodynamic effects
of ertugliflozin on the cardiac conduction system.

Ertugliflozin/Sitagliptin FCDP:

The proposed FCDP includes sitagliptin, a competitive DPP-4 inhibitor that slows inactivation of
the incretin hormones which play a role in glucose-dependent insulin and glucagon
secretion.®>’%78 The net result of the presence of incretin hormones is improved glycemic
control. Sitagliptin administration in patients with T2D results in inhibition of DPP-4 activity for
approximately 24 hours. Following an oral glucose load or meal, there is a two- to three-fold
increase in circulating levels of glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP), and increased glucose-dependent insulin secretion, which are
associated with a rise in insulin concentrations, a decrease in glucagon concentrations, lower
fasting glucose concentrations, and reduced glucose excursion.®>7%.78

Ertugliflozin/Metformin FCDP:
This FCDP includes metformin, a biguanide that improves glucose tolerance in patients with
T2D, lowering both basal and postprandial plasma glucose. Metformin decreases hepatic
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glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity
by increasing peripheral glucose uptake and utilization. Additionally, metformin does not
typically produce hypoglycemia in patients with T2D or in healthy subjects except in unusual
circumstances, and does not cause hyperinsulinemia. Insulin secretion remains generally
remains unchanged, while fasting insulin levels and day-long plasma insulin response may
decrease.”® Patients with T2D also may have increased hepatic glucose output, which can
potentially be decreased by approximately 75% in metformin users.®°

The sitagliptin and metformin components of the proposed ertugliflozin FCDPs are intended to
provide complementary modes of action with ertugliflozin.

4.5.2. Pharmacokinetics

Ertugliflozin:

Following single oral ertugliflozin doses of 5 mg and 15 mg in a fasted state, peak plasma
concentrations (Tmax) are achieved in approximately one hour, and the absolute bioavailability
is approximately 100%. Administration of ertugliflozin with a high fat/high caloric meal
decreases the maximum plasma concentration (Cmax) by approximately 29%, and appears to
affect the rate (prolongs the Tmax by 1 hour), but not the extent of absorption (i.e., no effect on
the area-under-the-curve [AUCin]). Ertugliflozin is approximately 94% protein bound in the
plasma, and the mean elimination half-life (t1/2) is approximately 16.6 hours, with 41% of a dose
eliminated in the feces and 50% in the urine. Compared to subjects with normal renal function,
subjects with mild, moderate or severe renal impairment had approximately a 1.6 to 1.7-fold
increase in the AUC.

Ertugliflozin/Sitagliptin FCDP:

The absolute bioavailabilty of sitagliptin monotherapy is approximately 87%.% Following
administration of the FCDP with a high fat meal, the ertugliflozin Cmax was decreased by 29%,
without meaningful effects on the ertugliflozin AUCirr. No meaningful effect was seen on the
sitagliptin AUCins and Cmax. Sitagliptin is approximately 38% bound to plasma proteins, and the
mean elimination ti2 is approximately 12.4 hours. Approximately 13% of a dose is eliminated in
the feces and 87% in the urine.®

Ertugliflozin/Metformin FCDP:

The bioavailability of metformin following oral administration is approximately 50-60%.”° The
absorption of ertugliflozin and metformin following administration of the FCDP with a high-fat
meal is comparable to what is reported for the individual tablets, with reductions in the Cmax of
both, without meaningful effects on the AUCix. Metformin is negligibly bound to plasma
proteins, and the mean elimination t1/2 is approximately 6.2 hours in the plasma and 17.6 hours
in the blood, with 90% of the absorbed drug eliminated renally within 24 hours.”®
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4.6. Devices and Companion Diagnostic Issues

Not applicable. The three NDAs that are the subject of this review do not involve a companion
device or diagnostic product.

4.7. Consumer Study Reviews

Not applicable. The Applications did not involve label comprehension, patient self-selection, or
other human factors studies.

5 Sources of Clinical Data and Review Strategy

5.1. Table of Clinical Studies

To support the efficacy and safety of ertugliflozin (NDA 209803) for the proposed indication,
the Applicant has submitted data from seven Phase 3 clinical trials (Table 3). Additionally, Trials
P005/1019, PO006/1015, and P017/1047 were wused to support the proposed
ertugliflozin/sitagliptin FCDP (NDA 209805); while Trials P002/1013, P005/1019, P006/1015,
and P007/1017 were used to support the proposed ertugliflozin/metformin FCDP (NDA
209806).
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Table 3: Listing of Phase 3 Clinical Trials Relevant to this NDA

Trial Identifier Trial Design Regimen/ Route/ Study Endpoints Treatment No. of Patients Study Population No. of Centers
(Abbreviated Schedule Duration Randomized and Countries
Title)
Phase 3 Efficacy and Safety Trial
P001/1016 Multicenter, * Ertu 5 mg PO QD BL to Wk 26 Change: Phase A: 26 wks ® Placebo: 154 ® >25 years old 171 Sites,
(Moderate Renal randomized, oE p . . .
. ; rtu 15 mg PO QD Primary Phase B: 26 wks e Ertu 5 mg: 158 e T2D 13 Countries,
Impairment Study) double-blind, .
parallel-group, e Placebo PO QD * HbAlc ® Ertu 15 mg: 155 | ® HbAlc 7-10.5% 3 Regions:
NCT01986855 placebo-controlled Secondary (1:1:1 allocation) | e eGFR of >30 to <60 Asia
Trial Initiation Date: 03- Glycemi(_‘ Rescue: e BW mL/m|n/173m2 Europe
Dec-2013 Adjust/add AHA e SBP North America
Trial Completion Date: h Afri
Ongoing * FPG Background Therapy: Sout rica
® 9% Subjects with e Diet/exercise alone South America
HbAlc <7% +/- non-Met AHA
P002/1013 Multicenter, e Ertu 5 mg PO QD BL to Wk 52 Change: Phase A: 52 wks e Glim: 437 e >18 years old 232 Sites
(Ertu vs. Glim as Add- randomized, e Ertu 15 mg PO QD Primary Phase B: 52 wks e Ertu 5 mg: 448 e T2D 16 Countries
on to Met Study) double-blind, eGlim1lto6or8mg | * HbAlc e Ertu15mg: 441 | e HbAlc 7-9% 5 Regions:
parallel-group, PO QD Secondary (1:1:1 allocation) |  eGFR of >55 Asia
N(.ZT01?9.92.18 active-controlled * BW mL/min/1.73m? Europe
Trial Initiation Date: 17- .
Dec-2013 Glycemic Rescue: Sita e SBP North America
Trial Completion Date: Background Therapy: South Africa
Ongoing e Met >1500 mg x South America
>8wks
P003/1022" Multicenter, e Ertu5 mg PO QD BL to Wk 26 Change: Phase A: 26 wks e Placebo: 153 e >18 years old 81 Sites
(Monotherapy randomized, e Ertu 15 mg PO QD Primary (placebo- (Met, Phase B)* e T2D 7 Countries
Study) double-blind, e Placebo PO QD e HbAlc controlled) e Ertu 5 mg: 156 e HbA1lc 7-10.5% 5 Regions:
parallel-group study Secondary Phase B: 26 wks e Ertu 15 mg: 152 e eGFR of 55 Asia
NCT01958671 (placebo-controlled | @ ic R - Met e BW (active-controlled) 1:1:1 allocati L/min/1.73m? Europe
Trial initiation Date: 18- _ ycemic Rescue: Me (1:1:1 allocation) mL/min/1.73m _
0ct-2013 followed by active- e SBP North America
Trial Completion Date: controlled) e FPG Background Therapy: South Africa
Ongoing ® % Subjects with e Diet and exercise South America
HbAlc <7% (Phase A)

e Met (Phase B)
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BMD (Wks 26, 52,
and 104)

Background Therapy:
® Met 21500 mg x
>8wks

Trial Identifier Trial Design Regimen/ Route/ Study Endpoints Treatment No. of Patients Study Population No. of Centers
(Abbreviated Schedule Duration Randomized and Countries
Title)
P005/1019 ™ Multicenter, e Ertu 5 mg + Sita BL to Wk 26 Change: Phase A: 26 wks e Sita 100 mg: 247 | ® >18 years old 242 Sites
(Ertu + Sita Factorial | randomized, 100 mg PO QD Primary Phase B: 26 wks e Ertu 5 mg: 250 e T2D 21 Countries
Study) double-blind, e Ertu 15 mg + Sita e HbAlc e Ertu15mg: 248 | e HbA1c7.5-11% 5 Regions:
parallel-group, 100 mg PO QD Secondary e Ertu5mg+Sita | ® eGFR of >60 Asia
ool itation Date: 29| 2ctive-controlled, | ¢ EtuSmgPOQD | BW 100 mg: 243 ml/min/1.73m’ Australia/New
Apr-2014 factorial e Ertu 15 mg PO QD * FPG e Ertu 15 mg + Sita Zealand
Trial Completion Date: e Sita 100 mg PO QD e SBP 100 mg: 245 Background Therapy: Europe
Ongoing ® % Subjects with (1:1:1:1:1 allocation) | ® Met >1500 mg x North America
Glycemic Rescue: HbAlc <7% >8wks South/Central
Glim or Insulin e B-cell responsivity America
glargine static component
P006/1015™" Multicenter, e Ertu 5 mg PO QD BL to Wk 26 Change: Phase A: 26 wks e Placebo: 153 e >18 years old 104 Sites
(Add-on to Metand | randomized, e Ertu 15 mg PO QD Primary Phase B: 26 wks e Ertu 5 mg: 156 e T2D 12 Countries
Sita Study) double-blind, e Placebo PO QD e HbAlc e Ertu15mg: 154 | ® HbA1lc 7-10.5% 4 Regions:
NCT02036515 parallel group, Secondary (1:1:1 allocation) | e eGFR of >60 Asia
Trial Initiation Date: 07- placebo—controlled Glycemic Rescue: * BW ml—/min/l-73m2 Europe )
Apr-2014 Glim or Insulin e SBP North America
Trial Completion Date: glargine e FPG Background Therapy: South America
Ongoing e % Subjects with * Met >1500 mg + Sita
HbAlc <7% 100 mg x >8wks
P007/1017* Multicenter, e Ertu5 mg PO QD BL to Wk 26 Change: Phase A: 26 wks e Placebo: 209 e >18 years old 103 Sites
(Placebo-controlled | randomized, e Ertu 15 mg PO QD Primary Phase B: 78 wks (Glim, Phase B)} | ® T2D 14 Countries
Add-on to Met double-blind, e Placebo PO QD e HbAlc e Ertu 5 mg: 207 e HbA1c 7-10.5% 6 Regions:
Study) parallel group, Secondary ® Ertu15mg: 205 | e eGFR of 55 Asia
NCT02033889 placebo-controlled | Glycemic Rescue: * FPG (1:1:1 allocation) mL/min/1.73m? Australia/New
Trial Initiation Date: 10- Glim (+ basal insulin e BW * 44% post- Zealand
Jan-2014 prn) ® % Subjects with menopausal (23 yr) Europe
Trial Completion Date: HbAlc <7% women North America
Ongoing * SBP South Africa

South America
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Trial Identifier Trial Design Regimen/ Route/ Study Endpoints Treatment No. of Patients Study Population No. of Centers
(Abbreviated Schedule Duration Randomized and Countries
Title)
P017/1047 Multicenter, ® Ertu 5 mg + Sita BL to Wk 26 Change: Single Phase: 26 e Placebo: 97 e >18 years old 96 Sites
(Ertu + Sita Initial randomlza'ed, 100 mg PO QD‘ Primary wks e Ertu 5 mg + Sita e T2D 10 Co.untrles
Combination Study) | double-blind, e Ertul5mg +Sita | © HbAlc 100 mg: 98 o HbA1c 8-10.5% 2 Regions:
parallel group, 100 mg PO QD Secondary ® Ertu 15 mg + Sita | e eGFR of >60 Asia
NCT02226003 placebo-controlled e Placebo PO QD * FPG 100 mg: 96 mL/min/1.73m? Europe '
Trial Initiation Date: 25- ® % Subjects with (1:1:1 allocation) North America
Sep-2014 Glycemic Rescue: HbAlc <7% Background Therapy:
Trial Completion Date: Glim e BW e Diet and .
23-Feb-2016 o iet and exercise
L ]

Source: Adapted from the Applicants Tabular Listing of All Clinical Studies, available at: \\cdsesub1\evsprod\nda209803\0000\m5\52-tab-list\tabular-listing. pdf.

Abbreviations: +/-, plus or minus; B-cell, beta cell; BID, twice daily; BL, baseline; BW, body weight; eGFR, estimated glomerular filtration rate; Ertu, ertugliflozin; FPG, fasting plasma glucose; Glim, glimepiride;
HbA1c, hemoglobin Alc (glycosylated hemoglobin); Met, metformin; NCT, National Clinical Trial; OL, open-label; PO, orally; PPG, postprandial glucose; prn, as needed; QD, daily; SBP, sitting systolic blood
pressure; Sita, sitagliptin; T2D, type 2 diabetes mellitus; wks, weeks; QD, daily; vs., versus; and yr, year.
7 Trials used to support safety and efficacy for NDA 209805 (Ertugliflozin/Sitagliptin FCDP).
*Trials used to support safety and efficacy for NDA 209806 (Ertugliflozin/Metformin FCDP).

Trials used in the Placebo Pool (i.e., short-term placebo-controlled safety pool).

*Placebo-treated subjects who did not receive glycemic rescue therapy in Phase A received blinded metformin in Phase B for Trial P003/1022, and in Trial P007/1017, blinded glimepiride during Phase B.
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5.2. Review Strategy

This review will focus primarily on the efficacy and safety findings (i.e., the prespecified primary
and secondary endpoints) from the seven Phase 3 clinical trials (Table 3) that the Applicant
intends to include in Section 14 (CLINICAL STUDIES) of proposed product labeling. For a detailed
discussion of the statistical analyses of these trials, please refer to the Statistical Reviews (dated
August 25, 2017 [N209803]; and August 28, 2017 [NDA 209806]) of Dr. Alexander Cambon, the
primary statistical reviewer for all three Applications. The review strategy for the safety findings
is presented in Section 8.1 (Safety Review Approach).

6 Review of Relevant Individual Trials Used to Support Efficacy

6.1. Phase 3 Trials
6.1.1. Study Designs

The seven Phase 3 trials used to support efficacy of ertugliflozin were all multicenter,
randomized, double-blinded, controlled trials, and met regulatory standards for adequate and
well-controlled studies (21 CFR 314.126).22 These studies included five placebo-controlled trials
and two active-controlled trials. The respective trial designs are presented in Appendix 13.3.

The placebo-controlled trials evaluated ertugliflozin 5 mg and 15 mg as monotherapy
(P003/1022; Figure 5), coadministered with sitagliptin (P017/1047; Figure 10), as add-on to
metformin (P007/1017; Figure 6), as add-on to metformin plus sitagliptin (P006/1015; Figure 7),
and as add-on to standard antihyperglycemic medications in subjects with Stage 3 chronic
kidney disease (P0001/1016, dedicated moderate renal impairment trial; Figure 11). The active-
controlled trials compared these same ertugliflozin doses to glimepiride (Trial P002/1013;Figure
8), and as add-on to metformin when coadministered with sitagliptin in a factorial trial
(PO05/1019; Figure 9). All trials included a 2-week placebo run-in period prior to randomization.
Six of the seven trials were ongoing (i.e., 26-week treatment periods [Phase A] for the
evaluation of efficacy were completed; 26-78 week long-term safety extensions [Phase B] were
ongoing at the time of NDA submission).
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6.1.2. Inclusion and Exclusion Criteria

The key inclusion and exclusion criteria for the Phase 3 trials are presented in Table 4.
Generally, these trials enrolled relatively healthy adult subjects with T2D. Although higher risk
subjects are currently being enrolled in the Applicant’s dedicated cardiovascular outcomes trial
(CVOT, Trial P0O04/1021), data from this trial were not evaluated in order to maintain the
blinding of treatment allocations and data integrity.

Table 4: Summary of Key Inclusion and Exclusion Criteria by Phase 3 Trial

Trials P0O01 P002 P003 P005 P006 P007 P017
INCLUSION CRITERIA
Age 218 yrs X X X X X X X
T2D men/women (ADA criteria)8! X X X X X X X
HbA1c 7-9% X
HbA1c 7-10.5% X X X X
HbA1c 7.5-11% X
HbA1c 8-10.5% X
Background metformin 21500 mg/d for >8 wks X X X
Background metformin 21500 mg/d/sitagliptin100 mg/d for 28 wks X
Adherence 280% for 2-wk placebo run-in X X X X X X X
eGFR 230 to <60 mL/min/1.73 m? X
BMI 218 kg/m? X X X X X X X
EXcLUSION CRITERIA
T1D, Hx of DKA, Secondary DM X X X X X X X
Hx of hypersensitivity/intolerance to study meds X X X X X X X
Prespecified antihyperglycemic agents
Other non-protocol antihyperglycemic agents X X X X X X
Rosiglitazone or SGLT2 inhibitors X
Prespecified renal/urologic Dx* X
Medications/surgery affecting BW1 X X X X X X X
Prespecified medical conditions® X X X X X X X
BMD T-score <-2.5 or protocol prespecified bone/joint-related DxIT X
Pregnant/breastfeeding X X X X X X X
Excessive alcohol consumption* X X X X X X X
SBP >160 mmHg and/or DPB >90 mmHg X X X X X X X
Abnormal clinical labs
eGFR <55 mL/min/1.73 m? X X X
eGFR <60 mL/min/1.73 m2 X X X
SCr 21.3 mg/dL males/>1.2 mg/dL females X X X X X
Fasting blood glucose >260-300 mg/dL X X X X X X X
Fasting blood glucose <120-130 X X X
Fasting TG >600 mg/dL X X X X X X X
ALT or AST >2x ULN X X X X X X X
TBILI >1.5x ULN X X
TSH outside of normal reference limits X X X X X X X
Hemoglobin <10 g/dL X
Hemoglobin <12 g/dL males/<11 g/dL females X X X X X
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Source: Adapted from the Applicants’ Clinical Study Reports for Trials P001/1016, P002/1013, P0O03/1022; P005/1019, P0O06/1015, P007/1017, and
P017/1047, available at:
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p001v01\p001v01.pdf
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p002v01\p002v01.pdf
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p003v01\p003v01.pdf
\\cdsesubl\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p005v01\p005v01.pdf
\\cdsesubl\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p006v01\p006v01.pdf
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p007v01\p007v01.pdf
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p017\p017.pdf

Abbreviations: ADA, American Diabetes Association; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMD, bone mineral

density; BMI, body mass index; BW, body weight; d, day; DKA, diabetic ketoacidosis; Dx, diagnosis; eGFR, estimated glomerular filtration rate;

HbAl1c, hemoglobin Alc; Hx, history; meds, medications; SBP, systolic blood pressure; SCr, serum creatinine; T1D, type 1 diabetes mellitus; T2D,

type 2 diabetes mellitus; TBILI, total bilirubin; TG, triglycerides; TSH, thyroid-stimulating hormone; wk, week; and yr, years.

*Proteinuria >3000 mg/day with albuminuria and edema; rapidly progressive glomerulonephritis; lupus nephritis; renal or systemic vasculitis;
renal artery stenosis with renovascular hypertension or ischemic nephropathy; familial renal glucosuria; obstructive uropathy or indwelling
urinary catheter.

TBariatric surgery, or weight-loss programs or mediations that may affect body weight.

'Generally included: myocardial infarction, unstable angina, arterial revascularization, stroke, transient ischemic attack (TIA), NYHA functional
class -1V heart failure (within 3 months), malignancy (<5 years), human immunodeficiency virus, blood dyscrasia/hemolysis/unstable red blood
cells/hematological disorder, active liver disease, malabsorption condition, recent surgery (<4-6 wks); hyperthyroidism; clinically significant ECG
findings; other severe acute or chronic medical/psychiatric condition or laboratory abnormality that would make subject participation
inappropriate; requires =14 days of systemic corticosteroids or =7 days of nonsteroidal anti-inflammatory drugs; and/or unstable doses of
antihyperlipidemic, antihypertensives or thyroid hormone replacement therapy.

*Usually included binge drinking, >2 drinks/day, or >14 drinks/week.

TSubjects history of osteoporosis (BMD T-score <-2.5), rheumatoid arthritis, illness that could affect BMD, bilateral hip prosthesis,
fewer than 3 vertebrae evaluable for dual-energy x-ray absorptiometry (DXA), hyperparathyroidism, atraumatic vertebral fracture
or high or low impact fracture of the hip or wrist, use of bisphosphonates or other medications that may affect bone metabolism

Overall, | thought that the trial designs, including the inclusion/exclusion criteria, patient
populations, exposures, and treatment durations, were adequate and consistent with other
antihyperglycemic Phase 3 clinical development programs submitted to the Division.

6.1.3. Study Treatments

Depending on the respective Phase 3 trial, investigational product (IP) was administered once
daily in the morning and provided by the Applicant as follows:

e P001/1013: Ertugliflozin 5 mg and 10 mg tablets, and matching placebo

e P002/1013: Ertugliflozin 5 mg and 10 mg tablets, glimepiride 1 mg and 2 mg tablets (or
capsules), and matching placebo

e P003/1022: Ertugliflozin 5 mg and 10 mg tablets, and matching placebo

e P005/1019: Ertugliflozin 5 mg and 10 mg tablets, sitagliptin 100 mg tablets and
matching placebo

e P006/1015: Ertugliflozin 5 mg and 10 mg tablets, and matching placebo

e P007/1017: Ertugliflozin 5 mg and 10 mg tablets, and matching placebo
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e P017/1047: Ertugliflozin 5 mg and 10 mg tablets, sitagliptin 100 mg tablets, and
matching placebo

(Note: For all Phase 3 clinical trials, the ertugliflozin 15 mg dose was administered as a 5 mg
plus a 10 mg tablet)

Rationale for Dose Selection:

Based on the Applicant’s dose-response modeling from their Phase 2 data, they felt that the
ertugliflozin 5 mg and 15 mg doses should achieve >80% and >90% of the maximum PD
response (e.g., changes in HbAlc, FPG, body weight, and UGEo-24), respectively (see Section 4.5).
Further, they claim that a maximum proposed ertugliflozin dose of 15 mg daily would have
adequate safety margins based on their nonclinical data (see Section 4.4).

The dose of sitagliptin was selected based on the approved dose. The Applicant claims that a
sitagliptin dose of 100 mg daily has been shown to provide effective improvements across
glycemic endpoints and to be well tolerated. For trials that require metformin as background
therapy, stable doses of 21500 mg for at least eight weeks have been considered acceptable.

Blinding and Treatment Assignments:

Study medications were typically provided by the Applicant using a double-blind/masking
technique (e.g., matching placebo was provided in identical packaging as active treatment).
Subjects, investigators, personnel or designees (Covance and Parexel) of the Applicant,
remained blinded throughout the Phase A double-blind treatment period, while personnel (e.g.,
Covance and Parexel) involved in the conduct of the trial, subjects, and trial site staff also
remained blinded until completion of Phase B.

Subjects were randomized into each study arm using 1:1 treatment allocations. Additionally,
randomization was stratified by eGFR group, medical history of CVD, and insulin use for Trial
P001/1013; participation in a mixed meal tolerance test (MMTT, yes/no) for Trial P005/1019;
use of sulfonylurea at screening (yes/no) for Trial P006/1015; postmenopausal status in females
for Trial PO07/1017; and antihyperglycemic wash-off status (yes/no) for Trial P017/1047.
Randomization was performed centrally using an interactive voice response system/integrated
web response system (IVRS/IWRS), with subjects being assigned randomly using a computer-
generated randomization.

Generally, the blinding and randomization methods used by the Applicant in the respective
Phase 3 trials were acceptable.
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Dose Modifications of Study Medications:

Except for Trial P002/1013, where glimepiride doses could be up- or down-titrated (doses could
range from 1 mg/day up to 6 or 8 mg/day, depending on local approved labeling), dose titration
of blinded study medication was not permitted at any time during the study. Additionally,
open-label metformin doses remained unchanged during the double-blind treatment period.

6.1.4. Administrative Structure of the Ertugliflozin Development Program

Merck and Pfizer co-developed the ertugliflozin Phase 3 clinical development program, with
Merck-managed trials conducted with their designee, Covance, and those managed by Pfizer
conducted with Parexel. Additionally, five independent adjudication committees, blinded to
randomization codes, evaluated potential fracture, pancreatitis, CV, hepatic, and renal events,
and a blinded Internal Case Review Committee (ICRC) assessed potential cases of ketoacidosis.

6.1.5. Protocol Procedures and Schedule

All Phase 3 trials included a 2-week placebo run-in period, with scheduled study visits at
baseline and Weeks 6, 12, 18, and 26 (Phase A). Depending on the trial, additional visits (Phase
B) were scheduled at 4- to 13-week intervals until study completion (see Appendix 13.3).
Adverse event monitoring and assessments of vital signs, clinical laboratory parameters and
adherence to IP were usually performed at these study visits.

Dietary Restrictions/Instructions:

Subjects usually received counseling on dietary and life-style modifications (in accordance with
local medical standards of care for subjects with T2D) by a dietician or qualified healthcare
professional at screening, and were asked to follow the recommendations throughout the trial.
Additional follow-up at subsequent visits may have been performed by other study personnel
responsible for the evaluation of the subject. Investigational sites also reinforced diet and
exercise counseling prior to repeat central laboratory measurements used for confirmation of
abnormal FPG values that met glycemic thresholds for rescue therapy (see Table 5).

Concurrent Medications:

Three of the seven trials required the use of background metformin therapy, while a fourth
included both sitagliptin plus metformin (Table 3: Listing of Phase 3 Clinical Trials Relevant to
this NDA). For Trial P001/1016, stable doses of non-metformin antihyperglycemic medications
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were permitted. Medications commonly used by diabetic patients or recommended as standard
of medical care were typically allowed. However, stable dosing regimens of antihypertensives,
antihyperlipidemics, hormonal contraceptives, and thyroid hormone replacement therapy were
required prior to randomization. Use of medications that could affect body weight was not
allowed for any of the trials (Table 4), and the use of herbal supplements and natural products
was discouraged.

Adherence to Study Treatment:

The investigator was required to maintain an accountability record of study medications, and
subjects were asked to bring in any used or unused bottles at each visit. Adherence to IP was
assessed through subject interview and tablet counts. Subjects who were <80% compliant with
the treatment regimen during the 2-week placebo run-in phase were ineligible to participate in
the trial. During the remainder of the trial, the importance of adherence to study medications
was reinforced for all subjects who were <80% compliant following randomization.

Rescue Medication:

Subjects with inadequate glycemic control during Phase A, the double-blind treatment period,
were eligible to receive open-label rescue medication based on the criteria presented in Table
5. These criteria are consistent with the 2008 Diabetes Guidance.® Subjects who met any of the
criteria were required to complete a rescue visit, and subsequently prescribed open-label
antihyperglycemic rescue medication in accordance with local approved labeling/standard of
care (see Table 3: Listing of Phase 3 Clinical Trials Relevant to this NDA for study-specific rescue
therapy). Subjects were asked to continue with the planned study visits and continued to
receive blinded study medication. In Phase B, subjects were eligible to receive open-label
rescue therapy in addition to their study medication based on HbAlc or FPG criteria. These
subjects also were required to complete a rescue visit, and continue with their scheduled
follow-up visits.

In correspondence with the Applicant (dated December 28, 2015, July 29, 2016, and September
30, 2016), the Agency reiterated that the primary efficacy analysis should use all HbAlc data
from all subjects randomized, regardless of treatment adherence and rescue status.
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Table 5: Criteria for Initiation of Antihyperglycemic Rescue Therapy

Study Visits Rescue Laboratory Criteria (Central Lab)*

Phase A (double-blind treatment period)

Week 6 FPG >270 mg/dL
After Week 6 to Week 12 FPG >240 mg/dL
Weeks 12-26 FPG >200 mg/dL

Phase B (long-term safety extension period)?

After Week 26 FPG >200 mg/dL or HbAlc >8%

Source: Adapted from the Applicants’ Clinical Study Reports for Trials P001/1016, P002/1013, P003/1022; P005/1019, P006/1015,
P007/1017, and P017/1047, labeled as Table 9-4, page 149/2401; Table 9-6, page 95 of 2209; Table 3, page 84 of 3191; Table 9-5, page 110
of 2273; Table 9-5, page 87 of 1074; Table 3, page 98 of 3124; and Table 9-5, page 90 of 1028, respectively, available at:
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p001v01\p001v01.pdf
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p002v01\p002v01.pdf
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p003v01\p003v01l.pdf

\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p006v01\p006v01.pdf

\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p007v01\p007v01.pdf

\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-contr\p017\p017.pdf

Abbreviations: FPG, fasting plasma glucose, and HbA1c, hemoglobin Alc.

*Note: To meet the FPG criteria, a repeat/confirmatory measurement was performed within 3-7 days of notification from the central
laboratory.

TFor Trial P002/1013, Phase B began after Week 52.

Subject Withdrawal/Discontinuation:

Subjects were discontinued from study medication for the following reasons:

Withdrawal of informed consent

Protocol-defined hyperglycemia criteria

Protocol-defined recurrent hypoglycemia episodes

Protocol-defined abnormal liver function

Protocol-defined abnormal renal function tests

Bariatric surgery

Requirement of prohibited medications

Pregnancy

Unblinding of investigator or subject

Any medical condition/circumstance which, in the opinion of the investigator, indicates
that continued participation would not be in the best interest of the subject
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If the subject withdrew consent from participating in the trial, no further evaluations were
performed, and no additional data collected. Subjects prematurely discontinuing the trial for
reasons other than withdrawn consent were asked to attend a discontinuation visit and a post-
treatment follow-up visit/phone call (i.e., 14 days after the last exposure to IP), and to be
contacted periodically (e.g., per the scheduled study visits) by phone for collection of important
health status information.

6.1.6. Study Endpoints

Primary Efficacy Endpoint:

e Mean change from baseline in HbAlc (%) at Week 26 (or Week 52 for Trial P002/1013)

The primary efficacy endpoint for all seven Phase 3 trials was the change from baseline
(randomization) in HbAlc (%). HbAlc is considered an appropriate efficacy endpoint, and a
positive result would indicate a clinically meaningful benefit for the following reasons:

e HbAlc is a widely-accepted, objective, surrogate measure of glycemic control that
correlates well with mean blood glucose over the preceding 1-3 months.%?

e The National Glycohemoglobin Standardization Program (NGSP) has established and
promulgated standardized assays for HbAlc based on data from the Diabetes Control
and Complications Trial (DCCT). Use of standardized methodology has reduced inter-
laboratory coefficients of variation to <5%.838

e HbAlc has excellent reliability, predicts some of the diabetes-specific complications, and
provides a basis for treatment decisions in patients with T2D.8>-87

e Lowering HbAlc reduces microvascular complications®*>1687 and may lower the risk of
macrovascular complications>° in patients with T1D and T2D.

For these reasons, the FDA draft guidance entitled Guidance for Industry, Diabetes Mellitus:
Developing Drugs and Therapeutic Biologics for Treatment and Prevention states, “for purposes
of drug approval and labeling, final demonstration of efficacy should be based on reduction in
HbA1lc (i.e., HbAlc is the primary endpoint of choice, albeit a surrogate), which will support an
indication of glycemic control.”® Scheduled measurements of HbAlc used for eligibility criteria,
efficacy analyses, and need for glycemic rescue, were performed at a Central Laboratory.

Secondary Efficacy Endpoints:

In addition to the primary efficacy endpoint, the Applicant also evaluated other glycemic
endpoints, as well as non-glycemic and pharmacodynamic endpoints. The secondary endpoints

®® of ertugliflozin and the ertugliflozin
FCDPs are:
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e Proportion of subjects with an HbAlc <7%
e Mean change from baseline to Week 26 (or Week 52; Trial P002/1013) in:
- FPG (mg/dL)
- 2-hour PPG (mg/dL)
- Body weight (kg)
- Sitting SBP (mmHg)
- Sitting DBP (mmHg)

The glycemic endpoints (HbAlc <7%, FPG, and 2-hour PPG) are considered supportive measures
of efficacy in Phase 3 trials.® The analyses of these endpoints also were based on measurements
performed by a Central Laboratory. To control for Type | error due to multiple testing, the
above secondary efficacy endpoints (i.e., proportion of subjects with an HbAlc <7%, FPG, 2-
hour PPG, body weight, sitting SBP, and sitting DBP) were included in the Applicant’s
prespecified testing sequence.

Other Relevant Endpoints:

e The proportion of subjects who required glycemic rescue

e Time to glycemic rescue

e Change from baseline in B-cell responsivity static component (®s; reflective of the
second-phase insulin secretory response8°)

e Safety: Adverse events (AEs), and clinical laboratory tests, electrocardiograms (ECGs),
vital signs, and physical examination findings

6.1.7. Statistical Analysis Plan

The Applicant performed their efficacy analyses using the Full Analysis Set (FAS), which
consisted of all randomized subjects who received >1 dose of IP and had at least one endpoint
measurement (i.e., baseline or post-randomization). For the analyses of the primary endpoint
(i.e., mean change in HbAlc from baseline to Week 26 [or 52 for Trial P002/1013]) and
continuous secondary endpoints, as well as for the efficacy analyses using a pool of placebo-
controlled trials, they used a constrained, longitudinal data analysis (cLDA) model.?® This model
assumes a common mean across treatment arms at baseline (i.e., due to randomization), and a
different mean for each treatment at each post-baseline time point. Treatment, time,
treatment-time interactions, and additional protocol-specified covariates were used in the
model. For Trial P002/1013 (i.e., the ertugliflozin vs. glimepiride noninferiority trial), the
Applicant used a HbA1lc noninferiority margin of 0.3%, which is consistent with other active
comparator noninferiority Phase 3 trials submitted to the Division.®
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For the analysis of the proportions of subjects with HbAlc <7% (i.e., a binary endpoint based on
subjects meeting or not meeting this glycemic target using the observed or cLDA imputed
HbAlc value), the Applicant used a logistic regression model to estimate the odds ratio for
comparison of treatment arms. The regression model included terms for treatment, baseline
HbA1lc, and other protocol-specified covariates.

The prespecified study-wise type | error rate related to the primary and secondary efficacy
endpoints was controlled at the two-sided 0.05 level by using a hierarchical closed testing
procedure (i.e., statistical testing proceeded to each subsequent endpoint only if the two-sided
p-value was <0.05 for all previous endpoint analyses). Please refer to the Statistical Review
(NDA 209803) by Dr. Cambon for a detailed listing of the hierarchical testing order of the
primary and secondary endpoints of each trial.

The Applicant also performed several sensitivity analyses (e.g., cLDA that included data after
glycemic rescue therapy, Tipping point and Jump-to-Reference) for the primary efficacy
endpoint to evaluate the effects of missing data (i.e., due to early discontinuation of IP and
censoring following glycemic rescue therapy). The Tipping point analysis was used to assess
how large the difference between the non-missing and the missing data would need to be to
alter the conclusion of the analysis.® The Jump-to-Reference approach assumes that missing
data in the ertugliflozin treatment arm follow the same distribution as in the comparator arm.%?

In his statistical review, Dr. Cambon noted that the Applicant’s data analysis set excluded
measurements obtained after discontinuation of IP for both the primary and sensitivity
analyses, and that the cLDA analysis treated HbAlc measurements obtained after initiation of
glycemic rescue therapy as missing data. He expressed concern with the exclusion of these data
by the Applicant for their efficacy analyses, as these results may not reflect the actual efficacy
findings should all of the subjects who participated in the trial and all of the data following
rescue therapy have been included in the analyses. He felt that the preferred analysis
population should include all randomized subjects who have a baseline measurement and were
exposed to IP, and that the analysis set should include all measurements, regardless of whether
subjects received rescue therapy or discontinued IP. Therefore, he reanalyzed the primary and
key secondary efficacy endpoints using all available data, including HbAlc data measurements
collected after rescue or discontinuation. Based on the existing data, he recommended an
analysis of covariance (ANCOVA) return to baseline (RTB) statistical approach for the efficacy
analyses, which assumes that the subjects with missing data return to their baseline
measurement. Further, to evaluate the robustness of the Applicant’s conclusions, he performed
additional sensitivity and subgroup (i.e., sex, race, age, geographic region) analyses. For a more
detailed discussion of the Statistical Analysis Plan (SAP) and the statistical approach used by Dr.
Cambon, please refer to his Statistical Review (NDA 209803, dated August 25, 2017).
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Protocol Amendments

Review of relevant changes in the conduct of the respective Phase 3 trials and planned analyses
did not reveal notable protocol amendments that would alter the final review and
interpretation of the efficacy data for the submitted NDAs.

Data Quality and Integrity: Sponsor’s Assurance

The Applicant states that their clinical trials are subject to quality control and quality assurance
oversight (e.g., on-site monitoring inclusive of source data verification, medical monitoring of
clinical trial data and resultant databases, and quality reviews of regulatory submission
documents), including independent audits in accordance with their Standard Operating
Procedures. The study sites were monitored to assess compliance with the clinical protocol and
general principles of Good Clinical Practice (GCP), and the clinical data were verified against the
source documentation and reviewed for accuracy, completeness, and consistency. Potential
issues of fraud, misconduct, and/or serious GCP non-compliance were further investigated.

6.1.8. Study Results

Compliance with Good Clinical Practices

The Applicant states that all studies in the ertugliflozin clinical development program were
conducted in accordance with GCP and the Declaration of Helsinki. Further, they claim that
their Phase 3 development program was planned, conducted, and analyzed in accordance with
the US and European Union (EU) regulatory guidance documents that were in effect at the time
the trials were initiated.

Financial Disclosure

The Applicant submitted a Form FDA 3454 for the covered trials. They note that the following
clinical investigators/subinvestigators had reportable financial interests/arrangements to
disclose: ®®  who participated in Trials PO05/ ®® and P006/ ®® (i.e., held shares
of Pfizer stock valued at $250,000.00); and ®® who participated in a Phase 2 trial,
PO16/ ®® (received $36,857.55 in payments by Pfizer for consulting and speaking fees). Based
on a review of the clinsite.xpt and dm.xpt datasets, and the Center for Drug Evaluation and
Research (CDER) Clinical Inspection Site Selection Tool (v2.4.15), it appears that Dr. ®) ©)
enrolled ®® subjects (n=$§in PO05/ ®®: and n Eggin PO06/ ®®), Therefore, | do not feel
that the participation of the two investigators in question would alter the integrity of the Phase
3 data or efficacy findings.
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Subject Disposition

In total, the seven trials randomized and treated 4859 adult T2D subjects (i.e., 1450 subjects to
placebo or comparator, 1716 subjects to ertugliflozin 5 mg, and 1697 subjects to ertugliflozin 15
mg) who had inadequate glycemic control (baseline HbAlc was between 7% to 11%). The
cumulative study disposition of subjects at the time of the 4-MSU submission is presented in
Table 6. Approximately 59% of randomized subjects have completed the respective trials, with
approximately 27% still receiving IP. Reasons for discontinuations from these trials were similar
between non-ertugliflozin and ertugliflozin treatment arms, with withdrawal of consent by the
subject and lost to follow-up, reported for at least 2% of subjects in any treatment arm (380
subjects total). Of these subjects, SAEs were reported in 6.9% (9/130), 5.4% (6/112)), and 5.1%
(7/138) of non-ertugliflozin-, ertugliflozin 5 mg- and ertugliflozin 15 mg-treated subjects,

respectively. These data are limited and inadequate to ascertain the presence of treatment-
related trends.

Table 6: Cumulative Trial Disposition (Randomized Population)*

Non-Ertugliflozin Ertugliflozin 5 mg  Ertugliflozin 15 mg
NUMBER OF SUBJECTS ENROLLED, N=12066
NUMBER OF SUBJECT RANDOMIZED, N=4864
NUMBER OF SUBJECT RANDOMIZED AND TREATED, N=4859
Number of Subjects Randomized and Treated 1450 1716 1693
Completed, n (%) 791 (54.6) 1,067 (62.2) 1,030 (60.7)
Ongoing 441 (30.4) 446 (26.0) 437 (25.7)
Discontinued 218 (15.0) 203 (11.8) 231 (13.6)
Withdrew consent 89 (6.1) 67 (3.9) 89 (5.2)
Lost to follow-up 41 (2.8) 45 (2.6) 49(2.9)
Adverse event 21(1.4) 18 (1.0) 26 (1.5)
Hyperglycemia 15 (1.0) 20(1.2) 22 (1.3)
Nonadherence to IP 6 (0.4) 9(0.5) 8(0.5)
Protocol violation 4(0.3) 9(0.5) 8(0.5)
Subject relocated 6(0.4) 4(0.2) 8(0.5)
Death 9 (0.6) 11 (0.6) 6 (0.4)
Study terminated by Applicant 13 (0.9) 9(0.5) 5(0.3)
Screen failure 0 0 5(0.3)
Physician decision 6 (0.4) 7 (0.4) 4(0.2)
Excluded medication 4(0.3) 2(0.1) 1(0.1)
Lack of efficacy 2(0.1) 2(0.1) 0
Hypoglycemia 1(0.1) 0 0
Pregnancy 1(0.1) 0 0

Source: Adapted from the Applicant’s 4-MSU report, labeled as Table 2.7.4:5, page 23-24 of 486, available at:

\\cdsesub1\evsprod\nda209803\0014\m2\27-clin-sum\summary-clin-safety.pdf and confirmed with the sur-iss adsl.xpt and
dsplus.xpt datasets.
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Protocol Violations/Deviations

A protocol deviation was defined as any change, divergence, or departure from the study
design or procedures defined in an approved protocol; and a major protocol deviation was
defined as any protocol deviation which may significantly/adversely impact the completeness,
accuracy, and/or reliability of the trial data or that may significantly/adversely affect a subject's
rights, safety, or well-being. Across the Phase 3 clinical program, major protocol deviations
were reported in approximately 24% to 48% of subjects (i.e., 23.6% in Trial P005/1019; 26.0% in
Trial P003/1022; 28.2% in Trial P017/1047; 29.4% in Trial P006/1015; 31.2% in Trial P002/1013;
32.9% in Trial PO07/1017; and 48.4% in Trial P001/1016).The most common deviations for
these trials included ‘subjects did not give appropriate informed consent’, “failure to conduct
major/significant evaluations’, and ‘eligibility criteria not met’. A review of the major deviations
did not reveal any obvious/important trends or treatment differences across trial arms.

In their post hoc analyses of Study P001/1016 (the dedicated moderate renal impairment trial),
the Applicant noted that metformin may have been used in violation of the protocol (i.e.,
metformin was a protocol-prohibited medication). Approximately 17% of subjects included in
the Week 26 HbA1c analysis may have been exposed to metformin, based on the finding of at
least one positive assay result. The Applicant felt that this may have confounded the primary
efficacy findings, resulting in a failed trial. ® @

) @

® @

it appears the metformin exposures were

similar across all treatment arms (FAS), with positive assay results identified in approximately

16.9% (26/154), 15% (24/158), and 18% (28/155) of subjects in the placebo, ertugliflozin 5 mg

and ertugliflozin 15 mg treatment arms. Further, the use of other non-metformin

antihyperglycemic medications was allowed, and both the FDA (as of April 8, 2016)° and the

European Medicines Agency (EMA; as of October 13, 2016)°* currently accept the use of

metformin in patients with moderate renal impairment (eGFR between 30-59 mL/min/1.73 m?).

Across the ertugliflozin Phase 3 clinical program, there also appeared to be numerically more

subjects in the ertugliflozin treatment arms who experienced adverse outcomes (deaths, SAEs,

withdrawals due to AEs) at this level of renal function (please refer to Sections 8.4 and 10.1
[Table 41]).

Demographics and Clinical Characteristics

A total of 4859 were randomized and treated into the seven Phase 3 trial, of 1450 subjects
received placebo or active comparator, 1716 subjects received ertugliflozin 5 mg, and 1693
subjects received ertugliflozin 15 mg. Relevant demographics and baseline clinical
characteristics of the all treated subject populations for these trials are presented in Table 7.
Additionally, demographics/clinical characteristics by treatment group (i.e., non-ertugliflozin,
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ertugliflozin 5 mg and ertugliflozin 15 mg) and by individual treatment arm are presented in
Table 14 and in the Statistical Review (NDA 209803, dated August 25, 2017) of Dr. Cambon,

respectively.

Generally, the trial populations were predominantly White, and relatively young, with limited
numbers of individuals over 75 years of age. The trials were conducted worldwide, with
approximately 33% of randomized subjects residing in the North American region. The average
body mass index (BMI) was >30 kg/m?, and the mean baseline HbAlc concentrations were >8%.
The mean durations of diabetes ranged from five to 14 years. Excluding Trial P001/1016, most
subjects had normal renal function or mild renal impairment.

Table 7: Demographics, Clinical Characteristics and Concomitant Medications (Phase 3 Trials)

P001/1016 P002/1013

P003/1022 P005/1019 P006/1015 PO007/1017 P017/1047

Reference ID: 4189412

H *
Trials (N=467)  (N=1325)  (N=461)  (N=1232)  (N=462) (N=621) (N=291)
DEMOGRAPHICS
Age, mean + SD —yr 67.3+8.6 58.2+9.6 56.4+11.0 55.1+10.1 59.1+9.0 56.6 + 8.8 55.6 + 10.0
<65 yr — no. (%) 162 (34.7) 140 (74.6) 341 (74.0) 1033 (83.8) 324 (70.1) 524 (84.4) 233(80.1)
265 yr — no. (%) 305 (65.3) 336 (25.4) 120 (26.0) 199 (16.2) 138 (29.9) 97 (15.6) 58 (19.9)
>75 yr — no. (%) 101 (21.6) 50 (3.8) 15 (3.3) 28(2.3) 13(2.8) 4(0.6) 8(2.7)
Female sex — no. (%) 236 (50.5) 683 (51.5) 200 (43.4) 568 (46.1) 199 (43.1) 333 (53.6) 124 (42.6)
Race — no. (%)
White 380 (81.4) 966 (72.9) 386 (83.7) 989 (80.3) 337(72.9) 411 (66.2) 263 (90.4)
Black/African American 19 (4.1) 61 (4.6) 29 (6.3) 46 (3.7) 9(1.9) 64 (10.3) 13 (4.5)
Asian 45 (9.6) 239 (18.0) 39 (8.5) 131 (10.6) 94 (20.3) 100 (16.1) 0
Other 23 (4.9) 59 (4.5) 7 (1.5) 22 (1.8) 22 (4.8) 46 (7.4) 3(1.0)
Ethnicity (Hispanic/Latino) — no. (%)
Hispanic/Latino 87 (18.6) 273 (20.60 103 (22.3) 425 (34.5) 72 (15.6) 113 (18.2) 105 (36.1)
Not Hispanic/Latino 379 (81.2)  1051(79.3)  358(77.7) 807 (65.5) 389 (84.2) 507 (81.6) 186 (63.9)
Not Reported/Unknown 1(0.2) 1(0.1) 0 0 1(0.2) 1(0.2) 0
Region — no. (%)
North America 134 (28.7) 383 (28.9) 308 (66.8) 375 (30.4) 93 (20.1) 169 (27.2) 143 (49.1)
Europe 186 (39.8) 597 (45.1) 118 (25.6) 510 (41.4) 209 (45.2) 224 (36.1) 148 (50.9)
Latin America 54 (11.6) 133 (10.0) 9(2.0) 210 (17.0) 33(7.1) 21 (3.4) 0
Asia 80(17.1) 174 (13.1) 6(1.3) 116 (9.4) 127 (27.5) 85 (13.7) 0
South Africa 13 (2.8) 38(2.9) 20 (4.3) 0 0 111 (17.9) 0
Australia/New Zealand 0 0 0 21(1.7) 0 11 (1.8) 0
CLINICAL CHARACTERISTICS
BMI, mg/m2 — mean + SD 32.5+6.1 31.4+6.1 33+6.7 31.9+6.3 30.8+6.0 30.9+4.7 32.2+6.1
Duration of T2D, mean + SD — yr 142 +85 7.5+5.7 50+5.1 6.9+54 9.5+5.7 80+6.0 6.3+6.1
Glycemic Status
HbA1c % — mean + SD 82+09 7.8+0.6 82+10 86+1.0 8.0+0.9 81+09 89+0.9
<8% — no. (%) 217 (46.5) 847 (63.9) 224 (48.6) 363 (29.5) 249 (53.9) 304 (49.0) 32 (11.0)
8to <9% — no. (%) 147 (31.5) 431 (32.5) 145 (31.5) 458 (37.2) 134 (29.0) 194 (31.2) 113 (11.0)
>9% — no. (%) 93(19.9) 46 (3.5) 90 (19.5) 390 (31.7) 76 (16.5) 115 (18.5) 145 (49.8)
Unknown 10 (2.1) 1(0.1) 2(0.4) 21(1.7) 3(0.6) 8(1.3) 1(0.3)
FPG, mg/dL — mean + SD 158.5+53.6 161+34.8 180.1+47.4 180.4+47.8 169.7+38.2 168.4+43.8 197.8+47.0
eGFR, mL/min/1.73m2 — mean + SD 46.6 + 8.8 87.2+185 87.7+186  92.4+200 879+169 90.5+19.3 90.7 +19.0
<30 12 (2.6) 1(0.1) 0 0 0 0 0
30 to <60 — no. (%) 428 (91.6) 54 (4.1) 17 (3.7) 27 (2.2) 8(1.7) 24 (3.9) 4(1.4)
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Triale* P001/1016 P002/1013 P003/1022 PO005/1019 P006/1015 PO007/1017 P017/1047
rials (N=467)  (N=1325)  (N=461) (N=1232) (N=462)  (N=621)  (N=291)
30 to <45 159 (34.0) 4(0.3) 0 2(0.2) 0 1(0.2) 0
45 to <60 308 (66.0) 50 (3.8) 17 (3.7) 25 (2.0) 8(1.7) 23(3.7) 4(1.4)
60 to <90 — no. (%) 27 (5.8) 713(53.8)  251(54.4)  588(47.7)  257(55.6)  290(46.7) 155 (53.3)
290 — no. (%) 0 557(42.0) 193 (41.9)  616(50.0)  197(42.6) 307 (49.4)  131(45.0)
Unknown 0 0 0 1(0.1) 0 0 1(0.3)
COoNCOMITANT MEDICATIONS
Antihypertensives 439(94.0)  906(68.4)  249(54.0)  729(59.2)  322(69.7)  423(68.1) 139 (47.8)
ACEls/ARBs 398 (85.2) 799 (60.3) 223 (48.4) 658 (53.4) 288 (62.3) 375 (60.4) 120 (41.2)
Antihyperlipidemic medications 362(77.5)  693(52.3)  245(53.1)  535(43.4)  286(61.9) 349 (56.2) 93 (32.0)
Statins 318(68.1)  610(46.0)  225(48.8)  468(38.0)  257(55.6) 314 (50.6) 79 (27.1)
Diuretics 260 (55.7) 360 (27.2) 96 (20.8) 253(20.5)  113(24.5) 205 (33.0) 57 (19.6)
Loop diuretics 112 (24.0) 28(2.1) 12 (2.6) 14 (1.1) 13(2.8) 12 (1.9) 5(1.7)

Source: Adapted from the Applicants’ Clinical Study Reports from:

Trial P001/1016, labeled as Tables 10-8-9, pages 204-209 of 2401, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-
effic-safety-stud\t2dm\5351-stud-rep-contr\p002v01\p002v01.pdf

Trial P002/1013, labeled as Tables 10-5-7, pages 152-159 of 2209, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-
effic-safety-stud\t2dm\5351-stud-rep-contr\p002v01\p002v01.pdf

Trial P003/1022, labeled as Tables 16-18, pages 134-139 of 3191, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-
effic-safety-stud\t2dm\5351-stud-rep-contr\p003v01\p003v01.pdf

Trial P005/1019, labeled as Tables 10-6-8, pages 168-176 of 2273, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-
effic-safety-stud\t2dm\5351-stud-rep-contr\p005v01\p005v01.pdf

Trial P006/1015, labeled as Tables, pages of, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-
stud\t2dm\5351-stud-rep-contr\p006v01\p006v01.pdf

Trial P0O07/1017, labeled as Tables, pages of, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-
stud\t2dm\5351-stud-rep-contr\p007v01\p007v01.pdf

Trial P017/1047, labeled as Tables, pages of, available at: \\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-
stud\t2dm\5351-stud-rep-contr\p017\p017.pdf

Applicant’s Summary of Clinical Efficacy, labeled as Table 80, pages 217-224 of 375, available at: \\cdsesub1\evsprod\nda209803\0000\m2\27-clin-
sum\summary-clin-efficacy-t2dm.pdf

Abbreviations: ACEl, angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; BMI, body mass index; eGFR, estimated
glomerular filtration rate; HbA1lc, hemoglobin Alc; no., number; SD, standard deviation; T2D, type 2 diabetes mellitus; and yr, years.

*All subjects randomized who received 21 dose of investigational product.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Adherence to Study Treatment:

Adherence to oral antihyperglycemic therapy has been reported to range from 36-93% in
patients remaining on treatment for six to 24 months.*° Additionally, prospective electronic
monitoring studies have documented that patients took 67-85% of their oral antihyperglycemic
doses as prescribed.*® Although there is no universally accepted definition for what constitutes
adequate adherence, a compliance rate of approximately 80% is reasonable.>354%>

For purposes of identifying patients that were not adherent to study treatment, the Applicant

chose to use a threshold of 75% (i.e., patients who reported use of 75% or more of IP were
considered adherent; patients who reported use of <75% of IP were considered nonadherent).
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In the ertugliflozin clinical development program, the incidence of nonadherence to IP during
the double-blind treatment period (Phase A) across the Phase 3 trials ranged from 0 to 2.1%.
Rates for the individual studies were reported as follows:

e Trial P003/1022: No subjects (0/461)

e Trial P005/1019: 1% (12/1232) of subjects
e Trial P007/1017: 1% (6/621) of subjects

e Trial P001/1016: 1.5% (7/467) of subjects
e Trial P006/1015: 1.9% (9/462) of subjects
e Trial P002/1013: 2% (27/1325) of subjects
e Trial P017/1047: 2.1% (6/291) of subjects

No trends were observed between treatment arms. Further, it is unlikely that these relatively
low rates of nonadherence would affect the interpretation of the primary and key secondary

efficacy findings.

Concomitant Medications:

Concomitant medications typically used as standard of care with T2D are presented in Table 7
above. Across the Phase 3 trials, antihypertensive (48-94% of subjects) and antihyperlipidemic
medications (32-78% of subjects) were commonly used by subjects. Use of these medications
was allowed in the respective protocols, similar to other antihyperglycemic development
programs. However, subjects were to have been on stable doses of these medications before
and during the trials.

Rescue Medication Use:

Glycemic rescue criteria were prespecified as described above (Section 6.1.5 and Table 3:
Listing of Phase 3 Clinical Trials Relevant to this NDA). However as previously stated, the
Applicant did not account for the data from subjects who received antihyperglycemic rescue
therapy or discontinued the use of study medication prior to completion of the double-blind
treatment period (Phase A) in their primary efficacy analyses. This could result in the evaluation
of only those subjects who achieved a therapeutic response or tolerated therapy. In his
Statistical Review, Dr. Cambon noted that rescue medication was used before the final HbAlc
efficacy assessment by 0% up to 31.3% of subjects in a given treatment arm, with the highest
rates typically reported in the placebo treatment arm. In his reanalysis of the primary and key
secondary efficacy endpoints, these missing data are accounted for using an ANCOVA return to
baseline (RTB) approach. Please refer to his reviews for further discussion.
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Efficacy Results — Primary Endpoint

The results of the Applicant’s primary and a key secondary efficacy analysis for Trial P001/1016
(i.e., change in HbAlc from baseline to Week 26 performed using the FAS and a cLDA approach
that excluded glycemic rescue) are presented in Table 8 below. In this trial the between group
differences (i.e., ertugliflozin 5 mg vs. placebo and ertugliflozin 15 mg vs. placebo) were not
statistically significant. As prespecified in the SAP, formal hypothesis testing within the ordered
testing procedure was stopped at this step (i.e., secondary hypotheses were not to be tested).
Additionally, in a secondary analysis of this endpoint in the subset of subjects with a baseline
eGFR of 45 to <60 mL/min/1.73 m?, the placebo-subtracted differences were again
nonsignificant. Based on these data, | would not recommend the use of ertugliflozin in patients
with moderate renal impairment (i.e., eGFR 30 to <60 mL/min/1.73 m?). Please refer to Section
8.4 regarding the safety findings in subjects with renal impairment.

Table 8: HbA1c Change from Baseline (FAS, Excluding Rescue Approach) Trial P001/1016

Pairwise Comparisons
Treatment N LS Mean (95% CI) Difference in LS Means p-Value
(95% CI) vs. Placebo’

Change from Baseline in HbA1C (%) at Week 26: cLDA

Placebo 154 -0.26 (-0.41,-0.11)

Ertugliflozin 5 mg 158 -0.29 (044, -0.14) -0.03 (-0.23,0.18) 0.807
Ertugliflozin 15 mg 155 -0.41 (0.56, -0.27) -0.15 (-0 35, 0.06) 0.155
Change from Baseline in HbA1C (%) at Week 26: eGFR >45 to <60 mL/min/1.73m? Stratum: cLDA

Placebo 99 -0.28 (-0.47,-0.08)

Ertugliflozin 5 mg 105 -0.31 (-0.49,-0.13) -0.03 (-0.28,0.23) 0.828
Ertugliflozin 15 mg 97 -0.37 (0.56, -0.18) -0.09 (-035,0.17) 0.496

N 1s the number of subjects in the analysis population. n 1s the
number of subjects with the event of interest.

T cLDA model is fitted with fixed effects for treatment, time, interaction of time by treatment. Additionally, for analyses in the overall
population, the model contained terms for eGFR stratum (<45 or >45 mL/min/1.73m?) and baseline treatment with insulin stratum
(yes/no), and for analyses in each eGFR stratum, the model contained a term for baseline treatment with mnsulin stratum.

§ Logistic regression model fitted with terms for treatment, baseline A1C and baseline treatment with insulin stratum (yes/no). Missing
data were imputed using the cLDA model.

Source: Adapted from the Applicant’s Clinical Study Report PO01V01, page 16 of 2401, available at:
\\cdsesub1\evsprod\nda209803\0000\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5351-stud-rep-
contr\p001v01\p001vO01.pdf

Abbreviations: Cl, confidence interval; cLDA, constrained longitudinal data analysis; eGFR, estimated glomerular filtration rate;
HbA1c, hemoglobin Alc; and LS, least squares.

The Applicant’s primary efficacy analyses for the six remaining trials (performed using the FAS
and a cLDA approach) that they intend to include in product labeling, and the reanalysis of
these data by the Agency, are presented in Table 9. Additionally, key secondary analyses that
included HbA1lc changes from baseline (Trials P002/1013 and P005/1019) are also presented.
For product labeling, Dr. Cambon recommends the use of the intent-to-treat (ITT) estimands
(i.e., based on all available data, regardless of rescue or discontinuation) and an ANCOVA RTB
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statistical approach for handling missing data. This section of the review will primarily focus on
the RTB results that the Agency considers acceptable for product labeling.

Table 9: HbA1lc Change from Baseline Analyses (Phase 3 Trials)

Analysis

Comparator Ertugliflozin 5 mg

Ertugliflozin 15 mg

Trial P003/1022 (Placebo-Controlled Monotherapy Trial)

Applicant’s cLDA Analysis Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg
HbA1c (%) N=153 N=156 N=151
Baseline (mean) 8.1£0.92 8.2+0.88 841112
Change from baseline to week 26 (LS mean’) 0.20 + 0.089 -0.79 + 0.081 -0.96 +0.082
Difference from placebo (LS mean®, 95% Cl) -0.99 (-1.22,-0.76) -1.16 (-1.39,-0.93)
P-Value P<0.001 P<0.001
FDA’s RTB Analysis Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg
Change from baseline to week 26 -0.17 -0.75 -0.84

Difference from placebo (LS mean, 95% Cl)

-0.58 (-0.80, -0.36)

-0.67 (-0.89, -0.44)

P-Value P<0.001 P<0.001
Trial P0O07/1017 (Placebo-Controlled Trial in Combination with Metformin)
Applicant’s cLDA Analysis Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg
HbA1c (%) N=209 N=207 N=205
Baseline (mean) 8.2+0.90 8.1+0.89 8.1+0.93
Change from baseline to week 26 (LS mean’) -0.03 +0.065 -0.73 £0.062 -0.91+0.063
Difference from placebo (LS mean’, 95% Cl) -0.70 (-0.87,-0.53) -0.88 (-1.05,-0.71)
P-value P<0.001 P<0.001
FDA’s RTB Analysis Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg
Change from baseline to week 26 -0.17 -0.72 -0.86

Difference from placebo (LS mean, 95% Cl)
P-Value

-0.55 (-0.71, -0.39)
P<0.001

-0.69 (-0.86, -0.53)
P<0.001

Trial P002/1013 (Active-Controlled Study Co.
Applicant’s cLDA Analysis

Glimepiride* Ertugliflozin 5 mg

mparing Ertugliflozin to Glimepiride as Add-on to Metformin)

Ertugliflozin 15 mg

HbA1lc (%) N=437 N=448 N=440
Baseline (mean) 7.8+0.60 7.8+0.60 7.8+0.60
Change from baseline to week 52 (LS mean') -0.74 + 0.045 _0.56 + 0.045 _0.64 +0.045
Difference from glimepiride (LS mean', 95% Cl) 0.18 (0.06, 0.30)% 0.10(-0.02, 0.22)*

FDA’s RTB Analysis Glimepiride* Ertugliflozin 5 mg Ertugliflozin 15 mg
Change from baseline to week 52 -0.63 -0.46"% -0.53

Difference from glimepiride (LS mean, 95% Cl)-0.89 to -0.44)

0.17 (0.04, 0.30)

0.10% (-0.02, 0.23)*

Trial P006/1015 (Add-on Trial

in Combination with Metformin and Sitagliptin)

Applicant’s cLDA Analysis Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg
HbA1c (%) N=153 N=156 N=153
Baseline (mean) 8.0+0.93 8.1+0.86 8.0+0.83
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Difference from placebo (LS mean, 95% Cl)
P-Value

Analysis Comparator Ertugliflozin 5 mg Ertugliflozin 15 mg
Change from baseline to week 26 (LS mean’) -0.09 £ 0.070 -0.78 £ 0.067 -0.86 +0.068
Difference from placebo (LS mean’, 95% Cl) -0.69 (-0.87,-0.50) -0.76 (-0.95, -0.58)
P-Value P<0.001 P<0.001
FDA’s RTB Analysis Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg
Change from baseline to week 26 -0.21 -0.69

-0.48 (-0.66, -0.30)
P<0.001

-0.79
-0.58 (-0.76, -0.40)
P<0.001

Applicant’s cLDA Analysis

Trial P017/1047 (Initial Combination Therapy of Ertugliflozin and Sitagliptin)

Difference from placebo (LS mean, 95% Cl)

P-Value

Placebo Ertu 5 mg + Sita 100 mg | Ertu 15 mg + Sita 100 mg
HbA1c (%) N=96 N=98 N=96
Baseline (mean) 8.9+0.86 8.9 +0.87 9.0 +0.87
Change from baseline to week 26 (LS mean’) -0.44 +0.127 -1.600.110 -1.680.112
Difference from placebo (LS mean’, 95% Cl) -1.16 (-1.49, -0.84) -1.24 (-1.57,-0.91)
P-Value P<0.001 P<0.001
FDA’s RTB Analysis Placebo Ertu 5 mg + Sita 100 mg | Ertu 15 mg + Sita 100 mg
Change from baseline to week 26 -0.58 -1.56

-0.97 (-1.28, -0.66)

P<0.001

-1.52
-0..94 (-1.26, -0.62)

P<0.001

Trial PO05/1019 (Factorial Trial with Ertugliflozin and Sitagliptin as Add-on Combination Therapy with Metformin)

Reference ID: 4189412

Applicant’s cLDA Analysis Sita100 mg | Ertu5mg Ertu 15 mg Ertu 5 mg + Sita 100 mg Ertu 15 mg + Sita 100 mg
HbA1c (%) N=247 N=250 N=248 N=243 N=244
Baseline (mean) 85+1.03 | 86+1.05 | 86+1.01 8.6+0.99 86+0.97
Change from baseline to week 26 (LSmean’) | -1.05 + 0.062 | -1.02 + 0.061 | -1.08 + 0.062 -1.49 £ 0.062 -1.52 + 0.062
Difference (LS mean’, 95% Cl) from:
Sita 100 mg -0.43 (-0.60, -0.27)" -0.47 (-0.63, -0.30)
P-value P<0.001 P<0.001
Ertu 5 mg -0.46 (-0.63, -0.30)"
P-value P<0.001
Ertu 15 mg -0.49 (-0.66, -0.33)
P-value P<0.001
FDA’s RTB Analysis Sita100 mg | Ertu5mg Ertu 15 mg Ertu 5 mg + Sita 100 mg Ertu 15 mg + Sita 100 mg
Change from baseline to week 26 -1.02 -1.04 -1.01 -1.40 -1.39
Difference (LS mean, 95% Cl) from:
Sita 100 mg -0.37 (-0.55, -0.19)" -0.37 (-0.55, -0.19)
P-value P<0.001 P<0.001
Ertu 5 mg -0.36 (-0.54, -0.18)"
P-value P<0.001
Ertu 15 mg -0.38 (-0.56, -0.21)
P-value P<0.001
63
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NDA 209803 (Ertugliflozin) / NDA 209805 (Ertugliflozin/Sitagliptin FCDP) / NDA 209806
(Ertugliflozin/Metformin FCDP)

Source: Adapted from Dr. Alexander Cambon’s Statistical Review (dated August 25, 2017), labeled as Tables 14, pages 31-32; and from the
Applicant’s proposed product labeling, available at: \\cdsesub1\evsprod\nda209803\0000\m1\us\01-annotated-uspi-mk8835-t-original.pdf
and from the Applicant’s Summary of Clinical Efficacy, labeled as Table 15, page 99-100 of 143, available at:
\\cdsesubl\evsprod\nda209803\0000\m2\27-clin-sum\summary-clin-efficacy-t2dm.pdf

Abbreviations: Cl, confidence interval; cLDA, constrained longitudinal data analysis; Ertu, ertugliflozin; HbAlc, hemoglobin Alc; LS, least
squares; RTB, return to baseline; and Sita, sitagliptin.

N includes all randomized, treated patients who had at least one measurement of the outcome variable.

Least squares means adjusted for treatment, time, prior antihyperglycemic medication, baseline eGFR and the interaction of time
by treatment.

Non-inferiority is declared, as the upper bound of the 2-sided 95% Cl for the mean difference is less than 0.3%.

*The median daily dose of glimepiride was 3.0 mg/day (mean + SD, 3.0 + 1.5 mg/day); approximately 43.7% received a maximum dose
of >5 mg/day for >7 days and 58.4% received maximum dose of 24 mg/day for >7 days.

This comparison was a key secondary analysis.

Based on his reanalysis of the efficacy data (Table 9), Dr. Cambon concluded the following for
the primary endpoints:

e Superiority of ertugliflozin 15 mg and ertugliflozin 5 mg compared to placebo was
demonstrated for the primary endpoint (HbAlc change from baseline to Week 26) for
the four placebo-controlled trials: P003/1022, P0O07/1017, PO06/1015, and P017/1047.

e Noninferiority (prespecified noninferiority margin 0.3%) was achieved at Week 52 for
the primary endpoint in the active-control trial (P002/1013) for the ertugliflozin 15 mg
arm vs. glimepiride.

e Superiority was demonstrated at Week 26 for the primary endpoint in the full factorial
trial (P005/1019) for the ertugliflozin 15 mg plus sitagliptin 100 mg arm vs. sitagliptin
100 mg and vs. ertugliflozin 15 mg.

| concur with Dr. Cambon’s analyses and assessments. In four of the six trials, statistically
significant reductions in HbAlc were reported in the respective ertugliflozin treatment arms,
regardless of exclusion (Applicant’s analyses) or inclusion (Agency reanalysis) of HbAlc data
collected after glycemic rescue/discontinuation. The comparator-subtracted HbAlc reductions
from baseline were less with the Agency’s reanalysis, but these changes would still be
considered clinically meaningful. For the factorial trial (P005/1019), both ertugliflozin/sitagliptin
treatment arms (i.e., 5 mg/100 mg and 15 mg/100 mg) resulted in statistically significant
reductions in HbAlc concentrations compared to the individual components. For the sixth trial
(P003/1013), noninferiority with glimepiride was only achieved for the ertugliflozin 15 mg
treatment arm. In this trial, the mean/median glimepiride daily dose was 3.0 mg, and
approximately 58% of subjects took a maximum dose of >4 mg/day. Although the average daily
dose of glimepiride in this trial is somewhat low (i.e., less than half of the maximum approved
dose of 8 mg/day in the U.S.), | think it is adequate when considering regional differences in the
maximum recommended dose (i.e., 6 mg/day vs. 8 mg/day), as well as the observed HbAlc
change from baseline at Week 52 (i.e., -0.74% as add-on therapy to metformin) and incidence
of documented hypoglycemic events (i.e., 27% [119/437] of subjects) reported in the
glimepiride arm.
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